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INTRODUCTION 

The FDA Arthritis Advisory Committee (AAC) met on April 23, 2018 to discuss the efficacy, 

safety, dose selection, and overall risk-benefit considerations of baricitinib, an oral JAK inhibitor 

indicated for the treatment of rheumatoid arthritis (NDA 207924).  Eli Lilly proposed a 

recommended dose of baricitinib of either 2 or 4 mg, once per day in RA patients.  FDA 

expressed safety concerns, most notably the risk of thromboembolic adverse events at the 4 mg 

dose.  Briefly, the AAC committee agreed that both the 2 mg and 4 mg doses were efficacious, 

but that the risk-benefit profile of baricitinib was not adequate to support approval of the 4 

mg/day dose.  

 

After consideration of the AAC voting results and discussion, the Division decided to approve 

the 2 mg dose in RA patients with an inadequate response to methotrexate as well as TNF-

inhibitors.  The 4 mg dose was not approved. 

 

The existing labeling for OLUMIANT was drafted  

  In the nonclinical sections of the labeling, exposure 

multiples comparing AUC values at doses where findings occurred in nonclinical studies vs. the 

steady-state baricitinib exposure at the MRHD used the clinical AUC0-24 from patients  

  Exposure multiples had to be re-calculated to account for the 

fact that the new MRHD is 2 mg/day. 

 

The clinical AUC0-24 for the 2 mg dose was determined to be 0.32 µM*hr.  This value was 

derived from study JADE, a 10-day study in which healthy subjects were treated with 2 mg/day 

baricitinib.  This is the only available repeated-dose clinical study with pharmacokinetic data for 

the 2 mg baricitinib dose. 

 

The current review highlights the changes made to the nonclinical portions of the prescribing 

information for OLUMIANT. 
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CALCULATION OF EXPOSURE MULTIPLES 

Table 1 shows the exposure margin calculations for nonclinical baricitinib AUC0-24 values in 

reproductive toxicology and carcinogenicity studies vs. the clinical AUC0-24 value at 2 mg or 4 

mg per day. 
 

Table 1.  Nonclinical exposure margin calculations with baricitinib maximum recommended human dose of 2 

mg/day (revised labeling)    

   Revised Labeling  Initial Labeling 

 

Dose 

(mg/kg) 

AUC0-24 

(µM*hr) 

Human AUC0-24  

at 2 mg/day 

(µM*hr)a 

Exposure 

margin  

Fertility & Early Embryonic Development (FEED) 

Male 

fertility 
5 5.05 0.32 15.9  

 15 15.77  49.6  

 50 72.34  227.5  

Female 

fertility 
5 5.31  16.7  

 25 30.51  95.9  

 100 108.89  342.4  

Rat embryofetal development (EFD) 

 2 2.94 0.32 9.2  

 10 13.1  41.2  

 40 70.7  222.3  

Rabbit embryofetal development (EFD) 

 3 2.95 0.32 9.3  

 10 8.15  25.6  

 30 54.1  170.1  

Rat pre- and post-natal development  

 2 2.26 0.32 7.1  

 5 5.68  17.9  

 25 27.73  87.2  

Carcinogenicity  

TgRasH2 mouse     

Males 15 3.61 0.32 11.3  

 40 5.47  17.2  

 300 71.08  223.5  

       

Females 10 6.65  20.9  

 30 24.66  77.6  

 150 100.16  315.0  

Rat      

Males 1 1.10  3.5  

 3 3.13  9.8  

 8 7.74  24.3  

       

Females 3 3.20  10.1  

 8 10.23  32.2  

 25 34.90  109.8  
a Source:  Study JADE 
b Source:  Eli Lilly’s Phase 2/3 Population PK analysis 
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LABELING CHANGES 

 The relevant sections of the OLUMIANT labeling that were affected by the change in 

MRHD  2 mg/day are shown below.  All exposure multiples were re-

calculated using the AUC0-24 for the 2 mg OLUMIANT dose. 

 Note that all removals are listed in strikethrough text and all additions are noted in 

underline. 

 Section  was removed from the 

labeling.   

 

 

  Therefore, section  

was deleted. 

 

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Risk Summary 

The limited human data on use of OLUMIANT in pregnant women are not sufficient to 

inform a drug-associated risk for major birth defects or miscarriage. In animal embryo-fetal 

development studies, oral baricitinib administration to pregnant rats and rabbits at exposures 

equal to and greater than  times the maximum recommended human dose 

(MRHD), respectively, resulted in reduced fetal body weights, increased embryolethality (rabbits 

only), and dose-related increases in skeletal malformations. No developmental toxicity was 

observed in pregnant rats and rabbits treated with oral baricitinib during organogenesis at 

approximately  times the exposure at the MRHD, respectively. In a pre- and postnatal 

development study in pregnant female rats, oral baricitinib administration at exposures 

approximately  times the MRHD resulted in reduction in pup viability (increased incidence 

of stillborn pups and early neonatal deaths), decreased fetal birth weight, reduced fetal body 

weight gain, decreased cytotoxic T cells on post-natal day (PND) 35 with evidence of recovery 

by PND 65, and developmental delays that might be attributable to decreased body weight gain. 

No developmental toxicity was observed at an exposure approximately  times the exposure 

at the MRHD [see Animal Data]. 

The estimated background risk of major birth defects and miscarriage for the indicated 

population(s) are unknown. All pregnancies have a background risk of birth defect, loss, or other 

adverse outcomes. In the U.S. general population, the estimated background risk of major birth 

defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. 

Data 

Animal Data 

In an embryofetal development study in pregnant rats, dosed orally during the period of 

organogenesis from gestation days 6 to 17, baricitinib was teratogenic (skeletal malformations 

that consisted of bent limb bones and rib anomalies) at exposures equal to or greater than  

times the MRHD (on an AUC basis at maternal oral doses of 10 mg/kg/day and higher). No 

developmental toxicity was observed in rats at an exposure approximately times the MRHD 

(on an AUC basis at a maternal oral dose of 2 mg/kg/day). 

In an embryofetal development study in pregnant rabbits, dosed orally during the period 

of organogenesis from gestation days 7 to 20, embryolethality, decreased fetal body weights, and 
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skeletal malformations (rib anomalies) were observed in the presence of maternal toxicity at an 

exposure approximately  times the MRHD (on an AUC basis at a maternal oral dose of 

30 mg/kg/day). Embryolethality consisted of increased post-implantation loss that was due to 

elevated incidences of both early and late resorptions. No developmental toxicity was observed 

in rabbits at an exposure approximately  times the MRHD (on an AUC basis at a maternal 

oral dose of 10 mg/kg/day). 

In a pre- and postnatal development study in pregnant female rats dosed orally from 

gestation day 6 through lactation day 20, adverse findings observed in pups included decreased 

survival from birth to postnatal day 4 (due to increased stillbirths and early neonatal deaths), 

decreased birth weight, decreased body weight gain during the pre-weaning phase, increased 

incidence of malrotated forelimbs during the pre-weaning phase, and decreased cytotoxic T cells 

on PND 35 with recovery by PND 65 at exposures approximately  times the MRHD (on an 

AUC basis at a maternal oral dose of 25 mg/kg/day). Developmental delays (that may be 

secondary to decreased body weight gain) were observed in males and females at exposures 

approximately  times the MRHD (on an AUC basis at a maternal oral dose of 25 

mg/kg/day). These findings included decreased forelimb and hindlimb grip strengths, and 

delayed mean age of sexual maturity. No developmental toxicity was observed in rats at an 

exposure approximately  times the MRHD (on an AUC basis at a maternal oral dose of 

5 mg/kg/day). 

8.2 Lactation 

Risk Summary 

No information is available on the presence of OLUMIANT in human milk, the effects of 

the drug on the breastfed infant, or the effects of the drug on milk production. Baricitinib is 

present in the milk of lactating rats. Due to species-specific differences in lactation physiology, 

the clinical relevance of these data are not clear. Because of the potential for serious adverse 

reactions in nursing infants, advise an OLUMIANT-treated woman not to breastfeed. 

Data 

A single oral dose of 25 mg/kg radiolabeled baricitinib was administered to lactating 

female Sprague-Dawley rats on post-partum day 13. Drug exposure was approximately 45-fold 

greater in milk than in plasma based on AUC0-t values. 
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13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

The carcinogenic potential of baricitinib was evaluated in Sprague-Dawley rats and 

Tg.rasH2 mice. No evidence of tumorigenicity was observed in male or female rats that received 

baricitinib for 91 to 94 weeks at oral doses up to 8 or 25 mg/kg/day, respectively (  and  

times the MRHD on an AUC basis). No evidence of tumorigenicity was observed in Tg.rasH2 

mice that received baricitinib for 26 weeks at oral doses up to 300 and 150 mg/kg/day in male 

and female mice, respectively. 

Baricitinib tested negative in the following genotoxicity assays: the in vitro bacterial 

mutagenicity assay (Ames assay), in vitro chromosome aberration assay in human peripheral 

blood lymphocytes, and in vivo rat bone marrow micronucleus assay. 

Fertility (achievement of pregnancy) was reduced in male and female rats that received 

baricitinib at oral doses of 50 and 100 mg/kg/day respectively (approximately  and  

times the MRHD in males and females, respectively, on an AUC basis) based upon findings that 

7 of 19 (36.8%) drug-treated females with evidence of mating were not gravid compared to 1 of 

19 (5.3%) control females. It could not be determined from the study design if these findings 

were attributable to toxicities in one sex or both  Fertility 

was unaffected in male and female rats at oral doses of 15 mg/kg and 25 mg/kg, respectively 

(approximately and  times the MRHD on an AUC basis). However, maintenance of 

pregnancy was adversely affected at these doses based upon findings of increased post-

implantation losses (early resorptions) and decreased numbers of mean viable embryos per litter. 

The number of viable embryos was unaffected in female rats that received baricitinib at an oral 

dose of 5 mg/kg/day and were mated to males that received the same dose (approximately  

times the MRHD on an AUC basis). Reproductive performance was unaffected in male and 

female rats that received baricitinib at oral doses up to 50 and 100 mg/kg/day respectively 

(approximately  and  times the MRHD in males and females, respectively, on an 

AUC basis.) 
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EXECUTIVE SUMMARY 

Clinical studies with baricitinib in rheumatoid arthritis patients showed an unexpected safety 

signal for thrombosis with an apparent dose-related increase in platelet counts.  These findings 

may be explained by decreased removal of circulating thrombopoietin by mature platelets caused 

by inhibition of JAK2 associated with the thrombopoietin receptor.  The resultant increase in 

circulating thrombopoietin would allow for increased expansion and differentiation of 

megakaryocytes in the bone marrow and subsequent thrombocytosis. 

INTRODUCTION 

Eli Lilly is developing baricitinib (LY3009104) as an oral treatment for adult patients with 

moderately to severely active rheumatoid arthritis (RA).  This molecule is a reversible, ATP 

competitive kinase Janus kinase (JAK) inhibitor.  The sponsor’s proposed recommended dose is 

4 mg once daily (with the notation that 2 mg once daily may also be acceptable) either as a 

monotherapy or in combination with non-biologic disease-modifying antirheumatic drugs 

(DMARDs).  The initial PDUFA goal date for this NDA was January 15, 2017.  The goal date 

was extended by 3 months to April 15, 2017 based upon Eli Lilly’s submission of a major 

amendment to the application on November 23, 2016.   

 

As described in the nonclinical review dated 12/1/16, mean platelet counts across all patients 

increased sharply (~40 – 50% increase over baseline) over the first 2 weeks of baricitinib 

treatment (2 mg or 4 mg).  No such change was observed in the placebo group.  The observed 

increase in platelets in baricitinib-treated patients returned toward baseline levels by 4 weeks 

after the start of treatment but remained elevated relative to controls out to at least 24 weeks
1
. 

 

A safety signal for thrombosis (deep vein thrombosis [DVT] and pulmonary embolism [PE]) was 

observed in clinical studies with baricitinib (see Appendix).  Thrombosis was not seen in the 

                                                 
1
 Dougados et al. (2017) Baricitinib in patients with inadequate response or intolerance to conventional synthetic 

DMARDS: results from the RA-BUILD study.   Ann Rheum Dis.  76: 88-95. 
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clinical program with tofacitinib (the first FDA-approved small molecule JAK inhibitor for 

treatment of RA).  Platelet counts were higher in the baricitinib 4 mg dose group than the 2 mg 

dose group in patients that experienced DVT and PE events.  A clear relationship between 

platelet elevation and thrombosis has not been established, but the events have raised concerns 

that baricitinib induced platelet elevation may be linked to thrombosis in a dose-dependent way.    

 

The current review examines potential biological mechanisms by which baricitinib may induce 

elevated platelet levels in humans based on the known pharmacology of this molecule and 

available evidence in the scientific literature. 

 

DISCUSSION 

JAK enzyme function is critical to the differentiation of hematopoietic stem cells.  Germline 

deletion of Jak2 in mice results in embryonic lethality due to deficient erythropoiesis.  Adverse 

effects of JAK inhibitor treatment in humans have generally included development of anemia 

and thrombocytopenia
2
.  The observation of thrombocytosis in patients treated with baricitinib 

was unexpected. 

 

In vitro pharmacology of baricitinib 

Tofacitinib (Pfizer) is considered to be a pan-JAK inhibitor as it has comparable inhibitory 

potencies at all JAK enzymes (JAK1, JAK2, JAK3, TYK2) in isolated enzyme assays and cell-

based assays in human whole blood
3
.   

 

Eli Lilly designed baricitinib with the intention to be selective for JAK1 and JAK2.  The 

rationale for sparing JAK3 inhibition was to reduce the immune suppressive effects associated 

with pan-JAK inhibition.  In isolated enzyme assays comparable to those conducted with 

tofacitinib, baricitinib inhibited the function of JAK1, JAK2, and TYK 2 with a potency of 5.7 – 

53 nM.  Inhibitory potency at JAK3 was >400 nM.  However, the JAK3-sparing selectivity of 

baricitinib was not recapitulated in cell-based assays conducted in human leukocyte 

preparations
4
. 

 

Platelet production mechanisms 

Normal human platelet levels are reported to be 150,000 – 400,000 per µl of blood.  The steady 

state platetlet count is maintained by production and removal of 10
11

 platelets per day
5
.  Platelets 

circulate with a lifespan of 10 – 14 days in humans. 

 

Platelets are anucleated cells that are released into the blood from megakaryocytes present in the 

bone marrow.  Megakaryocytes are formed through the process of megakaryopoiesis (Figure 1).  

Megakaryopoiesis involves the differentiation and maturation of hematopoietic stem cells 

(HSCs) residing in the bone marrow into megakaryocyte progenitors and ultimately into mature 

megakaryocytes (MKs)
6
.  Megakaryopoiesis is primarily mediated by thrombopoietin (TPO), a 

                                                 
2
 Tam, C. and Verstovsek S (2013) Investigational Janus kinase inhibitors.  Expert Opinion on Investigational Drugs.  

22:687 – 699. 
3
 Nonclinical review of NDA 203214 (5/4/2012, Luqi Pei, Ph.D.) 

4
 Nonclinical review of NDA 207924 (11/18/2016, Matthew Whittaker, Ph.D.) 

5
 Grozovsky et al. (2015) Regulating billions of blood platelets:  glycans and beyond.  Blood.  126: 1877-1884. 

6
 Geddis A. (2010) Megakaryopoiesis.  Seminars in Hematology.  47: 212-219. 
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glycoprotein hormone produced mainly in the liver.  TPO binds to TPO receptors 

(myeloproliferative leukemia protein, Mpl) expressed on HSCs and megakaryocyte progenitors 

and stimulates the differentiation of HSCs to megakaryocytes.  Mpl is a homodimeric cytokine 

receptor that associates with JAK2.  Downstream effects of JAK2 activation are mediated by 

STAT, MAPK and PI3K. 

 

Megakaryocytes migrate toward bone marrow sinusoidal endothelial cells, and extend 

pseudopodial projections termed protoplatelets through or between the cells of the sinusoidal 

endothelial layer and shed platelets into the bloodstream.  

 

 

 

 

 

 

 

Platelet clearance  

Platelets are cleared from the circulation by multiple mechanisms including antibody mediated 

clearance (by spleen macrophages), apoptotic mechanisms, and via ingestion and degradation by 

hepatocytes
5
.  Young platelets express sialic acid on their surface.  Sialic acid is removed from 

circulating platelets as they age by sialidases in the blood.  Removal of sialic acid exposes 

galactose oligosaccharide chains which are recognized by the Ashwell-Morrell receptor (AMR) 

expressed on the surface of hepatocytes.  Platelets are subsequently ingested.  This process 

stimulates hepatic TPO mRNA expression via a JAK2-STAT3 mediated mechanism, and 

subsequent TPO release into the plasma
7
.  This provides for evidence of a feedback mechanism 

whereby removal of platelets by hepatocytes stimulates production and release of TPO in the 

liver, which can subsequently act to stimulate megakaryocyte differentiation in the bone marrow 

(Figure 2). 

 

 

                                                 
7
 Kile, B. (2015) Aging platelets stimulate TPO production.  Nature Medicine.  21: 11 – 12. 

Figure 1.  From Geddis (2010).  Megakaryopoiesis (differentiation and maturation of 

hematopoietic stem cells to megakaryocytes in bone marrow) is mediated by 

thrombopoietin. 
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Role of JAK2 function in platelet production 

Conditional knockout of the Jak2 gene in HSCs/progenitor cells induces anemia and 

thrombocytopenia in mice
8
.  Selective deletion of Mpl in mature platelets in mice leads to 

thrombocytosis
9
.  This observation suggested that Mpl expression on megakaryocytes is essential 

for regulating TPO availability in the bone marrow microenvironment to prevent excessive HSC 

proliferation.   Meyer et al.
10

 developed mice in which Jak2 was deleted only in megakaryocytes 

and mature platelets (and not in HSCs or MK progenitor cells).  These mice also developed 

thrombocytosis.   

 

The explanation for the observed thrombocytosis in the Jak2 conditional knockout mice is based 

on dysregulated thrombopoietin turnover.  Under normal conditions, Mpl expressed on 

circulating platelets bind to and internalize circulating TPO for subsequent degradation via a 

JAK2 dependent mechanism.  In this way, circulating TPO levels are maintained at an 

appropriate level.  With the loss of JAK2 function in mature platelets in this animal model, Mpl 

are not able to effectively remove TPO from the blood, resulting in elevated circulating TPO 

levels.  JAK2 function is maintained in HSCs and MK progenitors in this model.  Elevated TPO 

levels activate Mpl in HSCs and MK progenitors and stimulate expansion of these cells resulting 

in the observed thrombocytosis.  This explanation is shown schematically in Figure 3.   

 

                                                 
8
 Grisouard et al. (2014).  Selective deletion of Jak2 in adult mouse hematopoietic cells leads to lethal anemia and 

thrombocytopenia.  Haematologica.  99: e52 – e54. 
9
 Ng A. et al. (2014)  Mpl expression on megakaryocytes and platelets is dispensable for thrombopoiesis but 

essential to prevent myeloproliferation.  PNAS.  111, 5884-5889. 
10

 Meyer S. (2014) Genetic studies reveal an unexpected negative regulatory role for Jak2 in thrombopoiesis.  Blood.  

124: 2280 - 2284 

Figure 2.  From Kile (2015)
7
.  Schematic representation of platelet removal by hepatocytes via the AMR receptor 

and the relationship of this process to TPO synthesis and subsequent stimulation of platelet production in bone 

marrow. 
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Figure 3.  From Skoda (2014)

11
.  Left panel:  Under normal conditions, TPO produced in the liver reaches the bone 

marrow and stimulates MK differentiation via activation of Mpl (shown in red) on HSCs and MK progenitors.  Note 

that JAK2 enzymes are represented as green circles associated with the intracellular portion of Mpl.  Right panel:  

Selective deletion of Jak2 in megakaryocytes and mature platelets as described in Meyer et al. (2014) leads to 

increased circulating TPO levels because Mpl is unable to remove and degrade TPO.  JAK2 function is maintained 

in HSCs and MK progenitors in this animal model.  Elevated TPO levels in bone marrow lead to expansion of HSCs 

and MK progenitors resulting in thrombocytosis. 
 

 

The results of this study illustrate the requirement for intact JAK2 signaling in platelets to 

maintain appropriate circulating TPO levels and platelet homeostasis.  The thrombocytopenia 

that has been observed with other pharmacologic inhibitors of JAK2 appears likely to be due to 

JAK2 inhibition in HSCs and MK progenitor cells.  JAK2 inhibition in differentiated 

megakaryocytes and platelets may in fact enhance platelet production, but this effect is overruled 

by the impact of JAK2 inhibition on stem/progenitor cells. 

 

CONCLUSIONS 

The results of the Meyer et al.10 study provide a potential framework to explain the biologic 

mechanisms behind the observed clinical results in patients treated with baricitinib.  The initial 

spike in peripheral blood platelets observed after 14 days of treatment may be due to inhibition 

of Mpl-associated JAK2 in peripheral platelets and a subsequent increase in circulating TPO.  

During this early time period of treatment, bone marrow concentrations of baricitinib may not be 

sufficient to inhibit Mpl-associated JAK2 function in HSCs and MK progenitors.  These 

conditions would allow for TPO-induced expansion of these cell types resulting in increased 

                                                 
11

 Skoda R. (2014) Less Jak2 makes more platelets.  Blood.  124: 2168 – 2169.   
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peripheral blood platelets.  The peak platelet level occurred at a time point that correlates 

approximately with the platelet lifespan in humans of 10 – 14 days.  At later time points, bone 

marrow baricitinib concentrations are likely to be sufficient to inhibit JAK2 in HSCs and MK 

progenitors.  A new steady-state would be reached whereby the potential stimulatory effects of 

elevated circulating TPO would be mitigated by the inhibitory effect of baricitinib on JAK2 

function in HSCs and MK progenitors. 

 

JAK2 inhibition would also be expected to decrease the platelet-AMR mediated production of 

TPO by hepatocytes, and might be expected to offset the effects of TPO-receptor associated 

JAK2 inhibition.  However, as Kile
7
 points out, more than half of the liver’s TPO expression is 

independent of AMR-mediated platelet clearance. 

 

JAK2 is the enzyme that is most commonly associated with regulation of platelet homeostasis in 

the scientific literature.  However, it is reasonable to expect that all JAK enzymes influence 

platelet homeostasis to some degree either directly or indirectly.  Baricitinib’s inhibitory effects 

on JAK2 associated with TPO receptors in circulating platelets may provide a partial mechanistic 

explanation for the clinical observations of increased platelets in RA patients treated with 

baricitinib.  
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APPENDIX 
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Tertiary Pharmacology/Toxicology Review

Date: January 6, 2017
From:  Timothy J. McGovern, PhD, ODE Associate Director for 

Pharmacology and Toxicology, OND IO
NDA: 207924
Agency receipt date: January 15, 2016
Drug: OLUMIANT (baricitinib, LY3009104)
Sponsor: Eli Lilly

Indication: Treatment of adult patients with moderately to severely active rheumatoid 
arthritis who have an inadequate response or intolerance to methotrexate

Reviewing Division: Division of Pulmonary, Allergy, and Rheumatology Products
 
The primary pharmacology/toxicology reviewer and team leader concluded that the 
nonclinical data for OLUMIANT (baricitinib, LY3009104) support approval for the 
indication listed above.

OLUMIANT is available as immediate release film-coated oral tablets of either 2 or 4 mg 
baricitinib. The proposed daily dose is 2 or 4 mg. Baricitinib was developed to inhibit 
intracellular signaling pathways associated with cytokine receptor activation. Baricitinib 
is a reversible, ATP competitive JAK inhibitor. The molecule showed selectivity for 
JAK1 and JAK2 relative to JAK3 and TYK2 in isolated enzyme assays but no selectivity 
was demonstrated in cell-based assays with human leukocyte preparations. The 
Established Pharmacologic Class (EPC) for baricitinib was determined to be “Janus 
kinase (JAK) inhibitor”. This EPC is identical to the EPC for the pan-JAK inhibitor, 
tofacitinib (XELJANZ), approved in 2012.

Pivotal nonclinical toxicology studies of baricitinib were conducted in rats and dogs. In 
studies up to 6 months duration in rats and 9 months duration in dogs, the most common 
treatment-related findings in both species included immunosuppressant effects in bone 
marrow and lymphoid organs that were clinically monitorable; circulating lymphocyte 
counts were decreased in a dose-related manner. In dogs, GI tract and liver toxicity 
(inflammation, infiltrates, bile duct hyperplasia) were observed at doses of 3 mg/kg/day 
or greater. The nonclinical studies provided a safety margin compared to the maximum 
recommended human dose (MRHD, 4 mg/day) of at least 22 (rats) and 1 (dogs). 

Baricitinib increased platelet levels and thrombotic events in Phase 2 and 3 clinical trials. 
These findings were not identified in the nonclinical toxicology studies. The potential 
mechanism is under review.

Baricitinib produced negative results in a battery of genotoxicity assays and was negative 
in a 2-year carcinogenicity study in rats and a 26-week study in Tg.rasH2 mice. The 
carcinogenicity findings were evaluated by CDER’s Executive Carcinogenicity 
Committee.

1

Reference ID: 4038428



Developmental and reproductive studies were conducted with baricitinib in rats and 
rabbits. Fertility (achievement of pregnancy) was reduced in male and female rats at 
doses of 50 mg/kg and above, while maintenance of pregnancy was adversely affected at 
doses of 15 and 25 mg/kg/day.  In embryofetal development studies, baricitinib was 
teratogenic in both rats and rabbits; findings included skeletal malformations such as bent 
limb bones and rib anomalies. The effects occurred at both maternally toxic and non-
toxic doses in rats and only in the presence of maternal toxicity in rabbits. NOAELs 
related to developmental toxicity of 2 and 10 mg/kg/day in rats and rabbits, respectively, 
were identified; the NOAELs provided an approximate 2- to 6-fold exposure margin 
based on anticipated human exposure at the MRHD. In a pre- and postnatal development 
study in rats, findings in F1 offspring were observed in the absence of maternal toxicity 
and included decreased survival, mean birth weight, and mean body weight, increased 
incidence of malrotated forelimbs, and immune suppression (decreased cytotoxic T cells). 
The NOAEL was identified at 5 mg/kg/day; the NOAEL provided an approximate 6-fold 
exposure margin based on anticipated human exposure at the MRHD. Baricitinib was 
found in the milk of lactating rats.

Conclusion: I agree with the Division pharmacology/toxicology conclusion that this 
NDA can be approved from the pharmacology/toxicology perspective. The EPC for 
baricitinib is appropriate. I have reviewed and am in agreement with labeling revisions 
currently proposed by the Division though some sections are still under consideration at 
the time of this writing. The labeling follows the Pregnancy and Lactation Labeling Rule 
(PLLR) format and is consistent with current labeling recommendations. 

2
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EXECUTIVE SUMMARY 

The apparent baricitinib-related increase in platelets and thrombotic events observed in humans 

in Phase 2 and 3 clinical studies was not observed in acute or chronic nonclinical toxicology 

studies in rats and dogs.  

INTRODUCTION 

Eli Lilly is developing baricitinib (LY3009104) as an oral treatment for adult patients with 

moderately to severely active rheumatoid arthritis (RA).  This molecule is a reversible, ATP 

competitive kinase Janus kinase (JAK) inhibitor.  Baricitinib is to be administered at 2 or 4 mg 

once daily either as a monotherapy or in combination with non-biologic disease-modifying 

antirheumatic drugs (DMARDs). 

 

The clinical review team raised concern regarding a potential baricitinib-evoked increase in 

incidence of venous and arterial thrombosis (Internal meetings, 9/15/16 and 11/17/16) in humans 

in Phase 2 and 3 clinical studies.  A total of 9 patients in the 4 mg per day baricitinib group 

experienced thrombotic events (venous thrombosis = 6; arterial thrombosis = 3).  The incidence 

rate was 1.00.   Two such events (venous thrombosis = 0; arterial thrombosis = 2) were observed 

in patients that received placebo (incidence rate = 0.49).  These observations represented a 

potential clinical concern given the additional observation of a sharp, dose-related increase in 

mean peripheral blood platelet values (~40 – 50% increase over baseline; Figure 1) in baricitinib 

treated patients at 2 weeks after the start of treatment.  The observed increase in platelets 

returned toward baseline levels by 4 weeks after the start of treatment, but remained elevated out 

to at least 24 weeks.  There was no such spike in platelets observed in patients that received 

placebo. 
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To assess whether these findings were observed in animals, platelet counts and coagulation 

parameters were examined in acute (7 – 10 days) and chronic (6 – 9 months) toxicology studies 

conducted in in rats and dogs during the nonclinical development of baricitinib (LY3009104). 

NONCLINICAL DATA 

Rats 

There was no histopathologic evidence for baricitinib-related thrombus formation in acute or 

chronic toxicology studies in rats.   

 

In contrast to the apparent increase in platelet counts observed clinically, a very high dose of 

LY3009104 (300 mg/kg/day Study T07-10-10) resulted in thrombocytopenia in rats after 10 days 

of treatment (Table 1).  Thrombocytopenia is an expected result of complete JAK2 inhibition 

based on results obtained in a conditional Jak2 knockout mouse model
1
. 

 

There was no clear treatment-related effect of baricitinib on mean platelet counts in rats in acute 

or chronic toxicology studies at exposure multiples up to approximately 74 – 100x the maximum 

recommended human dose (MRHD) on an AUC basis (Table 1).  Furthermore, there was no 

evidence for a dose-dependent, treatment related effect of baricitinib on coagulation parameters 

(activated partial thromboplastin time [APTT], prothrombin time [PT]) in these studies. 

 

 

 

 

 

 

                                                 
1
 Grisouard J. et al. (2014) Selective deletion of Jak2 in adult mouse hematopoietic cells leads to lethal anemia and 

thrombocytopenia.  Haematologica.  99: e52 – e54. 

Figure 1.  Sponsor’s figure showing mean platelet counts in all patients treated with baricitinib (2 or 4 mg/day) or 

placebo in Phase 2 and 3 clinical studies.  Values represent mean percent change from baseline over time.   
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Table 1.  Mean platelet and coagulation values in LY3009104 treated rats.  Top:  10 day toxicology study.  Bottom:  

6 month toxicology study.  APTT = activated partial thromboplastin time, PT = Prothrombin time. 

 

Study T07-10-10:  10 day toxicology study in SD rats 

  Platelets (10
3
/ul)  APTT (sec)  PT (sec)  

AUC0-24  

 (Fold MRHD) 

Baricitinib 

(mg/kg) 

 
M F  M F  M F  M F 

Vehicle 
 

1221 1447  21.0 17.3  15.8 16.8  - - 

10 
 

124% 118%  114% 131%  102% 99%  5.7 7.3 

30 
 

116% 118%  141% 140%  103% 98%  19.4 23.3 

100 
 

131% 110%  159% 213%  106% 100%  96.9 94.6 

300 
 

39% 24%  147% 168%  98% 89%  287.6 1015.5 

 

Study T08-04-05:  6 month toxicology study in SD rats 

 Platelets (10
3
/uL)  APTT (sec)  PT (sec)  

AUC0-24  

 (Fold MRHD) 

 Wk 12 
 

Wk 26  Wk 26  Wk 26  Wk 26 

Baricitinib 

(mg/kg) 
M F 

 
M F  M F  M F  M F 

Vehicle 978 975 
 

1157 1046  19.7 17.8  15.3 15.5  - - 

0.5 101% 120% 
 

106% 114%  99% 105%  100% 100%  0.4 0.6 

5 116% 101% 
 

109% 110%  105% 93%  102% 101%  2.9 3.9 

25 117% 110% 
 

119% 129%  101% 98%  98% 102%  21.6 29.5 

100/60 155% 109% 
 

135% 130%  94% 96%  97% 101%  88.4 73.9 
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Dogs 

There was no histopathologic evidence for baricitinib-related thrombus formation in acute or 

chronic toxicology studies in beagle dogs.  Additionally, there was no evidence for an acute 

treatment related effect of baricitinib on mean platelet counts in dogs (Table 2).  There was 

evidence for a slight baricitinib-related increase in platelet counts relative to controls over the 

course of the 9 month study in males only (Figure 2).  However, the small magnitude of the 

effect (+20 – 30%) and its observation in only 1 sex limits the physiologic significance.   

 

Baricitinib did not affect coagulation parameters in the acute (Table 2) or chronic toxicology 

studies (Figure 3).  The maximum doses tested resulted in baricitinib exposure multiples of 

approximately 41-fold and 17-fold the MRHD on an AUC basis in the acute and chronic studies 

respectively.   

 
Table 2.  Mean platelet counts and coagulation parameters in dogs (n = 2/sex/group) at pre-test and after 7 days of 

LY3009104 treatment.  Note that 2/2 HD high dose males were euthanized in extremis on day 7.  The 2 HD females 

were also terminated on day 7.  Blood samples were not available on day 7 from these animals. 

 

 Study T07-10-09:  7 day toxicology study in dogs 

 Platelets (10
3
/uL) 

 
APTT (sec)  PT (sec) 

AUC0-24  

(Fold MRHD) 

 Male Female 
 

Male Female  Male Female Day  7 

Bari 

(mg/kg) 

Pre-

dose 

Day 

7 

Pre-

dose 

Day 

7 

 Pre-

dose 

Day 

7 

Pre-

dose 

Day 

7 

 Pre-

dose 

Day 

7 

Pre-

dose 

Day 

7 
M F 

Vehicle 297.0 273.0 262.0 289.0 
 

11.5 12.2 11.4 11.9  7.7 7.4 7.2 7.2 - - 

3 242.5 262.5 364.5 458.5 
 

11.0 12.2 11.4 12.3  7.2 7.1 6.8 6.7 15.5 13.0 

10 445.0 446.6 359.5 350.0 
 

10.2 11.3 11.1 12.8  7.1 6.9 7.3 7.4 40.8 46.6 

30 464.0 NA 323.0 NA 
 

11.5 NA 11.3 NA  7.1 NA 7.1 NA NC 58.9 
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Figure 2.  Mean absolute platelet counts (top panels) and platelet counts relative to concurrent control treated 

animals (bottom panels) over the course of 9 months of daily oral baricitinib treatment in male and female dogs.  

Note that dosing was stopped prematurely (day 232) in dogs that received ≥ 3 mg/kg/day due to generalized 

demodicosis (mange). 
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Table 3.  Summary of baricitinib systemic exposure data at the conclusion of a 9 month toxicology study in beagle 

dogs.  Exposure multiples relative to the clinical exposure at the MRHD are listed. 

  
Male 

 
Female 

Study day 
LY3009104 

(mg/kg/d) 

AUC
0-24h 

(µM*h) 
Fold MRHD   

AUC
0-24h 

(µM*h) 
Fold MRHD 

269 0.25 0.77 0.60 
 

0.7 0.54 

269 0.50 1.20 0.93 
 

1.21 0.94 

231 3 8.74 6.8 
 

11.0 8.5 

231 9/6 24.8 19.2   22.3 17.3 

Figure 3.  Mean prothrombin time (top panels) and activated partial thromboplastin time (bottom panels) over the course 

of 9 months of daily oral baricitinib treatment in male and female dogs.  Note that dosing was stopped prematurely (day 

232) in dogs that received ≥ 3 mg/kg/day due to generalized demodicosis (mange). 
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DISCUSSION 

In contrast to the clinical data, there was no evidence for a baricitinib-induced effect on platelet 

counts or thrombus formation in acute or chronic toxicology studies conducted in rats or dogs.  

The coagulation parameters PT and APTT were also not significantly affected.  Baricitinib was 

tested at exposure multiples of up to approximately 74 – 100 fold the AUC0-24 at the MRHD in 

rats and 17 – 41 fold the AUC0-24 at the MRHD in dogs.   

 

There is emerging evidence in the published literature that suggests that incomplete JAK2 

inhibition may paradoxically lead to thrombocytosis.   This phenomenon may explain the 

increased platelets observed in human patients treated with 2 mg/day or 4 mg/day baricitinib.   

 

Polverelli et al.
2
 reported a clinical case of uncontrolled thrombocytosis in a polycthemia vera 

(bone marrow neoplasm) patient treated with ruxolitinib, a dual JAK1/JAK2 inhibitor (Figure 4).  

Ruxolitinib treatment was discontinued due to the increased platelet levels.   Low dose 

hydroxyurea treatment achieved normalization of platelet counts.  Subsequent treatment with 

fedratinib, a more selective JAK2 inhibitor, did not induce a comparable increase in platelet 

count.  Fedratinib treatment was withdrawn due to FDA warning.  Ruxolitinib treatment was re-

initiated, and thrombocytosis was again observed.  Concomitant treatment with hydroxyurea was 

required to normalize platelet counts.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
2
 Polverelli N. et al. (2015) Ruxolitinib – but not fedratinib-induced extreme thrombocytosis: the combination 

therapy with hydroxyurea and ruxolitinib is effective in reducing platelet count and splenomegaly/constitutional 

symptoms.  Ann Hematol.  94: 1585 – 1587. 

Figure 4.  Figure excerpted from Polverelli et al. (2015) showing thrombocytosis evoked by treatment of 

a 51 year old male with ruxolitinib, a JAK1/JAK2 inhibitor. 
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The investigators hypothesized that ruxolitinib treatment may only achieve partial inhibition of 

JAK2 function.  Fedratinib, the more selective JAK2 inhibitor, may achieve more complete 

inhibition of JAK2.  Incomplete inhibition of JAK2 by ruxolitinib may lead to the observed 

thrombocytosis.  Support for this hypothesis is found in in vitro and in vivo studies conducted by 

Besancenot et al. (2014)
3
.  Low concentrations of the JAK2 inhibitor AZD1480 (≤ 0.2 µM) 

increased megakaryocyte production in human CD34+ cord blood cells exposed to 

thrombopoietin.  AZD1480 at >0.2 µM inhibited megakaryocyte production in this experiment 

(Figure 5). 

 

 

 

 

 

 

Comparable findings were also observed in vivo in C57BL/6 mice treated with the JAK1/2 

inhibitor ruxolitinib.  Oral administration of a low dose (20 mg/kg/day) of ruxolitinib to mice for 

5 days induced an increase in peripheral platelet counts on day 5 relative to day 0, while a higher 

dose (60 mg/kg/day) resulted in decreased platelets (Figure 6). 

                                                 
3
 Besancenot R. et al. (2014) JAK2 and MPL protein levels determine TPO-induced megakaryocyte proliferation vs. 

differentiation.  Blood.  124: 2104 – 2115. 

Figure 5.  Figure excerpted from Besancenot et al. (2014) showing increased megakaryocyte 

production in vitro in human CD34+ cord blood cells treated with low doses (≤0.2 µM) of the 

JAK2 inhibitor AZD1480.  AZD1480 at higher concentrations inhibited megakaryocyte production. 
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CONCLUSIONS 

Baricitinib dose-dependently increased platelet counts in humans.  These findings were 

associated with increased incidence of thrombotic events.  Comparable findings were not 

observed in acute or chronic toxicology studies conducted in rats or dogs.  Based on the existing 

published literature, these findings could potentially be explained as follows: 

 

 Baricitinib at 2 or 4 mg/day achieves only partial inhibition of JAK2 function in 

megakaryocytes and platelets in humans 

 Incomplete inhibition of JAK2 leads to increased platelet counts 

 Baricitinib doses tested in nonclinical studies may have achieved sufficient JAK2 

inhibition such that significant increases in platelet counts were not observed 

o Additionally, humans may be more sensitive to this phenomenon than rats or dogs 

 

 

 

 

Figure 6.  Figure excerpted from Besancenot et al. (2014) showing increased peripheral 

blood platelet counts in mice treated with 20 mg/kg/day ruxolitinib for 5 days.  60 

mg/kg/day treatment resulted in decreased platelet counts. 
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Pharmacology and Toxicology Secondary Review for NDA 207924

TO: NDA 207924 (OLUMIANT [Baricitinib])

FROM: Timothy W. Robison, Ph.D., D.A.B.T.
Pharmacology and Toxicology Team Leader
Division of Pulmonary, Allergy, and Rheumatology Products

DATE: November 28, 2016

Baricitinib will be available as 2 or 4 mg immediate release film-coated oral tablets. The 
proposed daily dose will be 2 or 4 mg/day.

Dr. Whittaker’s reviews dated June 30, 2016 and November 18, 2016 focused on the 
nonclinical safety assessment of baricitinib.

I concur with the recommendations of Dr. Matthew Whittaker’s reviews dated June 30, 
2016 and November 18, 2016 that the nonclinical pharmacology and toxicology of 
baricitinib have been adequately characterized and OLUMIANT should be approved 
from the nonclinical perspective.

Pharmacology: 
Aberrant cytokine production and cytokine receptor activation has been associated with 
many chronic inflammatory conditions including rheumatoid arthritis (RA). Baricitinib 
was developed to inhibit intracellular signaling pathways associated with cytokine 
receptor activation.

Cytokine receptors lack intrinsic enzymatic activity. The intracellular portion of Class I 
and Class II cytokine receptors have been shown to constitutively associate with Janus 
kinase (JAK) enzymes. The JAK family of tyrosine kinases comprises four enzymes 
(JAK1, JAK2, JAK3, and TYK2) that act as the signal transduction mechanism for 
cytokine receptor activation. Class I and Class II cytokine receptors recruit 2 of the 4 
JAKs into a signaling complex (e.g., JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, JAK2/TYK2). 
The subunit composition of the cytokine receptor determine the pairing of JAKs with a 
given cytokine receptor. Class I cytokine receptors were generally comprised of two 
subunits with one subunit of the cytokine receptor specific for a particular cytokine and 
the second subunit designated as a common subunit. 

Ligand binding to the cytokine receptor leads to conformational changes that result in 
activation of JAK activity. JAK activation leads to three types of phosphorylation events: 
(1) autophosphorylation and subsequent increased kinase activity; (2) phosphorylation 
of the intracellular portion of the cytokine receptor resulting in recruitment of Signal 
Transducers and Activators of Transcription (STAT) proteins to the receptor, and (3) 
phosphorylation and activation of STATS by JAKs. Upon phosphorylation, STATs are 
released from the receptor and subsequently dimerize with other STAT molecules. 
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STAT dimers travel to the nucleus, bind to various STAT target genes, and evoke 
changes in gene expression. 

Baricitinib was reported to transiently occupy the ATP binding pocket of JAK enzymes, 
thus blocking their kinase function. Inhibition of either or both JAK monomers 
associated with a cytokine receptor was demonstrated to be sufficient to disrupt 
cytokine signaling.

A series of in vitro pharmacology studies was conducted to examine the inhibitory 
potency of baricitinib in cytokine-stimulated human and animal immune cell 
preparations. Baricitinib was generally found to inhibit the effects of cytokine stimulation 
with IC50 values <100 nM. In isolated enzyme assays, baricitinib showed selectivity for 
JAK1 and JAK2 relative to JAK3 and TYK2. In cell-based assays conducted with human 
leukocyte preparations, inhibition of JAK1, JAK2, JAK3, and TYK2 was evident; 
however, no selectivity for JAK1 and JAK2 relative to JAK3 and TYK2 was evident. 

 
The most appropriate Established Pharmacologic Classification 

(EPC) for baricitinib was determined to be Janus kinase (JAK) inhibitor, identical to the 
EPC used for the approved pan-JAK inhibitor, tofacitinib (XELJANZ®). See Dr. 
Whittaker’s reviews for additional details.

Toxicology:
The results of pivotal general toxicology, genetic toxicology, carcinogenicity, and 
reproductive toxicology studies with baricitinib are summarized below.

Rats and dogs were chosen by the sponsor as the species to be used in their in vivo 
nonclinical development program. Baricitinib was absorbed rapidly after oral 
administration in humans and nonclinical species. It can cross the blood-brain and 
blood-placenta barriers and was found in the milk of lactating rats. Baricitinib undergoes 
minimal metabolism in humans and nonclinical species. All metabolites observed in 
humans were also synthesized in at least one nonclinical species. 

Chronic toxicology studies with baricitinib were conducted in rats (26 weeks) and dogs 
(39 weeks). Animals were dosed by oral gavage in both studies. Immunosuppressant 
effects were the major treatment-related toxicities observed in rats and dogs. The bone 
marrow and lymphoid organs including the spleen and lymph nodes were target organs 
of toxicity in both species. Circulating lymphocyte counts were decreased in a dose-
related manner. During drug development, these immunosuppressive effects were 
generally considered to be monitorable in a clinical setting. Dose limiting toxicities in the 
GI tract (inflammation, infiltrates) and liver (infiltrates/inflammation, bile duct 
hyperplasia) were observed in dogs at ≥3 mg/kg/day. The dog was the more sensitive 
nonclinical species with an AUC0-24hr of 1.21 μM*hr at the limit dose. This exposure 
supports the clinical baricitinib exposure at the maximum recommended human dose of 
4 mg/day.

Baricitinib was negative in a standard battery of genotoxicity assays. 
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Baricitinib showed no evidence of tumorigenic potential in a 2-year carcinogenicity study 
conducted in rats or 26-week carcinogenicity study in Tg.rasH2 mice.

Fertility (based upon achievement of pregnancy) was reduced in male and female rats 
that received baricitinib at oral doses of 50 and 100 mg/kg/day, respectively. Fertility 
was unaffected in male and female rats at oral doses of 15 and 25 mg/kg/day. However, 
maintenance of pregnancy was adversely affected at these doses as evidenced by 
increased post-implantation losses and decreased number of mean viable embryos per 
litter. The number of viable embryos was unaffected in female rats that received 
baricitinib at an oral dose of 5 mg/kg/day and were mated to males that received the 
same dose. Reproductive performance (mating index) was unaffected in male and 
female rats that received baricitinib at oral doses of 50 and 100 mg/kg/day, respectively.

In embryofetal development studies, baricitinib was teratogenic (skeletal malformations 
including bent limb bones and rib anomalies) in both rats and rabbits. Skeletal 
malformations were observed in rat fetuses of dams that received oral baricitinib at 10 
mg/kg/day (in the absence of maternal toxicity) and 40 mg/kg/day (in presence of 
maternal toxicity). Teratogenic findings in rabbit fetuses were observed at the highest 
dose tested (30 mg/kg/day) in the presence of maternal toxicity. No observed adverse 
effect levels (NOAELs) were identified at 2 and 10 mg/kg/day in rats and rabbits, 
respectively.

In a pre- and post-natal development study, treatment of pregnant rats with baricitinib at 
25 mg/kg/day from gestation day 6 to lactation day 20 resulted in multiple adverse 
findings in F1 offspring in the absence of maternal toxicity. These included decreased 
survival from birth to postnatal day 4 (due to increased stillbirths and early neonatal 
deaths), decreased mean birth weight, decreased body weight gain during the pre-
weaning phase, increased incidence of malrotated forelimbs, and immune suppression 
(decreased cytotoxic T cells on PND 35 with evidence of recovery by PND 65). A 
NOAEL was identified at 5 mg/kg/day.

The Sponsor has submitted a complete nonclinical pharmacology and toxicology 
program for baricitinib. The nonclinical data supports the approval of baricitinib up to 4 
mg/day as an oral therapy for the treatment of moderately to severely active rheumatoid 
arthritis. See Dr. Whittaker’s reviews for additional details.
 
Labeling:
Dr. Whittaker’s review dated November 18, 2016 recommend changes to product 
labeling. Labeling recommendations were provided for the following sections: Highlights 
of Prescribing Information: Indications and Usage; Sections 8.1 and  (Use in Specific 
Populations: Pregnancy and  
respectively); Section 12.1 (Mechanism of Action); and Section 13 (Nonclinical 
Toxicology). At the time of this review, recommended language for Highlights of 
Prescribing Information: Use in Specific Populations:  Section 
8.2 Lactation, and Section  was to be developed in consultation with 
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the Division of Pediatric and Maternal Health (DPMH) as well as the DPARP Clinical 
Review Team. I concur with Dr. Whittaker’s recommendations for changes to the 
product label. See Dr. Whittaker’s review for additional details of changes to the product 
labeling.

The most appropriate Established Pharmacologic Classification (EPC) for baricitinib 
was determined to be Janus kinase (JAK) inhibitor.

Recommendation: From the nonclinical perspective, approval of the application is 
recommended. 

There are no outstanding nonclinical issues.
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1 Executive Summary 

1.1 Introduction 

Eli Lilly is developing baricitinib (LY3009104) as an oral treatment for adult patients with 

moderately to severely active rheumatoid arthritis (RA).  This molecule is a reversible, ATP 

competitive kinase Janus kinase (JAK) inhibitor.  Baricitinib is to be administered at 2 or 4 mg 

once daily either as a monotherapy or in combination with non-biologic disease-modifying 

antirheumatic drugs (DMARDs). 

 

JAKs serve as transducers of extracellular signals from multiple cytokines and growth factors 

that are involved in inflammatory diseases including RA and psoriasis.  Therefore, inhibition of 

JAK enzymes represents a potential therapeutic strategy for treatment of these conditions.   

 

 

 

 

   

 

1.2 Brief Discussion of Nonclinical Findings 

The nonclinical data supports the approval of up to 4 mg baricitinib as an oral therapy for the 

treatment of moderately to severely active rheumatoid arthritis.   

 

The current review includes a detailed evaluation of the relevant nonclinical Pharmacology, 

Safety Pharmacology, and Pharmacokinetics/ADME studies.  A complete review of the pre- and 

postnatal reproductive toxicology study conducted in rats is also included.  The results of 

relevant general toxicology, genetic toxicology, carcinogenicity and reproductive toxicology 

studies reviewed previously are summarized here with reference to the original nonclinical 

reviews. 

 

LY3009104 inhibits JAK enzyme function in in vitro assays with IC50 values generally in the 

low nanomolar range.   Increased selectivity for JAK1 and JAK2 relative to JAK3 and TYK2 

was demonstrated in cell-free isolated enzyme assays.  These effects were not recapitulated in 

cell-based assays conducted in human leukocyte preparations.   The most appropriate Established 

Pharmacologic Classification (EPC) for baricitinib was determined to be Janus kinase (JAK) 

inhibitor, identical to the EPC used for the approved pan-JAK inhibitor tofacitinib. 

 

Rats and dogs were chosen by the sponsor as the species to be used in their in vivo nonclinical 

development program.  Baricitinib is absorbed rapidly after oral administration in humans and 

nonclinical species.  Oral bioavailability is comparable in rats (53.8%) and humans (78.9%).   

Baricitinib distributes widely in rats after oral administration.  It is capable of crossing the blood-

brain barrier, the blood-placenta barrier, and is found in the milk of lactating rats.  Baricitinib 

undergoes minimal metabolism in humans and nonclinical species.  All metabolites observed in 

humans are also synthesized in at least one nonclinical species.  Baricitinib is primarily 

eliminated via feces in nonclinical species while humans eliminate baricitinib primarily in urine.   

Reference ID: 4016244

(b) (4)



NDA 207924  Matthew Whittaker, Ph.D. 

 

12 

 

Chronic toxicology studies with LY3009104 were conducted in rats (26 weeks) and dogs (39 

weeks).  Animals were dosed by oral gavage in both studies.  Immunosuppressant effects were 

the major treatment-related toxicities observed in rats and dogs.   Lymphoid organs including 

bone marrow, spleen, and lymph nodes were target organs of toxicity in both species.  During 

development, these immunosuppressive effects were generally considered to be monitorable in a 

clinical setting.  Dose limiting toxicities in the GI tract (inflammation, infiltrates) and liver 

(infiltrates/inflammation, bile duct hyperplasia) were observed in male and female dogs at  3 

mg/kg/day.  The dog is the more sensitive nonclinical species, with an AUC0-24h of 1.21 µM*hr 

at the limit dose.  This exposure supports the clinical baricitinib exposure at the maximum 

recommended human dose (MRHD) of 4 mg/day. 

 

Baricitinib was negative in a standard battery of genotoxicity assays.  There was no evidence of 

tumorigenic potential in a 2 year carcinogenicity study conducted in rats or in a 26 week 

carcinogenicity study in Tg.rasH2 mice. 

 

Fertility (based upon achievement of pregnancy) was reduced in male and female rats that 

received baricitinib at oral doses of 50 and 100 mg/kg/day, respectively.  Fertility was unaffected 

in male and female rats at oral doses of 15 and 25 mg/kg/day. However, maintenance of 

pregnancy was adversely affected at these doses as evidenced by increased post-implantation 

losses and decreased number of mean viable embryos per litter. The number of viable embryos 

was unaffected in female rats that received baricitinib at an oral dose of 5 mg/kg/day and were 

mated to males that received the same dose. Reproductive performance was unaffected in male 

and female rats that received baricitinib at oral doses of 50 and 100 mg/kg/day, respectively.    

 

In embryofetal development studies, baricitinib was teratogenic (skeletal malformations 

including bent limb bones and rib anomalies) in both rats and rabbits.  Skeletal malformations 

were observed in rat pups of dams that received oral baricitinib at 10 mg/kg (in the absence of 

maternal toxicity) and 40 mg/kg (in presence of maternal toxicity).  Teratogenic findings in 

rabbit pups were observed at the highest dose tested (30 mg/kg) in the presence of maternal 

toxicity. No observed adverse effect levels (NOAELs) were identified at 2 and 10 mg/kg/day in 

rats and rabbits, respectively. 

 

In a pre- and post-natal development study, treatment of pregnant rats with baricitinib at 25 

mg/kg/day from gestation day 6 – lactation day 20 resulted in multiple adverse findings in F1 

offspring in the absence of maternal toxicity.  These included decreased survival from birth to 

postnatal day 4 (due to increased stillbirths and early neonatal deaths), decreased mean birth 

weight, decreased body weight gain during the pre-weaning phase, increased incidence of 

malrotated forelimbs, and immune suppression (decreased cytotoxic T cells on PND 35 with 

evidence of recovery by PND 65).   A NOAEL was identified at 5 mg/kg/day. 
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1.3 Recommendations 

1.3.1 Approvability 

Eli Lilly has submitted a complete nonclinical pharmacology and toxicology program for 

baricitinib.  From the nonclinical perspective, the application is recommended for approval.  

There are no outstanding nonclinical issues. 

 

1.3.2 Additional Non Clinical Recommendations 

No additional nonclinical studies are required. 

 

1.3.3 Labeling 

Labeling recommendations are provided for the following sections:  Highlights of Prescribing 

Information:  Indications and Usage; Sections 8.1 &  (Use in Specific Populations:  

Pregnancy &  respectively); Section 12.1 

(Mechanism of Action); and Section 13 (Nonclinical Toxicology).  Additions are shown in 

underlined text and deletions are shown in strikethrough text.  The marked up labeling text 

reflects the current state of the labeling as of November 18, 2016.  Recommended language for 

(1) Highlights of Prescribing Information:  Use in Specific Populations:   

 and (2) Section  is to be developed in consultation with the Division 

of Pediatric & Maternal Health (DPMH) as well as the DPARP Clinical Review Team. 
 
 
HIGHLIGHTS OF PRESCRIBING INFORMATION 

 ---------------------------- INDICATIONS AND USAGE ---------------------------  
OLUMIANT is a Janus kinase inhibitor  indicated for the treatment of adult patients with moderately to 
severely active rheumatoid arthritis   

 

 ----------------------- USE IN SPECIFIC POPULATIONS ----------------------  

•   

 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 

The limited  human data on use of OLUMIANT in pregnant women are not 
sufficient to inform a drug-associated risk for major birth defects or miscarriage. In animal embryo-fetal 
development studies, oral baricitinib administration to pregnant rats and rabbits at exposures equal to and 
greater than  and times the maximum recommended human dose (MRHD), respectively, resulted 
in reduced fetal body weights, increased embryolethality (rabbits only), and dose-related increases in 
skeletal malformations. No developmental toxicity was observed in pregnant rats and rabbits treated with 
oral baricitinib during organogenesis at approximately and times the exposure at the MRHD, 
respectively. In a pre- and postnatal development study in pregnant female rats, oral baricitinib 
administration at exposures approximately times the MRHD resulted in reduction in pup viability 
(increased incidence of stillborn pups and early neonatal deaths), decreased fetal birth weight, reduced 
fetal body weight gain, decreased cytotoxic T cells on post-natal day (PND) 35 with evidence of recovery 
by PND 65, and developmental delays that might be attributable to decreased body weight gain. No 
developmental toxicity was observed at an exposure approximately times the exposure at the MRHD 
[see Animal Data]. 
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The estimated background risk of major birth defects and miscarriage for the indicated 
population(s) are unknown. All pregnancies have a background risk of birth defect, loss, or other adverse 
outcomes. In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. 

 
Animal Data 

In an embryofetal development study in pregnant rats dosed orally during the period of 
organogenesis from gestation days 6 to 17, baricitinib was teratogenic (skeletal malformations that 
consisted of bent limb bones and rib anomalies) at exposures equal to or greater than times the 
MRHD (on an AUC basis at maternal oral doses of 10 mg/kg/day and higher).  

 
 No developmental toxicity was observed in rats at an 

exposure approximately times the MRHD (on an AUC basis at a maternal oral dose of 2 mg/kg/day). 
In an embryofetal development study in pregnant rabbits dosed orally during the period of 

organogenesis from gestation days 7 to 20, embryolethality, decreased fetal body weights, and skeletal 
malformations (rib anomalies) were observed in the presence of maternal toxicity at an exposure 
approximately times the MRHD (on an AUC basis at a maternal oral dose of 30 mg/kg/day). 
Embryolethality consisted of increased post-implantation loss that was due to elevated incidences of both 
early and late resorptions. No developmental toxicity was observed in rabbits at an exposure 
approximately times the MRHD (on an AUC basis at a maternal oral dose of 10 mg/kg/day). 

In a pre- and postnatal development study in pregnant female rats dosed orally from gestation day 
6 through lactation day 20, adverse findings observed in pups included decreased survival from birth to 
postnatal day 4 (due to increased stillbirths and early neonatal deaths), decreased birth weight, 
decreased body weight gain during the pre-weaning phase,  increased incidence of malrotated 
forelimbs during the pre-weaning phase, and decreased cytotoxic T cells on PND 35 with recovery by 
PND 65 at exposures approximately times the MRHD on an AUC basis at a maternal oral dose of 25 
mg/kg/day. Developmental delays (that may be  secondary to decreased body weight 
gain) were observed in males and females at exposures approximately times the MRHD (on an AUC 
basis at a maternal oral dose of 25 mg/kg/day). These findings included decreased forelimb and hindlimb 
grip strengths, and delayed mean age of sexual maturity.  No developmental toxicity was observed in rats 
at an exposure approximately times the MRHD (on an AUC basis at a maternal oral dose of 
5 mg/kg/day). 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

Baricitinib is a Janus kinase (JAK) inhibitor. JAKs are intracellular enzymes which transmit signals 
arising from cytokine or growth factor-receptor interactions on the cellular membrane to influence cellular 
processes of hematopoiesis and immune cell function. Within the signaling pathway, JAKs phosphorylate 
and activate Signal Transducers and Activators of Transcription (STATs) which modulate intracellular 
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activity including gene expression. Baricitinib modulates the signaling pathway at the point of JAKs, 
preventing the phosphorylation and activation of STATs. 

 JAK enzymes 
transmit cytokine signaling through their pairing (e.g., JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, JAK2/JAK2, 
JAK2/TYK2). In cell-free isolated enzyme assays, baricitinib had greater inhibitory potency  at JAK1 

 JAK2  and TYK2  relative to JAK3  In human leukocytes, baricitinib 
inhibited cytokine induced STAT phosphorylation mediated by JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, or 
JAK2/TYK2 with comparable potencies.  However, the relevance of inhibition of specific JAK enzymes to 
therapeutic effectiveness is not currently known. 

 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

The carcinogenic potential of baricitinib was evaluated in Sprague-Dawley rats and Tg.rasH2 
mice. No evidence of tumorigenicity was observed in male or female rats that received baricitinib for 91 to 
94 weeks at oral doses up to 8 or 25 mg/kg/day, respectively ( and  times the MRHD on an AUC 
basis). No evidence of tumorigenicity was observed in Tg.rasH2 mice that received baricitinib for 26 
weeks at oral doses up to 300 and 150 mg/kg/day in male and female mice, respectively  

 
Baricitinib tested negative in the following genotoxicity assays: the in vitro bacterial mutagenicity 

assay (Ames assay), in vitro chromosome aberration assay in human peripheral blood lymphocytes, and 
in vivo rat bone marrow micronucleus assay. 

Fertility (achievement of pregnancy) was reduced in male and female rats that received baricitinib 
at oral doses of 50 and 100 mg/kg/day respectively (approximately and times the MRHD in males 
and females, respectively, on an AUC basis) based upon findings that 7 of 19 (36.8%) drug-treated 
females with evidence of mating were not gravid compared to 1 of 19 (5.3%) control females. It could not 
be determined from the study design if these findings were attributable to toxicities in one sex or both.  

  Fertility was unaffected in male and female rats at oral doses of 
15 mg/kg and 25 mg/kg, respectively (approximately and times the MRHD on an AUC basis).  
However, maintenance of pregnancy was adversely affected at these doses based upon findings of 
increased post-implantation losses (early resorptions) and decreased numbers of mean viable embryos 
per litter  

 
 
 

   The number of viable embryos  was unaffected in  female rats 
that received baricitinib at an oral dose of 5 mg/kg/day and were mated to males that received the same 
dose (approximately 3 times the MRHD on an AUC basis).  Reproductive performance was unaffected in 
male and female rats that received baricitinib at oral doses up to 50 and 100 mg/kg/day respectively 
(approximately and times the MRHD in males and females, respectively, on an AUC basis). 
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2 Drug Information 

2.1  Drug 

Generic Name:  Baricitinib 
 

Code Name:  LY3009104 (previously INCB028050) 
 

Chemical Name:  2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-

(ethylsulfonyl)azetidin-3-yl)acetonitrile 
 

Molecular Formula/Molecular Weight:  C16H17N7O2S: 371.42 g/mol 
 

Structure or Biochemical Description 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pharmacologic Class: Janus kinase (JAK) inhibitor 
 

2.2  Relevant INDs, NDAs, BLAs and DMFs 

The initial IND for LY3009104 development as a treatment for rheumatoid arthritis was 

submitted to the FDA on 5/6/08.   

 

 

Application 
Drug 

substance 
Indication Review Division 

Submission 

date 

IND 102204 LY3009104 
Rheumatoid 

arthritis 
DPARP 5/6/08 

Figure 1.  Chemical structure of LY3009104, free base 
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2.3  Clinical Formulation 

2.3.1  Drug Substance 

The LY3009104 drug substance was changed from the phosphate salt to the free base form 

during Phase 2 clinical development.  The drug substance to be used in the final clinical product 

is LY3009104 free base.  Nonclinical studies were conducted using either the phosphate salt or 

the free base form of LY3009104.  LY3009104 phosphate salt and free base systemic exposures 

were found to be comparable in mice and rats (see Section 11:  Drug Substance Development). 

 

2.3.2  Drug Product 

The baricitinib drug product is prepared as oblong (2 mg) and round (4 mg) immediate release, 

film-coated oral tablets.  The unit compositions for the 2 mg and 4 mg tablets are seen in Table 

1. 

Table 1.  LY3009104 drug product composition. 
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2.4  Comments on Novel Excipients 

There are no novel excipients in the current drug product formulation.  All excipients in the 

baricitinib DP formulation are below levels in FDA approved orally administered products. 

 

2.5 Comments on Impurities/Degradants of Concern 

Drug substance impurities and drug product degradants are controlled at levels below their 

respective thresholds according to ICH Q3A and ICH Q3B respectively. 

 

There are no impurities of concern in the drug substance or degradants of concern in the drug 

product. 

 

 Baricitinib drug substance specification Baricitinib drug product specification 
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2.6 Proposed Clinical Population and Dosing Regimen 

Baricitinib is an orally administered, immediate release tablet indicated for use in adults with 

moderately to severely active rheumatoid arthritis.  The recommended dose of baricitinib is 4 

mg, once daily.  The sponsor contends that for some patients, 2 mg once daily may be 

acceptable.  Baricitinib is proposed to be used as a monotherapy or in combination with non-

biologic disease-modifying antirheumatic drugs (DMARDs). 

 

2.7 Regulatory Background 

 May 6, 2008:  IND 102204 was submitted by Incyte Corporation.  The drug substance 

was referred to as INCB028050. 

 

 June 2, 2008:  The Review Division (Division of Anesthesia, Analgesia and 

Rheumatology Products, DAARP) conducted a teleconference with Incyte.  Based on the 

toxicology data in a 28-day dog study, the sponsor’s proposed clinical study was limited 

to a maximum dose of 10 mg per day.  Real time PK analysis was incorporated into the 

study protocol  prior to dose escalation above 10 mg/day.  PK parameters were not to 

exceed an AUC or Cmax corresponding to the NOAEL of 0.45 mg/kg in the dog. 

 

 March 12 and March 20, 2009:  Supporting documents 10 and 11 included a 6 month 

oral rat toxicity study (Study T08-04-05) and a 6 month oral dog toxicity study (Study 

T08-04-04) respectively.  

 

 July 13, 2009:  The Review Division provided recommendations to Incyte regarding 

nonclinical development of INCB028050.  The contents of the communication are 

excerpted below: 

 
We have reviewed your submission for IND 102,204 of March 20, 2009 and have the 

following comments: 

1. From a nonclinical standpoint, the proposed clinical trial (INCB 28050-201) 

can proceed at up to 10 mg/kg qd for up to 6 months (3 months + 3 months 

extension). 

 

2. Based on initial toxicity due to excessive dose levels which resulted in dose 

reduction and later immunosuppression-based mange in the 6-month dog 

study, there is concern that assessment of treatment-related toxicity may have 

been difficult to detect/confounded due initial to dose selection and the 

resulting overt immunosuppressive pharmacological action of the drug. 

 

3.  A chronic study should be conducted in a nonrodent species for at least 9 

months duration (see ICH Guidances M3 & S4A) to support your NDA. You 

may want to consider an alternative nonrodent species for your chronic 

study. Doses used should be selected to identify a NOAEL, describe the 

toxicity profile (e.g., local and systemic target organ toxicity) or employ the 

maximum feasible dose, demonstrate reversibility of any effects, and provide 

adequate safety margins for the proposed human doses based on human 

pharmacokinetic and nonclinical toxicokinetic comparisons. 
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 August 3, 2010:  Sponsorship of IND 102204 was transferred from Incyte to Eli Lilly  

o Eli Lilly changed the name of the drug substance to LY3009104 (baricitinib) 

 

 April 27, 2011:  A 39-week toxicology study conducted in beagle dogs was submitted to 

IND 102204 (SD 51) 

 

 October 21, 2011:  Eli Lilly proposed using the LY3009104 free base form of the drug 

substance (sponsor changed to free base form for clinical development) in its proposed 2 

year rat carcinogenicity study (LY3009104 phosphate salt was used for all in vitro and in 

vivo pharmacology studies and for the ADME and general toxicology studies conducted 

up to that point).   

 

 December 1, 2011:  The CDER Executive Carcinogenicity Assessment Committee 

(ECAC) recommended that the carcinogenicity study be conducted with the phosphate 

salt unless more extensive bridging data regarding systemic exposure of the free base vs. 

phosphate salt forms could be provided 

 

 December 15, 2011:  Eli Lilly provided additional rationale for the adequacy of their 

existing bridging data showing comparable exposure between the free base and 

phosphate salt forms of the drug substance 

 

 February 9, 2012:  The Review Division (DPARP) informed the sponsor that the 

existing bridging data was adequate to support the use of the LY33009104 free base form 

of the test article in future nonclinical studies. 

 

 June 26, 2012:  An End of Phase 2 meeting was held with Eli Lilly (See Meeting 

Minutes dated 7/22/12).  The Sponsor’s nonclinical question and FDA response are 

reproduced below:  

 
Question 1 – Nonclinical Studies 

Does FDA agree that the nonclinical studies, including the ADME studies, conducted to 

date together with the additional planned studies will provide sufficient nonclinical safety 

and disposition information to support registration of LY3009104 for the proposed RA 

indication  

? 

 

FDA Response: 

The completed and planned studies, pending review of the data, appear adequate to 

support an NDA filing.  The teratology findings from the EFD studies should be included 

in the Investigator’s Brochure and Informed consent. 

 

Additional Nonclinical Comments: 

During IND development and for a potential NDA, provide structures of impurities and 

intermediates of the drug substance and drug product. Monitor impurities and 

degradation products of all active ingredients. Refer to the ICH Guidance for 

qualification of drug impurities in drug substances [ICH Q3A(R2)] and degradants in 

drug products [ICH Q3B(R2)]. If applicable, conduct the appropriate toxicity studies to 
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qualify impurities and degradants. Impurities or intermediates that are identified as 

structural alerts should be at or below acceptable qualification thresholds for genotoxic 

and carcinogenic impurities as described in the draft FDA Guidance for Industry, 

“Genotoxic and Carcinogenic Impurities in Drug Substances and Products: 

Recommended Approaches” (December 2008) for assessment of impurities to support 

clinical studies for an IND and NDA. 

 

Discussion:   

None 

 

 February 11, 2013:  The Review Division (DPARP) provided feedback to the sponsor 

regarding the conduct of the rat pre- and postnatal development (PPND) study 

o FDA agreed that peripheral blood immunophenotyping of lymphocytes and 

immunohistochemistry on spleen and thymus tissue of F1 pups was sufficient to 

evaluate potential immunosuppressive effects of baricitinib in the PPND study.   

 

 January 15, 2016:  NDA 207924 for baricitinib was submitted to the FDA  

 

 March 24, 2016:  Potential review issues identified in the NDA submission were 

communicated to the sponsor in the Filing Communication Letter (74-day letter).  The 

nonclinical comments included in this communication are excerpted below: 

 
1.  The CDER Executive Carcinogenicity Assessment Committee recommends 

terminating all treatment groups of a particular sex when the number of animals in 

the control group declines to 20. Your decision to terminate all surviving female rats 

in control and drug treated groups at week 91 of your 104 week rat carcinogenicity 

study (Study 8253534) with 23 rats remaining in the female control group will be 

evaluated during the review of this application (NDA 207924). 

 

2. The baricitinib in vitro potency values for inhibition of human JAK enzyme function  

reported in section 12.1 of the proposed labeling appear to be derived from the 

published manuscript by Fridman et al. (2010). Provide the original study reports for 

the data presented in this publication. Secondly, the potency values reported in 

section 12.1 are not consistent with the values reported in Study LOB07, particularly 

with respect to JAK1/2 selectivity over JAK3. Explain these differences and/or 

provide corrections. 

 

 

 April 19, 2016:  Eli Lilly addressed the potential nonclinical review issues that were 

identified in the March 24, 2016 74-day letter 

 

o The sponsor explained that in the rat carcinogenicity study, 23 females remained 

in the control group at Day 630 (Week 90).  However, 3 control female rats were 

euthanized on study Day 631 due to moribund condition.  Because the number of 

control females was reduced to 20 on Day 631, all females on study were 

subsequently terminated on Day 636 (Week 91).   This explanation is considered 

to be adequate.  There are no further concerns from the Pharm/tox perspective. 

 

o The baricitinib potency data referenced in the proposed labeling are derived from 

studies conducted by Incyte Corporation.  No internal study report was written. 
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o The Fridman et al. (2010) study used an ATP concentration of 1 mM for the in 

vitro JAK enzyme inhibition assays.  This reflects the intracellular ATP 

concentration.  In assays conducted in study LOB07, ATP concentrations were set 

at the Km concentration for each specific enzyme.  Therefore, ATP concentrations 

were 90µM, 30 µM, 3 µM, and 20 µM for JAK1, JAK2, JAK3, and TYK2, 

respectively.  The sponsor considered the results of the experiments conducted at 

the 1 mM ATP concentration to be more physiologically relevant.  This argument 

is considered to be reasonable.  There are no further concerns from the Pharm/tox 

perspective. 

 

 October 17, 2016:  FDA provided recommended changes to the baricitinib prescribing 

information to Eli Lilly 

 

 October 24, 2016:  Eli Lilly submitted a revised version of the labeling with their 

proposed language 

 

 November 2, 2016:  The DPARP nonclinical review team sent proposed changes to the 

nonclinical sections of the label (Highlights of Prescribing Information: Indications and 

Usage, Sections 8.1 &  Section 12.1 and Section 13.1) to the sponsor in an 

Information Request.  Each proposed change was accompanied by a written rationale. 

 

 November 7, 2016:  Eli Lilly agreed to the DPARP proposed changes to the nonclinical 

portions of the labeling with minor editorial changes (see Integrated Summary and Safety 

Evaluation:  Evaluation of Labeling). 
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3 Studies Submitted 

3.1 Studies Reviewed  

 

Study # Title 

PHARMACOLOGY 

Primary pharmacology 

[See section 4.1 of this review] 

LOB06 Fridman et al. (2010). Selective inhibition of JAK1 and JAK2 is efficacious in 

rodent models of arthritis: Preclinical characterization of INCB08050.  Journal of 

Immunology.   184, 5298-5307.  

LOB07 In vitro determination of IC50 values of LY3009104 against different members of 

the human JAK family 

LOB08   In vitro effects of baricitinib (LY3009104) on IL-2 induced primary human T cell 

proliferation and JAK/STAT signaling 

 

LOB09 In vitro effects of baricitinib (LY3009104) on IL-23 induced IL-17 and IL-22 

production and STAT3 phosphorylation in primary human T cells 

LOB10 In Vitro Effects of Baricitinib (LY3009104) on STAT3 Phosphorylation and IFN- 

Production in IL-12 Stimulated T Cells 

LOB11 In Vitro Effects of Baricitinib (LY3009104) on IL-6 Induced MCP-1 Production in 

Human Peripheral Blood Mononuclear Cells and on IL-6 Induced STAT3 

Phosphorylation in Human Whole Blood 

LOB12  In vitro potency comparison of baricitinib (LY3009104) in blocking IL-6 induced 

STAT3 phosphorylation in whole blood from different species 

LOB13 Impact of LY3009104 on Ex Vivo IL-6 stimulated STAT3 phosphorylation in 4 

week dog studies 

LOB14 Baricitinib (LY3009104) demonstrates dose dependent efficacy in rats with 

established disease in the rat adjuvant arthritis model 

LOB15 Comparative Determination of IC50 Values for Baricitinib and Tofacitinib in In 

Vitro Cytokine Stimulated Human Peripheral Blood Mononuclear Cell 

Preparations by Flow Cytometry 

Secondary pharmacology 

[See section 4.2 of this review] 

T07-05-06 In vitro pharmacology:  ExpresS Profile Study of INCB028050 

T07-07-11 In vitro pharmacology:  Kinase assays – Study of INCB028050 

T07-07-12 In vitro Pharmacology:  Nicotinic binding assays – Study of INCB028050 

QSB30 LY3009104 In vitro specificity across cellular kinome using ActivX technology 

SAFETY PHARMACOLOGY  
[See section 4.3 of this review] 

Cardiovascular 

T07-12-08 Effects of INCB028050 on cloned hERG potassium channels expressed in human 

embryonic kidney cells 

T07-11-14 Cardiovascular assessment of orally administered INCB028050 to conscious, 

radiotelemetry-instrumented beagle dogs 
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Study # Title 

Neurologic 

T07-12-07 The acute central nervous system pharmacological study of INC028050 following 

oral administration in rats 

Respiratory  

T07-12-06 Respiratory assessment of orally administered INCB029050 to plethysmograph-

restrained Sprague-Dawley rats 

PK/ADME 

[See section 5.1 of this review] 

Absorption 

Study DMB-08-13-1 The permeability and transport of INCB028050 in Caco-2 cell monolayers 

 

RAUV11_MAKR12_8278998 Pharmacokinetics of LY3009104 in rasH2 mice following daily oral administration 

of LY3009104 as the free base or as the phosphate salt (LSN3009106) for 7 days 

INCYTE-DMB-08.21.1 The pharmacokinetics of INCB028050 in rats 

RAJH13-8287-365 Exposure and Absolute Oral Bioavailability of [
12

C]-LY3009104 and [
13

C]-

LY3009104 (LSN3194004) in Sprague Dawley Rats Using [
13

C]-LY3009104 as 

the Intravenous-Tracer 

8238695 Total radioactivity and LY3009104 concentrations in plasma, metabolism, and 

elimination of [
14

C]LY3009104 in male Sprague Dawley rats following a single 25 

mg/kg oral dose of [
14

C]LY3009104 given as the phosphate salt 

RAUV11_8259423 Pharmacokinetics of LY3009104 in Sprague Dawley rats following daily oral 

administration of LY3009104 as the free base or as the phosphate salt 

(LSN3009106) for 7 days. 

Distribution 

DMB-08.14.1 In Vitro and Ex Vivo protein binding of INCB028050 in rat, dog and human serum 

and plasma 

DMB-09.41.1 In Vitro and Ex Vivo protein binding of INCB028050 in rabbit and mouse plasma 

DMB-08-199-1 Quantitative tissue distribution of drug-related material using whole-body 

autoradiography following a single oral dose of [
14

C]INCB028050 (25 mg/kg) to 

male Sprague Dawley and male and female Long-Evans rats and human radiation 

dosimetry prediction 

DMB-08-15-1 Brain and cerebrospinal fluid concentrations of INCB028050 in rats 

8283896 Placental transfer, disposition, and lacteal excretion of [14C]LY3009104 in 

pregnant and lactating female Sprague Dawley rats following a single 25 mg/kg 

oral dose of [
14

C]LY3009104 

 

Metabolism 

DMB-08.20.1 Identification of in vitro metabolites of INCB028050 

Human 

I4V-MC-JADG Disposition of [
14

C]LY3009104 following oral administration in healthy human 

male subjects 

Mice  

DMB-09.90.1 Metabolism of LY3009104 (INCB028050) in CD-1Mice Following a Single Oral 

Dose of [
14

C]LY3009104 

8238696 Metabolism of LY3009104 (INCB028050) in CD-1Mice Following a Single Oral 

Dose of [
14

C]LY3009104 [repeat of DMB-09.90.1with more sensitive methods of 

metabolite identification] 
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Study # Title 

Rats  

DMB-08.207.1 Metabolism of INCB028050 (LY3009104) in bile duct intact and bile duct 

cannulated rats after a single oral dose of [
14

C]LY3009104 

8238695 Metabolism of INCB028050 (LY3009104) in bile duct intact and bile duct 

cannulated rats after a single oral dose of [
14

C]LY3009104 [repeat of DMB-

08.207.1with more sensitive methods of metabolite identification] 

Dogs  

DMB-08.209.1 Metabolism of INCB028050 (LY3009104) in male and female beagle dogs 

following a single oral dose of [
14

C]LY3009104 administered as the phosphate salt 

8238697 Pharmacokinetics, Metabolism, and Elimination  of [
14

C]LY3009104 in male 

beagle dogs following a single 0.5 mg/kg (20 µCi/kg) oral dose of [
14

C]LY3009104 

administered as the phosphate salt [repeat of DMB-08.209.1with more sensitive 

methods of metabolite identification] 

Elimination 

I4V-MC-JADG Disposition of [
14

C]LY3009104 following oral administration in healthy human 

male subjects 

DMB.08.200.1 Absorption and excretion of [
14

C]INCB028050 following oral and intravenous 

administration in rats 

DMB-09-10-1 Excretion and Mass Balance of [
14

C]INCB028050 in Beagle Dogs 

Study 8238697 Pharmacokinetics, metabolism, and elimination of [
14

C]LY3009104 in male beagle 

dogs following a single 0.5 mg/kg (20 µCi/kg) oral dose of [
14

C]LY3009104 given 

as the phosphate salt 

GENERAL TOXICOLOGY 

Mice 

8268827* 4 week pilot study in 00178-W [wild type] mice of rasH2 background [see 

nonclinical review dated 7/11/13] 

Rats 

T07-10-10 INCB028050:  A 10-day repeat dose oral gavage toxicity and toxicokinetic study in 

Sprague Dawley rats 

T08-04-05 A 6-month oral toxicity and toxicokinetic study in Sprague-Dawley rats including a 

6-week Recovery [see nonclinical review dated 12/1/11 (IND 102204)] 

Dogs 

T07-10-09 INCB028050: A 7-day oral toxicity and toxicokinetic study in beagle dogs 

T07-12-03* INCB028050:  28 day oral toxicity and toxicokinetic study in beagle dogs 

including a 4-week recovery period [see nonclinical review dated 3/16/12 (IND 

102204)] 

T08-04-04* INCB028050:  A 6-month oral toxicity and toxicokinetic study in beagle dogs 

including a 6-week recovery [see nonclinical review dated 6/9/09 (IND 102204)] 

8221785 39-week oral gavage chronic toxicity and toxicokinetic study with INCB028050 in 

dogs with a 6-week recovery phase [see nonclinical review dated 9/19/14 (IND 

102204)] 

GENETIC TOXICOLOGY 

[see nonclinical review dated 4/19/16 (IND 102204)] 

T08-01-02 Bacterial reverse mutation assay [INCB028050] 

T08-01-01 In vitro mammalian chromosome aberration test [INCB028050] 

T08-01-05 Rat bone marrow erythrocyte micronucleus test following oral administration of 

INCB028050 
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Study # Title 

CARCINOGENICITY 

[see nonclinical review dated 6/30/16 (NDA 207924)] 

8253534 A carcinogenicity dose toxicity and toxicokinetic study in rats given LY3009104 

by oral gavage for 2 years 

8291245 A carcinogenicity and toxicokinetic study in 001178-T mice given LY3009104 by 

oral gavage for 26 weeks 

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY 

-353240 A fertility and early embryonic development and toxicokinetic study of 

LY3009104 phosphate administered orally gavage) in male and female Sprague-

Dawley rats [see nonclinical review dated 9/19/14 (IND 102204)] 

T-08-07-01 An oral (gavage) and toxicokinetic study of the effects of INCB028050 on 

embryo/fetal development in rats [see nonclinical review dated 9/19/14 (IND 

102204)] 

T-08-07-02 An oral (gavage) and toxicokinetic study of the effects of INCB02040 on 

embryofetal development in rabbits[see nonclinical review dated 9/19/14 (IND 

102204)] 

-353280 A prenatal and postnatal development and toxicokinetic study of LY3009104 

administered orally (gavage) in Sprague Dawley rats [Reviewed in Section 9.3 of 

current review] 

8283896  Placental transfer, disposition, and lacteal excretion of [14C]LY3009104 in 

pregnant and lactating female Sprague Dawley rats following a single 25 mg/kg 

oral dose of [
14

C]LY3009104 [Reviewed in Section 5.1 Distribution of current 

review] 

SPECIAL TOXICOLOGY STUDIES 

20007788 Neutral Red Uptake Phototoxicity Assay of LY3009104 Phosphate in Balb/c 3T3 

Mouse Fibroblasts 

Study MB 12-20568.02 Acute dermal toxicity in rabbits of LY3009104 

* Indicates that study was reviewed previously but is not discussed in the current NDA review 

Reference ID: 4016244
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3.2 Studies Not Reviewed  

Study # Title 

SAFETY PHARMACOLOGY  

 

T07-07-05 Effects of INCB028050 on cloned hERG potassium channels expressed in 

mammalian cells 

PK/ADME 

Detection methods 

8232101 Validation of a method for the determination of LY3009104 in rat plasma by 

HPLC with MS/MS detection 

8232102 One day validation of a method for the determination of LY3009104 in mouse 

plasma by HPLC with MS/MS detection 

8235135 One day validation of a method for the determination of LY3009104 in dog plasma 

by HPLC with MS/MS detection 

DMB-08.10.1 INCB028050:  Non-GLP LC/MS/MS analysis of INCB028050 in rat, dog, and 

monkey plasma 

DMB-08.11.2 Validation of LC/MS/MS analysis of INCB0288050 for GLP studies in rat plasma 

DMB-08.12.2 Validation of LC/MS/MS analysis of INCB0288050 for GLP studies in dog  

plasma 

DMB-09.31.1 INCB028050:  Method validation of the quantitation of NCB02050 in mouse 

plasma by turbo ion spray LC/MS/MS 

DMB-15.86.1 INCB028050:  Method validation of the quantitation of INCB028050 in mouse 

plasma by turbo ion spray LC/MS/MS 

Absorption 

DMB-08.22.1 Pharmacokinetics of INCB028050 in beagle dogs 

DMB-08.23.1 Pharmacokinetics of INCB028050 in cynomolgus monkeys 

RAOK11-8253128 Pharmacokinetics of LY3009104 in Sprague Dawley rats after oral or intravenous 

administration of LY3009104 as the free base or after oral administration of 

LY3009104 as the phosphate salt (LSN3009106) 

Metabolism 

DMB-08.19.1 Identification of in vivo metabolites of INCB028050 (rat, dog, monkey) 

DMB-08.211.1 Identification of circulating plasma metabolites of INCB028050 in rabbits 

Elimination 

DMB-09.11.1 Excretion, mass balance, and pharmacokinetics following a single oral dose of 

[
14

C]INCB028050 to male and female CD-1 mice. 

GENERAL TOXICOLOGY 

 

Mice 

T08-05-05 INCB028050: Single oral dose toxicokinetic/tolerability study in CD-1 mice 

T08-07-05 Toxicokinetics from a single dose oral toxicity study of iNCB028050 in CD-1 mice 

T08-09-01 A 3-month oral (gavage) dose range-finding toxicity and toxicokinetic study of 

INCB028050 in mice 

T08-05-10 INCB028050: 8-day oral dose toxicity study in CD-1 mice 

T08-07-08 A 28 day oral gavage toxicity and toxicokinetic study of INCB0280850 in mice 

Rats  
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T07-06-09 INCB028050: Single oral dose toxicokinetic/tolerability study in Sprague-Dawley 

rats 

T07-06-12 INCB028050: Single oral dose toxicokinetic/tolerability study in Sprague-Dawley 

rats 

T07-10-01 INCB028050:  A 10-day repeat dose oral gavage toxicity and toxicokinetic study in 

Sprague-Dawley rats 

T07-11-01 INCB028050: A 28-day oral toxicity and toxicokinetics study in Sprague-Dawley 

rats including a 4-week recovery period 

Dogs 

T07-07-09 INCB028050: An acute oral toxicity and toxicokinetic study in beagle dogs 

T07-08-03  and INCB028050: An acute oral toxicity and 

toxicokinetic study in beagle dogs 

T07-10-09 INCB028050:  A 7-day oral toxicity and toxicokinetics study in beagle dogs 

GENETIC TOXICOLOGY 

T07-07-03 Salmonella plate incorporation mutagenicity assay for INCB028050 

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY 

T08-04-03 INCB028050:  An oral (gavage) 5-day toxicity and toxicokinetic study in non-

gestating female rabbits 

T08-05-02 An oral (gavage) dose range-finding and toxicokinetic study of the effects of 

INCB028050 on embryo/fetal development in rats 

T08-05-03 An oral (gavage) dose range-finding and toxicokinetic study of the effects of 

INCB028050 on embryo/fetal development in rabbits 

SPECIAL TOXICOLOGY STUDIES 

MB 12-20568.09 Bovine corneal opacity and permeability test (BCOP) of LY3009104 

Reference ID: 4016244
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3.3 Previous Reviews Referenced 

 

Review Date Author 

NDA 207924:  Nonclinical review of mouse and rat 

carcinogenicity studies with LY3009104 

6/30/16 Matthew Whittaker 

IND 102204:  Nonclinical review of genetic toxicology 

battery for LY3009104 

4/19/16 Matthew Whittaker 

IND 102204:  Nonclinical review of 9 month dog 

toxicology study, rat FEED study & rat and rabbit EFD 

studies 

9/19/14 Matthew Whittaker 

IND 102204:  Nonclinical review of Tg.rasH2 mouse 

carcinogenicity study Special Protocol Assessment 

7/11/13 Matthew Whittaker 

IND 102204:  Nonclinical review of 28 day dog study  

(Study T07-12-03; included in assessment of safety of 

proposed clinical thorough QTc evaluation) 

3/16/12 Mamata De 

IND 102204:  Nonclinical review of SD rat 

carcinogenicity study Special Protocol Assessment.  

(Review includes nonclinical evaluation of 6 month rat 

toxicology study [Study T08-04-05]) 

12/1/11 Mamata De 

Nonclinical review of 6 month dog toxicology study 

(Study T08-04-04) 

6/9/09  Gary Bond 
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4 Pharmacology 

Cytokine signaling is a major component of both the innate and adaptive immune responses.  

Aberrant cytokine production and cytokine receptor activation is associated with many chronic 

inflammatory conditions, including rheumatoid arthritis (RA).  Baricitinib has been developed to 

inhibit intracellular signaling pathways associated with cytokine receptor activation. 

 

Cytokine receptors lack intrinsic enzymatic activity.  The intracellular portion of Class I and 

Class II cytokine receptors are constitutively associated with Janus kinase (JAK) enzymes.  The 

JAK family of tyrosine kinases is comprised of 4 enzymes (JAK1, JAK2, JAK3, TYK2) that act 

as the signal transduction mechanism for cytokine receptor activation.   

 

Class I and Class II cytokine receptors recruit 2 of the 4 JAKs into a signaling complex (e.g. 

JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, JAK2/TYK2).  The pairing of JAKs with a given 

cytokine receptor is determined by the subunit composition of the cytokine receptor
1
.  Class I 

cytokine receptors are generally comprised of two subunits.  One subunit of the cytokine 

receptor is specific for a particular cytokine.  The second subunit is a ‘common subunit’. There 

are three types of common subunits that associate with Class I cytokine receptors:  β-subunit, 

gp130-subunit, and -subunit.  JAK3 only associates with the common - subunit and is always 

paired with JAK1.  The common - subunit cytokine receptors mediate IL-2, IL-4, IL-7, IL-9, 

IL-15, and IL-21 signaling.   

 

Ligand binding to the cytokine receptor leads to conformational changes that result in activation 

of JAK activity.  JAK activation leads to three types of phosphorylation events:  (1) 

autophosphorylation and subsequent increased kinase activity; (2) phosphorylation of the 

intracellular portion of the cytokine receptor resulting in recruitment of Signal Transducers and 

Activators of Transcription (STAT) proteins to the receptor, and (3) phosphorylation and 

activation of STATS by JAKs.  Upon phosphorylation, STATs are released from the receptor 

and subsequently dimerize with other STAT molecules.  STAT dimers then travel to the nucleus, 

bind to various STAT target genes, and evoke changes in gene expression
2
.  There are 7 

members of the STAT family (STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, STAT6).  

The signaling pathway is shown schematically in Figure 2.   

 

Baricitinib is reported to transiently occupy the ATP binding pocket of JAK enzymes, thus 

blocking their kinase function.  Inhibition of either or both JAK monomers associated with a 

cytokine receptor is sufficient to disrupt cytokine signaling
1
.   

 

 

 

 

 

 

                                                 

1
 Clark et al. (2014) J. Med. Chem.  57, 5023-5038. 

2
 Gomez-Puerta and Moscai (2013) Current Topics in Medicinal Chemistry.  13, 760-773. 
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Inhibition of cytokine signaling by disrupting the JAK-STAT pathway can target multiple   

processes involved in inflammation, cellular activation, and proliferation of immune cells 

associated with RA.  Eli Lilly designed baricitinib with the intention to be selective for JAK1 

and JAK2.  The rationale for sparing JAK3 inhibition is to reduce the immune suppressive 

effects associated with pan-JAK inhibition.  The contribution of each JAK enzyme to immune 

system function is not completely understood at this time.  However, cytokines that bind to 

common -subunit cytokine receptors (IL-2, IL-4, IL7, IL-9, IL-15, and IL-21) and activate 

JAK3 function are known to mediate processes associated with growth, survival, expansion and 

differentiation of T cells, B cells, and NK cells.  Additionally, mutations in JAK3 account for 

approximately 7 – 14% of cases of severe combined immunodeficiency (SCID) in humans
3
.  

These observations suggest that decreased JAK3 function contributes to immune system 

suppression.  Furthermore, JAK3 expression is confined predominantly to cells of hematopoietic 

origin in bone marrow and the immune system, while JAK1, JAK2, and TYK2 are widely 

expressed throughout the human body 
4,5,6,7

.   

 

                                                 
3
 O’Shea et al. (2004) Nat Rev Drug Disc. 3, 555 – 564. 

4
 Kawamura et al. (1994) PNAS.  91, 6374-6378. 

5
 O’Sullivan et al. (2007) Mol Immunol.  44, 2497-2506. 

6
 Ghoreschi et al. (2009) Immunol Rev . 228, 273 – 287. 

7
 The Human Protein Atlas.  www.proteinatlas.org 

Figure 2.  Schematic representation of cytokine receptor activation and subsequent JAK 

enzyme phosphorylation of STAT proteins.  Clark et al. (2014) J. Med. Chem.  57, 5023-

5038. 
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4.1 Primary Pharmacology 

Eli Lilly conducted a series of in vitro pharmacology experiments to examine the relative 

selectivity of LY3009104 for inhibition of isolated human JAK enzymes.  Additionally, the  

inhibitory potency of LY3009104 on cellular responses evoked by multiple cytokines that signal 

through differing JAK enzymes was investigated.  

 

In vivo pharmacology studies demonstrated the efficacy of orally administered LY3009104 in a 

rat adjuvant induced arthritis (rAIA) model as well as in two mouse models of arthritis.  It is 

noted that the LY3009104 phosphate salt was used in all pharmacology studies. 

 

In vitro pharmacology 

A series of in vitro pharmacology studies was conducted to examine the inhibitory potency of 

LY3009104 in cytokine-stimulated human and animal immune cell preparations (Table 2).  

Baricitinib was generally found to inhibit the effects of cytokine stimulation with IC50 values of 

less than 100 nM.  Furthermore, in isolated enzyme assays (Studies LOB06 & LOB07), 

LY3009104 showed selectivity for JAK1 and JAK2 relative to JAK3 and TYK2. 

These effects were not recapitulated in cell-based assays conducted in human leukocyte 

preparations, which demonstrated inhibition of JAK1, JAK2, JAK3, and TYK2, but no 

selectivity for JAK1 and JAK2 relative to JAK3 and TYK2.
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Table 2.  In vitro baricitinib potency across all pharmacology studies conducted in support of NDA 207924. 

Study 
Assay 

system 
Species Cell Type Cytokine Output measured JAK kinases tested

a
 IC50 (nM) 

LOB06 Cell-free 
NA 

(Recombinant 

human JAK 

enzymes) 

NA 

(Recombinant 

human JAK 

enzymes) 

NA JAK1 function JAK1  5.9 

   JAK2 function JAK2  5.7 

   JAK3 function JAK3  >400 

   TYK2 function TYK2  53 

LOB07 Cell-free 
NA 

(Recombinant 

human JAK 

enzymes) 

NA 

(Recombinant 

human JAK 

enzymes) 

NA JAK1 function JAK1  1.1 

   JAK2 function JAK2  0.3  

   JAK3 function JAK3  8.8  

   TYK2 function TYK2  3.5 

LOB08 Cell-based Human T cells IL-2 Cell proliferation JAK1, 2, 3 29 

  Human T cells  
JAK 2, STAT3, STAT5 

phosphorylation 
JAK1, 2, 3 3 – 30 

LOB09 Cell-based Human T cells IL-23 STAT3 phosphorylation JAK2 20 

  Human T cells  IL-17 production JAK2, TYK2 57 

  Human T cells  IL-22 production JAK2, TYK2 41 

LOB10 Cell-based Human T cells IL-12 STAT3 phosphorylation JAK2, TYK2 60 

  Human T cells  IFN- production  5,800 

LOB11 Cell-based Human PBMCs  IL-6 MCP-1 production JAK1, JAK2, TYK2 40 

  Human Whole blood   STAT3 phosphorylation JAK1, JAK2, TYK2 104 

LOB12 Cell-based Dog Whole blood  IL-6 STAT3 phosphorylation JAK1, JAK2, TYK2 49 
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Study 
Assay 

system 
Species Cell Type Cytokine Output measured JAK kinases tested

a
 IC50 (nM) 

  Rat Whole blood   STAT3 phosphorylation JAK1, JAK2, TYK2 128 

LOB13 Cell-based  

(ex vivo) 

Dog Whole blood IL-6 STAT3 phosphorylation JAK1, JAK2, TYK2 
Not 

calculated
b
 

       

LOB15 Cell-based Human 

B cells, CD4+ 

T cells, CD8+ 

T cells, NK 

cells, 

monocytes 

IL-4, IL-

6, IL-10, 

IL-15, IL-

21, IFN, 

IFN, G-

CSF  

STAT1, STAT3, STAT5, 

STAT6 phosphorylation 

JAK1/JAK2, 

JAK1/3, 

JAK1/TYK2, 

JAK2/TYK2 

See Table 9 

a
 For cell-based assays, the proposed JAK enzymes involved are based on current published literature 

b 
Dogs were dosed orally with 0.15, 0.45, or 3 mg/kg/day LY3009104.  Blood samples were collected at 1, 8, and 24 h post-dose on 

day 7.  LY3009104 dose-dependently inhibited IL-6 evoked STAT3 phosphorylation.  The effect size diminished over time showing 

evidence for reversibility. 

 

Reference ID: 4016244



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

35 

Study LOB06:  Fridman et al. (2010) Selective inhibition of JAK1 and JAK2 is efficacious 

in rodent models of arthritis: Preclinical characterization of INCB08050.  Journal of 

Immunology.   184, 5298-5307.  
 

The in vitro inhibitory potency of INCB028050 at isolated JAK enzymes was investigated in 

studies conducted by Incyte Corporation.  There was no internal study report prepared for this 

study.  The peer-reviewed publication by Fridman et al. (2010) serves as the study report in the 

NDA submission. 
 

The assays were conducted with a recombinant, truncated form of each JAK enzyme (JAK1, 

JAK2, JAK3, TYK2) that contained the catalytic domain.  cMet and Chk2 are non-JAK kinase 

enzymes that were also tested.  Phosphorylation of a fluorogenic peptide substrate was measured 

in the presence or absence of INCB028050.  Each reaction was performed with or without 

INCB028050 (11-point dilution), 500 nM peptide, 1 mM ATP and 2.0% DMSO in assay buffer.  

The calculated IC50 was reported as the INCB028050 concentration required for inhibition of 

50% of the fluorescent signal obtained in the absence of INCB028050. 

 

Results: 

INCB028050 was found to have approximately 70-fold higher potency at JAK1 and JAK2 

relative to JAK3, and approximately 10-fold higher than TYK2 (Table 3).  The results of this 

experiment form the basis for the sponsor’s claim that INCB028050 is a JAK1/2 –selective 

inhibitor.  It is noted that the ATP concentration used in these experiments is 1 mM, consistent 

with the ATP concentration in the cytoplasm.  The IC50 values reported in this study are 

referenced in the sponsor’s proposed labeling. 

 

 

Study LOB07:  In vitro determination of IC50 values of LY3009104 against different 

members of the human JAK family 

The experiments conducted in this study were comparable to those in study LOB06.  The assays 

were conducted with a recombinant, truncated form of each JAK enzyme (JAK1, JAK2, JAK3, 

TYK2) that contained the catalytic domain.  The phosphorylation of the peptide substrate biotin- 
EQEDEPEGDYFEWLE (500 nM) in the presence or absence of LY3009104 (11 concentrations 

at 2-fold dilutions) was measured.   

 

Briefly, LY3009104 was pre-incubated with enzymes.  The reaction was initiated by the addition 

of the peptide substrate was added to the reaction mixture.  Reactions were carried out for 1 hour 

Table 3.  Table excerpted from Fridman et al. (2010) listing the IC50 values for 

INCB028050 inhibition of JAK enzyme function in isolated enzyme assays.  Values are 

listed in nM.  

Reference ID: 4016244



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

36 

at room temperature.  Reactions were terminated by adding 50 mM NaCl, 0.4 mg/mL BSA, 45 

mM EDTA, 300 nM Allophycocyanin-Streptavidin (SA-APC), and 6 nM Europium labeled 

antiphosphorylated tyrosine antibody (Eu-Py20).  The plates were incubated at room temperature 

and the homogenous time resolved fluorescence (HTRF) was then measured on a plate reader.  

The calculated IC50 was reported as the LY3009104 concentration required for inhibition of 50% 

of the fluorescent signal obtained in the absence of LY3009104. 

 

The major difference between the current study and Study LOB06 was that the ATP 

concentration used in the reaction mixture in LOB07 was equivalent to the Km for each specific 

JAK tested.  The ATP concentration used in all assays in study LOB06 was 1 mM, equivalent to 

the intracellular ATP concentration.  LY3009104 inhibited JAK1, JAK2, JAK3, and TYK2 with 

greater potency in the current study.  However, the selectivity for JAK1 and JAK2 relative to 

JAK3 (approximately 8 – 29-fold) was not as great as that observed in Study LOB06 (Table 4).   

 

Table 4.  Comparison of LY3009104 inhibitory potency at isolated JAK enzymes in studies LOB06 and LOB07. 

 
Study LOB06 

(Fridman et al. (2010)) 
Study LOB07 

Enzyme IC50 (nM) 
Selectivity over 

JAK3 
IC50 (nM) 

Selectivity 

over JAK3 

JAK1 5.9 ± 0.9 >68 1.1 ±  0.1 8.0 

JAK2 5.7 ± 1.7 >70 0.3 ± 0.05 29.3 

JAK3 >400 - 8.8 ±  0.9 - 

TYK2 53 >7.5 3.5 ±  0.4 2.5 

Conducting 

laboratory 
Incyte, Corp. Eli Lilly 

ATP concentration 
1 mM (intracellular ATP 

concentration) 

[ATP] = Km (90 µM, 30 µM, 3 

µM, 20 µM respectively) 
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Study LOB08:  In vitro effects of baricitinib (LY3009104) on IL-2 induced primary human 

T cell proliferation and JAK/STAT signaling 

IL-2 receptor activation is associated with T cell proliferation.  IL-2 acts via JAK1, JAK2, and 

JAK3.  This study examined the inhibitory potency of LY3009104 on IL-2 evoked 

phosphorylation of JAK2, STAT3 and STAT5 as well as IL-2 evoked cell proliferation.   

 

T cells were obtained from freshly isolated human peripheral blood mononuclear cells (PBMCs) 

from healthy adults.  Cells were treated with phytohemagglutin (PHA) to stimulate cell surface 

expression of IL-2 receptors.  Cells were then stimulated with IL-2.   

 

 

JAK/STAT phosphorylation 

Effects of LY3009104 on IL-2 evoked JAK and STAT phosphorylation were measured as 

follows:   

 PBMCs were prepared from human whole blood samples using a Ficoll Hypaque 

separation method. 

 T cells were obtained from PBMCs by centrifugal elutriation and maintained in 

culture using standard methodologies. 

 Cells were activated with PHA (10 µg/ml for 3 days), washed, and resuspended.   

 Cells were pre-incubated with LY3009104 (1 – 1000 nM) for 20 minutes.  Cells 

were then treated with human IL-2 (100 U/ml) for 10 minutes.    

 Total cell lysates from each sample were subjected to Western blot analysis using 

antibodies against phosphor-JAK2, phosphor-STAT3 and phosphor-STAT5. 

 The same blot was re-probed for total JAK2, STAT3, and STAT5  

Results: 

LY3009104 treatment inhibited phosphorylation of JAK2, STAT3 and STAT5 with an IC50 

value between 3 – 30 nM (Figure 3).   Phosphorylation of these proteins was completely 

inhibited by LY3009104 at 100 nM and higher. 
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Cell proliferation 

PHA-activated human T cells were grown at 37C in a 5% CO2 atmosphere in the presence of 

human IL-2 (100 U/ml) plus LY3009104 (0.3 – 5000 nM) for 3 days.  Cell proliferation was 

quantified by adding CellTiter-Glo® reagent (allows detection of metabolically active cells in 

culture) and detecting luminescence using a TopCount NXT luminescence counter.  Percent 

inhibition was reported relative to cells treated with IL-2 + vehicle control. 

 

Results: 

LY3009104 inhibited IL-2 stimulated T-cell proliferation with an IC50 of approximately 29 nM 

(Figure 4). 

 

 

 

 

 

Figure 3.  Sponsor’s Western blot image showing LY3009104 inhibition of IL-2 evoked JAK2, STAT3, and 

STAT5 phosphorylation in isolated human T cells. 
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Study LOB09:  In vitro effects of baricitinib (LY3009104) on IL-23 induced IL-17 and IL-

22 production and STAT3 phosphorylation in primary human T cells 

IL-23 activates JAK2 and TYK2 and can promote the differentiation of naïve CD4
+
 T cells into 

Th17 cells that produce pro-inflammatory cytokines such as IL-17 and IL-22.  The sponsor 

reports that these cells have been implicated in the pathogenesis of multiple autoimmune 

inflammatory diseases. 

 

IL-17 stimulates endothelial cells, macrophages, and fibroblasts to produce additional 

proinflammatory molecules including IL-1, IL-6, TNF-, and inducible nitric oxide synthase.  

IL-22 is a pro-inflammatory cytokine that has been found to be elevated in synovial tissues of 

RA patients. 

 

Phospho-STAT3 evaluation 

PHA-activated human T cells were pre-incubated with LY3009104 for 10 minutes and then 

stimulated with IL-23 (100 ng/ml) for 15 minutes.  Total lysates were analyzed for phospho-

STAT3 using a phsopsho-STAT3 specific ELISA. 

 

Results: 

LY3009104 treatment inhibited IL-23 evoked phospho-STAT3 production in PHA-activated 

human T cells with an IC50 of 20 nM. 

 

IL-17 and IL-22 production 

T cells in a normal human PBMC preparation were activated by culturing with anti-CD3 and 

anti-CD28 antibodies for 2 days.  The cells were then washed and re-cultured with IL-23 (100 

Figure 4.  Sponsor’s figure showing INCB028050 (LY3009104) inhibition of IL-2 evoked 

human T cell proliferation. 
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ng/ml), IL-2 (10 ng/ml), and LY3009104 (1 nM – 10 µM) for a period of 4 days.  Supernatants 

were collected and assayed for IL-17 and IL-22 by ELISA. 

 

Results: 

LY3009104 treatment inhibited IL-23 evoked IL-17 (n = 2) and IL-22 (n = 2) production in 

human T cells with IC50 values of 57 and 41 nM respectively. 

 

 

Study LOB10:  In Vitro Effects of Baricitinib (LY3009104) on STAT3 Phosphorylation and 

IFN- Production in IL-12 Stimulated T Cells 

IL-12 signals through the JAK/STAT pathway and promotes differentiation of naïve T cells to 

TH1 cells, and increased production of IFN- in these cells.  Aberrant IFN- production is 

observed in multiple autoinflammatory diseases. 

 

Phospho-STAT3 evaluation 

PHA-activated human T cells were preincubated with LY3009104 (1 – 10 nM) for 10 minutes 

and then stimulated with 20 ng/ml IL-12 for 15 minutes.  Total lysates were analyzed for 

phospho-STAT3 by ELISA. 

 

Results: 

LY3009104 inhibited IL-12 induced STAT3 phosphorylation in PHA-activated human T cells 

with an IC50 of approximately 60 nM (Figure 5). 

 

Interferon-  production  

PHA-activated human T cells were grown in the presence of 10 ng/mL of IL-12 plus LY3009104 

(0.6 nM to 25 μM) for 24 hours. Supernatants were then collected and assayed for IFN-γ by a 

Cytometric Bead Array (CBA). 

 

Figure 5.  Sponsor’s figure showing baricitinib inhibition of IL-12 evoked STAT3 phosphorylation in 

PHA-activated human T cells.  Percent inhibition is relative to cells treated with IL-12 plus vehicle. 
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Results: 

LY3009104 inhibited IL-12 induced IFN-γ secretion in PHA-activated human T cells with an 

IC50 of approximately 5.8 µM. 

 

 

 

 

Study LOB11 (and LOB06):  In Vitro Effects of Baricitinib (LY3009104) on IL-6 Induced 

MCP-1 Production in Human Peripheral Blood Mononuclear Cells and on IL-6 Induced 

STAT3 Phosphorylation in Human Whole Blood 

IL-6 signals through JAK1 and JAK2 and contributes to inflammatory processes via its activity 

at multiple different cell types.  MCP-1 (monocyte chemoattractant protein 1) is a cytokine that 

recruits immune cells including monocytes, memory T cells and NK cells, to sites of 

inflammation.  It is secreted by many cell types including monocytes, macrophages and dendritic 

cells
8
.  In this assay, MCP-1 production was used to measure the effects of LY3009104 on the 

IL-6 pathway.   

 

 

MCP-1 Production (human PBMCs) 

Human PBMCs were plated at 3.3 x 10
5
 cells per well.  Cells were pre-incubated with 

LY3009104 (1.5 nM – 10 µM) for 10 minutes at room temperature.  10 ng/ml human 

recombinant IL-6 was added to each well and cells were incubated for 24 at 37, 5% CO2.  

Supernatants were harvested and analyzed by ELISA for human MCP-1 levels. 

                                                 
8
 Deshmane et al. (2009).  Monocyte Chemoattractant Protein-1 (MCP-1):  An Overview.  

Journal of Interferon & Cytokine Research.  29, 313 – 326.   

Figure 6.  Sponsor’s figure showing baricitinib inhibition of IL-12 evoked IFN- secretion in PHA-activated 

human T cells. Percent inhibition is relative to cells treated with IL-12 plus vehicle. 
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Results: 

LY3009104 inhibited IL-6 induced MCP-1 secretion in human PBMCs with an IC50 of 

approximately 40 nM (Figure 7). 

 

 

 

IL-6 induced STAT3 Phosphorylation (human whole blood) 

Human whole blood (healthy volunteers) was collected into heparinized tubes and aliquoted into 

microfuge tubes at 0.3 ml/sample.  LY3009104 (1.5 nM – 10 µM) was added to tubes and 

incubated for 10 minutes prior to addition of human IL-6 (100 ng/ml).  The reaction was stopped 

after 15 minutes at 37C.  Red blood cells were lysed using hypotonic conditions.  White blood 

cells were pelleted and then lysed to make total cellular extracts.  Extracts were analyzed for 

phosphorylated STAT3 using a phospho-STAT3 specific ELISA. 

 

Results: 

LY3009104 inhibited IL-6 induced STAT3 phosphorylation in human whole blood with an IC50 

of approximately 104 nM. 

 

 

 

 
 

 

Figure 7.  Sponsor’s figure showing baricitinib inhibition of IL-6 evoked MCP-1 secretion in human PBMCs. 

Percent inhibition is relative to cells treated with IL-6 plus vehicle. 
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Study LOB12:  In vitro potency comparison of baricitinib (LY3009104) in blocking IL-6 

induced STAT3 phosphorylation in whole blood from different species 

This experiment was conducted to evaluate potential in vivo LY3009104 inhibitory activity 

given that the studies were conducted in the presence of blood serum protein.  The assay 

measured human IL-6 evoked STAT3 phosphorylation in whole blood.  IL-6 evoked STAT3 

phosphorylation is mediated by JAK1/JAK2 enzyme pairs. 

 

Whole blood was sampled from healthy humans, rats, or dogs.  LY3009104 (1.5 nM – 10 µM) 

was added to samples for 10 minutes prior to stimulation with human IL-6 (100 ng/ml) for 15 

mins at 37C.  Red blood cells were lysed using hypotonic conditions.  White blood cells were 

subsequently pelleted and lysed to make total cellular extracts.  Phosphorylated STAT3 was 

quantified in extracts using a phospho-STAT3 specific ELISA. 

 

The in vitro protein binding of LY3009104 was determined using serum and plasma from rats, 

dogs, and humans.  The Multi-Equilibrium Dialyzer System
TM

 and diachema membranes from 

Harvard Apparatus were used according to standard equilibrium dialysis methods.  

 

Results: 

LY3009104 inhibited IL-6 evoked STAT3 phosphorylation in whole blood from humans, rats, 

and dogs with nM potency.   Inhibitory potency was greater in dogs and lower in rats, relative to 

humans (Table 5).  LY3009104 serum protein binding was generally comparable across humans, 

dogs, and rats.  The results of this experiment support the relevance of dogs and rats as 

nonclinical species for testing LY3009104. 

Figure 8.  Sponsor’s figure showing baricitinib inhibition of IL-6 evoked STAT3 phosphorylation in human 

whole blood. Percent inhibition is relative to cells treated with IL-6 plus vehicle. 
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Table 5.  Sponsor’s table showing potency comparison of LY3009104 inhibition of IL-6 

induced STAT3 phosphorylation in whole blood from humans, rats, and dogs. 
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Study LOB13:  Impact of LY3009104 on Ex Vivo IL-6 stimulated STAT3 phosphorylation 

in 4 week dog studies 

The current study evaluated the time course of LY3009104 inhibition of IL-6 stimulated STAT3 

phosphorylation in whole blood samples collected at 1, 8, and 24 hours after dosing on day 7 of a 

4 week toxicology study in beagle dogs (Study T07-12-03).  LY3009104 was administered orally 

at 0, 0.15, 0.45, or 3 mg/kg/day to beagle dogs (n = 3/sex/group).  IL-6 evoked STAT3 

phosphorylation is mediated by JAK1/JAK2 enzyme pairs. 

 

Human IL-6 (100 ng/ml) was added to whole blood samples and incubated for 15 minutes at 

37C.  Phosphorylated STAT3 was quantified according to methods outlined in Study LOB12 

above. 

 

Results: 

LY3009104 inhibited STAT3 phosphorylation in a dose-dependent and time-dependent manner.  

That is, percentage inhibition of STAT3 phosphorylation increased with escalating LY3009104 

dose.  The magnitude of inhibition decreased with time following LY3009104 dose 

administration (Table 6).  This provides evidence for the reversibility of JAK enzyme inhibition 

in vivo. 

Table 6.  LY3009104 inhibition of IL-6 induced STAT3 phosphorylation in whole blood samples taken from dogs at 

selected time points on day 7 of dosing in general toxicology study T07-12-03.  Values represent mean % inhibition 

relative to vehicle. 

Percentage inhibition (relative to vehicle control) 

 Time after dosing 

LY3009104 dose 

(mg/kg) 
1 h 8 h 24 h 

0.15 15% 3% 2% 

0.45 69% 35% 21% 

3 100% 75% 46% 
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Study LOB15:  Comparative Determination of IC50 Values for Baricitinib and Tofacitinib 

in In Vitro Cytokine Stimulated Human Peripheral Blood Mononuclear Cell Preparations 

by Flow Cytometry 

Tofacitinib is a JAK inhibitor developed by Pfizer that has comparable in vitro inhibitory 

potency at all JAK enzymes.  In cell-free isolated enzyme assays, IC50 values for tofacitinib were 

3.2 nM, 4.1 nM, 1.6 nM, and 34 nM at JAK1, JAK2, JAK3, and TYK2 respectively
9
. 

 

Baricitinib has been shown to have selectivity in vitro for JAK1, JAK2, and TYK2 over JAK3 in 

cell-free isolated enzyme assays (Table 3; Table 4).  The current study investigated the in vitro 

inhibitory potency of tofacitinib vs. baricitinib on cytokine induced STAT phosphorylation in a 

cell-based assay format with isolated human leukocytes.  The general approach in this 

experiment was to use specific cytokines to stimulate STAT phosphorylation via the activity of 

defined enzyme pairs.  The experiment then quantified the ability of baricitinib or tofacitinib to 

inhibit cytokine evoked STAT phosphorylation.  Flow cytometry was used to evaluate STAT 

phosphorylation in specific leukocyte subpopulations within the same human PBMC preparation. 

 

A leukocyte enriched fraction was isolated from blood samples from 6 healthy human donors.  

Leukocyte preparations were diluted 3x into 96 well plates and incubated with baricitinib or 

tofacitinib over a 7-point dose range (2.44 nM  - 10 µM) for 1 hr prior to stimulation with 

cytokines.  The following cytokines were used:  IL-2, IL-3, IL-4, IL-6, IL-10, IL-15, IL-21, 

IFN, GM-CSF, G-CSF, and IFN.  Cytokines were applied at final concentrations of 30 ng/ml 

(except for GM-CSF:  100 pg/ml) for 15 minutes at 37C.   

 

Cells next underwent formaldehyde fixation and membrane permeablization, followed by 

staining procedures with fluorescently labeled phospho- specific STAT1, STAT3, STAT5, or 

STAT6 antibodies.  In the flow cytometry analysis, cells were gated based on CD20 staining (B 

cells), CD4+/CD3+ (CD4+ T cells), CD3+/CD4- (CD8+ T cells), CD56+ (NK cells) and by 

forward and side scatter (monocytes). 

 

Results: 

Baricitinib vs. tofacitinib comparison  

The most notable differences between tofacitinib and baricitinib IC50 values were for cytokines 

that signal through the  JAK1/3 complex.  Tofacitinib was approximately 2 – 3-fold more potent 

than baricitinib at inhibiting JAK1/3 mediated STAT phosphorylation across all leukocyte cell 

types examined (Table 7).  Tofacitinib was also a slightly more potent inhibitor of JAK1/TYK2 

mediated responses than baricitinib across all cell types tested.  The inhibitory potency at other 

JAK enzyme pairs was comparable between baricitinib and tofacitinib. 

                                                 
9
 Nonclinical review of NDA 203214 (5/4/2012, Luqi Pei, Ph.D.) 
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JAK1/3 

JAK1/2 

JAK1/TYK2 

JAK1/2 

JAK1/TYK2 

JAK2/TYK2 

Table 7.  Comparative inhibitory potency of baricitinib vs. tofacitinib at selected JAK enzyme complexes in human immune cell 

populations.  The table is modified from the sponsor’s version found in Study LOB015. 
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JAK enzyme selectivity of baricitinib in human cells 

When examining baricitinib data alone (without using tofacitinib as a comparator), there is no 

clear evidence for decreased inhibition of JAK1/3 mediated STAT phosphorylation relative to 

any of the other JAK enzyme pairs tested (Table 8).   Table 9 presents mean baricitinib IC50 

values at JAK enzyme pairs in human leukocytes as reported in Study LOB15.  Baricitinib had 

approximately 1.7-fold greater potency at JAK1/2 than JAK1/3.  However, baricitinib inhibited 

JAK1/3 mediated STAT phosphorylation with greater potency than at JAK1/TYK2 or 

JAK2/TYK2 enzyme pairs. 

Table 8.  Mean baricitinib IC50 values at JAK enzyme pairs in studies of cytokine induced STAT phosphorylation in 

isolated human leukocytes.  IC50 values were calculated in B cells, CD4 T cells, CD8 T cells, NK cells, and/or 

monocytes (separated by FACS sorting).  

Enzyme pair Mean IC50 (nM) Selectivity over JAK1/JAK3 

JAK1/2 
32.8 ± 8.9 

(n=5) 
1.7 

JAK1/3 
55.4 ± 8.3 

(n=14) 
- 

JAK1/TYK2 
71.6 ± 14.5 

(n = 19) 
0.8 

JAK2/TYK2 
69.0 

(n=1) 
0.8 

 

 

Mean IC50 values reported in Table 8 are derived from IC50 values reported for JAK inhibition 

across multiple cell types, shown in Table 9.   
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Table 9.  Summary of baricitinib IC50 values for inhibition of cytokine induced STAT phosphorylation in human leukocytes (Study LOB15). 

   
IC50 values (nM) 

JAK Enzymes Cytokine pSTAT B cells 
 

CD4 T cells 
 

CD8 T cells 
 

NK cells 
 

Monocytes 

JAK1/3 IL-4 STAT5 27 
        

 
IL-4 STAT6 135 

 
50 

 
27 

 
17 

 
50 

 
IL-15 STAT5 

  
37 

 
64 

 
73 

  

 
IL-21 STAT3 86 

 
63 

 
65 

 
61 

  

 
IL-21 STAT5 

  
20 

      

            

  
Mean 82.7 

 
42.5 

 
52.0 

 
50.3 

 
50.0 

  
SEM 31.2 

 
6.5 

 
12.5 

 
17.0 

  

  
n 3 

 
4 

 
3 

 
3 

 
1 

            
JAK Enzymes Cytokine pSTAT B cells 

 
CD4 T cells 

 
CD8 T cells 

 
NK cells 

 
Monocytes 

JAK1/2 IL-6 STAT3 
  

44 
     

51 

 
IFN STAT1 17 

       
46 

 
IFN STAT5 

        
6 

            

  
Mean 17.0 

 
44.0 

     
34.3 

  
SEM 

        
14.2 

  
n 1 

 
1 

 
0 

 
0 

 
3 

            

JAK Enzymes Cytokine pSTAT B cells 
 

CD4 T cells 
 

CD8 T cells 
 

NK cells 
 

Monocytes 

JAK1/TYK2 IL-10 STAT3 82 
 

59 
 

63 
 

71 
 

165 

 
IFN STAT1 246 

 
77 

 
117 

 
137 

 
139 

 
IFN STAT3 27 

 
25 

 
26 

 
25 

 
17 

 
IFN STAT5 25 

 
21 

 
26 

   
13 

            

  
Mean 95.0 

 
45.5 

 
58.0 

 
77.7 

 
83.5 

  
SEM 52.0 

 
13.5 

 
21.5 

 
32.5 

 
39.9 

  
n 4 

 
4 

 
4 

 
3 

 
4 

            
JAK Enzymes Cytokine pSTAT B cells 

 
CD4 T cells 

 
CD8 T cells 

 
NK cells 

 
Monocytes 

JAK2/TYK2 G-CSF STAT3 
        

69 

            

  
Mean 

        
69.0 

  
SEM 

         

  
n 0 

 
0 

 
0 

 
0 

 
1 
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In vivo pharmacology 

Study LOB14:  Baricitinib (LY3009104) demonstrates dose dependent efficacy in rats with 

established disease in the rat adjuvant arthritis model 

 

The rat adjuvant induced arthritis model (rAIA) model used in this study evokes arthritis 

accompanied by increased mononuclear cell infiltrate and increased cytokine expression in rats, 

consistent with clinical symptoms of arthritis.  Additional features of this rat model include 

proliferation of synoviocytes and fibroblasts, synovitis, pannus formation, bone and cartilage 

destruction, and ankylosis.  In the current study, female Lewis rats (9 – 11 weeks old) were 

injected at the base of the tail with 100 µl of an emulsion of complete Freund’s adjuvant (cFA:  

10 mg/ml Mycobacterium butyricum in Freund’s adjuvant).  Signs of inflammation (red and 

slightly swollen paws) were observed 10 – 14 days after injection.   

 

Two separate experiments were conducted in the present study:  the first tested continuous 

infusion of LY3009104 in rAIA rats, while the second tested qd or bid oral dosing of 

LY3009104.  Treatment duration was 14 days, starting at 14 days after CFA administration (after 

onset of inflammation) in both experiments.  Each rat paw was scored twice per week following 

visual observation using a rating of 0 to 3, (0 = normal; 1 = redness and minimal swelling of 

digits, 2 = moderate swelling of the digits and/or paw, 3 = severe swelling of digits and/or paw). 

Individual paw scores are combined and reported as a sum of all four paws. Additionally, a 

plethysmometer was used to non- invasively measure the animal’s paw volume. The animal 

weights, joint scores, and plethysmometer measurements were collected up to three times a 

week. At the termination of both experiments, paws were removed from euthanized rats for 

histological and/or molecular analyses.  

 

Results: 

Experiment 1 

LY3009104 was administered by continuous infusion (via implanted mini-osmotic pumps) at 0, 

0.018, 0.06, 0.18, 0.6, 1.8, and 6.0 mg/kg/day (n = 6 rats/group).  LY3009104 dose-dependently 

decreased mean rat paw clinical scores as well as histological evidence for inflammation (Table 

10).  Plasma concentration of LY3009104 increased approximately proportionally with dose. 
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Experiment 2 

LY3009104 was administered orally to rAIA rats either once per day or twice per day at the 

following doses:   

Once per day Twice per day 

0 mg/kg 0 mg/kg 

1 mg/kg 0.3 mg/kg (0.6 mg/kg total) 

3 mg/kg 1 mg/kg (2 mg/kg total) 

10 mg/kg 3 mg/kg (6 mg/kg total) 

 

 

IL-6 Induced STAT3 phosphorylation 

Blood samples were taken at 1 and 4 hours post dose on day 14 of LY3009104 dosing.  The 

experiments were carried out in whole blood samples as described above in Study LOB11.  IL-6 

induced STAT3 phosphorylation is mediated by the activity of JAK1/JAK2 enzyme pairs.  

LY3009104 dose dependently inhibited IL-6 induced STAT3 phosphorylation in whole blood 

lysates at t = 1 hr post dose.  The effect diminished by t = 4 hrs post dose (Figure 9). 

 

 

 

 

Table 10.  Sponsor’s table summarizing the results of continuous infusion of LY3009104 to female rats in the rat 

adjuvant induced arthritis model. 
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Cytokine mRNA levels in draining lymph nodes 

Iguinal lymph nodes were removed from a cohort of vehicle and 10 mg/kg QD LY3009104 

treated rats after 14 days of treatment.  Cytokine mRNA levels for IFN-, IL-12A, IL-17, IL-21, 

and IL-22 were quantified by real time PCR.  LY3009104 treated animals were found to have a 

marked inhibition in expression of these cytokines relative to controls (Table 11). 

 

 

 

 

 

 

 

 

Figure 9.  Sponsor’s figure showing inhibition of IL-6 induced STAT3 phosphorylation in whole 

blood samples drawn from rAIA rats at 1 and 4 hrs post dose after 14 days of LY3009104 

treatment. 

Table 11.  Sponsor’s table summarizing 10 mg/kg/d LY3009104 inhibition of rAIA induced increases in selected 

cytokine mRNA expression. 
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Inhibition of rAIA inflammation 

Orally administered LY3009104 dose-dependently inhibited clinical as well as histological 

scores of inflammation in rAIA rats relative to controls.  It is noted that plasma LY3009104 was 

not measured in these animals.  The sponsor’s predicted AUC values are derived from data 

collected in a separate experiment (Table 12). 

 

 

Study LOB06:  Fridman et al. (2010) Selective inhibition of JAK1 and JAK2 is efficacious 

in rodent models of arthritis: Preclinical characterization of INCB08050.  Journal of 

Immunology.   184, 5298-5307.  
 

Mouse Delayed Type Hypersensitivity Model 

Delayed type hypersensitivity reactions are mediated by antigen-specific memory T cells.  These 

cells become activated and migrate to sites where hapten challenge has occurred and evoke an 

inflammatory response.  7-8 week old female mice were used in this study.  

Dinitrofluorobenzene was used as the hapten.  The initial dinitrofluorobenzene application was 

to the abdomen.  The challenge application was to the pinna (ear).  LY30090104 or vehicle were 

applied at 10 mg/kg twice per day beginning the evening prior to the hapten challenge.  Ear 

measurements were made after the hapten challenge to quantify swelling.   

 

Results: 

LY3009104 reduced ear swelling by 48% relative to controls. 

 

 

 

 

Table 12. Sponsor’s table summarizing the results of oral administration (qd or bid) of  LY3009104 to female rats in 

the rat adjuvant induced arthritis model. 
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Mouse models of arthritis 

The Fridman et al. (2010) paper referenced in the NDA also included results of in vivo 

pharmacology experiments conducted in 2 separate mouse models of arthritis: the collagen 

induced arthritis model and the anti-collagen antibody-induced arthritis model.  The primary 

conclusion that the sponsor highlights from these studies is that LY3009104 is able to decrease 

disease severity without a direct suppression of antibody production. These results are 

summarized below. 

 

Murine collagen induced arthritis model 

DBA/1j male mice were immunized with an intradermal (base of tail) injection of 100 µL bovine 

type II collagen prepared in complete Freund’s adjuvant.  Mice were re-immunized at 21 days 

after the first immunization with 50 µL of collagen solution in incomplete Freund’s adjuvant.  

Treatment was initiated when all animals had at least one affected paw.  0, 1, 3, or 10 mg/kg 

LY3009104 was administered orally twice per day for 15 days.  

 

Results: 

LY3009104 treatment was found to dose-dependently improve clinical signs of disease (Figure 

10).  Paws from animals in the vehicle and 10 mg/kg groups were examined histologically at the 

conclusion of the study. 10 mg/kg BID LY3009104 treatment significantly decreased the 

composite score of histological severity of disease (joint inflammation, pannus formation, bone 

and cartilage destruction). 

 

 

Murine anti-collagen Ab-induced arthritis model 

The anti-collagen Ab-induced arthritis model (CAIA) induces systemic joint inflammation 

without the generation of auto-antibodies.  Disease onset is more rapid than in the collagen 

induced arthritis model. 

 

Female BALB/c mice were injected with 200 µl anti-collagen Ab.  2 days later, mice were 

injected intraperitoneally with LPS.  Oral LY3009104 treatment was initiated the following day 

and continued for 12 days.  Treatment groups (n = 5/group) included 0 (vehicle), 1, and 10 

mg/kg BID LY3009104. 

Figure 10.  Oral LY3009104 (INCB028050) treatment dose dependently improves clinical signs of 

disease in a murine collagen induced arthritis model (left).   10 mg/kg treated animals had decreased 

histological severity scores (right) relative to vehicle controls.  Figures excerpted from Fridman et al. 

(2010) Journal of Immunology.   184, 5298-5307.  
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Results: 

LY3009104 treatment was found to dose dependently improve clinical signs of disease (Figure 

11).  Paws from animals in the vehicle and 10 mg/kg groups were examined histologically at the 

conclusion of the study. 10 mg/kg BID LY3009104 treatment significantly decreased the 

composite score of histological severity of disease (joint inflammation, pannus formation, bone 

and cartilage destruction). 

 

 

 

 

Blood samples were taken from animals in the vehicle and 10 mg/kg BID dose groups at the 

conclusion of the study.  There was no effect of LY3009104 treatment on hemoglobin, 

reticulocytes, erythrocytes, total WBC, neutrophils, or lymphocyte counts. 

 

Figure 11.  Oral LY3009104 treatment dose dependently improves clinical signs of disease in a murine 

collagen-antibody induced arthritis model (left).   10 mg/kg treated animals had decreased histological 

severity scores (right) relative to vehicle controls.  Figures excerpted from Fridman et al. (2010) Journal 

of Immunology.   184, 5298-5307.  
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4.2 Secondary Pharmacology 

Study T07-05-06:  In Vitro Pharmacology:  ExpresS Profile Study of INCB028050 

The study was conducted  to examine the in vitro binding of LY3009104 to a 

panel of 55 separate human cell surface receptors, ion channels, and transporters.  The panel 

included multiple neurotransmitter receptors, ion channels and neurotransmitter transporter 

proteins (Table 13). 

 

Assays were conducted using cell preparations of specific receptors/channels/transporters 

expressed in recombinant systems (CHO cells, HEK-293 cells, Sf9 cells) or membranes prepared 

from rat cerebral cortex.  LY3009104 binding was quantified by measuring the inhibition of 

binding of radiolabeled reference ligand at each target.  LY3009104 was tested at 100 nM and 10 

µM. 
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Table 13.  Human cell surface receptors, ion channels, and transporters tested for LY3009104 

binding in study T07-05-06.  
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Results: 

LY3009104 at up to 100 µM did not significantly inhibit binding of reference ligand to any of 

the receptors, ion channels or transporters examined. 

 

 

 

Study T07-07-11:  In vitro pharmacology:  Kinase assays – Study of INCB028050 

This study was conducted at  to evaluate effects of LY3009104 on the enzyme 

activity of 30 separate isolated recombinant human kinases (serine/threonine and tyrosine 

kinases).  Synthetic peptide substrates specific for each enzyme were used.  In this assay, 

substrate phosphorylation produces a fluorescent signal which is used as an indicator of enzyme 

activity.  Assays were conducted for between 10 and 90 minutes at 22C in the presence vs. 

absence of 200 nM LY3009104.   
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 Table 14.  LY3009104 inhibitory activity was tested at the recombinant human kinase enzymes (serine/threonine and tyrosine 

kinases) listed below in study T07-07-11. 
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Results: 

It is noted that JAK2 and JAK3 kinases were included in the panel of kinases tested.   The 

presence of 200 nM LY3009104 resulted in approximately 100% inhibition of JAK2 

phosphorylation activity and approximately 67% inhibition of JAK3 activity.  LY3009104 had 

no significant effect on the phosphorylation activity of any of the other kinases tested. 

 

Study T07-07-12:  In vitro Pharmacology:  Nicotinic binding assays – Study of 

INCB028050 

This study was conducted  to evaluate the binding of LY3009104 to 3 types of 

nicotinic acetylcholine receptors.  The sponsor lists the type of nAch receptors tested as: (1) 

4β2 neuronal nAch receptors, (2) 7 neuronal nAch receptors, and (3) muscle-type nAch 

receptors.   

 

Rat cerebral cortex cell lysates were used for assessment of binding to 4β2 and 7 nAchRs 

while TE761 (human medulloblastoma cell line) cells were used to assess binding to muscle type 

nAchRs.  The assay was designed to evaluate whether LY3009104 at 100 nM or 10 µM could 

compete with radiolabeled ligand for binding to these receptors.   

 

Results: 

There was no evidence for specific binding of LY3009104 to any of the receptors evaluated in 

this study. 

 

Reference ID: 4016244

(b) (4)



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

61 

 

Study QSB30:  LY3009104 In vitro specificity across cellular kinome using ActivX 

technology 

The current study was conducted in cell lysates derived from human PBMC and monocyte cell 

lines (PBMC1 and THP1 cells respectively).  The study was conducted  

 using the KiNativ
TM

 platform.  This assay system is capable of evaluating the binding 

affinity of a test compound at >250 protein kinases according to the sponsor.  This approach uses 

a biotin-acylphosphate ATP probe which irreversibly binds to protein kinases at conserved lysine 

residues.  Test compounds that bind to a kinase at this site prevent the probe from binding. 

 

LY3009104 was tested in PBMC1 and THP1 cell lysates at the following concentrations: 5 nM, 

50 nM, 500 nM, and 5 µM.  LY3009104 was incubated with lysates for 15 minutes.  The biotin-

acylphosphate ATP probe was then added at a concentration of 10 µM for 20 minutes.  Lysates 

were then digested with trypsin followed by addition of streptavidin.  LC/MS methods were then 

used to quantify the extent of ATP-probe labeling of known kinases.  Binding affinities for the 

LY3009104-kinase interactions were calculated by measuring the amount of peptide-probe 

captured as a function of LY3009104 concentration. 

 

Results: 

Consistent with experiments conducted in isolated enzymes (Study LOB07), LY3009104 was 

found to bind to JAK1 and JAK2 with nanomolar affinity (27 nM and 53 nM respectively at the 

activation loop, Table 15) in human cell lysates.  Binding affinity at JAK3 was 30 - 60-fold 

lower than at JAK1 or JAK2 (approximately 1.5 µM).  The sponsor also reports high affinity 

binding of LY3009104 at TYK2 in THP1 cells (32 – 65 nM) although this data is from n = 1. 

 

Evidence for potential off-target binding of LY3009104 was observed at Calcium/calmodulin – 

dependent kinases 2d  and 2g (Table 15).  LY3009104 inhibited ATP-probe binding at these 

enzymes with IC50 values in the 150 – 170 nM range, approximately 3 – 7 times higher than the 

binding affinity for JAK1, JAK2, or TYK2.  IC50 values for inhibition of ATP-probe binding at 

other CAM kinase isoforms were greater than 10-fold higher than for JAK1, JAK2, or TYK2.  

LY3009104 activity at these CAM isoforms is considered unlikely in humans. 
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Table 15.  Sponsor’s table listing LY3009104 binding affinity at selected kinase enzymes in lysates from human PBMC or monocyte 

cell lines.  The table does not define which cell line values were derived from.  

Reference ID: 4016244



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

63 

4.3 Safety Pharmacology 

Safety pharmacology studies are defined as those studies that investigate the potential 

undesirable pharmacodynamic effects of a drug on physiological functions in relation to systemic 

exposure in the therapeutic range and above. 

 

LY3009104 was tested in GLP-compliant cardiovascular, CNS, and respiratory safety 

pharmacology studies.  This represents a complete battery of safety pharmacology studies 

according to ICH S7A: Safety Pharmacology Studies for Human Pharmaceuticals (2001).  

Adverse effects in these studies were observed at exposures that exceeded the clinical 

LY3009104 exposure at the maximum recommended human dose of 4 mg/day.  The results of 

these studies are summarized in Table 16. 

Table 16.  Summary of results of safety pharmacology studies conducted with LY3009104. 

Study # Study Type Species 
Plasma conc. at Limit 

Dose 

Exposure 

margin 

T07-12-08 hERG 
hERG channels expressed 

in HEK293 cells 
161.5 µM (IC50) 1150

a
 

T07-11-14 Cardiovascular Beagle dog 0.98 µM (NOAEL) 7
a
 

T07-12-07 CNS SD rat 2.08 µM (NOAEL) 15
a
 

T07-12-06 Respiratory SD rat 10 mg/kg (NOAEL)
b
 ~15

c
 

a
 Exposure margin relative to Cmax at maximum recommended human dose of 4 mg/day (0.14 µM) 

b  
Plasma concentrations were not measured in rat respiratory safety pharmacology study

 

c 
NOAEL dose of 10 mg/kg in Respiratory study in SD rats is also the NOAEL in CNS study 

conducted in SD rats.  LY3009104 exposure in the respiratory study can be estimated to be 

comparable to that in the CNS study (single dose studies, oral administration, same rat strain)  
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Study T07-12-08:  Effects of INCB028050 on cloned hERG potassium channels expressed 

in human embryonic kidney cells 

The hERG study was conducted under GLP conditions  

The hERG channel is a cardiac potassium channel responsible for a rapid delayed rectifier 

current (IKr) in the ventricles.  Inhibition of IKr is a cause for cardiac action potential 

prolongation, and the ventricular arrhythmia torsades de pointes.   

 

The experimental conditions were as follows: 

 

 INCB028050 (LY3009104) was prepared at of 30, 100, and 300 µM in 0.3% DMSO. 

 hERG channels were expressed in HEK293 cells 

 Experiments were conducted at 35 ± 2C 

 Terfenadine was used as the positive control 

 Part 1-Concentration range:  Cells stably expressing hERG were held at -80 mV. Onset 

and steady state block of hERG potassium current due to INCB028050 were measured 

using a pulse pattern with fixed amplitudes (conditioning prepulse: +20 mV for 1 sec; 

repolarizing test ramp to –80 mV (-0.5 V/s) repeated at 5 s intervals. Each recording 

ended with a final application of a supramaximal concentration of the reference substance 

(E-4031, hERG channel inhibitor, 500 nM) to assess the contribution of endogenous 

currents. 

 Part 2-Dose response:   One or more test article concentrations were applied sequentially 

(without washout between test substance concentrations) in ascending order, to each cell 

(n ≥ 3 where n = number of observations). Peak current was measured during the test 

ramp. A steady state was maintained for at least 20 s before applying test article or 

positive control. Peak current was measured until a new steady state was achieved. 

 

Results:   

hERG channel inhibition was increased with increasing LY3009104 dose (Table 17). 
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Table 17.  Summary of mean hERG channel current inhibition values by LY3009104. 

Compound 
Concentration 

(µM) 
Mean % inhibition 

Exposure relative 

to clinical Cmax 

(fold difference)
a
 

LY3009104 0 0.4 - 

 30 13.6 214 

 100 39.1 714 

 300 64.6 2140 

Terfenadine  

(+ control) 
0.06 88.2 NA 

a
 Clinical Cmax at MRHD = 0.14 µM 

 

Based on the available data, the sponsor calculated the IC50 for hERG channel inhibition to be 

161.5 µM.  The clinical Cmax at the MRHD of 4 mg baricitinib is 53.4 ng/ml (0.14 µM based on 

molecular weight of 371.42 g/mol).  Therefore, the IC50 for hERG inhibition is approximately 

1150-fold higher than the Cmax at the baricitinib MRHD.   
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Study T07-11-14:  Cardiovascular assessment of orally administered INCB028050 to 

conscious, radiotelemetry-instrumented beagle dogs 

Overview 

LY3009104 was tested in conscious, telemetered beagle dogs (18 – 25 months old, n = 4 males 

and 4 females) at single doses of 0 (0.5% methylcellulose), 0.15, 0.45, or 3 mg/kg via gastric 

intubation.  The study was conducted  under GLP 

regulations.  The study design was consistent with ICH S7A and S7B guidelines. 

 

The high dose of 3 mg/kg was selected based on mortality at 30 mg/kg and immunosuppression 

at 10 mg/kg in a 7-day dog toxicology study (Study T07-10-09).  Dosing was administered 

according to a modified Latin-square design.  Each dog received each treatment once with a 7 – 

day period between doses.  The 7-day washout is sufficient given that the half-life for baricitinib 

in dogs is approximately 3.5 hours. 

 

Radiotelemetry data 

Baseline recordings were obtained for all animals approximately 1 hour prior to dosing.  Heart 

rate, arterial pressure (systolic, diastolic, pulse, calculated mean), body temperature, and ECG 

parameters (PR, QRS, RR, QT, QTc [Van de Water’s correction]) were acquired using the 

Dataquest A.R.T. Gold software.  These parameters were recorded for a 30-second interval every 

10 mins for approximately 24 hours. 

 

Statistical analysis was divided into 4 phases: 

 Phase 0:  1 hr pre-dose baseline 

 Phase I:  6 subphases of 1 hr each for 1 – 6 hrs post dose 

 Phase II:  6 subphases of 2 hrs each for 7 – 18 hrs post dose 

 Phase III:  3 subphases of 2 hrs each for 19 – 24 hrs post dose 

 

There was no evidence for a treatment related effect on qualitative ECG findings (e.g. 

atrioventricular block, SA block) 

 

Heart rate & blood pressure parameters 

Slight differences were observed in mean heart rate and blood pressure parameters in treated 

animals relative to controls during the time period of expected maximal systemic LY3009104 

concentration (2 – 4 h post dose).    

 

Heart rate was increased by 10% and 12% vs. controls in the 0.45 and 3.0 mg/kg treatment 

groups respectively at t = 4 hrs post dose (Table 18).  Heart rate declined toward control levels 

after this time point (data not shown). 

 

Systolic and diastolic pressures, as well as mean arterial pressure were decreased relative to 

controls in the 3.0 mg/kg dose group only at 2 – 3 h post dose.  The magnitude of the decrease 

was small (- 7% to -8%) and not considered to be physiologically significant.  Blood pressure 

values returned to control levels at t = 4 hours post dose.  Mean pulse pressure was lower (-5%) 

in HD animals relative to controls at baseline (prior to dosing).  This value decreased slightly to -

10% during the 2 – 4 hr interval and recovered to control levels subsequently.  The magnitude of 

decrease was not considered to be physiologically significant. 
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Table 18.  Mean heart rate and blood pressure parameters in telemetered dogs (M & F combined) treated with 

LY3009104 at selected time points after dosing. 

Time 

after 

dosing (h) 

LY3009104 

(mg/kg) 

Heart rate 

(bpm) 

Systolic 

(mmHg) 

Diastolic 

(mmHg) 

Mean 

arterial 

pressure 

(mmHg) 

Pulse 

pressure 

(mmHg) 

Baseline 0 100.8 141.2 82.3 104.4 58.6 

 0.15 94% 97% 99% 97% 96% 

 0.45 108% 100% 104% 103% 96% 

 3.0 96% 98% 100% 98% 95% 

       

2 0 96.3 141.3 82.8 104.4 58.5 

 0.15 93% 97% 97% 97% 97% 

 0.45 102% 99% 99% 99% 98% 

 3.0 105% 92% 93% 93% 91% 

       

3 0 93.2 141.4 82.3 104.1 59.1 

 0.15 93% 99% 100% 98% 98% 

 0.45 100% 98% 98% 98% 98% 

 3.0 105% 92% 93% 92% 90% 

       

4 0 102.2 148.3 85.9 109.0 62.0 

 0.15 98% 100% 102% 101% 98% 

 0.45 110% 101% 105% 104% 96% 

 3.0 112% 96% 99% 98% 93% 

 

 

ECG parameters 

There were no observed effects of LY3009104 on mean PR, QRS, RR, QT, or QTc  (Van de 

Water’s correction) during the 24 hour observation period. 

 

Toxicokinetics 

Blood samples were collected for toxicokinetic evaluation at 2 hr prior to dosing, 4 hours post-

dose, and 24 hours post-dose.  Plasma LY3009104 concentrations were determined by first 

conducting a liquid/liquid extraction procedure using methyl t-buytl ether (MTBE).  LC/MS/MS 

methods were used to quantify LY3009104 concentrations in each sample. 

 

LY3009104 was not detected in samples taken prior to dosing, or in vehicle control animals.  

Plasma concentrations were found to be comparable between males and females at all doses at 

both the 4 and 24 hour post-dose time points (Table 19). 
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Table 19.  Summary of mean plasma concentration values in dogs at 4 and 24 hours after intra-gastric administration 

of LY3009104. 

  Plasma Concentration (µM) 

  Males  Females 

LY3009104 Dose 

(mg/kg) 
0.15 0.45 3 

 
0.15 0.45 3 

Time 

after 

dose 

4 hrs 0.045 0.14 1.04 
 

0.041 0.10 0.92 

24 hrs 0.003 0.009 0.059 
 

0.001 0.002 0.017 

 

 

Summary 

The experimental conduct of the cardiovascular safety pharmacology was considered to be 

adequate.  A single dose of oral LY3009104 did not evoke clinically relevant adverse findings at 

up to 3.0 mg/kg in beagle dogs.  The mean plasma concentration at the 3.0 mg/kg dose at t = 4 

hrs (approximate Tmax in dogs) in this study is 0.98 µM, a 7-fold multiple over the clinical Cmax 

at the MRHD (0.14 µM).  
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Study T07-12-07:  The acute central nervous system pharmacological study of INC028050 

following oral administration in rats 

The study was conducted  under GLP conditions.  

Study design was consistent with ICH S7A guidelines.  A single dose of LY3009104 was 

administered to male and female Sprague-Dawley rats (approximately 7 weeks old; n = 

10/sex/group) by oral gavage at 0 (0.5% methylcellulose), 2, 10, or 100 mg/kg.  The high dose 

was chosen based on evidence of moderate adverse toxicologic effects in rats in previous studies. 

 

Functional observational battery (FOB) data and locomotor activity were recorded prior to dose 

administration (study day -6) and at approximately 60 minutes after dosing (approximate Tmax).  

Systemic LY3009104 exposure was assessed in a separate group of male and female  TK rats (n 

= 6/sex/group).   

 

Functional Observational Battery 

The FOB used  is based on previously developed and published protocols in the scientific 

literature.  Testing was performed in a sound-attenuated room with a white noise generator at 70 

± 10 dB.  Observational parameters were evaluated by trained technicians without knowledge of 

group assignments. 
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Results: 

Treatment-related effects were observed in the 100 mg/kg dose group only.  The findings 

provide evidence of altered autonomic function in these animals. 

 

 3/10 HD males and 4/10 HD females had slightly drooping eyelids.   

 6/10 100 HD males and 5/10 HD females had bright, deep red flush of the mucous 

membranes 

 7/10 HD males and 8/10 HD females had bright, deep red flush of the skin 

 5/10 HD males and 2/10 HD females had no pupil response 

 Body temperature was significantly decreased in HD males and females 

Table 20.  Summary of treatment-related functional observational battery findings in rats after a single oral dose of 

LY3009104. 

 Males  Females 

LY3009104 Dose 

(mg/kg) 
0 2 10 100  0 2 10 100 

n 10 10 10 10  10 10 10 10 

HANDLING OBSERVATIONS      

Eyelids, slightly 

drooping  
0 0 0 3  0 0 0 4 

Mucous membranes: 

bright, deep red flush   
0 0 0 6  0 0 0 5 

Skin:  bright, deep red 

flush   
0 0 0 7  0 0 0 8 

SENSORY OBSERVATIONS      

No pupil response 0 0 0 5  0 0 0 2 

PHYSIOLOGICAL OBSERVATIONS      

Mean body 

temperature (C) 
38.2 37.9 38.1 36.9*  38.0 38.3 38.0 36.9* 

* p ≤ 0.05 vs. control (Dunnett’s test)      
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Locomotor activity 

Locomotor activity was measured automatically (  Photobeam Activity System) in all main 

study animals after the completion of the FOB evaluation.  Data were collected in 5 minute 

epochs, and each test session duration was 60 minutes.  Data for ambulatory and total motor 

activity were tabulated.  Total motor activity was defined as a combination of fine motor skills 

(i.e., grooming, interruption of 1 photobeam) and ambulatory motor activity (interruption of 2 or 

more consecutive photobeams). 

 

Results: 

Mean total motor activity and ambulatory counts were significantly decreased in HD males and 

females relative to controls during the first 15 minutes of the 60 minute locomotor activity test 

(Table 21).  Locomotor activity was also decreased in HD males and females relative to controls 

during the 16-30 minute time interval, although the differences were not statistically significant.  

Locomotor activity was markedly decreased in animals in all dose groups for the time period 

from 30 – 60 minutes, and no differences were observed.  Decreased locomotor activity in HD 

animals is consistent with evidence of decreased autonomic function in the FOB test. 

Table 21.  Summary of locomotor activity data in Sprague-Dawley rats after a single dose of LY3009104. 

 Males  Females 

LY3009104 Dose 

(mg/kg) 
0 2 10 100  0 2 10 100 

n 10 10 10 10  10 10 10 10 

Total motor activity counts          

t = 0 – 15 mins   569 688 708 367*  599 680 682 246* 

t = 16 – 30 mins 127 226 190 77  129 262 250 62 

Ambulatory counts          

t = 0 – 15 mins   192 268* 256* 124*  233 266 273 75* 

t = 16 – 30 mins 37 71 55 23  38 96 91 19 

* p  ≤ 0.01 vs. control          
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Toxicokinetic data 

Blood samples were taken from 3 animals/sex/group at the following time points:  pre-dose, 1, 2, 

4, 8, and 24 hours post dose.  Plasma samples were subjected to a liquid/liquid extraction 

procedure using MTBE.  LY3009104 concentrations were quantified by LC/MS/MS 

methodologies. 

 

Results: 

The Tmax for LY3009104 after a single oral dose was 1 hr (Table 22), thus providing support for 

the validity of conducting the FOB and locomotor assays at 1 hour post-dose.  Cmax increased 

approximately proportionally with dose.  AUC increased proportionally with dose between 2 and 

10 mg/kg.  The increase in AUC between the 10 and 20 mg/kg doses was greater than dose 

proportional.  There was no evidence for a difference in TK parameters between males and 

females. 

 

Summary 

The NOAEL in the CNS safety pharmacology study is defined as 10 mg/kg based on evidence 

for decreased autonomic function in animals that received a 100 mg/kg dose.  FOB findings at 

100 mg/kg included drooping eyelids, red flush of the skin, and absent pupil response.  

Decreased locomotor activity was also observed in animals dosed at 100 mg/kg.  The mean Cmax 

at the NOAEL dose of 10 mg/kg is 2.08 µM.  This represents an approximately 15-fold multiple 

over the clinical Cmax at the MRHD (0.14 µM). The mean AUC0-24 at the NOAEL dose of 10 

mg/kg is 6.44 µM.  This represents an approximately 5-fold multiple over the clinical AUC0-24 at 

the MRHD (1.29 µM).  

 

 

 

 

 

 

 

Table 22.  Sponsor’s summary of toxicokinetic parameters in SD rats after a single 

oral dose of LY3009104. 
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Study T07-12-06:  Respiratory assessment of orally administered INCB028050 to 

plethysmograph-restrained Sprague-Dawley rats 

The study was conducted  under GLP conditions.  

The study design was consistent with ICH S7A guidelines.  A single dose of LY3009104 was 

administered to male Sprague-Dawley rats (9 - 10 weeks old; n = 8/group) by oral gavage at 0 

(0.5% methylcellulose), 2, 10, or 100 mg/kg.  The high dose was chosen based on evidence of 

moderate adverse toxicologic effects in rats in previous studies.   

 

To measure respiratory function parameters, each rat was placed in a single chamber, head out, 

neck-sealed plethysmograph.  Note that animals were conditioned to restraint in nose-only 

exposure tubes prior to assignment to groups.  Respiratory function was measured using a 

pneumotach to detect the air flow in and out of the head and neck-sealed plethysmograph in 

response to the animal’s thoracic movement.  Respiratory parameters collected included:  (1) 

respiratory frequency, (2) tidal volume, and (3) calculated minute volume 

 

On a single day, 2 animals from each dose group (total n = 8/day) placed into their respective 

plethysmographs and baseline respiratory parameters were collected for at least 60 minutes (but 

not more than 90 minutes).  Animals then received a single oral dose of LY3009104, and 

respiratory data was collected continuously for at least 6 hours.  This process was repeated over 

4 days to capture 8 animals per dose group. 

 

The post-dose segment was divided into 3 analysis phases:  (1) 0 – 60 minutes; (2) 61 – 180 

minutes, and (3) 3 hours – 6 hours.  Data acquisition was divided into 15-minutes averages.  A 

single mean value was calculated for baseline and for each individual post-dose interval. 

 

Results: 

Clinical observations 

There was no evidence for any effect of LY3009104 treatment on clinical observations or body 

weight. 

 

Respiratory frequency 

100 mg/kg LY3009104 had an apparent inhibitory effect on respiratory frequency in rats.  Mean 

respiratory frequency was slightly decreased in HD animals relative to controls prior to dosing (~ 

-6.3%).  However, there was an apparent LY3009104-related increase in the magnitude of the 

difference in respiratory frequency between control and HD animals (Figure 12).  The effect was 

observed during the time between t = 31 – 105 minutes after dosing.  The time period of the 

observed effect is consistent with the established Tmax of approximately 1 h for orally 

administered LY3009104 in rats.  The maximum difference in respiratory frequency between 

control and HD animals was observed during t = 31 – 45 mins (-22%).  The difference did not 

achieve statistical significance at any time point. 
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Tidal volume 

Mean tidal volume was significantly increased in 10 mg/kg treated animals relative to controls 

during the 0 – 15 minute time interval (Figure 13).   Mean tidal volume remained elevated in 

these animals relative to controls until approximately 120 minutes after dosing.  The lack of an 

effect on tidal volume at 100 mg/kg limits the physiologic relevance of this finding. 

 

 

 

Figure 12.  Sponsor’s figure showing mean respiratory frequency values over time in male SD rats after a single oral 

LY3009104 dose. 
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Figure 13.  Sponsor’s figure showing mean tidal volume values over time in male SD rats after a single oral 

LY3009104 dose. 

 

Minute volume 

Minute volume is equivalent to the product of tidal volume * respiratory rate.  Mean minute 

volume was decreased in HD animals relative to controls from t = 0 – 90 minutes post-dose 

(Figure 14). While minute volume was found to be decreased in HD animals relative to controls 

during the pre-dose period, the magnitude of the difference increased after dosing. 
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Summary 

The NOAEL in the respiratory safety pharmacology study is defined as 10 mg/kg based on 

evidence for decreased respiratory rate and minute volume in animals that received a 100 mg/kg 

dose.  Toxicokinetic data was not captured in this study.  It is noted that the 10 mg/kg NOAEL 

dose is the same as that in the CNS safety pharmacology study which was also conducted in SD 

rats. 

 

 

 

 

 

 

Figure 14.  Sponsor’s figure showing mean minute volume values over time in male SD rats after a single oral 

LY3009104 dose. 
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5 Pharmacokinetics/ADME/Toxicokinetics 

Absorption, distribution, metabolism, and elimination studies for LY3009104 have been 

conducted in CD-1 mice, Tg.RasH2 mice, Sprague-Dawley rats, and beagle dogs, primarily via 

the oral route of administration.  LY3009104 was administered as the phosphate salt in the 

majority of these studies.  The free base form of LY3009104 is to be used in the commercial 

drug product formulation.  Eli Lilly directly compared the pharmacokinetic parameters of the 

phosphate salt vs. free base form of LY3009104 in experiments conducted in mice and rats.  The 

pharmacokinetic parameters of the phosphate salt and free base forms of LY3009104 were found 

to be highly comparable. 
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5.1 PK/ADME 

Absorption 

LY3009104 absorption parameters at steady state are summarized in Table 23.  Values reported 

for humans are derived from the sponsor’s Population PK analysis of Phase 2/3 clinical studies.  

The sponsor’s calculations were derived from data collected in a total of 3 Phase 2 studies and 4 

Phase 3 studies in male and female patients with RA.  The data for nonclinical species is derived 

from a 6 month carcinogenicity study (mice), and chronic (6 month or 9 month) toxicology 

studies in rats and dogs respectively (see NDA 207924 nonclinical review dated 6/30/16 (mice), 

and IND 102204 nonclinical reviews dated 12/1/11 [rats] and 9/19/14[dogs]).  These data are 

discussed further in Section 11. 
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Table 23.  Summary table of steady state LY3009104 absorption values in humans and nonclinical species 

 
Humans Mice (Tg.RasH2) Rats (SD) Dogs 

Study 
Multiple studies (Phase 

2/3 Pop PK analysis)
a
 

8291245  

6 month carcinogenicity study 

T08-04-05 

6 month toxicity study 

T10-02-01 

9 month toxicity study 

LY3009104 dose 

form 
Free base Free base Phosphate salt Phosphate salt 

Sex M & F M F M F M & F  

LY3009104 dose 4 mg 
300 mg/kg 

(max. dose) 

150 mg/kg 

(max. dose) 

25 mg/kg 

(limit dose) 

60 mg/kg 

(limit dose) 
0.5 mg/kg (Limit dose) 

Tmax (h) 1 (0.5 – 3) 2.0 0.5 1.0 1.0 1.1 

Cmax (µM) 0.14 (RA) 14.2 33.1 11.4 23.9 0.25 

T1/2 (h) 
12.5 (RA) 

10 (healthy) 
NA NA 3.5 3.6 3.5 

AUC0-t (µM*hr) 1.29 (RA) 71.1 100.2 27.9 95.3 1.21 

Oral 

Bioavailability 
78.9% (Healthy)

b
 NA 53.8%

c
 NA NA 

a  
Values were calculated by sponsor using data from 3 Phase 2 studies and 4 Phase 3 studies in patients with RA 

b 
Study JAGM  

c 
Study RAJH13-8287-365; LY3009104 free base was used in this study 
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Study DMB-08-13-1:  The permeability and transport of INCB028050 in Caco-2 cell 

monolayers 

The absorption of orally administered drugs requires their movement across the intestinal 

epithelial barrier.  In the in vitro Caco-2 permeability assay, transepithelial transport can be 

measured from the apical (A) to the basolateral (B) side and vice versa.  In the current study, 

assays were conducted using Caco-2 cell monolayers (human epithelial colorectal carcinoma 

cells) under standard conditions. 

 

INCB028050 was tested at a concentration of 50 µM in experiments designed to determine its 

permeability coefficient (Papp).  The Papp for LY3009104 was calculated to be 2.41 x10
-6

 cm/sec, 

indicating low to moderate permeability (Table 24). 

 

INCB028050 was tested at 1, 10, and 100 µM in bi-directional experiments designed to evaluate 

whether INCB028050 was a substrate for efflux transporters.  Efflux ratios ranged from 5.54 – 

10.0, indicating that LY3009104 is a substrate of efflux transporters (Table 24). 

 

 

 

Table 24.  Sponsor’s summary table of permeability and efflux ratio values for INCB028050 in Caco-2 cell 

monolayer. 
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MICE 
Study RAUV11 MAKR12 8278998:  Pharmacokinetics of LY3009104 in rasH2 mice 

following daily oral administration of LY3009104 as the free base or as the phosphate salt 

(LSN3009106) for 7 days 

 

The current study compared the pharmacokinetic parameters of orally administered LY3009104 

(free base) vs. the phosphate salt form (referred to as LSN3009106) in male and female TgrasH2 

mice.  The study was conducted to support the use of the LY3009104 free base in the 6 month 

carcinogenicity study conducted in TgRasH2 mice (see nonclinical review dated 6/30/16). 

 

Animals (n = 4/sex/group) were dosed once per day for 7 days.  Male mice were treated with 75 

or 300 mg/kg LY3009104 or LSN3009106.  Female mice received 25 or 150 mg/kg LY3009104 

or LSN3009106 (Table 26).  Both the free base and phosphate salt forms of the drug substance 

were diluted in 0.5% methylcellulose. 

 

Table 25.  Study design summary for PK comparison of LY3009104 free base vs. phosphate salt (LSN3009106) 

over the course of 7 days of treatment in Tg.RasH2 mice. 

 
LY3009106 (mg/kg) 

PHOSPHATE SALT 

 LSN3009104 (mg/kg) 

FREE BASE 

Treatment 

Group 
Males Females 

 
Males Females 

1 75 NA  - - 

2 300 NA  - - 

3 NA 25  - - 

4 NA 150  - - 

5 - -  75 NA 

6 - -  300 NA 

7 - -  NA 25 

8 - -  NA 150 

 

 

 

Blood samples were collected on day 1 and 7 at the following time points:  0, 0.5, 1, 2, 4, 6, 8, 

12, and 24 hours post-dose.  Blood samples were processed to plasma and stored at -60 to -80C 

prior to analysis.   Plasma concentrations were quantified using LC/MS/MS.  Plasma 

concentrations that were below the lower limit of quantitation (0.35 ng/ml) were assigned a value 

of 0. 

 

Results: 

The sponsor reported mean Cmax, AUC0-24, and Tmax values for LY3009104 (free base) and 

LSN3009106 (phosphate salt) at days 1 and 7.  Tmax was between 0.5 and 1.0 hr for the free base 

and phosphate salt in males and females at all doses tested. 

 

Cmax and AUC0-inf  parameters for the free base and phosphate salt forms of LY3009104 were 

highly comparable in male and female mice (Table 26).  There are no notable differences 
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between the two forms of the test article with respect to exposure in mice. These results, coupled 

with the results of the free base vs. phosphate salt comparison in rats (Study 

RAUV11_8259423), suggest that the pharmacokinetics of the two forms of LY3009104 are 

comparable in nonclinical species. 

 

Table 26.  Ratio of LY3009104 Free base: Phopshate salt with respect to Cmax and AUC0-inf in Tg.RasH2 mice 

 
 Free base: Phosphate salt ratio 

  Males  Females 

 Dose 

(mg/kg) 
75 300 

 
25 150 

Day 1 
Cmax   1.02 0.95 

 
0.68 0.96 

       

 AUC0-inf 0.77 1.34  0.63 0.92 

       

 Tmax 1.0 1.0  1.0 1.0 

       

Day 7 Cmax   0.83 0.94  0.69 0.89 

       

 AUC0-24 0.63 0.92  0.81 1.09 

       

 Tmax 1.0 1.0  1.0 1.0 
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RATS 
Study INCYTE-DMB-08.21.1:  The pharmacokinetics of INCB028050 in rats 

The current study evaluated the oral bioavailability of INCB028050 in male Sprague Dawley 

rats.  The test article used in this study is INCB028050 free base.  Animals received a single oral 

or intravenous dose of test article.  Blood was sampled at defined time points as outlined in Table 

27. 

Table 27.  Summary of study design of Study DMB-08.21.1.  Evaluation of oral bioavailability of INCB028050 free 

base in Sprague Dawley rats. 

Dose 

route 

# of 

animals 

INCB028050 

dose Dose Formulation Sample collection 

IV 2 males 5 mg/kg 1 mg/ml 

 

10:40:50 solution of 

dimethyl acetamide: 

45% aqueous 2-

hydroxypropyl-beta-

cyclodextrin in water: 

saline 

10 min, 0.5, 1, 2, 4, 6, 8, 12, 

24 h post dose 

Oral 3 males 10 mg/kg 1 mg/ml 

0.5% methylcellulose 

0.5, 1, 2, 4, 6, 8, 12, 24 h 

post dose 

 

Results: 

Orally administered INCB028050 was absorbed rapidly, with a mean Tmax of 0.67 h.  The oral 

bioavailability of INCB028050 in rats was calculated to be 53%. 

 

Table 28.  Summary of pharmacokinetic parameters of a single dose of INCB028050 free base administered to male 

SD rats via the IV or oral route. 

 INCB028050 

Parameter Intravenous (5 mg/kg) Oral (10 mg/kg) 

Tmax (h) - 0.67 

T1/2 (h) 3.0 2.9 

AUC0-inf 10.4 11.0 

Oral bioavailability (% F) - 53% 
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Study RAJH13-8287-365: Exposure and Absolute Oral Bioavailability of [
12

C]-LY3009104 

and [
13

C]-LY3009104 (LSN3194004) in Sprague Dawley Rats Using [
13

C]-LY3009104 as the 

Intravenous-Tracer 

The study was conducted to establish the validity of the [
13

]C-tracer methodology for use in the 

human bioavailability study.  [
13

C] is a non-radioactive isotope that was used in the current study 

to label 4 different sites on the LY3009104 molecule.  [
13

C]LY3009104 was used to quantify 

intravenously administered LY3009104 in blood samples taken from male rats at defined time 

points.  This methodology allows for detection of simultaneously administered oral LY3009104 

(unlabeled) and  intravenous [
13

C]LY3009104 to each animal in the study.  The plasma 

concentrations of both unlabeled LY3009104 and [
13

C]LY3009104 were determined using 

LC/MS/MS methods.  The outline of the study design is shown in Table 29. 

 

The first part of the study was designed to assess the oral bioavailability of LY3009104 free 

base.  Animals in group 1 received a single oral dose of LY3009104 at 2 mg/kg.  A 30 minute IV 

infusion of [
13

C]LY3009104 (final dose of 2.3 µg/kg) was initiated at the same time as the oral 

administration.  Blood samples were taken from animals at multiple time points over the course 

of 24 hours after dosing (n = 3 rats per time point, Table 29)  

 

The second part of the study was conducted to evaluate whether differences existed in the PK 

profiles of unlabeled LY3009104 vs. [
13

C]LY3009104 in rats.  Group 2 received a single IV dose 

with a 50:50 mixture of 4 µg/ml solutions of LY3009104 and [
13

C]LY3009104.  The intended 

final dose of each drug substance was 2 µg/ml.  The measured doses were equivalent to 2.96 and 

2.40 µg/kg respectively.  Blood samples were taken from animals at multiple time points over 

the course of 24 hours after dosing (n = 3 rats per time point, Table 29).  

Table 29.  Summary of study design of Study RAJH13_8287-365.  An evaluation of oral bioavailability of 

LY3009104 in SD rats. 

 Group 1 (n = 6)  Group 2 (n = 6) 

 LY3009104 [
13

C]LY3009104
a
  LY3009104

b
 [

13
C]LY3009104

b
 

Route Oral IV  IV IV 

Dose 2 mg/kg 2.3 µg/kg  4 µg/ml 4 µg/ml 

Duration NA 30 mins  30 mins 30 mins 

Sample times 

(n = 3 rats per time 

point) 

0.08, 0.25, 0.5, 0.58, 0.75, 1, 2, 4, 8, 12, 16, 24 h post dose 

a
 IV dose was initiated simultaneously with oral dose administration 

b
 Unlabeled and [

13
C]LY3009104 were administered in a 50:50 mixture in Group 2 
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Results: 

The oral bioavailability of LY3009104 free base in SD rats was calculated to be 53.8% (Table 

30).  This value is highly consistent with the results of a previously conducted study in SD rats 

(Study  INCYTE-DMB-08.21.1; see summary above).  The current study quantified PK 

characteristics from oral and IV LY3009104 administered simultaneously in the same animals.  

The earlier study quantified % bioavailability using PK data from oral and IV LY3009104 

administered to separate animals.  

 

Part 2 of the study provided evidence that the PK characteristics of [
13

C]LY3009104 and 

unlabeled  LY3009104 are comparable. 

Table 30.  Summary of PK characteristics of a single dose of unlabeled LY3009104 free base or [
13

C]LY3009104 in 

SD rats.  Mean bioavailability was calculated from animals that were dosed simultaneously with oral LY3009104 

and IV [
13

C]LY3009104. 

 Part 1 (n = 6)  Part 2 (n = 6) 

 
LY3009104 [

13
C]LY3009104  LY3009104 [

13
C]LY3009104 

Route Oral IV  IV IV 

Dose 2 mg/kg 2.3 µg/kg  2.96 µg/ml 2.4 µg/ml 

      

AUC0-24 

(pg*hr/ml) 
199782 420  450 316 

Cmax (pg/ml) 65903± 9524 900 ± 41  1182 ± 730 636 ± 35 

Tmax (hr) 0.5 0.5  0.5 0.5 

T1/2 (hr) 2.57 0.81  1.17 1.19 

% Bioavailability 53.8% NA  NA NA 
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Study 8238695:  Total radioactivity and LY3009104 concentrations in plasma, metabolism, 

and elimination of [
14

C]LY3009104 in male Sprague Dawley rats following a single 25 

mg/kg oral dose of [
14

C]LY3009104 given as the phosphate salt 

Male Sprague Dawley rats only were used in this study.  The overall design of the study is seen 

in Table 31.  [
14

C]LY3009104 phosphate salt was prepared at 25 mg/kg in 0.5% methylcellulose.  

The target radioactive dose was 100 µCi/kg.  A single, oral dose was administered to each 

animal, followed by blood, urine, feces, and bile collection at defined time points (Table 32). 

 

Table 31.  Overview of study design for rat pharmacokinetics study 8238695. 

  Animals   

Group Route # (Males only) Type 
LY3009104 

Dose (mg/kg) 

Samples 

collected 

1 Oral 15 Intact 25 Blood 

2 Oral 2 Intact 25 Blood 

3 Oral 4 Intact 25 
Urine, feces, 

carcass 

4 Oral 4 
Bile duct 

cannulated 
25 

Urine, feces, 

bile, carcass 

 

Table 32.  Time points for sample collection in rat pharmacokinetics study 8238695. 

Group 
# of animals 

(Males only) 
Sample Collection time points Animals  

1 15 Blood & plasma pre-dose, 1, 4, 8, 24 hrs 
3 per time 

point 

2 2 Blood & plasma 1 hr 2 

3 4 Urine  0-12; 12 – 24; 24 - 48 4 

  Feces 0 - 24; 24 - 48 4 

4 4 Urine  
0-12; 12 – 24; 24 – 48; 

48 - 72 
4 

  Feces 0 - 24; 24 – 48; 48 --72 4 

  Bile 
0 – 6; 6 – 12; 12 – 24; 

24 – 48; 48 - 72 
4 
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All collected samples were evaluated for [
14

C]LY3009104 radioactivity by liquid scintillation 

counting (LSC).  Cage wash samples, bile cannulas, and dissolved carcasses were also analyzed 

by LSC.   

 

Results: 

 The Tmax for oral absorption of LY3009104 was 1 hour post dose.  LY3009104 

radioactivity was below the limit of quantitation in blood and plasma at 24 hours post 

dose 

 

 The LY3009104 blood:plasma ratio was found to be less than 1 at all time points (Table 

33).  This indicates that LY3009104 does not preferentially associate with the cellular 

component of blood.  Therefore, measurements of plasma clearance in pharmacokinetic 

studies can be considered to reflect the actual LY3009104 clearance in rats. 

 

 LY3009104 was eliminated in both urine and feces.  Elimination was slightly greater in 

feces in the current study (Table 34). 

Table 34.  Mean percentage of [
14

C]LY3009104 related radioactivity detected in rat feces, urine, and bile after a 

single oral dose of 25 mg/kg [
14

C]LY3009104 phosphate. 

  % of radioactive dose 

Group 
Animal 

type 
n Feces Urine Bile Other

a
 Total 

3 Intact 4 64.8 27.9 NA 2.8 95.6 

4 
Bile duct 

cannulated 
4 34.3 44.5 18.4 2.1 99.1 

a
 Cage rinse, cage wash, cage wipe, bile cannula, jacket rinse 

Table 33.  Sponsor’s table summarizing mean blood:plasma ratio of LY3009104 in rat 

blood samples after a single dose of [14C]LY3009104 
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Study RAUV11 8259423:  Pharmacokinetics of LY3009104 in Sprague Dawley rats 

following daily oral administration of LY3009104 as the free base or as the phosphate salt 

(LSN3009106) for 7 days. 

LY3009104 was tested as the phosphate salt form for the large majority of the nonclinical 

development program.  However, Eli Lilly decided to proceed with the free base form of the 

drug substance for commercial development.  LY3009104 free base was used in the rat and 

mouse carcinogenicity studies as well as the rat pre-and postnatal development study. 

 

The current study compared the pharmacokinetic parameters of orally administered LY3009104 

(free base) vs. the phosphate salt form (referred to as LSN3009106) in male and female Sprague 

Dawley rats.  Animals (n = 4/group) were dosed once per day for 7 days.  Male rats were treated 

with 1 or 8 mg/kg LY3009104 or LSN3009106.  Female rats received 3 or 25 mg/kg LY3009104 

or LSN3009106 (Table 35).  Both the free base and phosphate salt forms of the drug substance 

were diluted in 0.5% methylcellulose. 

Table 35.  Study design summary for PK comparison of LY3009104 free base vs. phosphate salt (LSN3009106) 

over the course of 7 days of treatment in Sprague Dawley rats. 

 
LY3009104 (mg/kg) 

FREE BASE 

 LSN3009106 (mg/kg) 

PHOSPHATE SALT 

Treatment 

Group 
Males Females 

 
Males Females 

1 1 NA  - - 

2 8 NA  - - 

3 NA 3  - - 

4 NA 25  - - 

5 - -  1 NA 

6 - -  8 NA 

7 - -  NA 3 

8 - -  NA 25 

 

 

Blood samples were collected on day 1 and 7 at the following time points:  0.5, 1, 2, 4, 6, 8, 12, 

and 24 hours post-dose.  A pre-dose sample was collected on day 7 only.  Blood samples were 

processed to plasma and stored at -60 to -80C prior to analysis.   Plasma concentrations were 

quantified using LC/MS/MS.  Plasma concentrations that were below the lower limit of 

quantitation (0.35 ng/ml) were assigned a value of 0. 

 

Results: 

The sponsor reported mean Cmax, AUC0-24, and Tmax values for LY3009104 (free base) and 

LSN3009106 (phosphate salt) at days 1 and 7 of the 7 day study (Table 36).  Cmax and AUC0-24 

values increased approximately proportionally with dose for both LY3009104 and LSN3009106 

in males and females.  There was no evidence for accumulation of either test compound over the 

course of the 7 day study.  Tmax values ranged from 0.5 – 0.75 hrs with no clear difference 

between the free base and phosphate salt. 
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By day 7, the PK parameters for the free base and phosphate salt forms of LY3009104 were 

highly comparable in male and female rats (free base: phosphate ratios close to 1.0).  There are 

no notable differences between the two forms of the test article with respect to exposure in rats. 

Therefore, the results of nonclinical studies conducted in rats using the LY3009104 phosphate 

salt are appropriate to consider when evaluating the potential clinical toxicity of the planned 

commercial form of the drug substance, LY3009104 free base.
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Table 36.  Mean PK parameters after 1 or 7 daily oral doses of LY3009104 free base (LY3009104) or phosphate salt (LSN3009106) in male and female Sprague 

Dawley rats 

  Males  Females 

  1 mg/kg  8 mg/kg  3 mg/kg  25 mg/kg 

Day Parameter 
LY3009104 

FREE 

BASE 

LSN3009106 
PHOSPHATE 

SALT 

Ratioa  
LY3009104 

FREE BASE 

LSN3009106 
PHOSPHATE 

SALT 

Ratioa  
LY3009104 

FREE 

BASE 

LSN3009106 
PHOSPHATE 

SALT 

Ratioa  
LY3009104 

FREE 

BASE 

LSN3009106 
PHOSPHATE 

SALT 

Ratioa 

1 
Cmax 

(ng/ml) 
41.9 39.3 1.07  310 501 0.62  200 360 0.56  2250 3130 0.72 

 
AUC0-24 

(ng*hr/ml) 134 128 1.05  1060 1320 0.80  770 877 0.88  6140 7830 0.78 

 Tmax (h) 0.5 0.5 1.00  0.63 0.5 1.26  0.63 0.5 1.25  0.5 0.5 1.00 

                 

7 
Cmax 

(ng/ml) 
35.5 35.4 1.00  288 397 0.73  200 335 0.60  2060 2340 0.88 

 
AUC0-24 

(ng*hr/ml) 143 130 1.10  1110 1170 0.95  760 818 0.93  6280 6810 0.92 

 Tmax (h) 0.75 0.5 1.50  0.5 0.5 1.00  0.63 0.5 1.26  0.5 0.5 1.00 

a
 Ratio = LY3009104 (free base): LSN3009106 (phosphate salt) 
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Distribution 

PROTEIN BINDING 

 

Study DMB-08.14.1:  In Vitro and Ex Vivo protein binding of INCB028050 in rat, dog and 

human serum and plasma 

 

Study DMB-09.41.1:  In Vitro and Ex Vivo protein binding of INCB028050 in rabbit and 

mouse plasma 

 

The in vitro binding of INCB028050 in plasma and serum of rats (Sprague Dawley), dogs, 

rabbits, mice (CD-1), and humans was examined in two studies.  Study DMB-08.14.1 quantified 

INCB028050 protein binding in rat, dog, and human serum and plasma.  Study DMB-09.41.1 

quantified INCB028050 protein binding in rabbit and mouse plasma. 

 

There were two major parts in each of these studies:   

 Part 1 (in vitro), INCB028050 was incubated with plasma and/or serum samples from 

rats, dogs, mice, rabbits, and humans.  Serum and plasma samples from all species were 

purchased as pooled aliquots. 

 

 Part 2 (ex vivo), INCB028050 binding was determined in pooled plasma obtained from 

rats, dogs, rabbits, and mice that were administered INCB028050 by the oral route 

(plasma samples were derived from previously conducted toxicokinetic studies in each 

species).   Ex vivo plasma protein binding assays were not conducted in humans. 

 

The INCB028050 lots tested were as follows: 

 

INCB028050 Lot # Chemical form 

1 TFA Salt 

2 Free base 

4 Phosphate salt 

5 Phosphate salt 

BPR-07-93-B1-12 Phosphate salt 

BPR-08-11-B1-15 Phosphate salt 

JVH5-142 Phosphate salt 

 

 

The Multi-Equilibrium Dialyzer SystemTM and diachema membranes  

 were used for the experiment.  Aliquots of a 5 mM stock solution of 

INCB028050 prepared in DMSO were added to serum to obtain the target concentration of 
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INCB028050  (1 µM – 10 µM) in each in vitro experiment.  The final concentration of DMSO in 

serum was less than 0.5%. Equilibrium dialysis was carried out in Teflon cells separated by a 

dialysis membrane with a molecular weight cut-off of 10,000 Daltons.  A serum sample 

(1 mL) containing INCB028050 was added to one side of the membrane, while 1 mL of 

0.133 M phosphate buffer (pH 7.4) was added to the other side. The cells were rotated at 

a speed of 12 rpm in a 37°C water bath for 2 hours. Buffer and serum samples were drained 

separately into empty pre-weighed tubes.  Samples were extracted and analyzed by LC/MS/MS.  

Dialysis was performed in duplicate for each in vitro sample and in triplicate for each ex vivo 

sample. 

  

Results 

In vitro 

In vitro protein binding of INCB028050 was comparable in human, rat, dog, mouse, and rabbit 

serum and plasma (Table 37).  The mean unbound fraction ranged from 44 – 56% across all 

species.  Protein binding was also comparable between serum and plasma in humans, rats, and 

dogs. 

 

It is also noted that there was no apparent difference in protein binding of the INCB028050 free 

base vs. the phosphate salt, although the free base form was only tested in single replicates in 

human and dog serum. 

Table 37.  In vitro protein binding of INCB028050 in serum and plasma of humans, rats, dogs, mice, and rabbits.  

Values represent unbound fraction of INCB028050. 

Species Matrix 

INCB028050 

concentration 

(µM) 

INCB028050 form 

(Lot) 

Fraction 

unbound 

(%) 

Mean % 

unbound 

Overall 

mean 

unbound% 

Human serum 10 Phosphate salt (5) 48.4 47 45 

  10 Phosphate salt (5) 46.7   

  10 Phosphate salt (5) 45.8   

       

  3 TFA salt (1) 42.6 45  

  3 Free base (2) 43.5   

  3 TFA salt (1) 47.9   

       

  1 Phosphate salt (5) 42.3 43  

  1 Phosphate salt (5) 41.2   

  1 Phosphate salt (5) 44.5   

       

 plasma 10 Phosphate salt (5) 50.7 51 50 

  10 Phosphate salt (5) 50.4   

  10 Phosphate salt (5) 51.6   

       

  1 Phosphate salt (5) 46.1 50  

  1 Phosphate salt (5) 52.3   

  1 Phosphate salt (5) 50.8   

Rat serum 10 Phosphate salt (5) 42.5 41 40 

  10 Phosphate salt (5) 41.2   

  10 Phosphate salt (5) 39.1   
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Species Matrix 

INCB028050 

concentration 

(µM) 

INCB028050 form 

(Lot) 

Fraction 

unbound 

(%) 

Mean % 

unbound 

Overall 

mean 

unbound% 

  1 Phosphate salt (5) 39.5 39  

  1 Phosphate salt (5) 39.2   

  1 Phosphate salt (5) 38.3   

       

 plasma 10 Phosphate salt (5) 49.1 50 49 

  10 Phosphate salt (5) 49.5   

  10 Phosphate salt (5) 52.7   

       

  1 Phosphate salt (5) 43.9 48  

  1 Phosphate salt (5) 48.5   

  1 Phosphate salt (5) 50.7   

Dog serum 10 Phosphate salt (5) 54.8 55 56 

  10 TFA salt (1) 55.0   

       

  3 Free base (2) 61.0   

       

  1 Phosphate salt (5) 54.6   

       

 plasma 10 Phosphate salt (5) 55.9 57 55 

  10 Phosphate salt (5) 56.1   

  10 TFA salt (1) 58.0   

       

  1 Phosphate salt (5) 52.9 53  

  1 Phosphate salt (5) 52.2   

  1 TFA salt (1) 55.0   

Rabbit plasma 10 Phosphate salt (5) 49.0 46 47 

  10 Phosphate salt (5) 45.9   

  10 Phosphate salt (5) 44.2   

       

  1 Phosphate salt (5) 48.6 48  

  1 Phosphate salt (5) 48.0   

  1 Phosphate salt (5) 48.1   

Mouse plasma 10 Phosphate salt (5) 44.2 45 44 

  10 Phosphate salt (5) 45.5   

       

  1 Phosphate salt (5) 42.1 43  

  1 Phosphate salt (5) 44.7   
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Ex vivo 

Ex vivo plasma protein binding of INCB028050 was comparable between rats, dogs, mice and 

rabbits with mean % unbound values of 41 – 61% (Table 37).   

Table 38.  Ex vivo protein binding of INCB028050 in serum and plasma of rats, dogs, rabbits, and mice.  Values 

represent unbound fraction of INCB028050. 

Species Matrix 

INCB028050 

concentration 

(µM) 

INCB028050 form 

(Lot) 

Fraction 

unbound 

(%) 

Mean % 

unbound 

Overall 

mean % 

unbound 

Rat 
plasma 

(male) 
13.8 Phosphate salt (4) 47.1 47 47 

  1.5 Phosphate salt (4) 47.8   

       

 
plasma 

(female) 
28.9 Phosphate salt (4) 45.0 48  

  1.7 Phosphate salt (4) 50.0   

Dog  plasma 7 
Phosphate salt (BPR-

07-93-B1-12) 
59.0  61 

       

  3.6 
Phosphate salt (BPR-

07-93-B1-12) 
67.0   

       

  0.85 
Phosphate salt (BPR-

07-93-B1-12) 
63.0   

       

  0.87 
Phosphate salt (BPR-

07-93-B1-12) 
55.0   

Rabbit plasma 9.7 
Phosphate salt (BPR-

08-111-B1-15) 
51.9 55.4 54 

  9.7 
Phosphate salt (BPR-

08-111-B1-15) 
55.9   

  9.7 
Phosphate salt (BPR-

08-111-B1-15) 
58.3   

       

  1.4 Phosphate salt (5) 53.8 51.7  

  1.4 Phosphate salt (5) 51.4   

  1.4 Phosphate salt (5) 50.0   

Mouse plasma 62.3 
Phosphate salt 

(JVH5-142) 
39.9 40.0 41 

  62.3 
Phosphate salt 

(JVH5-142) 
41.5   

  62.3 
Phosphate salt 

(JVH5-142) 
38.6   

  20.5 
Phosphate salt 

(JVH5-142) 
40.3 41.9  

  20.5 
Phosphate salt 

(JVH5-142) 
41.0   

  20.5 
Phosphate salt 

(JVH5-142) 
44.5   
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TISSUE DISTRIBUTION 

 

Study DMB-08-199-1:  Quantitative tissue distribution of drug-related material using 

whole-body autoradiography following a single oral dose of [
14

C]INCB028050 (25 mg/kg) to 

male Sprague Dawley and male and female Long-Evans rats and human radiation 

dosimetry prediction 

Tissue distribution of [
14

C]INCB028050 phosphate after a single oral dose (25 mg/kg, 100 

µCi/kg) was evaluated using quantitative whole body autoradiography techniques in two strains 

of rats (male albino Sprague Dawley [n = 10] and pigmented male and female Long-Evans [n = 

14/sex]).   The rats used in the study were approximately 7 weeks old. 

 

Animals were dosed with [
14

C]INCB028050.  Blood was sampled from 2 animals per time point 

out to 168 (albino rats) or 672 hours (pigmented rats) post dose (Table 39).  Rats were 

euthanized after having blood sampled.  Carcasses from animals with the highest plasma 

concentration for each time point were selected for quantitative whole body autoradiography 

(QWBA).   The frozen carcasses embedded in a 2% carboxymethylcellulose matrix.  Sagittal 

sections were taken at a thickness of approximately 40 µm.  Sections were exposed to a [
14

C]-

sensitive phosphor imaging plate and subsequently scanned.  Quantification of radioactivity was 

conducted by image densitometry. 

 

Table 39.  Sampling schedule for albino and pigmented rats in quantitative whole body 

autoradiography study with [
14

C]INCB028050 phosphate. 

Group Rat 
Time point 

(h) 

# of rats with blood 

sampled & euthanized 

1 Albino (Male SD) 2 2 

  8 2 

  24 2 

  96 2 

  168 2 

    

2 Pigmented (M & F Long-Evans) 2 2/sex 

  8 2/sex 

  24 2/sex 

  96 2/sex 

  168 2/sex 

  336 2/sex 

  672 2/sex 

Results: 

Albino rats 

Radioactivity was widely distributed to tissues in albino rats, with maximum blood and tissue 

concentrations detected at t = 2 h post dose.  The highest concentrations were observed in small 

intestine, large intestine, kidney cortex, liver, skin (high, non-pigmented), cecum, and aorta.  The 

high concentrations in GI tract tissues are expected based on the oral route of administration.  

Distribution to CNS tissues, bone, and eye lens (≤ 0.443 µg equiv/g) was found to be close to the 

lower limit of quantitation (0.180 µg equiv/g).  Radioactivity was nearly completely eliminated 
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from all tissues by 168 h post dose.  Detectable radioactivity at this time point was observed in 

the dorsal caudal nerve, skin (non-pigmented), aorta, and lung.  Tissue distribution to vascular 

and lymphatic tissues (e.g. bone marrow, lymph nodes, spleen, thymus) in male rats is noted 

below given the immune-suppressant effects observed in toxicology studies conducted in rodents 

and dogs. 

 

 

Pigmented rats 

Radioactivity distribution in pigmented rats was generally comparable to that in albino rats.  

Maximum concentration for blood and most tissues was observed at  t = 2 h post dose.  

Distribution to CNS tissues, bone, and eye lens (≤ 0.220 µg equiv/g) was found to be close to the 

lower limit of quantitation (0.180 µg equiv/g).   Radioactivity was nearly completely eliminated 

from all tissues by 672  h post dose.  Detectable radioactivity at this time point was observed in 

the dorsal caudal nerve, aorta, and uveal tract. 

 

One major difference in distribution between albino and pigmented rats was observed in the 

uveal tract of the eye.  Cmax in the uveal tract of pigmented rats was 22.9 (males) – 29.0 (females)  

µg equiv/g  vs. 1.2 µg equiv/g in albino rats.  Evidence for distribution to the eye is illustrated in 

Figure 15. 

 

Distribution to the skin in both pigmented and non-pigmented rats as well as the uveal tract of 

the eye in pigmented rats represents a potential clinical concern for phototoxicity.  These 

concerns were addressed in a devoted in vitro phototoxicity study (See Section 10: Special 

Toxicology Studies) 

Albino 

Pigmented 

Table 40.  Sponsor’s summary of [
14

C] INCB028050 radioactivity distribution to vascular/lymphatic tissue in male 

albino and pigmented rats after a single oral dose at 25 mg/kg. 
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Figure 15.  Autoradiography images of a male pigmented Long-Evans rat at t = 2 h post-dose (time of maximum 

tissue concentration) of a single oral 25 mg/kg [
14

C]INCB028050 dose. 
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Study DMB-08-15-1:  Brain and cerebrospinal fluid concentrations of INCB028050 in rats 

The concentration of INCB028050 in the brain, cerebrospinal fluid, and plasma was determined 

in male rats (strain not defined) after IV administration. 

 

Methods 

INCB028050 was formulated in 10% dimethylacetamide in 40% hydroxypropyl-β-cyclodextrin 

in 50% saline.  Male rats (n = 4) were given a bolus IV injection of 2.0 mg/kg INCB028050 

followed by a 3.0 mg/kg/h IV infusion via the jugular vein for 4 hours.  Blood was collected at 

via the tail vein at 2 h and 4 h.   Brain and CSF samples were collected at t = 4 hrs. 

 

INCB028050 was quantified in plasma and CSF via LC/MS/MS methods.  Brain tissue samples 

were homogenized in 5% acetonitrile +0.05% formic acid solution.  Samples were deproteinized 

and analyzed by LC/MS/MS to determine INCB028050 concentration. 

 

Results 

INCB028050 was detected at measurable concentrations in both brain and CSF after IV 

administration (Table 41).  The sponsor reports that INB028050 was present in CSF at 

approximately 2% of the unbound plasma concentration at the conclusion of the 4 hour infusion.  

This value was calculated using a value of 47% for the unbound fraction in rat plasma (derived 

from study DMB-08-14-1).  INCB028050 was detected in brain tissue at approximately 7.5% of 

the plasma concentration at the conclusion of the 4 hour infusion. 

 

Collectively, this experiment provides evidence that INCB028050 is capable of crossing the rat 

blood brain barrier and distributing to CNS tissues. 

 

 
Table 41.  Sponsor’s table presenting the INCB028050 levels detected in plasma, CSF, and brain tissue in rats at the conclusion 

of a 4 h IV infusion of 3.0 mg/kg/h INCB028050. 
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Study 8283896:    Placental transfer, disposition, and lacteal excretion of [
14

C]LY3009104 

in pregnant and lactating female Sprague Dawley rats following a single 25 mg/kg oral dose 

of [
14

C]LY3009104 

 

Methods 

There were 2 main parts to the study: 

 Part 1:  A single oral dose of 25 mg/kg [
14

C]LY3009104 was administered to on GD 18 

to pregnant female SD rats to assess placental transfer and distribution of radioactivity in 

maternal and fetal tissue 

o 1 animal per time point was sacrificed at 0.5, 1, 2, 4, 8, and 24 h post dose.  Blood 

samples were collected from each of these animals. 

o Additional animals were assigned to quantitative whole body autoradiography at 

these same time points.  Carcasses were immediately frozen in a hexane/dry ice 

bath for 8 minutes at the respective time point. 

o Radioactivity in blood samples was quantified via liquid scintillation counting. 

 

 Part 2:  A single dose of  25 mg/kg [
14

C]LY3009104 was administered to lactating rats 

on post-partum day 13 to assess the lacteal excretion of [
14

C]LY3009104 derived 

radioactivity. 

o Milk was collected from 3 F0 animals/time point at 1,4, 8, and 24 h post dose. 

o F0 Animals were given a subcutaneous injection of oxytocin before milking to 

stimulate lactation. Animals were anesthetized with anesthesia cocktail (mixture 

of ketamine, xylazine, and acepromazine) immediately before the start of milk 

collection, and milk (approximately 1 mL) was collected using a specially 

constructed milking machine. The weight of each milk sample was recorded and 

samples were placed immediately on wet ice. Immediately following milk 

collection, animals were sacrificed via exsangination (cardiac puncture) under 

isoflurane anesthesia. Blood (at least 5 mL) was collected into tubes containing 

K3EDTA anticoagulant. Samples were maintained on wet ice until aliquoted for 

radioanalysis and centrifuged to obtain plasma. The pups were sacrificed via 

overdose of isoflurane. All carcasses were discarded. 

o Radioactivity in milk samples was quantified via liquid scintillation counting. 
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Results 

Part 1 

After the single 25 mg/kg dose on GD 18, peak radioactivity concentrations were observed at 0.5 

h post dose for maternal (data not shown) and fetal tissues (Table 42).  Radioactivity distributed 

throughout all of the fetal tissues examined and was eliminated by 24 hours post dose.  This 

experiment provides evidence that [
14

C]LY3009104-derived radioactivity crosses the placenta 

and results in fetal exposure through 8 hours post-dose. 

 

 

Table 42.  Sponsor’s table of LY3009104 concentration (ng equivalents [14]CLY3009104/g tissue) in 

fetal blood and tissues after a single 25 mg/kg dose to dams on GD 18. 
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Part 2 

[
14

C]LY3009104-related radioactivity distributed to the milk of lactating dams after 

administration of a single 25 mg/kg dose on LD 13 (Table 43).  Peak milk concentrations were 

achieved at 1 or 4 hours post dose.  Radioactivity was eliminated from blood and plasma by 24 

hours post dose.  Radioactivity was still detectable at low levels in milk at the 24 h time point 

 

 

 

 

 

 

Table 43.  Sponsor’s table summarizing individual and mean [
14

C]LY3009104-related 

radioactivity concentration in blood, plasma, and milk of lactating female rats at time 

points after a single oral 25 mg/kg on LD 13. 

Reference ID: 4016244



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

102 

[
14

C]LY3009104 exposure was approximately 45-fold higher in milk than plasma on an AUC0-t 

basis (Table 44). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 44.  Sponsor’s summary table of pharmacokinetic parameters of [
14

C]LY3009104 after a single oral 25 mg/kg 

dose to lactating dams at LD 13. 
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Metabolism 

Overview  

The metabolism of LY3009104 has been investigated in in vitro and in vivo studies in humans, 

rats, mice, dogs, and rabbits.  All metabolites observed in humans were also observed in at least 

one nonclinical species. 

Figure 16.  Sponsor-proposed metabolic pathways for the metabolites of LY3009104 observed in 

humans.   The presence of each metabolite in rats, mice and dogs is also noted. 
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IN VITRO METABOLISM 

Study DMB-08.20.1:  Identification of in vitro metabolites of INCB028050 

The metabolism of INCB028050 phosphate was evaluated in commercially available liver 

microsomes and S-9 fractions  derived from rats, dogs, cynomolgus 

monkeys, and humans. 

 

Methods 

Microsomes 

INCB028050 was incubated at a final concentration of 10 µM in a microsomal protein 

concentration of 1 mg/ml in potassium phosphate buffer solution (pH 7.4) with or without 2 mM 

NADPH. 

 

S-9 Fractions 

INCB028050 was incubated at 10 µM with 5 mg/ml S-9 protein in potassium phosphate buffer 

solution (pH 7.4) with or without 2 mM NADPH. 

 

In both preparations, samples were incubated at 37C.  Reactions were stopped at 0 and 60 

minutes by precipitation of proteins via addition of an equal volume of 100% methanol.  Samples 

were centrifuged and the supernatant assayed for detection of metabolites by electrospray 

ionization LC-MS. 

 

Results 

In vitro metabolism of INCB028050 was very limited in liver microsome and S-9 fractions 

derived from humans and nonclinical species (Table 45).  A total of 4 metabolites were detected 

in microsomes and/or S-9 fractions of nonclinical species (M1, M3, M4, M10).  Three 

metabolites (M3, M4, M10) were detected in human preparations.  M3 and M10 were also 

detected in humans in vivo (see Study I4V-MC-JADG).  Metabolites were detected at less than 

3% of the parent in both human and nonclinical species preparations.  All metabolites detected 

upon incubation with human liver preparations were also detected in nonclinical species. 

 

Table 45.  Sponsor’s table of in vitro metabolites of INCB028050 in hepatic microsome and S-9 fractions derived from humans and 

nonclinical species. 
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IN VIVO METABOLISM  

Summary of in vivo metabolites of LY3009104 formed in humans vs. nonclinical species 

 

Table 46 provides an overview of the metabolites detected in human plasma, urine or feces and 

the presence of these metabolites in nonclinical species.  Only human metabolites are included in 

this table for the sake of simplicity.  Each metabolite detected in humans was also detected in at 

least 1 nonclinical species.   

Table 46.  Comparison of LY3009104 metabolites detected in humans vs. nonclinical species.  X = metabolite 

detected above the quantitation limit in at least 1 study. (-) = metabolite not detected 

 
Humans CD-1 Mice Sprague-Dawley Rats Beagle Dogs 

Study # I4V-MC-JADG 
 DMB-09.90.1 

 8238696 

 DMB.08.207.1 

 8238695 

 DMB.08.209.1 

 8238697 

Metabolite Plasma Urine Feces Plasma Urine Feces Plasma Urine Feces Bile Plasma Urine Feces 

Parent X X X X X X X X X X X X X 

M3 - X - - X X - X X X - - X 

M10 - X - X X X - X X X - X - 

M12 - - X - X X - - X X - - - 

M22 - X - X X X - X X - - - - 
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HUMANS 

Study I4V-MC-JADG:  Disposition of [
14

C]LY3009104 following oral administration in 

healthy human male subjects 

Clinical study I4V-MC-JADG evaluated the disposition of radioactivity in healthy human male 

subjects (n = 6) after oral administration of [
14

C]LY3009104 phosphate.  Patients received a 

single, oral 10 mg dose of [
14

C]LY3009104 (100 µCi).  Blood, urine, feces, and expired air 

samples were collected at regular intervals out to 72 h post-dose to measure total radioactivity.  

Samples were also analyzed via LC/MS/MS to identify specific metabolites present in urine and 

feces. 

 

Results 

Orally administered baricitinib was cleared primarily in the urine in humans (75.2% of total 

radioactivity; see Table 56).  The large majority of LY3009104 related radioactivity was cleared 

by 24 hours post-dose. 

 

LY3009104 undergoes limited metabolism in humans.   

 Only parent drug was detected in plasma over the course of 24 hours after dosing. 

 Unchanged LY3009104 was by far the most abundant component of the 

radioactivity detected in urine and feces (Table 47).   

 There are no disproportionate drug metabolites (plasma levels greater than 10% of 

parent).  Metabolite M22 was the most abundant metabolite (See Figure 16 for 

structure).  It was detected in urine at 2 – 5% of the total dose. 

Table 47.  Metabolites of LY3009104 detected in human urine and feces after a single dose of 10 mg 

[
14

C]LY3009104. (-) = not detected.  

 
Plasma (0-24 h) Urine (0 – 48 h) Feces (0 – 72 h) 

LY3009104 100% 69% 15% 

M22 - 2 – 5% - 

M3 - 1% - 

M10 - 1% - 

M12 - - 1% 
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MICE 

Studies INCYTE-DMB-09.90.1 and 8238696:  Metabolism of LY3009104 (INCB028050) in 

Mice Following a Single Oral Dose of [
14

C]LY3009104 

Two in vivo metabolism studies were conducted in mice.  The first study (INCTYE-DMB-

09.90.1) was conducted in male and female CD-1 mice.  The second study (8238696) was 

conducted in male CD-1 mice only.  In both studies, animals were given a single dose of 50 

mg/kg (200 µCi/kg) [
14

C]LY3009104 phosphate salt formulated in 0.5% methylcellulose.  

Plasma, urine, and feces samples were collected at the time points outlined in Table 48.  The 

second study used high resolution (accurate mass) LC-MS and MS-MS methodologies to 

identify metabolites in attempt to obtain a more detailed metabolite profile. 

Table 48.  Sample collection intervals in mice after oral administration of a single dose of 50 mg/kg 

[
14

C]LY3009104 phosphate.  2 separate studies were conducted.  Study 8238696 used a different methodology for 

metabolite identification than Study DMB-09.90.1. 

Sample collection interval (h) 

Study DMB-09.90.1  Study 8238696 

Plasma Urine Feces  Plasma Urine Feces 

1 0-4 4-8  1 0-1 0-1 

4 4-8 8-24  4 1-4 1-4 

8 8-24 24-48  8 4-8 4-8 

 24-48      

 

Study INCYTE-DMB-09.90.1 

Plasma, urine, and fecal samples were pooled for each time interval, and extracts were subjected 

to HPLC fraction collection followed by radioactivity counting (HPLC-MS-flow radiometry) to 

determine the disposition of [
14

C]LY3009104-related radioactivity.  LC/MS/MS methodologies 

were then used to identify specific metabolites in each sample. 

 

Study 8238696 

Sample collection was limited to time points out to 8 hours post-dose in Study 8238696.   

Samples were pooled for each time interval and extracts were analyzed by HPLC fraction 

collection with off-line radioactivity counting.  Metabolites were identified using high resolution 

(accurate mass) LC-MS and MS-MS methodologies. 

 

Results 

Unchanged parent compound comprised the large majority of radioactivity in mice after a single 

oral dose of LY3009104 in both studies (Table 49).  Note that the total amount of radioactivity 

recovered differs from the sum of observed radioactivity from identified metabolites.  The 

difference is due to radioactivity from unidentified metabolites.   

 

The metabolite profiles were highly comparable between males and females in Study DMB-

09.90.1 with elimination primarily via the feces (~60% of total radioactivity).  Metabolites 
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observed in both studies include M3, M10, M12, M22.  These metabolites are consistent with 

those found in humans.  Unlike humans, metabolite M10 was found to be the most abundant 

metabolite in mice.  Metabolite M27, also found in feces in both mouse studies was not detected 

in humans.
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Table 49.  Summary of LY3009104 metabolite profile after a single oral dose in CD-1 mice.  Two separate studies were conducted (Study DMB-09.90.1, Study 

8238696) using different metabolite detection methods. (-) = not detected.  Shaded rows = metabolites identified in both studies.  Bolded entries = human 

metabolites. 

 Study DMB-09.90.1  Study 8238696 

 Males  Females  Males 

Metabolite 

Plasma 

(1 h; % 

parent) 

Urine 

(0-24 h; 

% dose) 

Feces 

(0-24h; 

% dose)  

Plasma 

(1 hr; % 

parent) 

Urine 

(0-24 h; 

% dose) 

Feces 

(0-24 h; 

% dose)  

Plasma 

(1 h, % of 

plasma 

radioactivity) 

Urine 

(0-8 h ; % 

dose) 

Feces 

(0-8 h; % 

dose) 

INCB028050 100 9.72 38.08  100 20.83 39.89  81.4 9.1 9.1 

Unknown 1 2.9 0.07 8.23  - 0.09 5.48  - - - 

Unknown 2 - - 1.19  - - 1.07  - - - 

M11/M12 - 0.32 1.04  - 0.44 0.70  - - 1.0 

M1 - 0.28 -  - 0.28 -  - - - 

M27 - - 2.22  - - 1.53  - - 0.9 

M28 - 0.12 -  - 0.13 -  - - - 

M29 - - 3.97  - - 3.09  - - - 

M30 - - 1.02  - - 0.64  - - - 

M13 - 0.34 -  - 0.69 -  - - - 

M3 - 0.74 1.86  - 1.45 1.09  5.7 1.6 1.0 

M2 - 0.25 -  - 0.52 -  - - - 

M6 - 0.63 0.63  2.7 1.20 -  - - - 

M5 - 0.14 -  - 0.201 -  - - - 

Unknown 5 - 0.13 -  - 0.15 -  - - - 

M21 - 0.08 -  - 0.11 -  - - - 

M22 6.2 0.59 0.71  - 0.43   0.8 0.5 0.4 

M23/M9 2.2 0.34 1.51  - 0.50 0.29  - - - 

M10 7.0 3.77 2.70  - 1.66 0.28  - 3.3 0.9 

Total NA 17.52 63.16  NA 28.68 54.06  NA 17.9 15.4 
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RATS 

Studies 8238695 & DMB-08.207.1 Metabolism of LY3009104 (INCB038050) in bile-duct 

intact and bile-duct cannulated rats following a single oral dose of [
14

C]LY3009104 

 

Two separate in vivo metabolism studies were conducted in adult male Sprague Dawley rats.  

[
14

C]LY3009104 phosphate salt was used in both studies.  Study DMB-08.207.1 (  Study 

7456-274) represents the metabolism report from the mass balance Study DMB-08-200-1 (See 

review below in Elimination).  Study 8238695 was a separate study conducted using different 

methods of metabolite detection in an attempt to provide further structural detail on the 

metabolic pathways identified in the first study. 

 

Methods: 

Study DMB-08.207.1 

Briefly, samples for metabolite analysis in Study DMB-08.207.1 were derived from a single dose 

study conducted in both bile-duct cannulated (BDC) and intact Sprague-Dawley rats (DMB-08-

200-1).   

 

 BDC male rats were administered a single oral dose of 25 mg/kg [
14

C]LY3009104 (100 

µCi/kg) or an IV dose of 5 mg/kg [
14

C]LY3009104 (100 µCi/kg).  

 Intact male and female SD rats were administered a single oral dose of 25 mg/kg 

[
14

C]LY3009104 (100 µCi/kg) 

 Oral LY3009104 was formulated in 0.5% methylcellulose.  The IV dose was formulated 

in a  10:40:50 solution of dimethyl acetamide:45% 2 hydroxypropyl-beta-cyclodextrin: 

saline 

 Plasma, urine, feces, and bile samples were collected at the intervals listed in Table 50, 

pooled for each time interval, extracted, and prepared for analysis. 

 Prepared samples were separated on a Zorbax column.  Eluent was monitored by UV 

detection using fixed wave detection monitoring λ 254 nm.  Upon exiting the UV 

detector, the eluent stream was split using a PEEK tee between the mass spectrometer 

(approximately 70 μL/minute) and a radiochemical detector utilizing a 250 μL liquid 

scintillation cell.  

 Radioactive profiling was conducted using fraction collection and off-line radioactivity 

detection.   

 

Study 8238695 

 BDC and intact male rats were administered a single oral dose of 25 mg/kg 

[
14

C]LY3009104 (100 µCi/kg)  

 Plasma, urine, feces, and bile samples were collected at the intervals listed in Table 50, 

pooled for each time interval, extracted, and prepared for analysis. 

 Prepared plasma, urine, feces, and bile samples were separated on a Phenomenex column.  

The eluent was then split 70:30 for evaluation by scintillation counting and metabolite 

identification respectively.  Metabolite identification was conducted using high resolution 

accurate mass LC/MS and LC/MS/MS. 
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Table 50.  Sample collection times analyzed in rat in vivo metabolism studies conducted with [
14

C]LY3009104 

phosphate salt. 

Sample collection interval (h) 

Study DMB-08.207.1  Study 8238695 

Plasma Urine Feces Bile  Plasma Urine Feces Bile 

1 0-8 0-24 0-8  1 0-12 0-24 0-6 

4 8-24 24-48 8-24  4 12-24 24-48 6-12 

8 24-48    8 24-48  12-24 

 

Results 

The current review describes metabolites formed after oral dosing given that this is the clinical 

route of administration of LY3009104.  The following points are noted: 

 Metabolite composition in urine, bile, and feces was reported for male BDC rats only 

in Study DMB-08.207.1 

 In study 8238695, metabolite composition in urine and feces was reported for intact 

(non-cannulated) rats only.  BDC rats were used for investigation of LY3009104 

metabolites in bile only. 

 

LY3009104 metabolites formed in rats 

Unchanged parent compound comprised the large majority of radioactivity in rats after a single 

oral dose of LY3009104 in both studies (Table 51).   This is consistent with evidence in humans 

(Study I4V-MC-JADG).  A total of 9 quantifiable metabolites were detected in rat plasma, urine, 

feces, and bile.  Metabolites M10 (3 – 14% of total dose) and M13 (4 – 14% of total dose) were 

found to be the most abundant metabolites.  Note that the total amount of radioactivity recovered 

differs from the sum of observed radioactivity from identified metabolites.  The difference is due 

to radioactivity from unidentified metabolites.   

 

Metabolite M13 was the only metabolite detected in plasma at 1 hour post-dose in study 

8238695.  There were no plasma metabolites detected in study DMB-08.207.1.  Metabolites M10 

and M13 were detected in urine in both studies.  Unchanged parent was the only quantifiable 

species detected in feces in study DMB-08.207.1.  Unchanged LY3009104 and a total of 7 

different metabolites were detected at low levels (<7% of total radioactivity) in the feces in study 

8238695.  Parent compound and metabolites M3, M10, M11, M12, and M13 were detected in 

bile in both studies.   

 

The human metabolites M3, M10 and M12 were all detected in at least one biological matrix in 

both rat studies.  The most abundant human metabolite, M22, was detected at a very low level 

(0.2% of total dose) in the urine in study DMB-08.207.1 only.
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Table 51.  Summary of LY3009104 metabolite profile after a single oral dose in SD rats.  Two separate studies were conducted (Study DMB-08.207.1, Study 

8238696) using different metabolite detection methods. (-) = not detected.  Shaded rows represent metabolites identified in both studies.  Bolded entries = human 

metabolites. 

 DMB-08.207.1  8238695 

 Males  Males 

 Cannulated  Intact Intact Intact Cannulated  

Metabolite 

Plasma 

(1 h; % of 

plasma 

radioactivity) 

Urine 

(0-24 h; % 

dose) 

Feces 

(0-48 h; % 

dose) 

Bile 

(0-24 h; % 

dose)  

Plasma 

(1 h, % of 

plasma 

radioactivity) 

Urine 

(0-24 h ; % 

dose) 

Feces (0 - 48 

h; % dose) 

Bile 

(0-24 h; % 

dose) 

INCB028050 100 20.0 37.7 1.8  78.8 17.4 41.2 1.3 

M3 - 1.0 - 0.3  - - 1.0
a
 1.3 

M10 - 2.8 - 0.1  - 4.7 6.9 1.9 

M11 - - - 2.0  - - 1.5 2.3 

M12 - - - 2.1  - - 1.0
a
 1.0 

M13 - 0.7 - 3.6  7.0 1.4 1.7 3.5 

M22 - 0.2 - -  - - - - 

M27 - - - -  - - 3.6 - 

M32 - - - -  - - 1.3 1.9 

M33 - - - -  - - - 1.0 

Total recovered 100 29.3 39.8 16.9  86.0 27.6 64.9 18.1 
a
 sponsor reports that M3 and M12 co-eluted 
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DOGS 

Studies 8238697 and INCYTE-DMB-08.209.1:  Metabolism of LY3009104 (INCB028050) in 

male and female beagle dogs following a single oral doses of [
14

C]LY3009104 administered 

as the phosphate salt 

Two separate in vivo metabolism studies were conducted in adult beagle dogs.  [
14

C]LY3009104 

phosphate salt was used in both studies.  Study DMB-08.209.1 represents the evaluation of 

metabolites from samples obtained in mass balance study DMB-09.10.1 (See review in 

Elimination).  This study was conducted first in 2 male and 2 female dogs.   

 

As with the assessment of LY3009104 metabolism in mice and rats, a second study (Study 

8238697) was conducted in dogs using a different method of metabolite detection in attempt to 

provide further structural detail on the metabolic pathways identified in the first study.  The 

second study was conducted in 2 adult male beagle dogs. 

 

Methods 

In both studies, animals received a single oral dose of 0.5 mg/kg [
14

C]LY3009104 phosphate (20 

µCi/kg).  Blood, urine and feces were collected at multiple time points out to 72 hours post-dose. 

 

Study DMB-08.209.1 

Briefly, samples for metabolite analysis in Study DMB-08.209.1 were derived from a single dose 

study conducted in beagle dogs (DMB-09.10.1).   

 

 Blood, urine, and feces samples were collected at the intervals listed in Table 52, pooled 

by time point, extracted, and prepared for analysis.  

 Prepared samples were separated on a Zorbax column.  Eluent was monitored by UV 

detection using fixed wave detection monitoring λ 254 nm.  Upon exiting the UV 

detector, the eluent stream was split using a PEEK tee between the mass spectrometer 

(approximately 70 μL/minute) and a radiochemical detector utilizing a 250 μL liquid 

scintillation cell.  

 

Study 8238697 

 Blood, urine, and feces samples were collected at the intervals listed in Table 52, pooled 

by time point, extracted,  and prepared for analysis.  Urine samples were analyzed 

individually from each animal.  Fecal samples were pooled by time point. 

 Prepared plasma, urine and feces samples were separated on a Phenomenex column.  The 

eluent was then split 70:30 for evaluation by scintillation counting and metabolite 

identification respectively.  Metabolite identification was conducted using high resolution 

accurate mass LC/MS and LC/MS/MS. 
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Table 52.  Sample collection times analyzed in dog in vivo metabolism studies conducted with [
14

C]LY3009104 

phosphate salt. 

Sample collection interval (h) 

Study DMB-08.209.1  Study 8238697 

Plasma Urine Feces  Plasma Urine Feces 

1 0-8 0-24  0.5 0-8 0-24 

2 8-24 24-48  1 8-24 24-48 

4 24-48 48-72  2 24-48  

8 48-72   4   

    8   

    12   

 

 

Results 

Disposition of LY3009104 

The disposition of LY3009104-related radioactivity was consistent between both studies, with 

elimination approximately equally divided between urine and feces (Table 53). 

Table 53.  Disposition of orally administered [
14

C]LY3009104 in 2 separate studies conducted in beagle dogs.  

Animals received a single oral dose of 0.5 mg/kg [
14

C]LY3009104 (20 µCi/kg). 

 % of administered [
14

C]LY3009104 radioactivity 

 DMB-08.209.1  8236897 

 Males (n =2) Females (n =2)  Males (n = 2) 

Urine (0-48 h) 39.0% 44.5% 
 

38.7% 

Feces (0-48 h) 47.4% 41.3% 
 

45.2% 

Total recovery 93.2% 90.1% 
 

90.9% 

 

 

LY3009104 metabolites formed in dogs 

Unchanged parent compound comprised the large majority of radioactivity in dogs after a single 

oral dose of LY3009104 in both studies (Table 54).   This is consistent with evidence in humans 

(Study I4V-MC-JADG).    

 

A total of 5 quantifiable metabolites were detected in dog plasma, urine, feces, and bile.  Each of 

the identifiable metabolites was detected in both studies.  Metabolites M2 (14 – 19% of total 
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dose) and M13 (5-6% of total dose) were found to be the most abundant metabolites.  M2 was 

detected in urine and feces in both studies.  M2 was also detected at a low level in the plasma in 

Study 8238697 only.  M13 was found in feces only.   Metabolites M2 and M13 were also 

detected in rats and mice, but not in humans.  Note that the total amount of radioactivity 

recovered differs from the sum of observed radioactivity from identified metabolites.  The 

difference is due to radioactivity from unidentified metabolites.   

 

The human metabolites M3 and M10 were detected in at least one biological matrix in both dog 

studies.  Human metabolites M12 and M22 were not detected in dogs in either study.
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Table 54.  Summary of LY3009104 metabolite profile after a single oral dose in beagle dogs.  Two separate studies were conducted (Study DMB-08.207.1, 

Study 8238696) using different metabolite detection methods.  (-) = not detected.  Shaded rows represent metabolites identified in both studies.  Bolded entries = 

human metabolites 

 DMB-08.209.1  8238697 

 Males & Females  Males 

Metabolite 

Plasma 

(1 h; % of 

plasma 

radioactivity) 

Urine 

(0-48 h; % 

dose) 

Feces 

(0-48 h; 

% dose)  

Plasma 

(0.5 h, % of 

plasma 

radioactivity) 

Urine 

(0-48 h ; % 

dose) 

Feces (0 - 48 

h; % dose) 

INCB028050 100 29.1 18.5  94.4 24.3 9.1 

M2 - 8.1 5.8  3.8 6.1 8.7 

M3 - - 4.4  - - 2.5 

M4 - 1.2 -  - 1.4 1.2 

M10 - 0.8 -  - 2.6 - 

M12 - - -  - - - 

M13 - - 6.1  - - 5.2 

M22 - - -  - - - 

Unknown - - 2.4  - - 2.2 

Total recovered - 43.0 42.4  - 38.7 45.2 
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Elimination 

Summary of elimination of LY3009104  in humans vs. nonclinical species 

Orally administered LY3009104 was eliminated primarily via the urine in humans, while fecal 

excretion was the major route of elimination in mice, rats, and dogs.  Table 55 summarizes the 

mean LY3009104 disposition values from the most relevant elimination studies conducted in 

humans, CD-1 mice, SD rats, and beagle dogs. 

Table 55.  Summary of mean values for excretion of LY3009104 after oral dosing of [
14

C]LY3009104 in humans 

(males only), mice (M & F combined), rats (males only) and dogs (M & F combined). 

 
Human CD-1 Mice Sprague-Dawley Rats Beagle Dogs 

Study # I4V-MC-JADG 
INCYTE-

DMB.09.90.1 
INCYTE-DMB.08.200.1 

INCYTE-DMB.-

09.10.1 

[
14

C]LY3009104 

Dose 
10 mg (100 µCi) 50 mg/kg (200 µCi/kg) 25 mg/kg (100 µCi/kg) 

0.5 mg/kg (20 

µCi/kg) 

 
Urine Feces Urine Feces Urine Feces Bile Urine Feces 

Mean % dose 

excreted 
75.2 19.9 23.7 58.7 29.3 39.8 16.9 39.3 44.4 
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HUMANS 

Study I4V-MC-JADG:  Disposition of [
14

C]LY3009104 following oral administration in 

healthy human male subjects 

Clinical study I4V-MC-JADG evaluated the disposition of radioactivity in healthy human male 

subjects (n = 6) after oral administration of [
14

C]LY3009104 phosphate.  Patients received a 

single, oral 10 mg dose of [
14

C]LY3009104 (100 µCi).  Blood, urine, feces, and expired air 

samples were collected at regular intervals out to 72 h post-dose to measure total radioactivity.  

Samples were also analyzed via LC/MS/MS to identify specific metabolites present in urine and 

feces. 

 

Results 

Orally administered baricitinib was cleared primarily in the urine in humans (75.2% of total 

radioactivity; Table 56).  The large majority of administered LY3009104 related radioactivity 

was cleared by 24 hours post-dose. 

Table 56.  Summary of mean percent initial radioactivity values in human urine and feces at selected time intervals 

after a single 10 mg oral dose of [
14

C]LY3009104 to healthy subjects. 

Urine  Feces 

Time 

interval (h) 

% of 

administered 

radioactivity 

 
Time 

interval (h) 

% of 

administered 

radioactivity 

0 – 6 43.4  0 – 24 6.3 

6 – 12  17.0  24 – 48 6.6 

12 – 24 9.8  48 – 72 5.8 

24 – 48 4.3  72 – 96 1.0 

48 – 72 0.6  96 – 120  0.2 

72 – 96 0.1  120 - 144 0 

96 – 120 0.03    

120 - 144 0    

Total 75.2  Total 19.9 
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RATS 

Study DMB.08.200.1:  Absorption and excretion of [
14

C]INCB028050 following oral and 

intravenous administration in rats 

[
14

C]INCB028050 (phosphate salt) was administered as a single oral dose at 25 mg/kg to intact 

male and female SD rats.  In addition, a single oral (25 mg/kg) or intravenous (5 mg/kg) dose of 

[
14

C]INCB028050 (phosphate salt) was administered to male, bile duct cannulated SD rats. 

 

The oral dose was prepared in 0.5% methylcellulose in water with a target radioactivity of 100 

µCi/kg.  The intravenous formulation was prepared in a vehicle including dimethyl acetamide 

and hydroxypropyl beta cyclodextrin at a target radioactivity of 100 µCi/kg (Table 57). 

Table 57.  Overview of study design for rat pharmacokinetics study DMB-08-200-1. 

 INCB028050  Animals   

Group Route 

 

Dose 

(mg/kg) Formulation 

 

Males Females Type  

Samples 

collected 

1 Oral 25 0.5% 

methylcellulose 

 12 12 Intact  Blood 

2 Oral 25 0.5% 

methylcellulose 

 4 0 Bile duct 

cannulated 

 Bile, urine, 

feces 

3 IV 5 10:40:50 solution 

dimethyl 

acetamide: 45% 

aqueous 2 

hydroxypropyl-

beta-

cyclodextrin: 

normal saline 

 4 0 Bile duct 

cannulated 

 Bile, urine, 

feces 

 

 

Blood, bile, and excreta samples were taken out to 96 hours post-dose (Table 58).  LY3009104-

related radioactivity was quantified via liquid scintillation counting (LSC) according to standard 

methodologies.  Briefly, whole blood samples were digested with a commercial solubilizing 

agent.  0.1M di-sodium EDTA was added to reduce foaming and 30% hydrogen peroxide was 

added to remove color.  Samples were mixed with scintillation cocktail and analyzed by LSC.  

Plasma was separated from whole blood via centrifugation according to standard methods and 

analyzed directly by LSC.  The cellular fraction of the blood was homogenized with a spatula.  

Aliquots were combusted and analyzed by LSC to quantify radioactivity.  Urine, bile, and cage 

wash samples were analyzed directly by LSC.  Feces samples were homogenized in water, 

combusted, and analyzed by LSC. 

Reference ID: 4016244



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

120 

Table 58.  Time points for sample collection in rat pharmacokinetics study DMB-08-200-1. 

Group Sample 
Collection time 

points/intervals 
# of Animals  

1 Blood & plasma 1, 4, 8, 24 h post dose 3/sex/time point 

2 & 3 Urine 
0 – 8; 8 – 24; 24 – 48; 48 – 

72; 72 - 96 
4 

 Feces 
0-24; 24 – 48; 48 – 72; 72 - 

96 
4 

 Bile 
0 – 8; 8 – 24; 24 – 48; 48 – 

72; 72 - 96 
4 

 

Results: 

Distribution of INCB028050 within blood 

The blood:plasma ratio allows for an assessment of the partitioning of INCB028050 within the 

blood.  Pharmacokinetic studies typically measure the amount of drug substance in plasma rather 

than whole blood.  A blood:plasma ratio of greater than 1 generally indicates that the drug 

distributes to the RBC fraction of whole blood to a greater extent than plasma.  Under these 

circumstances, measurements of plasma clearance of a drug would overestimate the actual drug 

clearance in blood.  

 

The results of the current study show that INCB028050 distributes approximately equally 

between the plasma and cellular fractions of whole blood in male and female rats (Table 59).   
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Table 59.  Absorption and distribution of [
14

C] INCB028050 (25 mg/kg) within the plasma and cellular fractions of 

blood in SD rats.   

 Males Females 

Tmax (h)   

Plasma 1 1 

Blood 1 1 

Cellular fraction 1 1 

Cmax (ng eq/g)   

Plasma 3890 5410 

Blood 3470 5210 

Cellular fraction 3160 5030 

T1/2 (h)   

Plasma 8.23 5.15 

Blood 9.50 6.42 

Cellular fraction 9.75 5.53 

AUC0-t ratios (ng eq *hr/g)   

Blood: Plasma ratio 0.904 0.985 

Cellular fraction: plasma 

ratio 
0.817 0.963 
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Elimination of INCB028050 after oral or IV dosing 

INCB028050 was eliminated primarily in the feces after oral administration (Table 60).  Total 

recovery was approximately 88% of the original dose.  Nearly all (>80%) of the recovered 

radioactivity was collected within 24 hours after dosing in feces, urine, and bile (data not 

shown).   

 

INCB028050 was primarily eliminated via urinary excretion after IV administration (~50% of 

radioactivity).  As with orally administered INCB028050, nearly all (79%) of the recovered 

radioactivity was collected within 24 hours after dosing in feces, urine, and bile (data not 

shown).  The extent of biliary excretion after IV dosing was comparable to that following oral 

dosing.  The low level of recovery in feces after IV dosing is indicative of minimal intestinal 

secretion of INCB028050 in SD rats.  The higher amount of radioactivity in feces and lower 

amount in urine after oral administration relative to IV dosing is likely explained by unabsorbed 

INCB028050. 

Table 60.  Mean percentage of [
14

C]LY3009104 phosphate related radioactivity detected in feces, urine, and bile 

over the course of 96 hours after a single oral (25 mg/kg) or IV (5 mg/kg)  dose of [
14

C]LY3009104 phosphate in 

DMB-08-200-1. 

 
 

 % of radioactive dose 

Group 
Route Animal 

type 
n Feces Urine Bile Other

a
 Total 

2 Oral 
Male, 

BDC 
4 39.8 29.3 16.9 1.7 87.7 

3 IV 
Male, 

BDC 
4 11.5 50.2 20.8 4.9 87.4 

a
 Cage rinse, cage wash, cage wipe, bile cannula, jacket rinse 
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DOGS 

Study DMB-09-10-1:  Excretion and Mass Balance of [
14

C]INCB028050 in Beagle Dogs 

The study was conducted to quantify the concentration of INCB028050 equivalents in blood 

cells, plasma, urine, and feces after a single oral administration of  [
14

C]INCB028050 (0.5 mg/kg 

in 0.5% methylcellulose; 19.5 – 20.1 µCi/kg) in male and female beagle dogs (n = 2 per sex; 

approximately 12 months of age). 

 

Whole blood samples were collected at the following time points:  pre-dose, 1, 2, 4, 8, 24, 48, 72, 

96, and 120 h after dosing. 

 

Sample Collection time points/intervals 

Blood  pre-dose, 1, 2, 4, 8, 24, 48, 72, 96, and 120 h post dose 

Urine 
pre-dose; 0 – 8; 8 - 24; 24 – 48; 48 – 72; 72 – 96; 96 – 120 

h post dose 

Feces 
pre-dose; 0 – 24; 24 – 48; 48 – 72; 72 – 96; 96 – 120 h 

post dose 

Cage wash and cage 

wipes 
0 – 24; 24 – 48; 48 – 72; 72 – 96; 96 – 120 h post dose 

 

Blood samples were centrifuged within 30 mins of collection at 3,000 rpm for 10 min at 4 C to 

separate blood cells from plasma.   All samples were stored frozen prior to quantitation of 

radioactivity.  Radioactivity was quantified using either direct liquid scintillation counting (LSC) 

of duplicate aliquots for liquid samples or combustion of duplicate aliquots followed by LSC. 

 

Results  

[
14

C]INCB028050-related radioactivity levels were comparable between whole blood, blood 

cells, and plasma, thus indicating a lack of preferential partitioning to blood cells or plasma.  

Tmax was 1 hour in males and at 2 hr in females in each of the 3 blood matrices.  Radioactivity 

was at background levels in blood by 48 hours after dosing in males and females (data not 

shown). 

 

INCB028050 was excreted approximately equally in urine (~39% of total radioactivity) and 

feces (41 – 47% of total radioactivity) after oral administration in male and female dogs (Table 

61).  This finding is generally consistent with observations in rats after oral administration. 
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Table 61.  Recovery of [
14

C]INCB028050 associated radioactivity in male and female beagle dogs after a single oral 

administration at 0.5 mg/kg. 

 % of administered [
14

C]INCB028050 radioactivity 

 Males Females 

Urine 39.0 39.5 

Feces 47.4 41.3 

Cage wash 5.8 8.0 

Cage wipe 1.1 1.3 

Total recovery 93.2 90.1 
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Study 8238697:  Pharmacokinetics, metabolism, and elimination of [
14

C]LY3009104 in 

male beagle dogs following a single 0.5 mg/kg (20 µCi/kg) oral dose of [
14

C]LY3009104 

given as the phosphate salt 

 

The study was conducted according to the same general methods used in study DMB-09-10-1 

(discussed above), with a shortened time period of sample collection.  Briefly, 2 male dogs 

(described as young adult/adult) received a single oral dose of 0.5 mg/kg [
14

C]LY3009104 

phosphate (in 0.5% methylcellulose).  Blood, urine, feces, cage wash, and cage rinse samples 

were collected out to 48 hours post-dose as described previously.   

 

In plasma samples, LY3009104 concentration was quantified by HPLC with MS/MS detection in 

addition to quantitation of [
14

C]LY3009104-related radioactivity.  This allowed for distinction 

between LY3009104-related radioactivity and radioactivity from metabolites. 

 

Results 

The plasma exposure of LY3009104 was calculated to be approximately 74% of the total plasma 

radioactivity over the course of 48 hours after a single oral dose of [
14

C]LY3009104 (Table 62).  

This provides evidence for the presence of circulating metabolites of LY3009104.   Furthermore, 

the T1/2 for total radioactivity was approximately 8 hours for total radioactivity vs. 3.5 hours for 

LY3009104.  This provides evidence for the existence of metabolites of LY3009104 in dogs that 

are cleared from the plasma more slowly than the parent compound.  The identity of these 

metabolites was not explored in the current evaluation.    

Table 62.  Summary of mean total radioactivity vs. LY3009104-specific PK values in plasma of beagle dogs after a 

single dose of [
14

C}LY3009104 (Study 8238697). 

 

Radioactivity in 

plasma 

LY3009104 in 

plasma 

LY3009104 as % 

total radioactivity 

Tmax (h) 0.75 0.75 - 

T1/2 (h) 8.15 3.47 - 

Cmax 241 ng eq/g 194 ng/ml 80% 

AUC0-inf  1390 ng eq*h/g 1030 ng*h/ml 74% 

 

 

[
14

C]LY3009104-related radioactivity was excreted in urine and feces to a comparable degree 

(Table 63).  This finding is consistent with the results of study DMB-09-10-1.   
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Table 63.  Recovery of [
14

C]LY3009104 associated radioactivity in male beagle dogs over the course of 48 hours 

after a single oral administration at 0.5 mg/kg (Study 8238697). 

 
% of administered [

14
C] LY3009104 

radioactivity 

Urine 38.7 

Feces 45.2 

Cage wash/Cage wipe 6.9 

Total recovery 90.9 
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6 General Toxicology 

6.1 Single-Dose Toxicity 

Single dose toxicology studies conducted early in the nonclinical development of LY3009104 

are not considered to be relevant to the support of marketing approval. 

6.2 Repeat-Dose Toxicity 

The pivotal nonclinical toxicology studies conducted to support the marketing approval of 

baricitinib were chronic oral toxicology studies in rats (6 months, Study T08-04-05) and dogs (9 

months, Study T10-02-01).  The importance of these studies is based on the proposed chronic 

administration of baricitinib in the clinical setting.  These studies have been reviewed in detail 

previously (See IND 102204 nonclinical reviews dated 12/1/11 [rat study] and 9/19/14 [dog 

study]) and are discussed further in Section 11. 

 

Immunosuppressant effects (e.g. decreased peripheral leukocytes, lymphoid depletion/atrophy) 

were the major treatment-related toxicities observed in rats and dogs.  The results of the dog 

study were confounded by the development of demodicosis (mange) in animals dosed at ≥ 3 

mg/kg/day after 5 months of dosing.  This was likely a consequence of immune suppression 

induced by LY3009104 treatment.  Dose-limiting toxicities in the dog were observed in the GI 

tract and liver at ≥ 3 mg/kg/day. 

 

The baricitinib systemic exposure values (AUC0-24) at the limit doses established in the chronic 

rat and dog toxicology studies support the safety of the maximum recommended human dose of 

4 mg/day. 
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7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

There is no evidence for mutagenic potential of LY3009104 in bacterial reverse mutation assays.  

See nonclinical review dated 4/19/16 for evaluation of Study T08-01-02. 

 

7.2 In Vitro Assays in Mammalian Cells 

LY3009104 did not induce chromosomal aberrations in an in vitro chromosome aberration assay 

conducted in human peripheral blood lymphocytes.  See nonclinical review dated 4/19/16 for 

evaluation of Studies T08-01-01. 

 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

LY3009104 was negative for induction of micronuclei formation in rat bone marrow after single 

oral doses up to 800 mg/kg.  See nonclinical review dated 4/19/16 for evaluation of Study T08-

01-05. 
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8 Carcinogenicity 

LY3009104 was not tumorigenic in carcinogenicity studies conducted in SD rats (Study 

8253534) or Tg.rasH2 mice (Study 8291245).  Table 64 provides a summary of the outcomes of 

these studies.  See the Nonclinical Review dated 6/30/16 for detailed evaluations of each of these 

studies along with the associated Executive Carcinogenicity Assessment Committee (ECAC) 

meeting minutes.  

 

Table 64.  Exposure margins between NOAEL dose and the clinical exposure at the MRHD in mouse and rat 

carcinogenicity studies conducted with LY3009104. 

   

LY3009104 Doses (mg/kg/d) 

NOAEL 

(mg/kg) 

AUC0-24 at 

NOAEL 

(µM*h) 

Exposure 

margin  

(relative to 

MRHD)
a
 

Study Species 
Length 

(weeks) 
M   F M   F M   F M   F 

8291245 
Tg.rasH2 

mice 
26  0, 15, 40, 300 0, 10, 30, 150 300 150 71.1 100.2 NA

b
 NA

b
 

           

8253534 SD Rats 
M: 94  

F: 91  
0, 1, 3, 8 0, 3, 8, 25 8 25 7.7 34.9 6 27 

a 
Clinical baricitinib AUC0-24 at MRHD = 1.29 µM 

b
 Carcinogenicity studies conducted in Tg rasH2 mice are considered hazard identification studies.  As such, exposure 

margins relative to MRHD are not reported.  
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9 Reproductive and Developmental Toxicology 

A complete reproductive and developmental toxicology program has been conducted with 

LY3009104.  Table 65 below provides an overview of the relevant findings in each study and the 

corresponding exposure multiples relative to the LY3009104 exposure at the MRHD.   The rat 

fertility and early embryonic development study (FEED) as well as the rat and rabbit embryofetal 

development (EFD) studies have been reviewed previously.  These reviews are referenced in 

Sections 9.1 and 9.2 respectively, and discussed further in Section 11.  The pre- and postnatal 

development study conducted in Sprague-Dawley rats is evaluated in the current review in 

Section 9.3.
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Table 65.  Summary of results of reproductive and developmental toxicology studies conducted with LY3009104.  FEED = Fertility and early embryonic 

development.  EFD = Embryo-fetal development.  PPND = Pre- and Postnatal Development. 

   LY3009104 Doses 

(mg/kg/d)  AUC0-24 (µM*h) 

Exposure margin  

(relative to 

MRHD)
a
 

Study Species 
Study 

Type  
M   F Findings M   F M   F 

-353240 SD rats FEED 5, 15, 50 5, 25, 100 
Reduction in achievement of pregnancy {50 mg/kg 

[M] & 100 mg/kg [F]} 
72.3 108.9 56 85 

     

 Increased post-implantation loss (early 

resorptions), decreased mean viable 

embryos/litter  

 No effect dose:  achievement of pregnancy 

(fertility) {15 mg/kg [M] & 25 mg/kg [F]} 

15.8 30.5 12 24 

     
No effect dose:  Number of viable embryos / litter 

{5 mg/kg [M] & 5 mg/kg [F]} 
5.0 5.3 4 4 

     
No effect dose:  reproductive performance  

{50 mg/kg [M] & 100 mg/kg [F]} 
72.3 108.9 56 85 

T08-07-01 SD Rats EFD  NA 2, 10, 40 
Skeletal malformations (bent limb bones, rib 

anomalies) {10 mg/kg} 
NA 13.1 NA 10 

     No effect dose:  developmental toxicity {2 mg/kg} NA 2.9 NA 2 

T08-07-02 Rabbits EFD  NA 3, 10, 30 

Embryolethality (increased early & late resorptions), 

decreased mean fetal weight, skeletal malformations 

(rib anomaly) {30 mg/kg} 

NA 54.1 NA 42 

     No effect dose:  developmental toxicity {10 mg/kg} NA 8.2 NA 6 

-353280 SD Rats PPND NA 2, 5, 25 

F1 offspring:  Increased stillbirths, early neonatal 

deaths, decreased birth weight, decreased body 

weight gain, decreased cytotoxic T cells {25 mg/kg} 

NA 27.7 NA 22 

     

F1 offspring:  decreased forelimb & hindlimb grip 

strength, delayed mean age of sexual maturity  

{25 mg/kg}  

NA 27.7 NA 22 

 
    

No effect dose:  pre and postnatal development  

{5 mg/kg} 
NA 5.7 NA 4 

a 
Clinical baricitinib AUC0-24 at MRHD = 1.29 µM 
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9.1 Fertility and Early Embryonic Development 

See IND 102204 nonclinical review dated September 19, 2014 for the review and evaluation of 

Study -353240, an oral Fertility and Early Embryonic Development study conducted in 

Sprague-Dawley rats. 

9.2 Embryonic Fetal Development 

See IND 102204 nonclinical review dated September 19, 2014 for the review and evaluation of 

Studies T08-07-01 and T08-07-02, oral Embryofetal Development studies conducted in rats and 

rabbits respectively. 

9.3  Prenatal and Postnatal Development 

Study title:  A prenatal and postnatal development and toxicokinetic study of 

LY3009104 administered orally (gavage) in Sprague Dawley rats 

Study no.: -353280 

Study report location: IND 102204 

SD 207 (5/2/14) 

Module 4.2.3.5.3 

Conducting laboratory and location:  

 

Date of study initiation: May 9, 2013 

GLP compliance: U.S. FDA GLP and OECD GLP 

QA statement: Yes 

Drug, lot #, and % purity: LY3009104 

Lot 124008-M2 

99.9% 

 

Key Study Findings 

Pregnant F0 females 

 Rats were dosed orally with LY3009104  at 0,  2, 5, or 25 mg/kg/day from Gestation Day 

(GD) 6 – Lactation Day (LD) 20 

 The NOAEL with respect to maternal toxicity is 25 mg/kg based on the absence of any 

treatment-related adverse effects on F0 females at any of the doses tested. 

 

F1 generation rats 

 Increased incidence of stillborn pups was observed in F1 offspring of 25 mg/kg females (6 

stillborn pups from 5 litters) relative to controls (0 stillborn pups) 

 Decreased viability index (surviving pups on PND 4 / PND 1) was observed in F1 offspring 

of 25 mg/kg females 

 Mean F1 postnatal survival (% per litter) of 87.0% was outside the historical control range  

 Mean birth weight was statistically significantly decreased in F1 males & females at ≥ 5 

mg/kg vs. controls  

o Mean birth weight at the 5 mg/kg dose was within the historical control range 
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o Mean birth weight at the 25 mg/kg/day dose was outside the historical control range  

 There were no significant differences in lactation index (# of live pups on d21 / # of live pups 

on d 4) between any treatment group and control animals 

 Increased incidence of clinical observations of small stature was observed in 25 mg/kg 

animals during the pre-weaning phase 

 Increased incidence of malrotated forelimbs was observed at 25 mg/kg during the pre-

weaning phase 

 F1 males and females of HD dams had decreased forelimb and hindlimb grip strengths 

 Mean body weight gain was significantly decreased in 25 mg/kg M & F vs. controls during 

the pre-weaning period (PND 0 – 21) 

o Mean body weight gain values were increased in 25 mg/kg M & F during the post-

weaning (pre-mating period) – indicative of a compensatory response  

 HD males had significantly delayed mean age of balanopreputial separation in (indicator of 

sexual maturity) relative to controls 

o Considered to be secondary to overall delays in growth and not necessarily indicative 

of treatment-induced endocrine disruption 

 HD females had delayed mean age to vaginal patency in (indicator of sexual maturity) 

relative to controls 

o Mean body weight at date of vaginal patency was also significantly decreased in HD 

animals.   

o Findings considered to be secondary to overall delays in growth and not necessarily 

indicative of treatment-induced endocrine disruption 

 HD males and females had decreased mean maximum acoustic startle response and 

decreased average startle response on PND 22 

o This effect reversed by PND 62. 

o Observed effects are likely attributable to overall growth delays in these animals 

rather than a disruption in the development of this reflex pathway. 

 There was evidence for immune suppression in F1 males and females in the 25 mg/kg dose 

group at PND 35.   

o Mean values for total lymphocytes, B cells, T cells, T helper cells, and cytotoxic T 

cells were all decreased relative to controls; however, statistical significance was only 

achieved for cytotoxic T cells.  

o These findings reversed in both males and females by PND 65. 

 Plasma LY3009104 concentrations were approximately equivalent between F0 dams and F1 

pups by 8 hours post dose on LD 4.    

o LY3009104 plasma concentration increased in an approximately dose proportional 

manner in both F0 dams and F1 pups. 

 The NOAEL with respect to fetal developmental toxicity in F1 pups is 5 mg/kg based on the 

above-mentioned findings in F1 pups of females that received 25 mg/kg/day: 

o The LY4009104 AUC0-24 at 5 mg/kg is approximately 6-fold the clinical exposure at 

the MRHD 

F2 generation rats 

 There was no effect of LY3009104 administration to F0 dams on F2 pups with respect to 

gross malformations or clinical observations at PND 1. 
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Methods 

Doses: 0, 2, 5, 25 mg/kg 

Frequency of dosing: Once per day 

Dose volume: 5 ml/kg 

Route of 

administration: 

Oral gavage 

Formulation/Vehicle: 0.5% methylcellulose in DI water 

Species/Strain: Rat / Crl:CD(SD) Sprague Dawley  

Number/Sex/Group: F0:  30 females/group  

F1:  8 animals (~4 M & 4 F) per litter were selected at PND 4 

Satellite groups: Toxicokinetic animals  

F0:   

 Vehicle:  4 females 

 Treated:  12females/group 

Study design: F0 generation rats:   

 30 females per group 

 Females were approximately 13 weeks old when paired for mating with 

resident males (untreated sexually mature rats used exclusively for 

mating) 

 Positive evidence of mating was confirmed by the presence of a vaginal 

copulatory plug or presence of sperm in a vaginal lavage.  This was 

established as Gestation Day (GD) 0.   

 Following positive evidence of mating, animals were housed 

individually in maternity cages until necropsy on Lactation Day (LD) 28 

or post mating day 25 (for females that failed to deliver) 

 Pregnant female rats were treated with oral LY3009104 once per day 

from GD 6 –LD 20 

o TK females were dosed once per day from GD6 – LD 4 

 Females were allowed to deliver and rear their offspring until LD 28 

 

F1 generation rats:   
 8 pups in each litter (4 M & 4 F when possible) were randomly selected 

on PND 4 to continue on in the F1 portion of the study.  Litters of fewer 

than 8 pups did not have any pups removed.   

 Prior to weaning on PND 28, 2 males and 2 females from each litter 

were randomly selected for evaluation of attainment of developmental 

landmarks, neurobehavioral evaluations, immunophenotyping, 

hematology and immunohistochemistry.  These animals were further 

divided into Subset A and Subset B. 

o Subset A:  1 M and 1 F from each litter were evaluated for the 

following: 

 Detailed clinical observations (PND 11, 20, 60) 

 Locomotor activity (PND 21, 61) 

 Auditory startle response (PND 22, 62) 

 Learning and memory (PND 70) 
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o Subset B:  The other 1 M and 1 F from each litter were 

evaluated for the following on PND 35 and 65 

 Immunophenotyping (IP) 

 Immunohistochemistry (IHC) 

 Complete blood count (CBC) 

 

 F1 pups were weaned on PND 28 and housed together until PND 35. 

 Beginning on PND 35, F1 offspring were housed individually until 

euthanasia (males) or cohabitation (females) 

 F1 animals were cohabited 1:1 in each treatment group, avoiding sibling 

matings on PND 85. 

 After the pairing phase was completed, F1 females were housed 

individually  

 F1 females were allowed to deliver and rear their offspring (F2 pups) 

until LD 1 

 F1 females were sacrificed on LD1 and organ weights collected 

 F1 males were necropsied following the final F1 female necropsy.  

Sperm assessment was conducted and organ weights collected 

 

F2 generation rats:   
 F2 pups were weighed and underwent a physical examination prior 

to euthanasia on PND 1 

Deviation from study 

protocol: 

There were no significant study protocol deviations. 

 

Table 66.  Experimental design for F0 rats in Study 353280. 
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Observations and Results F0 Dams 

Mortality 

There were two premature deaths during the lactation period: 1 MD animal (#81886) and 1 HD 

animal (#81971).  Relevant experimental observations of these animals are summarized in Table 

67.  Both animals experienced marked body weight loss in the days prior to death.  Animal # 

81886 was found dead on LD 23.   The major necropsy observation in this animal was raised 

areas in the kidney.  Female # 81971 was found dead on LD 12.  This animal experienced 

obstructed labor on LD 1, and continued to deliver pups through LD 5.   The female was found 

to have enlarged, dark red mediastinal lymph nodes. 

 

It appears to be unlikely that these deaths are attributable to LY3009104 treatment. 

Table 67.  Summary of relevant observations in F0 females that died prematurely in Study -353280.  FD = 

found dead. 

LY3009104 

(mg/kg/day) 

Animal 

ID # 

Day 

of 

Death 

Clinical signs 
Body weight change 

(g) 

Necropsy 

observations 

5 81886 LD 23 

(FD) 

Hair loss, left & right 

forelimb 

-28 (LD 17 – LD 21) Kidney:  Raised 

areas, few, left cortex 

25 81971 LD 12 

(FD) 

*Dried red material 

around nose (slight) 

 

*Obstructed labor 

(dystocia) on LD1 

 

*Continued to 

deliver pups through 

LD 5 

 

*Red vaginal 

discharge on LD 4 

-55 (LD1 – LD 10) 

*Note that this 

female continued to 

deliver pups until LD 

5 

Lymph node, 

mediastinal:  
enlarged, 

discoloration (dark 

red) 
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Clinical signs 

Individual clinical observations were recorded daily (prior to dosing) for each F0 female from 

GD 0 – necropsy.  All animals were also observed for signs of toxicity approximately 1 hour 

after dosing each day.  Females expected to deliver were observed twice daily during the period 

of expected parturition for prolonged labor, delayed labor, or other difficulties.   

 

Results 

Hair loss and scabbing of the left and right forelimbs were observed with greater incidence and 

frequency in all LY3009104 treated animals relative to controls (Table 68).  Post-dose findings 

of dried red material around the nose and wet red vaginal discharge were observed in 2/30 and 

3/30 HD rats respectively. 

Table 68.  Summary of all clinical signs observed in F0 generation female rats both pre-dose and at 1-hour post 

dose.  Values are listed as:  total observations / # of animals with the observation.   

 Clinical observations 

LY3009104 (mg/kg/day) 0 
 

2 
 

5  25 

Rats tested 30 
 

30 
 

30  30 

 Pre-Dose 

Hair loss left forelimb 121/5 
 

288/9 
 

250/9  299/15 

Hair loss right forelimb 121/6 
 

284/9 
 

246/9  299/15 

Scabbing left forelimb 0/0 
 

0/0 
 

0/0  10/2 

Scabbing right forelimb 2/1 
 

0/0 
 

0/0  7/3 

 Post-dose 

Dried red material around 

nose 
0/0 

 
0/0 

 
0/0  4/2 

Wet red vaginal discharge 0/0 
 

0/0 
 

0/0  3/3 
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Body weight 

Maternal body weights were measured on GD 0, 6, 9, 12, 16, 18, and 20 as well as LD 0, 1, 4, 7, 

10, 14, 17, 21, and 28.  Body weights for TK animals were measured at the same time points out 

to LD 4.   

 

Note that animals were dosed from GD 6 – LD 20.  Pups were born on LD 1.  Therefore, body 

weight comparisons for the gestational period are from GD 6 – GD 20.  Body weight 

comparisons for the lactation period are from LD 1 – LD 20. 

 

F0 females 

Gestation 

There was no effect of LY3009104 treatment on F0 female body weight during the gestation 

period (Figure 17; Table 69). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17.  Mean body weight values over time in pregnant F0 females during the gestation period 
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Table 69.  F0 maternal mean body weight comparison during the gestation period (GD 6 – GD 20). 

 Mean Body Weight (g)  

 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5  

 mg/kg/day 
 

25 

mg/kg/day 

Rats tested 30  30  30  30 

Rats pregnant 27  30  30  30 

GD 6 298.0  302.0  300.0  297.0 

GD 20 418.0   417.0   419.0   412.0 

Difference from GD 6 (g) 120.0   115.0   119.0   115.0 

BW gain relative to 

control (%) 
100.0%   95.8%   99.2%   95.8% 
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Lactation 

LY3009104 was administered from the day of litter delivery (LD 1) to LD 20.  There was no 

apparent effect of LY3009104 treatment on mean body weight in F0 females during the lactation 

period (Figure 18; Table 70) 

 

Table 70 provides data from LD 1 – LD 14 in order to maintain consistency with the reporting of 

food consumption data. Pups are assumed to begin to consume maternal food after day 14 of 

lactation. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18.  Mean body weight values over time in pregnant F0 females during the lactation period 
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Table 70.  F0 maternal mean body weight comparison during the lactation period (LD 1 – LD 20). 

 Mean Body Weight (g)  

 
0  

mg/kg/day 

 100 

 mg/kg/day 

 200 

mg/kg/day 
 

300 

mg/kg/day 

Rats tested 30  30  30  30 

Delivered a litter 27  30  30  30 

LD 1 316  315  317  313 

LD 14 357  360  363  354 

BW gain (g) 41.0   45.0   46.0   41.0 

BW gain  

(% initial BW) 
13.0%   14.3%   14.5%   13.1% 

BW gain relative to 

control (%) 
100.0%   110.1%   111.8%   101.0% 

LD 20 357   352   352   350 

BW Gain LD 1 - 20 (g) 41.0   37.0   35.0   37.0 

BW gain DL 1 - 20 

(% initial BW) 
13.0%   11.7%   11.0%   11.8% 

BW gain (DL 1 – DL 20) 

relative to control (%) 
100.0%   90.5%   85.1%   91.1% 
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Food consumption 

Individual maternal food consumption was recorded on Gestation Days 0, 6, 9, 12, 16,18, and 20 

and on Lactation Days 1, 4, 7, 10, and 14.  Food consumption was reported as g/animal/day and 

g/kg/day for the corresponding intervals of gestation and lactation. 

 

Gestation 

There was no apparent effect of LY3009104 on mean food consumption during GD 6 - 20.  This 

observation is consistent with the absence of any observed treatment-related difference in mean 

body weight during this treatment period. 

 

Table 71.  F0 maternal mean food consumption comparison during the gestation period (GD 6 – GD 20). 

 Mean food consumption (g/kg/day)  

LY3009104 dose 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5 

mg/kg/day 
 

25 

mg/kg/day 

Rats tested 30  30  30  30 

Rats pregnant 27  30  30  30 

GD 6 - 20 65.0   66.0   66.0   65.0 

Food consumption 

relative to control (%) 
100.0%   101.5%   101.5%   100.0% 

 

Lactation 

Evaluation of food consumption values during the lactation period is limited to LD 1 – LD 14 

even though dosing continued to LD 20.  The rationale behind this comparison is the 

presumption that pups begin to consume maternal food after day 14 of lactation.  Mean food 

consumption was significantly decreased in HD animals relative to controls during this time 

period (Table 72).  This decrease in food consumption was not of sufficient magnitude to result 

in a significant decrease in mean body weight gain during this time period. 
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Table 72.  F0 maternal food consumption during days 1  - 14 of the lactation period (LD 1 – LD 14). 

 Mean food consumption (g/kg/day)  

LY3009104 dose 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5 

mg/kg/day 
 

25 

mg/kg/day 

Rats tested 30 
 

30 
 

30  30 

Rats pregnant 27 
 

30 
 

30  30 

LD 1 - 14 136.0   130.0   135   119** 

Food consumption 

relative to control (%) 
100.0%   95.6%   99.3%   87.5% 

** 
p ≤ 0.01 vs. control value
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Parturition and Litter Observations 

All main study females were allowed to deliver naturally and rear their young to weaning (PND 

28) and were subsequently euthanized by CO2 inhalation.  Females with total litter loss were 

euthanized within 24 h of litter loss.  Females that did not deliver were euthanized on post-

mating day 25.  TK females were sacrificed on LD 4. A gross necropsy was performed for each 

of these females; the thoracic, abdominal, and pelvic cavities were opened and the contents were 

examined.   

 

For females that delivered or had macroscopic evidence of implantation, the numbers of 

implantation sites or former implantation sites (the attachment site of the placenta to the uterus) 

were recorded. The number of unaccounted-for sites was calculated for each female that 

delivered by subtracting the number of pups born from the number of former implantation sites 

observed. Numbers of corpora lutea were also recorded for females with macroscopic evidence 

of implantation and for females necropsied during gestation through Lactation Day 4. For 

females that failed to deliver, a pregnancy status was determined.  

 

Tissues were preserved in 10% neutral-buffered formalin for possible future histopathologic 

examination only as deemed necessary by the gross findings.  Representative sections of 

corresponding organs from a sufficient number of control animals were preserved for 

comparison. The carcass of each female was then discarded. 

 

Beginning on PND 0, pups were sexed and examined for gross malformations.  The numbers of 

stillborn and live pups were recorded.  Individual gestation length was calculated using the date 

delivery started. 

 

Results 

Dams that failed to deliver a litter 

3/30 control females were found to be nongravid.  1/30 HD females (#81831) failed to deliver a 

litter.  This animal was found to have a single corpus luteum in the right ovary, and a single  

implantation site associated with one dead fetus (no apparent malformations). 

 

There was no macroscopic evidence of treatment related effects in any of these animals. 

Table 73.  Summary of F0 females that failed to deliver a litter. 

LY3009104 (mg/kg/day) 0 2 5 25 

Total n 30 30 30 30 

Failed to deliver litter 3 
81870 (nongravid) 

81962 (nongravid) 

81964 (nongravid) 

0 0 

 
1 

81831 (gravid, 1 

implantation site, 1 

dead fetus) 
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Gestation length 

There was no effect of LY3009104 treatment on mean gestation length (Table 74).  All values 

fell within the range of historical controls. 

 

Parturition observations 

There was no effect of LY3009104 treatment on the number of animals delivering a litter, 

gestation length, or gestation index (Table 74).  The number of implantation sites was 

comparable between all treatment groups, as expected, given that LY3009104 treatment was not 

initiated until GD 6.  HD female #81971 experienced dystocia (prolonged delivery) through LD 

5.   6/30 dams in the HD group had stillborn pups, evidence of an adverse treatment-related 

effect on fetal development.  

 

F0 necropsy observations 

There were no notable macroscopic observations in any of the F0 females that were examined at 

necropsy. 
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Table 74.  Summary of natural delivery observations in F0 SD rats treated with LY3009104 in rat PPND study -353280.

LY3009104 (mg/kg/day) 0 2 5 25 Historical control
a
 

F0 Generation Females (n) 30 30 30 30  

Pregnant (Pregnancy rate) 27 (90%) 30 (100%) 30 (100%) 30 (100%) 65.2 – 100% 

Delivered a litter (%) 27 (100%) 30 (100%) 30 (100%) 29 (96.7%) 1229/1302 (94.4%) 

Duration of gestation (days) 21.7 ± 0.47 21.6 ± 0.50 21.5 ± 0.51 21.9 ± 0.44 21.3 – 22.0 

Gestation index  

(#of rats with live offspring/ # of 

pregnant rats) 

27/27 (100%) 30/30 (100%) 30/30 (100%) 29/30 (96.7%)  

Implantation sites (mean per litter) 415 (15.4) 446 (14.9) 444 (14.8) 423 (14.6) 13.9 – 17.1 

Dams with stillborn pups (%) 0 1/30 (3.3%) 0 6/30 (20%)  
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Toxicokinetics 

TK samples were collected from the jugular vein at time points out to 24 h after dosing on GD 6 

and LD 4.  The schedule of sample collection is seen below 

 

 

 

Results: 

Systemic LY3009104 exposure in F0 females increased in a dose-proportional manner.  AUC 

values were comparable to values observed in previous toxicology studies conducted in rats at 

similar doses.  There was no evidence for drug accumulation in the present study as exposures 

were generally comparable between GD 6 and LD 4 (Figure 19; Table 75).   
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Figure 19.  Sponsor’s figure showing mean LY3009104 plasma concentration values over time after 

oral administration in F0 females on GD 6 and LD 4. 
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Table 75.  Sponsor’s table summarizing mean LY3009104 toxicokinetic parameters for F0 females at GD 

6 and LD 4. 
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Dosing solution analysis 

LY3009104 dosing solutions were prepared as follows: 

 

Compounds were prepared approximately weekly as single formulations for each dose level, 

divided into aliquots for daily dispensation, and  stored refrigerated. 

 

Lilly reports that LY3009104 dose preparations in the current vehicle at concentrations of 0.003 

and 25 mg/mL are stable for 48 hours at room temperature and up to 35 days refrigerated or 

frozen.  Therefore, stability analyses were not conducted as part of this study.    

 

Samples for homogeneity and concentration analysis were collected from the top, 

middle, and bottom strata of each dosing formulation on the first day of treatment. Assay results 

are shown in the sponsor’s table (Table 76). 

 

 

 

 

Table 76.  Results of homogeneity analysis of LY3009104 dosing solutions on dosing day 1. 
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Formulations were considered to be homogenous.   

 

In addition, samples for resuspension homogeneity analyses were collected from the top, middle, 

and bottom strata of aliquots taken from the 0.4 and 5.0 mg/mL formulations following 7 days of 

refrigerated storage (Table 77).  These samples were also considered to be homogeneous. 

Table 77.  Results of homogeneity analysis of  resuspened LY3009104 dosing solutions after 7 days 

of refrigerated storage. 
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F1 Generation 

Each litter was examined daily for survival, and all deaths were recorded.  Intact offspring that 

were found dead or euthanized in extremis (IP sodium pentobarbital) from PND 0 to 7 were 

necropsied using a fresh dissection technique, which included examination of the heart and major 

vessels.   

 

Pups found dead on PND 0 or 1 had the lungs removed and placed in a saline-filled jar. If the 

lungs sank to the bottom of the jar, the pup had no prior documentation of being viable, and there 

was no evidence of milk in the stomach, the pup was considered to be stillborn. If the lungs 

floated, the pup was considered to be found dead on the originally documented day (PND 0 or 

1). A detailed gross necropsy was performed on any pup found dead or euthanized in extremis 

(by IP injection of sodium pentobarbital or carbon dioxide inhalation as appropriate by age) after 

PND 7; tissues were preserved in 10% neutral-buffered formalin for possible future 

histopathologic examination only as deemed necessary by the gross findings. The carcass of each 

pup was then discarded. 

 

Litter Reduction 

To reduce variability among the litters, 8 pups per litter (4 per sex when possible) were 

randomly selected on PND 4 to remain on the study.  Standardization of litter size was not 

performed on litters with 8 or fewer pups.  Culled pups were weighed, euthanized by an 

intraperitoneal injection of sodium pentobarbital on PND 4, and discarded. 

 

Weaning and Selection 

Each dam and the remaining litter stayed together until weaning on PND 28.  Prior to weaning, 

2 males and 2 females per litter were randomly selected for evaluation of attainment of 

developmental landmarks, neurobehavioral evaluations, and for immunophenotyping, 

hematology, and immunohistochemistry. 

 

From the selected pups, 1 male and 1 female per litter were assigned to subset A for the F1 

breeding phase.  These animals were evaluated for: 

 

o Detailed clinical evaluations (PNDs 11, 20, 60) 

o Locomotor activity (PND 21 and 61) 

o Auditory startle response (PND 22 and 62) 

o Learning and memory (PND 70) 

 

The remaining 1 male and 1 female selected pups in each litter were assigned to subset B.  These 

animals were evaluated for immunophenotyping (IP), immunohistochemical pathology (IHC), 

and complete blood count (CBC). 
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Table 78.  Overview of F1 animal selection and assignment.  The value of 30 animals/sex/group represents 1 

pup/sex/litter. 

Evaluation Date Subset 
Max. # of animals (# 

/ sex/ dose grp) 

Detailed clinical 

observations 
PND 11, 20, 60 A 30 

Locomotor activity PND 21, 61 A 30 

Auditory startle PND 22, 62 A 30 

Learning and memory PND 70 A 30 

Breeding Min age:  85 days A 30 

IP, IHC, CBC PND 35 B 10 

IP, IHC, CBC PND 65 B 10 

 

Non-selected pups 

All pups not selected for inclusion in Subset A or Subset B were euthanized on PND 21 and 

necropsied.  Organs and tissues were saved in 10% neutral-buffered formalin for possible 

histopathologic examination only as deemed necessary by the gross findings. 
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Survival 

Dams with total litter loss 

1/30 MD F0 females (LD 5) and 2/30 HD F0 females (LD 4 and LD 23) experienced total litter 

loss during the lactation period (Table 79).  There were no notable macroscopic observations in 

any of these dams.  MD # 81851 delivered 13 pups.  1 pup was found dead on PND 0.   On PND 

1, 1 pup was found dead and partially cannibalized while 8 pups were missing (and presumed 

cannibalized).  The remaining pups were all reported to be missing by PND 5. 

 

HD #81955 delivered 12 pups on PND 0 with 1 found dead.  3 pups were found dead on PND 1.  

A total of 7 pups were reported missing (presumed cannibalized) over the next 4 days.  An 

additional pup was found dead on day 10, with the final remaining pup cannibalized on day 23.   

 

HD #81970 delivered 5 pups.  3 were found dead over the course of the next 4 days and 2 were 

reported missing (presumed cannibalized). 

 

Total litter loss during the lactation period is an unusual finding.  The  

historical control database lists 1/1302 rats as experiencing total litter loss.   It is likely that the 

pups in these litters in the current study were not viable or were unhealthy, thus leading to the 

observed maternal cannibalism.  The pups that were lost in these litters are included in the Total 

Premature Deaths table under either Found Dead or Missing/Presumed cannibalized (Table 81). 

Table 79.  F0 female rats that experienced total litter loss during the lactation period of a PPND study conducted 

with LY3009104. 

LY3009104 (mg/kg/day) 0 2 5 25 

Total n 30 30 30 30 

Total litter loss 0 0 1/30 

3.3% 

 81851 (LD 5) 

 

2/30 

6.7% 

81955 (LD 23) 

81970 (LD 4) 

 

Stillborn pups 

The number of F0 dams with stillborn pups was increased in the 25 mg/kg dose group (6/30) 

relative to controls (0/30, see Table 74).   

 

Viability index 

The number of pups surviving from birth to PND4 was significantly reduced in HD animals 

relative to controls.  Viability index (# of live pups on d4 / # of live pups on d 1) was also 

significantly decreased in HD animals.  Both values were outside the range of historical controls 

and are considered to represent adverse effects of LY3009104 treatment (Table 80). 

 

Lactation index 

There were no significant differences in lactation index (# of live pups on d21 / # of live pups on 

d 4) between any treatment group and control animals (Table 80). 
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Pup weight 

Mean pup weight at birth was significantly lower relative to concurrent controls in males and 

females in the 5 mg/kg and 25 mg/kg treatment groups (Table 80).  Mean pup weight was 

outside the historical control range in males and females at the HD level only.  Decreased mean 

birth weight is considered to be an adverse effect of LY3009104 treatment at the 25 mg/kg dose.  

Mean pup weight remained significantly lower than controls in 25 mg/kg F1 males and females 

throughout the lactation period. 

Table 80.  F1 generation viability and survival data. 

LY3009104 (mg/kg/day) 0 2 5 25 
Historical 

control 

# of litters 27 30 30 29  

F1 generation litters      

Birth to PND 4 survival (# of 

live pups on d 4/ # of live 

pups at birth; mean % per 

litter) 

98.0 ± 4.3% 98.1 ± 3.8% 96.5 ± 15.7% 82.5 ± 23.3%
++

 91.9 – 99.3% 

PND 1 – 4  Survival (# of 

live pups on d 4/ # of live 

pups on d 1; mean % per 

litter) 

99.2 ± 3.3% 99.1 ± 2.3% 98.4 ± 6.2% 87.0 ± 22.1%
+
 95.7 – 100% 

Lactation index (# of live 

pups on d 21/ # of live pups 

on d 4; mean % per litter ) 

98.2 ± 7.5% 97.5 ± 9.5% 96.3 ± 18.3% 93.1 ± 16.4% 86.7 – 100% 

Litter size      

Day 1 14.6 ± 2.2 14.4 ± 2.4 13.7 ± 2.6 13.7 ± 2.7 12.6 – 16.6 

Day 21 NA
b
 NA NA NA  

Mean pup weight – litter as 

experimental unit (g) 

    
 

Day 1      

Male 7.1 6.7 6.6** 5.9** 6.6 –7.5 

Female 6.7 6.3 6.2** 5.5** 6.1 – 7.0 

Day 21      

Male 54.2 50.7 50.9 35.0** 37.8 – 55.7 

Female 52.2 48.9 49.0 35.3** 36.9 – 53.0 

+ p ≤ 0.05; ++ p≤0.01 vs. control, Dunn’s test; 

** p ≤ 0.01 vs. control, Dunnett’s test 
a
 Historical control data   32 studies conducted between 8/2000 – 8/2011 

b
 Animals were culled from selected litters at PND 4 to allow for a maximum of 8 pups per litter 
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Pup survival (absolute numbers of premature deaths) 

Table 81 lists the absolute number of F1 animals that died prematurely in each treatment group.  

As described above, there was a significant decrease in pup survival from birth to PND in the 

HD group relative to controls.  F1 pups found dead on PND 0 or 1 with no milk in the stomach 

and whose lungs did not float were considered to be stillborn.  There were a total of 6 F1 pups 

(from 5 separate litters) in the 25 mg/kg group that met this criteria.  There were no stillborn 

pups in offspring of control F0 females.  1 stillborn pup was observed in the 2 mg/kg group and 0 

stillborn pups in the 5 mg/kg dose group.   

Table 81.  Summary of total premature deaths (male & female combined) in F1 offspring of females treated with 

LY3009104 in rat PPND study 353280.  Data is expressed as: “Total # of occurrences (# of litters)” 

 F1 males & females combined 

Maternal LY3009104 dose (mg/kg/day) 0 2 5 25 

# of litters 27 30 30 29 

FOUND DEAD 5 (5) 12 (8) 5 (3) 45 (19) 

MISSING (PRESUMED 

CANNIBALIZED) 
8 (4) 3 (2) 13 (3) 31 (14) 

EUTHANIZED (due to mechanical 

injury) 
0 1 (1) 0 (0) 1 (1) 

EUTHANIZED in extremis 0 (0) 0 (0) 0 (0) 1 (1) 

TOTAL DEATHS 13 16 18 78 

LUNGS     

Did float 1 (1) 4 (3) 3 (2) 16 (8) 

Did not float 0 (0) 1 (1) 0 (0) 7 (6) 

STOMACH       

milk present 0 (0) 3 (2) 2 (2) 1 (1) 

milk absent 0 (0) 1 (1) 1 (1) 14 (9) 

STILLBORN  0 (0) 1 (1) 0(0) 6 (5) 
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Clinical observations 

Litters were examined twice daily for survival and any adverse changes in appearance or 

behavior.  Each pup received a more detailed physical examination on PND 1, 4, 7, 10, 14, 17, 

and 21.  The cumulative results of these examinations are described below. 

 

Results: 

Small stature, body pale, body cool, and forelimb malrotation were all noted with increased 

incidence in HD animals relative to controls.  These are all considered to be LY3009104-related 

effects.   

 

Table 82.  Summary of clinical findings (male & female combined) in F1 offspring of females treated with 

LY3009104 in rat PPND study 353280.  Data is expressed as: “Total # of animals with finding (# of litters)” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 F1 males & females combined 

Maternal LY3009104 dose (mg/kg/day) 0 2 5 25 

SMALL STATURE 6 (6) 6 (4) 5 (4) 27 (14) 

BODY PALE 2 (2) 2 (2) 0 (0) 7 (6) 

BODY COOL 0 (0) 1 (1) 0 (0) 6 (6) 

MALROTATION LEFT FORELIMB 1 (1) 0 (0) 0 (0) 13 (6) 

MALROTATION RIGHT FORELIMB 0 (0) 0 (0) 0 (0) 9 (5) 
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Detailed clinical observations 

Detailed clinical observations were performed in 1 pup/sex/litter (Subset A) on PND 11, 20, and 

60.  Animals were observed for the following: 

 

The detailed clinical observations used at the  testing facility are based on 

previously developed protocols.  Testing was performed by the same biologists, to the extent 

possible, without knowledge of the animal’s group assignment. 

 

Clinical observation parameters were measured using an established numerical scale (e.g. 1 – 5) 

or total counts.  Forelimb and hindlimb grip strength were measured in grams. 

 

Results: 

Mean forelimb and hindlimb grip-strengths were significantly reduced vs. control values in 

males and females at the 25 mg/kg dose at PND 20 and PND 60 (Table 83).  These findings are 

likely related to the smaller size of these animals relative to controls (e.g. ‘small stature’, 

‘decreased mean body weight’).  There were no notable differences between F1 rats of treated 

animals and controls in any of the other clinical observation parameters.     
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Table 83.  Summary of grip strength data in Subset A animals (1 M & 1 F per litter) selected for detailed clinical observations. 

 Males Females 

LY3009104 dose (mg/kg) 0 2 5 25 
 

0 2 5 25 
 

number of animals 27 30 29 28 
HC Mean 

(range) 
27 30 29 26 

HC Mean 

(range) 

Forelimb grip 

strength (g) 
PND 20 166.3 151.7 149.4 108.9** 151.1 (NA) 161.0 149.6 155.6 110.4** 141.9 (NA) 

 PND 60 982.5 888.1 844.9* 757.1** 

872.6 

(715 – 

1136) 

781.7 801.7 728.7 634.9** 
775.2 

(687 – 956) 

Hindlimb grip 

strength (g) 
PND 20 87.1 84.2 85.9 60.7** 67.2 (NA) 86.2 86.9 83.4 59.3** 64.1 (NA) 

 PND 60 609.5 560.7 560.7 532.4** 
469.4  

(396 – 512) 
516.9 503.5 502.2 444.4** 

410.5 

(359 – 449) 

** 
p ≤ 0.01 vs. control value
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Body weight 

Pups were weighed on PND 1, 4, 7, 10, 14, 17, and 21.  After weaning on PND 28, F1 males 

were weighed weekly until necropsy.  F1 females were weighed weekly following weaning until 

evidence of mating was observed.  Body weights were also recorded in pregnant F1 females 

during the gestation period at GD 0, 6, 9, 12, 16, and 20. 

 

Results: 

Pre-weaning phase (PND 1 – 28) 

Mean birth weight was significantly decreased in M & F at ≥ 5 mg/kg vs. controls (Table 74).   

At the time of weaning on PND 28, mean absolute body weights were significantly lower than 

controls in M at ≥ 2 mg/kg & F at ≥ 5 mg/kg (Figure 20; Table 84 & Table 85).   

 

Mean body weight gain was significantly decreased in 25 mg/kg M & F vs. controls during the 

pre-weaning period (PND 1 – 28), an effect attributable to maternal LY3009104 administration 

(Figure 20; Table 84 & Table 85).   

 

Pre-mating phase (PND 28 – PND 84) 

Mean absolute body weights remained significantly decreased relative to controls in M & F ≥ 5 

mg/kg out to PND 84.  However, mean body weight gain (% initial BW) values were increased 

in 25 mg/kg M & F relative to controls during this time period – indicative of a compensatory 

response (Figure 21; Table 84 & Table 85). 

 

Gestation phase (GD 0 – 20) 

Mean body weight gain was increased slightly in F1 females relative to controls at ≥ 2 mg/kg 

during the gestation period (Table 86).  These findings are likely accounted for by compensation 

for decreased mean absolute body weight at the start of the gestation period in these animals 

(continuation from lower mean body weights observed during the pre-weaning and pre-mating 

periods). 
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F1 pup body weight:  Pre-Weaning (PND 1 – 21) 

 

 

 

 
  

 
PRE-WEANING 

PERIOD (MALES) 

 

PRE-WEANING 

PERIOD (FEMALES) 

 

Figure 20.  Pre-weaning mean body weight values in F1 male and female pups. 
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F1 pup body weight:  Pre-Mating (PND 28 – ) 

 

 

 

 

  

PRE-MATING PERIOD 

(MALES) 

 

PRE-MATING PERIOD 

(FEMALES) 

 

Figure 21.  Post-weaning (pre-mating) mean body weight values in F1 male and female pups. 
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Table 84.  F1 male body weight comparison during PND 1 – PND 28 (pre-weaning) and PND 28 – 84 (pre-mating). 

 F1 Males 

 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

Litter n = 27  30  30  28 

PND 1 (BW, g) 7.1  6.7  6.6**  5.9** 

PND 28 (BW, g) 101.3  95.4*  94.9*  71.2** 

BW gain PND 1 - 28 (g) 94.2   88.7   88.3   65.3 

BW gain PND 1 – 28  

(% initial BW) 
1327% 

 
1324% 

 
1338% 

 
1107% 

BW gain relative to control 

(%) 
100.0%   99.8%   100.8%   83.4% 

PND 28 (BW, g) 101.3  95.4*  94.9*  71.2** 

PND 84 (BW, g) 527  502  491*  413* 

BW gain PND 28 - 84 (g) 425.7   406.6   396.1*   341.8** 

BW gain PND 28 – 84  

(% initial BW) 
420% 

 
426% 

 
417% 

 
480% 

BW gain relative to control 

(%) 
100.0%   101.4%   99.3%   114.2% 

*p≤ 0.05;
 ** 

p ≤ 0.01 vs. control value (Dunnett’s test)
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Table 85.  F1 female body weight comparison during PND 1 – PND 28 (pre-weaning) and PND 28 – 84 (pre-

mating). 

 F1 Females 

 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

Litter n = 27  30  30  29 

PND 1 (BW, g) 6.7  6.3  6.2**  5.5** 

PND 28 (BW, g) 91.5  87.3  86.3*  66.5** 

BW gain PND 1 - 28 (g) 84.8   81.0   80.1   61.0 

BW gain PND 1 – 28  

(% initial BW) 
1266%  1286%  1292%  1109% 

BW gain relative to control 

(%) 
100.0%   101.6%   102.1%   87.6% 

PND 28 (BW, g) 91.5  87.3  86.3*  66.5** 

PND 84 (BW, g) 301  292  285*  255** 

BW gain PND 28 - 84 (g) 209.5   204.7   198.7   188.5 

BW gain PND 28 – 84  

(% initial BW) 
229% 

 
234% 

 
230% 

 
283% 

BW gain relative to control 

(%) 
100.0%   102.4%   100.6%   123.8% 

*p <0.05; 
** 

p ≤ 0.01 vs. control value (Dunnett’s test)
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Table 86.  F1 female body weight comparison during Gestation Days 0 - 20. 

 

 

 F1 Females: Mean Body Weight (g)  

 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

Litter n = 26  29  28  26 

GD 0 (g) 308  293  290*  261** 

GD 20 (g) 443  437  439  395** 

BW gain PND GD 0 - 20 (g) 135.0   144.0   149.0   134.0 

BW gain GD 0 – 20  

(% initial BW) 
44% 

 
49% 

 
51% 

 
51% 

BW gain relative to control 

(%) 
100.0%   112.1%   117.2%   117.1% 

*p <0.05; 
** 

p ≤ 0.01 vs. control value (Dunnett’s test)
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Food consumption 

Individual maternal food consumption was recorded in pregnant F1 females on Gestation Days 0, 

6, 9, 12, 16, and 20.  Individual food consumption was not recorded for F1 males. 

 

Results: 

Mean food consumption values were significantly increased in HD F1 females relative to 

controls during GD 0 -20.  This observation is likely attributable to a compensatory response to 

the lower mean body weights of the HD animals at the start of the gestation period. 

Table 87.  F1 maternal mean food consumption comparison during the gestation period (GD 6 – GD 20). 

 Mean food consumption (g/kg/day)  

LY3009104 dose 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5 

mg/kg/day 
 

25 

mg/kg/day 

Rats pregnant 26  29  28  26 

GD 0 - 20 63.0   66.0   66.0   72.0** 

Food consumption 

relative to control (%) 
100.0%   104.8%   104.8%   114.3% 

 
** 

p ≤ 0.01 vs. control value (Dunnett’s test)
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Physical Development, Sensory Function, Neurobehavioral Testing 

 

Negative geotaxis 

Each pup that was not culled (generally 4/sex/litter) was evaluated for negative 

Geotaxis (orientation and movement against gravity) beginning on PND 6 and continuing until a 

positive response was obtained.  A successful response was considered to be present when a pup 

turned approximately 180° in 60 seconds when placed facing downward on a 25° inclined plane, 

which was covered with cheesecloth for traction.   This assay recorded the day that a successful 

response was observed for each rat.  Mean time (in days) to achieve a successful response for 

each dose group was quantified and reported.  

 

Results 

There was no effect of F0 LY3009104 treatment on the mean number of days to achieve a 

successful negative geotaxis response in F1 pups (Table 88). 

Table 88.  Mean time to achieve a successful response in the negative geotaxis assay in F1 pups.  The listed means 

represent the average of the means for each litter in a dose group.  

 Males 
 

Females 

F0 LY3009104 

dose (mg/kg) 
0  2 5  25 

  
0  2 5  25 

 

Litter n= 27 30 29 26 HC  27 30 28 26 HC 

Days to positive 

response 

6.8 ± 

0.59 

6.4 ± 

0.47 

6.7 ± 

0.68 

6.5 ± 

0.52 

6.97 

(6.4 - 7.7) 

 
7.1 ± 

0.70 

6.6 ± 

0.51** 

6.9 ± 

0.67 

6.6 ± 

0.67* 

7.21 

(6.6 – 7.9) 

* p ≤ 0.05; ** p ≤ 0.01 vs. control  Dunnett’s test  
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Balanopreputial separation (Subset A) 

Each male pup in Subset A was observed for balanopreputial separation beginning on 

PND 35. The day on which balanopreputial separation was first observed was recorded for each 

pup.   

 

Results 

The mean day of balanopreputial separation was delayed by approximately 3 days in 25 mg/kg 

animals relative to controls, showing evidence for delayed sexual maturation.  Given the 

markedly lower body weight in these animals relative to controls, this delay is considered to be 

reflective of overall delays in growth rather than a specific endocrine effect of LY3009104. 

Table 89.  Mean age at balanopreputial separation in male F1 rats. 

F0 LY3009104 

(mg/kg/day) 
0  

 
2 

 
5   25 HC range 

Mean age at 

balanopreputial 

separation (PND) 

43.4  43.1  43.4  46.3** 42.3 – 48.2 

Mean body weight at 

date of balanopreputial 

separation 

250.6  233.1**  232.2**  211.2** 202.5 -273.2 

** p < 0.01 vs. control, Dunnett’ test       
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Vaginal patency (Subset A) 

Each female pup in Subset A was observed for vaginal perforation beginning on PND 25 

(Adams et al., 1985). The day on which the vaginal lumen was first observed to open 

was recorded for each pup. Examination of the females was continued daily until vaginal 

patency was present. 

 

Results 

The mean age to vaginal patency was delayed by approximately 2.7 days relative to controls in 

25 mg/kg females.  As with the F1 males:  given the markedly lower body weight in these 

animals relative to controls, this delay is considered to be reflective of overall delays in growth 

rather than a specific endocrine effect of LY3009104. 

Table 90.  Mean age of attainment of vaginal patency in female F1 rats. 

F0 LY3009104 

(mg/kg/day) 
0  

 
2 

 
5   25 HC range 

Mean age at vaginal 

patency (PND) 
33.1  33.7  33.6  35.8** 31.6 – 34.0 

Mean body weight at 

date of vaginal patency 
122.8  123.1  119.1  110.4** 99.3 – 119.9 

** p < 0.01 vs. control, Dunnett’ test       
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Locomotor Activity (Subset A) 

Locomotor activity was assessed for 1 rat/sex/litter in Subset A on PND 21 and 61. The same 

animals were tested at each interval by technicians using a computer-controlled system that 

utilizes a series of infrared photobeams surrounding an amber, plastic rectangular cage to 

quantify an animal’s motor activity.  The locomotor activity assessment was performed in a 

sound-attenuated room equipped with a white-noise generator set to operate at 70 ± 10 dB. Each 

animal was tested separately.  Data were collected in 5-minute epochs (print intervals) and the 

test session duration was 60 minutes. These data were organized as six 10-minute subintervals 

for tabulation.   

 

Values for ambulatory counts and total motor activity were quantified. Total motor activity was 

defined as a combination of fine motor skills (e.g.  grooming; interruption of a single 

photobeam) and ambulatory motor activity (e.g., interruption of 2 or more consecutive 

photobeams). 

 

Results 

There was no evidence for F0 LY3009104 treatment related effects on mean locomotor activity 

(total locomotor counts or ambulatory counts) in F1 males or females on PND 21 or 61 (Figure 

22). 
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MALES:  Total 

locomotor counts 

MALES:  

Ambulatory counts 

FEMALES:  Total 

locomotor counts 

FEMALES:  Ambulatory 

counts 

Figure 22.  Mean locomotor activity data for F1 males (left 2 panels) and females (right 2 panels).  Total locomotor activity (interruption of a single photobeam) is shown in the 

upper 2 panels.  Ambulatory activity (interruption of consecutive photobeams) is shown in the lower 2 panels. 
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Auditory startle response (Subset A) 

The auditory startle response habituation paradigm was conducted on 1 rat/sex/litter assigned to 

Subset A on PNDs 22 and 62. The same animals were tested at each interval.  Each testing 

cabinet included an internal light, viewing lens, and white noise generation system.  The animal 

was placed in a rectangular enclosure, which was then placed into the isolation cabinet.  Each 

enclosure was equipped with a motion sensor.  Auditory startle response testing was performed 

in a room equipped with a white-noise generation system set to operate at 70 ± 10 dB.  Each test 

session consisted of a 5-minute acclimation period with a 65 ± 5 dB broadband background 

white noise. The startle stimulus for each trial was a 115 ± 5 dB mixed-frequency noise burst 

stimulus, approximately 20 ms in duration.  

 

Responses were recorded via motion sensor during the first 100 ms following the onset of the 

startle stimulus for each trial.  Each test session consisted of 50 trials, with an 8-second intertrial 

interval. Startle response data were analyzed in 5 blocks of 10 trials each.  

 

Results 

Overall mean maximum startle response (measured in Newtons) as well as mean average startle 

response was significantly decreased in 25 mg/kg males and females relative to controls at PND 

22.  These two parameters were also significantly decreased relative to controls in females in the 

5 mg/kg dose group at this time point (Table 91).  While the magnitude of startle response was 

decreased, there was no effect of F0 LY3009104 treatment on the time to maximal response. 

 

It is notable that these findings reversed by PND 62.  The differences observed at PND 22 are 

likely attributable to overall growth delays in these animals rather than a disruption in the 

development of this reflex pathway. 
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Table 91.  Summary of acoustic startle response data in F1 males and females. 

 Males Females 

LY3009104 dose (mg/kg) 0 2 5 25 0 2 5 25 

number of animals 27 30 29 26 27 30 29 26 

Mean maximal 

response (Newtons) 
PND 22 1.408 1.252 1.350 0.930** 1.731 1.569 1.406* 1.345** 

 PND 62 0.880 0.905 0.887 0.829 0.835 0.791 0.685 0.699 

Mean average 

response (Newtons) 
PND 22 0.579 0.512 0.565 0.385** 0.736 0.651 0.579* 0.565* 

 PND 62 0.373 0.393 0.371 0.352 0.356 0.329 0.286 0.300 

Time to maximal 

response (ms) 
PND 22 60.3 61.8 58.9 62.4 64.6 64.7 66.9 62.1 

 PND 62 45.7 45.3 46.2 48.5 50.6 51.3 53.8 50.9 

*p ≤ 0.05; ** p ≤ 0.01 vs. control value 
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Neurological Assessment 

Biel Maze swimming trials (Subset A) 

Swimming ability and learning and memory were assessed for animals in Subset A using a 

water-filled 8-unit T-maze starting on PND 70. 

 

Animals were placed in the maze and were required to traverse the maze and 

escape by locating and climbing onto a submerged platform. For the learning and 

memory phases, the time required to traverse the maze and the numbers of entries into an 

error zone for all trials were recorded. An error was defined as any instance when the 

center point of an animal entered an error zone.  Each testing interval consisted of 3 phases that 

were conducted over 7 consecutive days.   

 

Phase 1 was an evaluation of swimming ability and motivation to escape from the maze, and was 

performed on day 1 of the Biel maze procedure. For this evaluation, animals were placed in a 

straight channel opposite the escape platform, and the time required for each animal to escape 

was recorded. Each animal was allowed 4 trials to evaluate swimming ability and motivation. 

For each trial, animals were allowed 2 minutes to complete the trial. At the end of each trial, the 

animal was immediately placed at the starting position for another trial until all 4 trials were 

complete. 

 

Phase 2 of the Biel maze procedure evaluated sequential learning. This evaluation was 

conducted on days 2-6 of the Biel maze procedure. Animals were allowed 2 trials per 

day for 2 days to escape the maze using  path A. Animals were then allowed 2 trials per day 

for 3 consecutive days to escape the maze using path B (reverse of path A). 

 

Phase 3 tested the animal for its ability to escape the maze via Path A (memory test). This 

evaluation was conducted on day 7 of the Biel maze procedure. Each animal was allowed 2 trials 

to escape the maze via path A. 

 

For each trial in Phases 2 and 3, animals were allowed 3 minutes to solve the maze. If an 

animal did not escape the maze within the allotted 3 minutes, the animal was placed on 

the escape platform for up to 20 seconds, then removed from the maze. The minimum 

intertrial interval for these phases was 1 hour. 

 

Biel maze data were evaluated as the mean time to escape over all trials for each of the 

3 phases (i.e., swimming ability and motivation, sequential learning, and memory) of the 

Biel maze procedure. Also, the numbers of errors committed during Phases 2 and 3 were 

recorded. 

 

Results 

There was no apparent effect of F0 LY3009104 treatment on the ability of F1 rats to complete 

the tasks in the Biel Maze assay (Table 92). 

 

Phase 1 

Swimming ability was comparable between all treatment groups in F1 males and females (Table 

92). 
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Phase 2 

Mean time to escape the maze via path A or path B was comparable among all treatment groups 

in males and females.  The mean number of errors per trial was also comparable among all 

groups.   There was no effect of F0 LY3009104 treatment on sequential learning in F1 rats. 

 

Phase 3 

Mean time to escape the maze via path A was comparable among all treatment groups in males 

and females.  The mean number of errors per trial was also comparable among all groups.  There 

is no apparent effect of F0 LY3009104 treatment on the ability of F1 rats to recall the escape 

route via path A. 
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Table 92.  Summary of Biel maze data in F1 rats.  Values represent means of multiple trials for each phase. 

 Males  Females 

F0 LY3009104 dose 

(mg/kg) 
0  2 5  25 

 
0  2 5  25 

n= 27 30 29 26  27 30 28 26 

Phase 1:  swimming ability/motivation  
 

    

Escape time (sec) 6.0 6.3 6.4 5.8 
 

6.8 7.3 7.0 6.7 

% control 100% 105% 107% 97% 
 

100% 107% 103% 99% 

Phase 2:  Sequential learning 
 

    

Path A escape time (sec) 42.6 49.7 48.5 46.5 
 

42.3 42.0 37.8 49.3 

% control 100% 117% 114% 109% 
 

100% 99% 89% 117% 

Path A errors 4 4 4 4  4 4 3 4 

Path B escape time (sec) 73.2 58.4 59.6 67.4  55.1 56.1 55.1 57.9 

% control 100% 80% 81% 92%  100% 102% 100% 105% 

Path B errors 5 4 4 5  4 5 4 5 

Phase 3:  Memory      

Path A escape time (sec) 51.5 51.7 54.4 44.4  64.8 51.4 62.2 54.2 

% control 100% 100% 106% 86%  100% 79% 96% 84% 

Path A errors 5 5 5 4  6 5 6 5 
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Mating and Fertility 

Estrous cycles (Subset A) 

Vaginal lavages were performed daily and the slides were evaluated microscopically to 

determine the stage of the estrous cycle of each F1 female in Subset A for 14 consecutive days 

before cohabitation and continuing until evidence of mating was observed or until the end of the 

mating period. The average length was calculated for complete estrous cycles (i.e., the 

total number of returns to metestrus [M] or diestrus [D] from estrus [E] or proestrus [P] 

for 14 consecutive days before cohabitation and until the detection of evidence of 

mating).  Estrous cycle length was determined by counting the number of days from the 

first M or D in a cycle to the first M or D in a subsequent cycle. The cycle during which 

evidence of mating was observed for a given animal was not included in the individual 

mean estrous cycle length calculation.  Vaginal lavages continued for females with 

no evidence of copulation until termination of the mating period. 

 

Results 

There was no effect of LY3009104 treatment to F0 animals on mean estrous cycle length or 

number of completed estrous cycles in F1 females during the 2 week observation period (Table 

93). 

Table 93.  Summary of mean estrous cycle length in F1 females of Subset A. 

 
0  

mg/kg/day 

 2 

 mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

n = 25  27  29  24 

Mean Estrous cycle length 

(days) 
4.1  4.7  4.1  4.6 

Mean # of Completed 

estrous cycles 
2.4  1.9  2.5  2.4 

 

Mating (Subset A) 

On PND 85, F1 Subset A animals were cohabited on a 1:1 basis within each treatment group, 

avoiding sibling matings.  Each female was housed in the home cage of the male during 

cohabitation.  Positive evidence of mating was confirmed by the presence of a copulatory plug or 

the presence of sperm in a vaginal lavage.  Each mating pair was examined daily. The day 

on which evidence of mating was identified was termed Gestation Day 0; the F1 animals 

were a minimum of 85 days old at the start of gestation. 

 

Pairs were separated after positive evidence of mating.  Females were housed individually until 

necropsy on LD 1.  When evidence of copulation was not detected after 10 days of cohabitation, 

the female was placed with another male from the same treatment group (with previous evidence 

of mating) for an additional 5 days. When evidence of mating was not apparent after a total of 15 

days, the females were placed in individual plastic maternity cages with nesting material until 

necropsy.   
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Reproductive indices 

There was no effect of LY3009104 treatment at up to 25 mg/kg/day to F0 rats on mating or 

fertility indices in F1 generation males or females (Table 94). 

Table 94.  Mating and fertility data in F1 generation males and females. 

LY3009104 (mg/kg/day) 0 2 5 25 Historical control 

F1 Generation Males       

Rats in cohabitation 27 30 29 26  

Total rats that mated 
26/27 

(96.3%) 

30/30  

(100%) 

28/29 

(96.6%) 

24/26  

(92.3%) 
95.8 (84 – 100) 

Fertility index (# of 

pregnancies / # of males in 

cohabitation) 

26/27 

(96.3%) 

30/30 

 (100%) 

27/29 

(93.1%) 

24/26 

 (92.3%) 
90.0 (60 – 100) 

Copulation index (# of 

pregnancies/ # of rats with 

evidence of mating) 

26/26 

 (100%) 

30/30  

(100%) 

27/28 

(96.4%) 

24/24  

(100%) 
93.2 (71.4 - 100) 

Males siring more than 1 liter 1 0 1 2  

F1 Generation Females      

Rats in cohabitation 27 30 29 26  

Total rats that mated 
27/27 

 (100%) 

30/30  

(100%) 

29/29 

(100%) 

26/26  

(100%) 
98.2 (92 – 100) 

Fertility index (Total # of 

pregnancies / # of females in 

cohabitation) 

27/27  

(100%) 

30/30  

(100%) 

28/29 

(96.6%) 

26/26  

(100%) 
92.9 (60 – 100) 

Conception index (# of 

pregnancies/ # of rats with 

evidence of mating) 

27/27  

(100%) 

30/30 

 (100%) 

28/29 

(96.6%) 

26/26  

(100%) 
92.9 (65.2 – 100) 
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Parturition (Subset A) 

Gestation length, Corpora lutea, implantation sites, litter size 

All F1 females selected for breeding were allowed to deliver naturally and rear their young to 

PND 1. During the period of expected parturition, the females were observed twice daily for 

initiation and completion of parturition and for signs of dystocia. Beginning on the day 

parturition was initiated (PND 0), F2 pups were sexed and examined for gross malformations, 

and the numbers of stillborn and live pups were recorded.  Individual gestation length was 

calculated using the date delivery started.   

 

For females that delivered, the numbers of corpora lutea and former implantation sites (the 

attachment site of the placenta to the uterus) were recorded along with litter size. 

 

Results: 

There was no effect of F0 LY3009104 treatment on gestation length in pregnant F1 females 

(Table 95).  Furthermore, there were no effects of F0 LY3009104 treatment on pregnant F1 

female corpora lutea or implantation site numbers.  Finally, litter size delivered by F1 females 

was not affected by F0 LY3009104 treatment (Table 95). 

Table 95.  Mean parturition parameters for F1 generation females. 

 
0  

mg/kg/day 

 2 

mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

 Historical 

control 

n = 26  29  28  26   

Gestation length 

(days) 
21.5 ± 0.7  21.5 ± 0.6  21.4 ± 0.5  21.4 ± 0.5 

 
21.3 - 22.0  

Corpora lutea 17.1 ± 2.9  18.4 ± 3.0  17.5 ± 1.9  15.6 ± 2.9 
 

15.3 – 18.4 

Implantation sites 14.7 ± 4.6  16.2 ± 3.0  16.4 ± 2.0  14.2 ± 2.4 
 

13.9 – 17.1 

Litter size 14.0 ± 4.6  15.1 ± 2.7  15.4 ± 2.4  13.2 ± 3.0 
 

12.6 – 16.6 
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Spermatogenic endpoint evaluations (Subset A) 

Sperm motility 

Immediately upon euthanasia, the reproductive tract of each F1 male was exposed via a 

ventral mid-line incision. The right epididymis was excised and weighed. An incision 

was made in the distal region of the right cauda epididymis. The right cauda epididymis 

was then placed in Dulbecco's phosphate buffered saline (maintained at approximately 

37°C) with 10 mg/mL BSA. After a 10-minute incubation period, a sample of sperm was 

loaded into a 100-μm chamber for determination of sperm motility.  Analysis of a minimum of 

200 motile and nonmotile spermatozoa per animal (if possible) in all groups was performed by 

the analyzer. The motility score (percent) for motile sperm was reported: 

 

Percent Motile Sperm =  Number of Motile Sperm   x 100 

Total Number of Sperm Counted 

 

Results 

There was no apparent effect of LY3009104 treatment of F0 rats on F1 male sperm motility.  

Sperm motility values were between 78 – 82% for all treatment groups.   

Table 96.  Mean sperm motility values in F1 males. 

 
0  

mg/kg/day 

 2 

mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

n = 27 
 

30 
 

29  26 

Sperm motility (%) 80 ± 8.0  78 ± 9.2  80 ± 7.5  82 ± 9.7 

 

Sperm morphology 

After conduct of sperm motility analysis, the right epididymis was placed in modified 

Davidson’s solution for microscopic examination. Sperm morphology was evaluated by light 

microscopy via a modification of the wet-mount evaluation technique (Linder et al., 1992).  

Abnormal forms of sperm (double heads, double tails, microcephalic, or megacephalic, etc.) 

from a differential count of 200 spermatozoa per animal, if possible, were recorded. 

 

Results 

There was no evidence for an effect of LY3009104 administration to F0 females on F1 male 

sperm morphology.  99.1 – 99.6% of sperm were classified as normal across all treatment groups 

(Table 97). 
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Table 97.  Mean percentage of sperm classified as normal values in F1 males. 

 
0  

mg/kg/day 

 2 

mg/kg/day 

 5  

mg/kg/day 
 

25 

mg/kg/day 

n = 27  30  29  26 

Sperm Normal (%) 99.6 ± 0.63  99.3 ± 0.86  99.4 ± 0.94  99.1 ± 1.28 
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Peripheral blood immunophenotyping, hematology, and immunohistochemistry 

Subset B 

 

Hematology and immunophenotyping 

Animals in Subset B (1 M and 1 F per litter [10 M and 10 F per group]) had blood collected on 

PND 35 and PND 65 for hematology evaluations and immunophenotyping.  The following 

hematology parameters were evaluated: 

 

 

Additional parameters measured included:  Total B cells, T cells, helper T cells, cytotoxic T 

cells, and NK cells. 

 

Results: 

There was evidence for immune suppression in F1 males and females in the 25 mg/kg dose 

group at PND 35 (Table 98).  Mean values for total lymphocytes, B cells, T cells, T helper cells, 

and cytotoxic T cells were all decreased relative to controls with a magnitude ranging from 

approximately -10% to -30%; however, statistical significance was only achieved for cytotoxic T 

cells. 

 

These findings reversed in both males and females by PND 65. 
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Table 98.  Summary of mean values for peripheral blood differential leukocyte evaluation in male and female F1 rats (Subset B) at PNDs 35 and 65. 

 PND 35  PND 65 

 Males 
 

Females  Males 
 

Females 

F0 LY3009104 dose 

(mg/kg) 
0  2 5  25 

 
0  2 5  25 

 
0  2 5  25 

 
0  2 5  25 

n= 10 10 10 10  10 10 10 10  10 10 10 10  10 10 10 10 

Total lymphocytes 

(103/µL) 
7.96 8.20 7.56 6.32 

 
8.23 8.95 8.43 6.87 

 
12.12 13.79 11.87 14.5 

 
12.0 12.3 11.3 14.1 

% control 100% 103% 95% 79% 
 

100% 109% 102% 83% 
 

100% 114% 98% 120% 
 

100% 102% 94% 117% 

B cells (103/µL) 2.87 2.81 2.15 1.98 
 

3.01 3.04 2.65 2.65 
 

4.98 5.60 5.08 5.86 
 

5.53 5.11 4.94 6.01 

% control 100% 98% 75% 69% 
 

100% 101% 88% 88% 
 

100% 112% 102% 118% 
 

100% 92% 89% 109% 

T cells (103/µL) 4.52 4.80 4.74 3.78 
 

4.73 5.12 5.15 3.73 
 

5.96 6.80 5.68 6.91 
 

5.52 6.20 5.23 6.64 

% control 100% 106% 105% 84% 
 

100% 108% 109% 79% 
 

100% 114% 95% 116% 
 

100% 112% 95% 120% 

T helper cells 

(103/µL) 
3.18 3.57 3.42 2.88 

 
3.4 3.79 3.81 2.86 

 
4.11 4.76 4.08 5.00 

 
3.76 4.27 3.79 4.86 

% control 100% 112% 108% 91% 
 

100% 111% 112% 84% 
 

100% 116% 99% 122% 
 

100% 114% 101% 129% 

Cytotoxic T cells 

(103/µL) 
1.38 1.31 1.38 0.99 

 
1.39 1.43 1.46 0.93* 

 
1.91 2.12 1.64 2.00 

 
1.74 1.92 1.49 1.80 

% control 100% 95% 100% 72% 
 

100% 103% 105% 67% 
 

100% 111% 86% 105% 
 

100% 110% 86% 103% 
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Immunohistochemistry (Subset B) 

 

Following formalin fixation for 24-48 hours, the spleen and thymus of subset B animals were 

transferred to 70% ethyl alcohol and processed to paraffin blocks within 9 days of transfer into 

ethyl alcohol.  Both tissues were embedded into the same paraffin block for each animal. 

Paraffin blocks were shipped  for slide preparation and 

staining.  Serial sections were prepared such that 1 section was stained by routine 

hematoxylin and eosin and 2 separate slides were stained by immunohistochemistry for 

T cell (CD3) and B cell (CD45) markers.  

 

Results: 

There was no evidence for LY3009104 related changes to CD3+ or CD45+ cell populations in 

spleen or thymus of males or females at PND 35 or PND 65.
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Anatomic pathology 

Subset A 

F1 females with viable pups were sacrificed by carbon dioxide inhalation on LD 1 and organ 

weights collected.  Females that did not deliver were euthanized on post-mating day 25.  F1 

Males were euthanized following postmortem examination of F1 females. 

Macroscopic examination 

A gross necropsy was performed for each Subset A animal and included examination of the 

external surface, all orifices, the cranial cavity, the external surface of the brain and spinal cord, 

and the thoracic, abdominal, and pelvic cavities, including viscera. 

 

The following tissues were collected and placed in 10% neutral-buffered formalin except 

as noted. 

 

Ovaries and oviducts (2) 

Prostate gland 

Seminal vesicles with coagulating glands (with accessory fluids) (2) 

Testes with epididymis and vas deferens (2)
a
 

Uterus
b

 with cervix and vagina 

All gross lesions
c
 

 
a
 = Testis (right and left) and epididymis (right) were fixed in modified Davidson’s solution (maintaining left and 

right identity). The left epididymis from males in Groups 1 and 4 that were not selected for enumeration of 

epididymal spermatid counts and from males in Groups 2 and 3 were collected and stored frozen at 

approximately -20°C for possible future evaluation. 

 
b
 = Any uterus that was stained with ammonium sulfide was discarded following 

examination and not retained in 10% neutral-buffered formalin. 

 
c
 = Representative sections of corresponding organs from vehicle control animals were 

preserved for comparison. 

 

Results: 

There was no evidence for LY3009104-related macroscopic findings in any of the animals 

examined. 
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Organ weights 

The following organs were weighed from all F1 parental animals in Subset A (*paired organs 

weighed separately): 

 

Results: 

F1 males and females in the 25 mg/kg dose group had significantly increased mean brain weight 

relative to controls on a g/100 g body weight basis (Table 99).  This finding is likely a result of 

decreased absolute body weights of HD animals relative to controls.  There are no treatment-

related differences in absolute brain weight in males or females.  It is notable that there was no 

evidence for LY3009104 induced malformations or variations in the brain/skull of offspring of 

female rats or rabbits treated during the time period of organogenesis in embryofetal 

development studies (see nonclinical review dated 9/19/14, Whittaker). 

 

Table 99.  Summary of brain weight data in F1 males and females in subset A. 

 Males 
 

Females 

F0 LY3009104 dose 

 (mg/kg) 
0  2 5  25 

 
0  2 5  25 

n = 27 30 29 26  27 30 28 26 

Absolute Brain 

weight (g) 
2.19 2.16 2.15 2.09 

 
2.0 1.99 1.97 1.94 

% control 100% 99% 98% 95% 
 

100% 100% 99% 97% 

Brain weight  

(g/100 g body 

weight) 

0.327 0.336 0.341 0.405** 

 
0.599 0.593 0.596 0.644** 

% control 100% 103% 104% 124% 
 

100% 99% 99% 108% 

** p < 0.01 vs. control  Dunnett’s test 
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Microscopic examination 

Microscopic evaluations were performed on the following tissues for Subset A parental animals 

in the control and 25 mg/kg dose groups only: 

 

 

 

These tissues were fixed, trimmed and processed into paraffin blocks.  Blocks were sectioned, 

mounted on slides and stained with hematoxylin & eosin.  An additional PAS-stained slide with 

counter stain was prepared for testes and epididymides for each male.   

 

Peer review 

Following completion of the primary microscopic evaluation, an independent peer review 

evaluation was performed. The purpose of this peer review was a pathology data review 

and quality assessment of the pathology findings. Attention was directed to the 

completeness, accuracy, and consistency of the original evaluation. Histologic sections 

of all tissues were examined microscopically. The pathologic evaluation of individual 

rats represents the consensus of primary and reviewing pathologists.  

 

Results: 

There was no evidence for treatment-related lesions of any of the reproductive tissues examined 

in F1 animals.
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Toxicokinetics 

On PND 4, blood samples were collected from all available pups from 4 litters in the vehicle 

control group along with 4 litters each from the 3 different dose groups.  Samples were obtained 

by cardiac puncture following isoflurane anesthesia.  Samples were pooled by sex from all pups 

in each litter. 

 

The time points of sample collection are seen below. 

 

 
 

 

Results: 

All F1 offspring were exposed to LY3009104 after maternal administration on PND 4 (Table 

100).  Plasma LY3009104 concentrations were approximately equivalent between F0 dams and 

F1 pups by 8 hours post dose.   LY3009104 plasma concentration increased in an approximately 

dose proportional manner in both F0 dams and F1 pups. This evidence suggests that LY3009104 

distributes to maternal milk and is taken up by pups.   
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Table 100.  Sponsor’s summary table listing LY3009104 plasma concentration in dams and in F1 offspring at time 

points after LY3009104 administration on LD 4. 
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F2 Generation 

F2 pups were sexed and examined for gross malformations, and the numbers of stillborn and 

live pups were recorded.   Each pup was weighed and received a detailed physical examination 

on PND 1.  F2 pups were euthanized after the physical examination on PND 1. 

 

Results: 

The mean litter size, percentage of males per litter, and mean body weight of F2 pups were not 

affected by F0 maternal LY3009104 treatment (Table 101).  There was no evidence for treatment 

related gross malformations or clinical findings upon physical examination on PND 1. 

Table 101.  Summary of F2 generation litter parameters at PND 1. 

LY3009104 dose 

(mg/kg) 
0  2 5  25 

Historical 

control 

Total litters 27 30 28 26  

Live fetuses  374 451 431 341  

Found dead 2 (1) 4 (2) 5 (3) 0 (0)  

Average litter size 14.0 ± 4.6 15.1 ± 2.7 15.4 ± 2.4 13.2 ± 3.0 12.6 – 16.6 

 % Males 50.2 ± 14.5 48.8 ± 12.2 46.4 ± 9.9 52.6 ± 14.2 42.9 – 55.3% 

Mean fetal body weight 

(g) 
     

Males 7.1 ± 1.0 6.9 ± 0.6 6.8 ± 0.5 7.0 ± 0.9 6.6 – 7.5 

Females 6.7 ± 1.0 6.5 ± 0.6 6.5 ± 0.6 6.6 ± 0.9 6.1 – 7.0 

*p ≤ 0.05 vs. controls 
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10 Special Toxicology Studies 

Study 20007788:  Neutral Red Uptake Phototoxicity Assay of LY3009104 Phosphate in 

Balb/c 3T3 Mouse Fibroblasts 

Baricitinib has the potential for photoreactivity based on its distribution to the skin and to the 

uveal tract of the eye in pigmented rats (See review of Study DMB-08-199-1 in Section 5.1 

above) as well as its absorption of light at wavelengths present in natural sunlight (e.g. greater 

than 290 nm, Table 102; Figure 23). Molecular extinction coefficients exceed 1000 L mol
-1

 cm
-1

 

at wavelengths between 290 and 329 nm (range of concern from 290 to 700 nm) suggesting 

sufficient photoreactivity to result in direct phototoxicity. 

 

 

 

 

 

 

 

 

 

Table 102.  Baricitinib molar extinction coefficient values in acidified methanol, basified methanol, pure methanol, 

and 25% Methanol: 75% PBS. 
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Therefore, Lilly conducted an in vitro mouse fibroblast neutral red uptake phototoxicity assay.  

This is currently considered the most appropriate in vitro assay for phototoxicity assessment of 

soluble compounds (ICH S10 Guidance:  Photosafety Evaluation of Pharmaceuticals). 

 

Methods 

3T3 Neutral Red Uptake (NRU) Phototoxicity Assay Overview 

In the 3T3 Neutral Red Uptake (NRU) Phototoxicity Assay, neutral red uptake is used as a 

measure of cell viability in 3T3 fibroblasts.  3T3 cells in duplicate 96-well plates are exposed to 

dilutions of the test article.   One plate is exposed to UVA radiation (to determine treatment- 

related photoirritation), and the other is kept in the dark (to determine cytotoxicity unrelated to 

UVA exposure).  After UVA exposure, the treatment medium is replaced with cell culture 

medium, and the following day the number of viable cells is determined by assessing neutral red 

uptake (NRU) by the viable cells.  The number of viable cells present for each concentration of 

test article is compared with that of untreated controls and the percent inhibition of cell growth is 

calculated.  The IC50 (i.e., the concentration producing 50% inhibition of cell viability), if 

achieved, is calculated and expressed as mg/L for both irradiated and nonirradiated 96-well 

plates. 

 

 LY3009104 phosphate was used in this study.  Chlorpromazine HCl was used as the 

positive control.  The vehicle was comprised of 1% DMSO in Dulbecco’s PBS (with 

Mg
2+

 and Ca
2+

 for both the test article and positive control solutions. 

 

Figure 23.  Representative figure showing the absorption spectrum of baricitinib in 25% methanol: 75% PBS pH 

7.4.  
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 Balb/c 3T3 mouse fibroblasts were purchased  and cultured according to 

standard conditions.  Cells were seeded into 96 well plates, and incubated for 22-23 hours 

before addition of test article or control solutions. 

 

 The radiation dose used in these assays was 5 J/cm
2
 (UVA), consistent with 

recommendations in the OECD Test Guideline 432: In vitro 3T3 NRU phototoxicity test.  

The radiation source was a xenon arc solar simulator, equipped with a Schott WG320 

filter.  Measurement of the energy transmitted through the lid of the 96 well plates was 

conducted via a calibrated radiometer with a UVA sensor. 

 

 Cells were exposed to test article for approximately 2.5 hours.  This duration includes the 

time for incubation with cells and subsequent UVA exposure. 

 

 The relative cell survival rate was obtained by comparing the amount of Neutral Red Dye 

(3-amino-7-dimethylamino-2-methylphenazine hydrochloride) uptake (NRU) in cells 

exposed to the test article, as compared with the NRU of cells exposed to the vehicle on 

the same 96-well plate. 

 

 The phototoxicity of the test article was determined by comparing the IC50 for NRU in 

cells without UVA exposure vs. that in the presence of UVA 

 

 

Results 

Range finding assay 

In the range-finding assay, LY3009104 phosphate was tested at the following concentrations (in 

mg/L):  0.0072, 0.0228, 0.072, 0.228, 0.72, 2.28, 7.2, 22.8.  The highest concentration tested was 

determined based on the limit of solubility of LY3009104 in vehicle (1% DMSO in PBS with 

Ca
++

 and Mg
++

).  Chlorpromazine was tested at 0.1, 0.2, 1.0, 2.0, 10.0, 20, 40, and 120 mg/L.  

 

LY3009104 Phosphate was not cytotoxic or phototoxic with or without UVA 

irradiation (Table 103).  The chlorpropmazine IC50 values were 1.30 mg/L and 38.29 mg/L in the 

presence of UVA and absence of UVA respectively.  These values fell within historical control 

ranges, and thus the assay was considered to be valid. 

 

Definitive assays 

Two Definitive Assays were performed simultaneously, but independently of each other.  

LY3009104 phosphate was tested at the following concentrations (in mg/L): 1.28, 2.28, 4.0, 7.2, 

12.8, 22.8.  Chlorpromazine was tested at 0.1, 0.2, 1.0, 2.0, 10.0, 20, 40, and 120 mg/L.  

 

LY3009104 did not evoke cell death (as measured by inhibition of neutral red uptake) in the 

presence or absence of UVA at any of the concentrations tested.   Chlorpromazine IC50 values 

were consistent with the findings in the dose-range finding study (Table 103). 
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Conclusion 

LY3009104 phosphate is not phototoxic in the 3T3 mouse fibroblast neutral red uptake 

phototoxicity assay. 

 

 

Study MB 12-20568.02:  Acute dermal toxicity in rabbits of LY3009104 

This study was conducted under GLP conditions   Briefly, 

LY3009104 (mixed with water to form a paste) was applied to the skin (dorsal trunk) of male 

and female New Zealand White rabbits (n = 5 M & 5 F) for a period of 24 hours.  LY3009104 

was applied to an area of 10 x 15 cm under a porous gauze patch at a final dose of 1000 mg/kg.  

The entire torso of each animal was wrapped with non-irritating tape to keep the test article in 

contact with skin for the 24 hour treatment period.  The test article was subsequently removed by 

gentle washing with distilled water. 

 

The test sites on each animal were scored for dermal irritation at 24 hours post dose and on days 

7 and 14 post-dosing using the numerical Draize scoring code. 

 

Results 

There was no evidence of erythema at any of the time points examined.  Therefore LY3009104 

is not considered to be a dermal toxicant.

Table 103.  Summary of IC50 values for inhibition of neutral red uptake in mouse 3T3 fibroblasts in the presence of 

LY3009104 with or without UVA irradiation.  LY3009104 was found to be neither cytotoxic nor phototoxic in this 

study. 
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11 Integrated Summary and Safety Evaluation 

Baricitinib (LY3009104) is an oral product under development by Eli Lilly for the treatment of 

moderately to severely active rheumatoid arthritis in adults.  Baricitinib is a JAK inhibitor 

designed to disrupt intracellular signaling pathways and subsequent inflammatory processes 

associated with aberrant cytokine receptor activation.  Baricitinib is to be administered once per 

day at 2 or 4 mg per day either as a monotherapy or in combination with methotrexate or other 

non-biologic Disease-Modifying Antirheumatic Drugs (DMARDs). 

 

Eli Lilly has submitted nonclinical studies conducted with baricitinib that include pharmacology, 

safety pharmacology, ADME, general toxicology, genetic toxicology, carcinogenicity, and 

reproductive toxicology in support of marketing approval. 

 

The applicant’s nonclinical pharmacology and toxicology package for baricitinib is complete.  

The available data supports the safety of the proposed clinical dose of up to 4 mg/day for the 

chronic treatment of moderately to severely active rheumatoid arthritis. 

Drug Substance Development 

Eli Lilly has chosen to proceed with a free base form of the LY3009104 drug substance for 

commercial development.  The rat and mouse carcinogenicity studies as well as the rat pre- and 

postnatal development study were conducted with the free base from of LY3009104.  All other 

studies conducted in the nonclinical development program used the phosphate salt.  

Toxicokinetic studies of up to 7 days duration conducted in mice and rats showed highly 

comparable systemic exposure values between both drug substance forms.  This evidence 

supports the relevance of nonclinical studies conducted with LY3009104 phosphate salt to 

evaluation of the safety of clinical dosing with LY3009104 drug product containing the free base 

form of the drug substance. 

Pharmacologic classification   

Baricitinib exhibited JAK enzyme inhibitory activity in in vitro (cell-free and cell-based assays) 

and ex vivo assay systems.  Apparent selectivity for JAK1 and JAK2 over JAK3 was limited to 

cell-free isolated enzyme assays. In human leukocytes, baricitinib inhibited cytokine induced 

STAT phosphorylation mediated by JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, or JAK2/TYK2 

with comparable potencies.  Baricitinib is to be defined as a Janus kinase (JAK) inhibitor, 

consistent with the current FDA Established Pharmacologic Class designation list. 

Safety Pharmacology 

A complete battery of safety pharmacology studies was conducted with baricitinib.  These 

studies included assessments of baricitinib-evoked effects on the cardiovascular, CNS, and 

respiratory systems.  Adverse findings in these studies were observed at exposures that exceeded 

the clinical LY3009104 exposure at the maximum recommended human dose of 4 mg/day.   

 

Cardiovascular 

LY3009104 inhibition of the IKr potassium channel current was investigated in HEK 293 cells 

expressing the human ether-a-go-go related gene (hERG) in study T07-12-08.  LY3009104 was 
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tested at 30, 100, and 300 µM in 0.3% DMSO.  LY3009104 inhibited the hERG current with a 

calculated IC50 of 161.5 µM.   

 

An in vivo assessment of cardiovascular system function was conducted in conscious, 

telemetered male beagle dogs (Study T07-11-14).  Animals received a single dose of LY3009104 

via gastric intubation at doses of 0 (0.5% methylcellulose), 0.15, 0.45, or 3 mg/kg. There were no 

observed effects of LY3009104 on mean PR, QRS, RR, QT, or QTc  (Van de Water’s 

correction) during the 24 hour observation period.  Additionally, there were no physiologically 

relevant changes observed in heart rate or blood pressure parameters at any dose tested (up to 7-

fold multiple over the clinical Cmax at the MRHD). 

 

Central Nervous System 

Study T07-12-07 tested the effects of baricitinib on neurologic function in SD rats via functional 

observational battery after a single dose (oral gavage) of 0 (0.5% methylcellulose), 2, 10, or 100 

mg/kg.  Functional observational battery parameters and motor activity was assessed at pre-dose 

and 60 minutes after dosing (Tmax in rats).  Treatment-related effects were observed in the 100 

mg/kg dose group only.  The findings provide evidence of altered autonomic function in these 

animals.  Specific observations included drooping eyelids, red flush of the skin and mucous 

membranes, lack of pupil response, decreased body temperature, and decreased locomotor 

activity.  The NOAEL was established at 10 mg/kg.  The mean Cmax at this dose is 2.08 µM, 

representing an approximately 15-fold multiple over the clinical Cmax at the MRHD (0.14 µM). 

 

Respiratory 

An in vivo assessment of respiratory system function was conducted in conscious, restrained 

Sprague-Dawley rats (Study T07-12-06).  Animals were administered a single dose of 

LY3009104 via oral gavage at doses of 0 (0.5% methylcellulose), 2, 10, or 100 mg/kg.  

Respiratory parameters were measured via a single chamber, head out, neck-sealed 

plethysmograph.  There was evidence for decreased respiratory rate and minute volume in 100 

mg/kg animals relative to controls during the time period corresponding to the LY3009104 Tmax 

in rats.  The NOAEL in the respiratory safety pharmacology study was defined at 10 mg/kg. 

 

ADME 

Details pertaining to the absorption, distribution, metabolism, and elimination of baricitinib have 

been examined in both in vitro and in vivo studies conducted in mice, rats, dogs, and humans. 

 

Absorption 

The permeability coefficient (Papp) for LY3009104 was calculated to be 2.41 x10
-6

 cm/sec in 

experiments conducted using the Caco-2 monolayer assay system, indicating low to moderate 

permeability across the intestinal epithelium.  Efflux ratios ranged from 5.54 – 10.0, indicating 

that LY3009104 is a substrate of efflux transporters 

 

LY3009104 was absorbed rapidly after oral administration in humans, mice, rats, and dogs.  

Mean Tmax across all species ranged from 0.5 – 1 hour.  Mean Cmax in humans at the maximum 

recommended human dose (MRHD) of 4 mg/day was determined to be 0.14 µM.  This value is 

comparable to the Cmax  of 0.25 µM observed in dogs at the limit dose of 0.5 mg/kg/day at the 
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conclusion of 9 months of daily oral dosing.  Cmax values at limit doses in mice and rats were 

markedly higher than the clinical Cmax at the MRHD. 

 

Oral bioavailability of LY3009104 in rats (58.3%) and humans (78.9%) was considered to be 

comparable.  This parameter was not evaluated in dogs.  LY3009104 T1/2 is longer in humans (10 

– 12.5 hrs) than in rats or dogs (approximately 3.5 hrs).   There was no evidence for 

accumulation of LY3009104 in male or female rats or dogs.  This is an expected finding based 

on the relatively short T1/2 for this molecule in these species. 

 

The LY3009104 blood:plasma ratio was found to be less than 1 at all time points in rats.  This 

indicates that LY3009104 does not preferentially associate with the cellular component of blood.  

Therefore, measurements of plasma clearance in pharmacokinetic studies can be considered to 

reflect the actual LY3009104 clearance in rats. 

 

The absorption and exposure characteristics of the phosphate salt and free base forms of 

LY3009104 were found to be highly comparable in studies conducted in mice and in rats.  This 

evidence supports the relevance of nonclinical studies conducted with the phosphate salt to 

evaluation of the safety of clinical dosing with LY3009104 drug product containing the free base 

form of the drug substance. 

 

Distribution 

Plasma protein binding can affect the pharmacokinetic properties of a drug given that only 

unbound drug is available for passive diffusion to sites outside of the vasculature.  LY3009104 

mean percent plasma protein binding was comparable in human, rat, dog, mouse, and rabbit 

serum and plasma samples (range:  44 – 56%) across all species.  Ex vivo plasma protein binding 

studies using plasma samples from nonclinical species dosed with oral LY3009104 achieved 

similar results.   

 

Quantitative tissue distribution studies were conducted using a single oral dose of 

[
14

C]LY3009104 in pigmented and albino rats (male Sprague-Dawley rats and female Long-

Evans rats, respectively).  Radioactivity was widely distributed to tissues in albino and 

pigmented rats, with maximum blood and tissue concentrations detected at t = 2 h post dose.  

The highest concentrations of radioactivity were observed in small intestine, large intestine, 

kidney cortex, liver, skin (high, non-pigmented), cecum, and aorta.  Significant distribution to 

lymphatic tissues (e.g. bone marrow, lymph nodes, spleen, thymus) was also observed.  There 

was evidence for distribution of radioactivity to the eye in pigmented rats.  It is notable that there 

were no treatment-related lesions of the eye detected in chronic toxicology studies conducted in 

rats or dogs.  Furthermore, LY3009104 was determined to be non-phototoxic in a neutral red 

uptake phototoxicity assay in 3T3 mouse fibroblasts. 

 

LY3009104 was detected in brain and CSF after a single IV administration in rats, indicating that 

this molecule is capable of crossing the rat blood-brain barrier.  [
14

C]LY3009104 administered 

orally to pregnant rats on gestation day 18 distributed throughout fetal tissues with peak 

radioactivity observed at 0.5 h post-dose.  [
14

C]LY3009104 also distributed to the milk of 

lactating rats, with approximately 45-fold higher exposure in milk vs. plasma on an AUC0-t basis. 
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Metabolism 

LY3009104 metabolism has been investigated in in vitro and in vivo studies in humans, rats, 

mice, dogs, and rabbits.  Unchanged LY3009104 is the primary metabolite component in all 

species.  Four metabolites of LY3009104 have been detected in human urine and feces samples:  

M3, M10, M12, and M22 (Figure 16).  There is no evidence for disproportionate drug 

metabolites (>10% of parent), pharmacologically active metabolites, or metabolites with 

structural alerts for mutagenicity.  Furthermore there is no evidence for reactive metabolite 

formation in humans.  All metabolites observed in humans were also observed in at least one 

nonclinical species.  Collectively, there are no concerns from the nonclinical perspective with 

regard to the safety of LY3009104 metabolites in humans. 

 

Elimination 

Mass balance studies conducted in mice, rats, and dogs indicated that orally administered 

LY3009104 is eliminated mainly via feces (approximately 40 – 60%) in nonclinical species.  In 

humans, the majority of orally administered LY3009104 (75%) is eliminated in urine. 

General toxicology 

Given that baricitinib will be administered chronically for the treatment of rheumatoid arthritis, 

the most relevant toxicology studies in support of marketing approval are considered to the 

chronic studies conducted in rats (6 months) and dogs (9 months).  LY3009104 inhibited IL-6 

evoked STAT3 phosphorylation in whole blood samples from rats and dogs with nM potency 

(Study LOB12), providing evidence for the toxicologic relevance of these two nonclinical 

species.  

 

Rats 

In the 26 week repeat-dose rat toxicology study, SD rats were dosed orally with LY3009104 at 0, 

0.5, 5, 25, or 100 mg/kg/day.  The high dose for female rats was reduced to 60 mg/kg/day on 

study day 27 as a result of 4 deaths on days 21 – 22.  It was subsequently determined that these 

deaths were attributable to gavage error.  7/23  high dose (HD) males died prematurely due to 

exacerbation of cardiomyopathy. 

 

Immunosuppressant effects were the major treatment-related toxicities observed in rats.  Mixed 

cell depletion in the bone marrow was observed in males at ≥ 0.5 mg/kg/day and females at ≥ 5 

mg/kg/day.  Incidence and severity increased with increasing dose.  This finding correlated with 

dose-related decreases in peripheral B cells, T cells, monocytes, eosinophils, and basophils in 

males and females.  Erythrocytes were decreased relative to controls in HD males and females.  

Lymphoid depletion was observed in the spleen, thymus, Peyer’s patch, and lymph nodes at ≥25 

mg/kg in males and ≥ 5 mg/kg in females.   

 

A NOAEL was not identified in males based on the evidence for immune suppression at all 

doses.  The NOAEL in females was defined at 0.5 mg/kg.  The observed immunosuppressant 

effects are considered to be monitorable in a clinical setting.  Therefore, clinical limit doses 

established in this study are 25 mg/kg in males (based on deaths at 100 mg/kg) and 60 mg/kg in 

females (highest dose tested).  These doses are associated with AUC0-24h values of 27.9 and 95.3 

µM*hr respectively. 
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Dogs 

In the 39 week repeat-dose dog toxicology study, beagle dogs were dosed orally with 

LY3009104 at 0, 0.25, 0.5, 3, and 9 mg/kg/day.  The high dose was lowered from 9 mg/kg to 6 

mg/kg at day 58 due to treatment-related premature deaths in 1 HD male and 1 HD female. 

 

Adverse findings in the skin (pyrogranulomatous inflammation), bone marrow (myeloid 

hyperplasia), mandibular and mesenteric LNs (inflammation, decreased lymphocytes) primarily 

observed in the 3 and 9(6) mg/kg groups were attributable to treatment induced immune 

suppression and subsequent generalized demodicosis (mange) with secondary infections.   

Additional evidence for treatment induced immune suppression was manifested in peripheral 

leukocyte counts in males and females at all doses tested.  Specific observations included 

decreased total peripheral T lymphocytes, CD4
+ 

T cells, and eosinophils. These findings reflect 

pharmacodynamic effects of LY3009104 that, while considered adverse, are monitorable in a 

clinical setting.   

 

Dose limiting toxicities in the GI tract (inflammation, infiltrates) and liver 

(infiltrates/inflammation, bile duct hyperplasia) were observed in males and females at  3 

mg/kg/day.  The limit dose was thus established at 0.5 mg/kg/day.  This dose was associated 

with a mean (male & female) AUC0-24h of approximately 1.21 µM*hr. 

 

Immunosuppressant effects were the major treatment-related toxicities observed in rats and dogs.   

Bone marrow and lymphoid organs including spleen, and lymph nodes were target organs of 

toxicity in both species.  The dog is the more sensitive species.  The limit dose in the chronic dog 

toxicology study supports clinical dosing to an AUC0-24h of 1.21 µM*hr.  This exposure is 

essentially equivalent to the maximum clinical baricitinib exposure of 1.29 µM*hr at the MRHD 

of 4 mg/day (Table 104). 

Table 104.  Summary of chronic oral toxicity studies conducted with LY3009104 in SD rats and beagle dogs. 

   

LY3009104 Doses (mg/kg/d) 

Limit dose 

(mg/kg) 

AUC0-24 at 

(µM*h) 

Exposure 

margin  

(relative to 

MRHD)
a
 

Study Species 
Length 

(months) 
M   F M   F M   F M   F 

T08-04-05 SD rats 6  
0.5, 5, 25, 

100 

0.5, 5, 25, 

100/60 
25 60 27.9 95.3 22 74 

           

T10-02-01 Dogs 9  
0.25, 0.5, 3, 

9/6 

0.25, 0.5, 3, 

9/6 
0.5 0.5 1.20 1.21 1 1 

a 
Clinical baricitinib AUC0-24 at MRHD = 1.29 µM 
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Genetic toxicology 

The mutagenic and clastogenic potential of LY3009104 was evaluated in the standard battery of 

genotoxicity assays.  The totality of the evidence suggests that LY3009104 is not a genotoxic 

molecule. 

 

Bacterial reverse mutation assay 

Revertant colony counts for Salmonella typhimurium strains TA1535, TA1537, TA98, and 

TA100 and E. coli strain WP2 uvrA were unaffected following treatment with LY3009104 at 

doses up to 5000 µg/plate with or without metabolic activation (Aroclor 1254-induced rat liver 

S9), indicating no evidence of mutagenic potential under the conditions of the assay. 

 

In vitro mammalian chromosome aberration test 

This study was conducted in human peripheral blood lymphocytes.   The percent of cells with 

structural or numerical aberrations in LY3009104-treated groups was not significantly increased 

above DMSO controls in the presence or absence of metabolic activation.  The frequency of cells 

with structural chromosome aberrations in vehicle controls and positive controls were also within 

the range of historical values. Therefore, LY3009104 was considered to be negative for 

induction of chromosomal aberrations under the conditions of the study. 

 

In vivo clastogenicity assay 

Male and female rats received a single oral dose of LY3009104 at 200, 400, or 800 mg/kg.  An 

apparent dose-dependent increase in total micronucleated PCEs in bone marrow of male and 

female rats was observed at the 24 hour time point.  However, the difference in micronucleated 

polychromatic erythrocytes (MNPCEs) vs. concurrent controls did not achieve statistical 

significance at any dose.  Furthermore, at all doses, the numbers of MNPCEs in males and 

females were within the historical control range (studies conducted  from 2003 – 

2006).  For this reason, LY3009104 was considered to be negative with respect to micronucleus 

induction at the 24 hour time point. 

 

At the 48 hour time point, the number of MNPCEs observed in 800 mg/kg males (10/10,000) and 

females (12/10,000) was statistically significantly increased relative to vehicle controls.  It is 

noted that there was evidence for reduction in PCE/NCE ratio in these samples, indicative of 

bone marrow cytotoxicity.  In males, the number of MNPCEs is within the historical control 

range, and is therefore not considered to be physiologically significant.  In females, the MNPCE 

value slightly exceeds the historical control range (12/10,000 vs. 0 – 9/10,000).  The results of 

this study are considered to be equivocal.   

 

All doses tested in this study exceed the cytotoxic dose of INCB028050 in rats.  The increased 

MNPCEs observed in the in vivo micronucleus study appear likely to be a consequence of bone 

marrow cytotoxicity rather than an intrinsic genotoxic effect of INCB028050. 
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Carcinogenicity 

LY3009104 was not tumorigenic in SD rats or Tg.rasH2 mice. 

 

Rats 

LY3009104 was administered at doses of 0, 1, 3, or 8 mg/kg/day (males) and 0, 3, 8, or 25 

mg/kg/day (females) to Sprague Dawley rats for a planned duration of 104 weeks.  These doses 

received concurrence from the FDA Executive Carcinogenicity Assessment Committee (ECAC; 

IND 102204 Meeting Minutes dated 12/1/11).  The 8 mg/kg/day dose showed evidence for 

achieving the maximum tolerated dose (MTD) in males based on decreased absolute body 

weight relative to controls.  Systemic exposure in females at the 25 mg/kg/day dose was 

approximately 27-fold the projected clinical exposure at the maximum proposed dose.  The study 

was stopped at week 94 (males) and week 91 (females) due to deaths in control animals (control 

n < 20), in accordance with FDA ECAC recommendations.  LY3009104 treatment resulted in an 

apparent dose-dependent enhancement of survival in males and females.  Enhanced survival is 

likely a consequence of decreased food consumption and body weight gain with increased 

LY3009104 dose. 

 

LY3009104 was not tumorigenic in rats at doses up to 8 mg/kg/day in males and 25 mg/kg/day 

in females.  Treatment related non-neoplastic lesions were generally consistent with findings in 

the 6 month toxicology study in SD rats (Study T08-04-05).  Decreased cellularity in bone 

marrow (femur) and decreased lymphocytes in lymphoid organs are expected pharmacodynamic 

effect of JAK inhibition.  Additionally, evidence for alveolar lipoproteinosis was observed in the 

lungs of males at 8 mg/kg/day and females at ≥ 8 mg/kg/day.  These findings are consistent with 

that of the approved pan-JAK inhibitor tofacitinib (NDA ) in a 2 year rat carcinogenicity 

study.  

 

Mice 

LY3009104 was administered to hemizygous TgRasH2 mice at doses of 0, 15, 40, or 300 

mg/kg/day to males and 0, 10, 30, or 150 mg/kg/day to females by oral gavage for a duration of 

26 weeks.  These doses received concurrence from the FDA Executive Carcinogenicity 

Assessment Committee (ECAC; see IND 102204 meeting minutes dated 7/11/13).  Positive 

control animals received a single intraperitoneal injection of 75 mg/kg N-methyl-N-nitrosourea 

(MNU) on study day 1.  The study design was consistent with established methods for 

carcinogenicity testing in TgRasH2 mice
10

. 

 

There were no treatment-related effects on survival in the 26 week TgRasH2 mouse study with 

oral LY3009104.  LY3009104 was not tumorigenic in male TgRasH2 mice at doses up to 300 

mg/kg/day and female TgRasH2 mice at doses up to 150 mg/kg/day.  MNU-treated positive 

control animals had an expected, characteristic tumorigenic response.  LY3009104-evoked non-

neoplastic lesions were observed in lymph nodes, thymus, and bone marrow, consistent with the 

immune-suppressive effects of JAK inhibition 

 

                                                 
10

 Takaoka M. et al. (2003) Interlaboratory comparison of short-term carcinogenicity studies 

using CB6F1-rasH2 transgenic mice.  Toxicologic Pathology.  32, 191-199. 
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The results of the 2-year carcinogenicity study in Sprague-Dawley rats and the 26-week 

carcinogenicity study in Tg.rasH2 mice were discussed with the FDA Executive Carcinogenicity 

Assessment Committee on June 28, 2016.  The Committee agreed that both studies were 

acceptable, and that there was no evidence for treatment-related neoplasms in rats or mice.  

 

Reproductive toxicology 

Fertility and early embryonic development 

LY3009104 was administered to male (0, 5, 15, 50 mg/kg/day) and female (0, 5, 25, 100 

mg/kg/day) rats in this study.  Males were dosed for approximately 6 weeks prior to sacrifice, 

including 4 weeks prior to mating and throughout the 2 week cohabitation period.  Females were 

dosed for 2 weeks prior to mating, throughout the cohabitation period, and through gestation day 

6.  Based on the design of the study, it is not possible to determine if adverse findings were 

attributable to toxicities in one sex or both. 

 

Mating was not affected in male or female rats at any dose tested.  However, fertility 

(achievement of pregnancy) was adversely affected in both males and females based upon 

findings of reduced numbers of pregnancies in female rats at the high-dose (7/19 HD females 

with evidence of mating were found to be nongravid vs. 1/19 control females).  There was no 

effect of baricitinib on fertility at the mid-dose level (25 mg/kg females mated to 15 mg/kg 

males). 

 

Maintenance of pregnancy was adversely affected at the mid-dose level as defined by increased 

post-implantation losses (early resorptions) and decreased mean viable embryos per litter.  The 

number of viable embryos was unaffected in female rats that received 5 mg/kg LY3009104 

 

Embryofetal development (EFD) 

In the rat EFD study, time mated female rats received LY3009104 at oral doses of 0, 2, 10, or 40 

mg/kg/day from gestational days 6 – 17.  Maternal toxicity was observed at the HD of 40 mg/kg 

as defined by decreased body weight gain of >10%.  LY3009104 was teratogenic at doses ≥ 10 

mg/kg/day.  Skeletal malformations included bent limb bones and rib anomalies.  The NOAEL 

with respect to developmental toxicity in rats was 2 mg/kg/day.  It is notable that LY3009104 

was teratogenic in rats at the 10 mg/kg dose, in the absence of maternal toxicity. 

 

In the rabbit EFD study, time mated female rabbits received LY3009104 at oral doses of 0, 3, 10, 

or 30 mg/kg/day from GD 7 – GD 20.  Maternal toxicity, as evidenced by mortality, was 

observed in rabbits at ≥ 10 mg/kg.  Embryolethality, decreased fetal body weights, and skeletal 

malformations (rib anomalies) were observed at the 30 mg/kg dose.  The NOAEL with respect to 

developmental toxicity in rabbits was 10 mg/kg/day. 

 

Pre- and postnatal development (PPND)  

LY3009104 was administered by oral gavage to female SD rats from GD 6 – LD 20 at doses of 

0, 2, 5, or 25 mg/kg/day.  F1 pups were exposed to LY3009104 as plasma concentrations were 

approximately equal between pups and dams on PND 4.   
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There was no evidence for maternal toxicity at any of the doses tested.  Multiple adverse findings 

were observed in F1 offspring at the 25 mg/kg/day maternal dose.  These included decreased 

survival from birth to PND 4 (due to increased stillbirths and early neonatal deaths), decreased 

mean birth weight, decreased body weight gain during the pre-weaning phase, increased 

incidence of malrotated forelimbs, and immune suppression (decreased cytotoxic T cells on PND 

35).   

 

Findings considered to be potentially secondary to overall delays in F1 pup growth at the HD of 

25 mg/kg included decreased forelimb and hindlimb grip strengths in males and females, delayed 

mean age of balanopreputial separation (indicator of sexual maturity) in males, and delayed 

mean age to vaginal patency (indicator of sexual maturity) in females.   The NOAEL with 

respect to fetal developmental toxicity was determined to be 5 mg/kg/day. 

 

LY3009104 administration to F0 dams had no effect on mean litter size, percentage of males per 

litter, or mean body weight of F2 pups.  There was no evidence for treatment related gross 

malformations or clinical findings in F2 pups upon physical examination on PND 1. 

Unresolved toxicology issues (if any): 

None 

Recommendations:   

NDA 207924 is recommended for approval from the nonclinical pharmacology and toxicology 

perspective. 

Evaluation of Labeling 

Eli Lilly submitted proposed labeling in general conformance with the Physician Labeling Rule 

(PLR, 21 CFR Parts 201, 314, and 601) “Requirements on Content and Format of Labeling for 

Human Prescription Drug and Biological Products” (Final Rule: January 24, 2006) as well as the 

Pregnancy and Lactation Labeling Rule (PLLR) “Content and Format of Labeling for Human 

Prescription Drug and Biological Products; Requirements for Pregnancy and Lactation Labeling” 

(Final Rule: December, 2014). 

 

Recommended changes from the nonclinical perspective were made to the language used in the 

following sections: Highlights of Prescribing Information:  Indications and Usage, Sections 8.1 

&  (Use in Specific Populations:  Pregnancy & , 

respectively), Section 12.1 (Mechanism of Action), and Section 13 (Nonclinical Toxicology).  

The recommendations seen in the current review were made to the labeling submitted to the 

FDA by the sponsor on October 24, 2016.  The labeling below represents the agreed-upon 

language for nonclinical sections as of November 18, 2016.  Additions are shown in underlined 

text and deletions are shown in strikethrough text. Written explanations of the proposed changes 

follow.  Recommended language for  (1) Highlights of Prescribing Information:  Use in Specific 

Populations:   and (2) Section  is to be developed in 

consultation with the Division of Pediatric & Maternal Health as well as the DPARP Clinical 

Review Team. 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 

 ---------------------------- INDICATIONS AND USAGE ---------------------------  
OLUMIANT is a Janus kinase inhibitor  indicated for the treatment of adult patients with moderately to 
severely active rheumatoid arthritis   

 

 ----------------------- USE IN SPECIFIC POPULATIONS ----------------------  

•  

 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 

Th  limited  human data on use of OLUMIANT in pregnant women are not 
sufficient to inform a drug-associated risk for major birth defects or miscarriage. In animal embryo-fetal 
development studies, oral baricitinib administration to pregnant rats and rabbits at exposures equal to and 
greater than  and -times the maximum recommended human dose (MRHD), respectively, resulted 
in reduced fetal body weights, increased embryolethality (rabbits only), and dose-related increases in 
skeletal malformations. No developmental toxicity was observed in pregnant rats and rabbits treated with 
oral baricitinib during organogenesis at approximately and times the exposure at the MRHD, 
respectively. In a pre- and postnatal development study in pregnant female rats, oral baricitinib 
administration at exposures approximately times the MRHD resulted in reduction in pup viability 
(increased incidence of stillborn pups and early neonatal deaths), decreased fetal birth weight, reduced 
fetal body weight gain, decreased cytotoxic T cells on post-natal day (PND) 35 with evidence of recovery 
by PND 65, and developmental delays that might be attributable to decreased body weight gain. No 
developmental toxicity was observed at an exposure approximately times the exposure at the MRHD 
[see Animal Data]. 

The estimated background risk of major birth defects and miscarriage for the indicated 
population(s) are unknown. All pregnancies have a background risk of birth defect, loss, or other adverse 
outcomes. In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. 

 
Animal Data 

In an embryofetal development study in pregnant rats dosed orally during the period of 
organogenesis from gestation days 6 to 17, baricitinib was teratogenic (skeletal malformations that 
consisted of bent limb bones and rib anomalies) at exposures equal to or greater than times the 
MRHD (on an AUC basis at maternal oral doses of 10 mg/kg/day and higher).  

 
 No developmental toxicity was observed in rats at an 

exposure approximately times the MRHD (on an AUC basis at a maternal oral dose of 2 mg/kg/day). 
In an embryofetal development study in pregnant rabbits dosed orally during the period of 

organogenesis from gestation days 7 to 20, embryolethality, decreased fetal body weights, and skeletal 
malformations (rib anomalies) were observed in the presence of maternal toxicity at an exposure 
approximately  times the MRHD (on an AUC basis at a maternal oral dose of 30 mg/kg/day). 
Embryolethality consisted of increased post-implantation loss that was due to elevated incidences of both 
early and late resorptions. No developmental toxicity was observed in rabbits at an exposure 
approximately times the MRHD (on an AUC basis at a maternal oral dose of 10 mg/kg/day). 

In a pre- and postnatal development study in pregnant female rats dosed orally from gestation day 
6 through lactation day 20, adverse findings observed in pups included decreased survival from birth to 
postnatal day 4 (due to increased stillbirths and early neonatal deaths), decreased birth weight, 
decreased body weight gain during the pre-weaning phase,  increased incidence of malrotated 
forelimbs during the pre-weaning phase, and decreased cytotoxic T cells on PND 35 with recovery by 
PND 65 at exposures approximately  times the MRHD on an AUC basis at a maternal oral dose of 25 
mg/kg/day. Developmental delays (that may be  secondary to decreased body weight 
gain) were observed in males and females at exposures approximately times the MRHD (on an AUC 
basis at a maternal oral dose of 25 mg/kg/day). These findings included decreased forelimb and hindlimb 
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grip strengths, and delayed mean age of sexual maturity.  No developmental toxicity was observed in rats 
at an exposure approximately times the MRHD (on an AUC basis at a maternal oral dose of 
5 mg/kg/day). 

12 CLINICAL PHARMACOLOGY 
12.1 Mechanism of Action 

Baricitinib is a Janus kinase (JAK) inhibitor. JAKs are intracellular enzymes which transmit signals 
arising from cytokine or growth factor-receptor interactions on the cellular membrane to influence cellular 
processes of hematopoiesis and immune cell function. Within the signaling pathway, JAKs phosphorylate 
and activate Signal Transducers and Activators of Transcription (STATs) which modulate intracellular 
activity including gene expression. Baricitinib modulates the signaling pathway at the point of JAKs, 
preventing the phosphorylation and activation of STATs. 

 JAK enzymes 
transmit cytokine signaling through their pairing (e.g., JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, JAK2/JAK2, 
JAK2/TYK2). In cell-free isolated enzyme assays, baricitinib had greater inhibitory potency  at JAK1 

 JAK2  and TYK2  relative to JAK3  In human leukocytes, baricitinib 
inhibited cytokine induced STAT phosphorylation mediated by JAK1/JAK2, JAK1/JAK3, JAK1/TYK2, or 
JAK2/TYK2 with comparable potencies.  However, the relevance of inhibition of specific JAK enzymes to 
therapeutic effectiveness is not currently known. 

 

13 NONCLINICAL TOXICOLOGY 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

The carcinogenic potential of baricitinib was evaluated in Sprague-Dawley rats and Tg.rasH2 
mice. No evidence of tumorigenicity was observed in male or female rats that received baricitinib for 91 to 
94 weeks at oral doses up to 8 or 25 mg/kg/day, respectively and times the MRHD on an AUC 
basis). No evidence of tumorigenicity was observed in Tg.rasH2 mice that received baricitinib for 26 
weeks at oral doses up to 300 and 150 mg/kg/day in male and female mice, respectively  

 
Baricitinib tested negative in the following genotoxicity assays: the in vitro bacterial mutagenicity 

assay (Ames assay), in vitro chromosome aberration assay in human peripheral blood lymphocytes, and 
in vivo rat bone marrow micronucleus assay. 

Fertility (achievement of pregnancy) was reduced in male and female rats that received baricitinib 
at oral doses of 50 and 100 mg/kg/day respectively (approximately and times the MRHD in males 
and females, respectively, on an AUC basis) based upon findings that 7 of 19 (36.8%) drug-treated 
females with evidence of mating were not gravid compared to 1 of 19 (5.3%) control females. It could not 
be determined from the study design if these findings were attributable to toxicities in one sex or both.  

  Fertility was unaffected in male and female rats at oral doses of 
15 mg/kg and 25 mg/kg, respectively (approximately and times the MRHD on an AUC basis).  
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However, maintenance of pregnancy was adversely affected at these doses based upon findings of 
increased post-implantation losses (early resorptions) and decreased numbers of mean viable embryos 
per litter.  

 
 
 

   The number of viable embryos  was unaffected in  female rats 
that received baricitinib at an oral dose of 5 mg/kg/day and were mated to males that received the same 
dose (approximately 3 times the MRHD on an AUC basis).  Reproductive performance was unaffected in 
male and female rats that received baricitinib at oral doses up to 50 and 100 mg/kg/day respectively 
(approximately and  times the MRHD in males and females, respectively, on an AUC basis).
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Rationale for labeling recommendations 

Highlights of Prescribing Information:  Indications and Usage 
The current FDA Established Pharmacologic Class (EPC) for  baricitinib is Janus kinase (JAK) 

inhibitor.   

 

8.  Use in Specific Populations 
Recommended changes to the language in Sections 8.1 (Pregnancy) and  

 were made in collaboration with the Pediatric and Maternal Health 

Staff. 

 

8.1 Pregnancy (Risk Summary) 

The nonclinical review team is generally in agreement with the sponsor’s interpretation of the 

reproductive toxicology studies referenced in this section of the label.  The following changes 

were recommended to the sponsor. 

 

1. Lines 1 - 2:  This text has been updated to indicate that there is some limited clinical data 

available from women treated with baricitinib during pregnancy. 

 

2. Line 10:  In the pre- and postnatal development study, there were a total of 6 F1 pups 

(from 5 separate litters) in the 25 mg/kg group that were found dead on PND 0 with lungs 

that did not float and with no milk in their stomachs.  These animals meet the criteria of 

stillborn as described on page 36 of Study -353280 (see Table A25 of study -

353280).  There were no stillborn pups in offspring of control F0 females.  1 stillborn pup 

was observed in the 2 mg/kg group and 0 stillborn pups in the 5 mg/kg dose group.  

Additionally, there was a significant decrease in pup survival from birth to PND 4 in the 

HD group relative to controls (Study -353820, page 57). 

 

3. Line 11:  Absolute cytotoxic T cell counts were decreased by 28 and 33% in HD males 

and females respectively relative to controls on PND 35 (pages 546 & 548 of Study -

353820).  The effect achieved statistical significance in females, and is considered to be 

of sufficient magnitude to qualify as a physiologically relevant effect that might be 

attributed to the immunosuppressive effects of baricitinib.  This effect reversed by PND 

65.   

 

4. Line 12:  It is not clear that all observed developmental delays in high dose animals are 

completely attributable to decreased body weight gain.  Therefore the statement was 

qualified by saying that the observed developmental delays ‘might be’ attributable to 

decreased body weight gain. 
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8.1 Pregnancy (Animal data) 

 

1. ¶ 1, Lines 4-6:   

 

  Discussion  

 is not considered to be 

necessary. 

2. ¶ 3, Line 3:  See explanation for Discussion Point 2 above (under Risk Summary). 

3. ¶ 3, Lines 5 - 6:  See explanation for Discussion Point 3 above (under Risk Summary). 

4. ¶ 3, Line 7:  See explanation for Discussion Point 4 above (under Risk Summary). 

 

12.  Clinical Pharmacology 
12.1 Mechanism of action 

1. General comment:  The language for section 12.1 is intended to generally follow the 

language used in the approved label for tofacitinib. 

 

2. ¶ 2, Line 1:   

 

The Division generally expects multiple lines of evidence to support a claim such as 

greater inhibitory potency for JAK1 and JAK2 relative to JAK3.  The nonclinical 

development program for baricitinib includes evidence for inhibition of JAK1 and JAK2 

function in multiple different assay types.  However, differences in inhibitory potency of 

baricitinib for JAK1 and JAK2 over JAK3 were demonstrated in cell-free isolated 

enzyme assays only.  We acknowledge the complexity of the conduct of the cell-based 

assays and interpretation of the results.   

Reference ID: 4016244

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA #207924   Reviewer:  Matthew Whittaker, Ph.D. 

 

209 

 

 

 

 

3. ¶ 2, Lines 3- 6: 

 

It is our position that the most reasonable approach to express the totality of the 

baricitinib pharmacology information provided is to describe baricitinib potency in cell-

free assays  in addition to the results of cell-based assays 

in human leukocytes.   

 

 

13.  Nonclinical toxicology 
13.1 Carcinogenesis, mutagenesis, impairment of fertility 

 

1. ¶ 1, Lines 5-6:   

 

 

2. ¶ 3, Line 1:  Clarification on the definition of ‘Fertility’ was added. 

 

3. ¶ 3, Lines 6 - 10:  These sentences were included to clarify the point that fertility 

(achievement of pregnancy) was unaffected at x and x the MRHD.   Maintenance of 

pregnancy was adversely affected at these doses as described in the text in lines 8-10. 

 

4. ¶ 3, Lines 14-16:  The Division agrees with the insertion of the reference to the no effect 

dose for number of viable embryos.  The language was edited slightly in attempt to 

further clarify the point 

 

5. ¶ 3, Lines 16-18:  This sentence was added to reference the absence of any effects of 

baricitinib on male or female mating index. 
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12 Appendix/Attachments (separate document) 

Appendix 1:  Nonclinical review of IND 102204.  June 9, 2009 

Appendix 2:  Nonclinical review of IND 102204.  December 1, 2011 

Appendix 3:  Nonclinical review of IND 102204.  March 16, 2012 

Appendix 4:  Nonclinical review of IND 102204.  July 11, 2013 

Appendix 5:  Nonclinical review of IND 102204.  September 19, 2014 
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FDA Center for Drug Evaluation and Research 
Division of Anesthesia, Analgesia and Rheumatology Products 

10903 New Hampshire Avenue, Silver Spring, MD  20993 
 

PHARM/TOX MEMO TO FILE 
 

IND number:    102,204  
Drug Substance:   INCB028050 
Supporting Document #/Date: SDN 10 & 11/March 12 & 20, 2009 
Information to sponsor:   Yes ( x ) No (  )   
Review number:   2 
Sponsor:    Incyte Corporation 
Reviewer name:     Gary P. Bond, Ph.D., DABT 
Division name:     Division of Anesthesia, Analgesia and  
    Rheumatology Products 
Review completion date:    June 9, 2009 
 
Recommendation:   The chronic rat and dog studies submitted in this 
amendment support the proposed clinical trial of 3 months + 3 months additional dosing 
(INCB 28050-201) at the proposed doses up to 10 mg qd, but do not support a chronic 
indication as an additional nonrodent chronic toxicology study will be required for NDA 
approval of a chronic indication.  
 
 
Background – For the original IND submission (SDN 1 – May 6, 2008), the Pharm/Tox 
recommendation was as follows: The proposed clinical trial for IND 102,204 is not 
considered safe to proceed based on the nonclinical pharmacology/toxicology data. 
Single and multiple dosing up to 28-days can proceed only up to 10 mg qd. Thereafter, 
clinical dosing can continue with PK maximum limitations of 1.48 µM•h (AUC – 0.903 
µM•h unbound).  In addition, for this New Molecular Entity of a drug class that has no 
approved drugs, the chronic nonrodent (dog) study should be 12 months in duration. The 
requirement for a 12 month chronic study in nonrodents was not conveyed to the sponsor. 
Currently available multiple dose clinical data is summary of a 1-month trial in healthy 
volunteers at up to 10 mg qd with no SAEs reported. 
 
Current submission – 6-month chronic rat study (1386-021), 6-month chronic dog study 
(1386-020), and proposed 3-month (+ 3-month add on) human clinic trial at 4, 7, & 10 
mg qd (INCB 28050-201) in RA patients.  
 
6-month rat study - Male and female rats (n = 15/sex) were administered 0, 0.5, 5, 25, 
100 (males), or 100/60 (females) mg/kg by oral gavage for 6 months with a 6 week 
recovery period (n = 8/group) with the 60 mg/kg female dosing starting on day 26 after 4 
days of no dosing. In 7 of 8 males at 100 mg/kg, death was attributed to cardiomyopathy 
(6) or liver inflammation/necrosis (1). Dosing error, gavage-related deaths (1 female at 5, 
1 female at 25, 4 females at 100, & 1 male at 100 mg/kg) exhibited lymphoid depletion 
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(e.g., severe at 5 mg/kg). One (1) male and 1 female from 25 mg/kg group died of 
undetermined causes. These effects were also reflective of what occurred in the TK 
animals. Reversible, dose responsive decreases in body weight were observed up to 16 & 
27% for 25 & 100 mg/kg males, respectively. Reversible, dose responsive 
immunosuppression (leukocytes and lymphocytes) and decreased spleen weights were 
observed. Microscopic lymphoid depletion was also dose-responsive and reversible 
(pharmacological effects). The 100 mg/kg males that died exhibited lymphoid depletion 
and minimal to severe cardiomyopathy and liver inflammation with some necrosis 
Based on unexplained death of 1 male and 1 female at 25 mg/g, and lymphoid depletion 
at 5 mg/kg, the NOAEL is 0.5 mg/kg and a reversible/clinically monitorable LOAEL at 5 
mg/kg. 
 
6-month dog study - Male and female beagle dogs (n = 5/group + 2/group 6-week 
recovery animals) were administered 0, 0.25, 1/0.75, 5/2.5, or 20/15/5 mg/kg by oral 
gavage for 6 months). Dose levels were reduced on day 17 (1/0.75 & 5/2.5 mg/kg) and 
days 7 & 22 (20/15/5 mg/kg) due to gastrointestinal effects (e.g., red discoloration of and 
watery/mucoid/soft feces) and other effects before dose reduction. Thereafter, 
immunosuppression “related” mange predominates starting week 16 with early sacrifice 
for 5/2.5 & 20/15/5 mg/kg groups (days 130-155 versus 183) and 1 female at 1/0.75 
mg/kg. Reticulocytes and lymphocytes suppression, decreased albumin, and increased 
globulin at ≥ 5/2.5 mg/kg considered adverse event described as progressive 
immunosuppression followed by inflammation. the NOAEL is 0.25 mg/kg and a 
reversible/clinically monitorable LOAEL at 1/0.75 mg/kg. 
 
Based on the NOAELs in the two chronic nonclinical studies and that the LOAELS are 
reversible effects of lymphoid depletion that are monitorable in the clinic, the proposed 
clinical trial is considered reasonably safe to proceed with safety margins at ≥ 1 at the 
LOAELS (see safety margin tables – full tables with TK values in the appendix). In 
addition, the dog safety margins could be reasonably defended to be double to what is 
reported as the drug is 2-fold more potent in the dog than humans.  
 
Toxicokinetics and Human Dose Ratios (10 mg qd)Based on a Study in Rats Dosed by 

Oral Gavage with INCB028050 for 6 Months with a 6-Week Recovery Period 
Dose Ratiosb 

(bound + unbound drug) 
Dose Ratiosb 

(unbound drug) 
Dose 

(mg/kg) 
Days 

doseda 
Male Female MF Male Female MF 

0.5 (NOAEL) 1-182 0.17 0.26 0.22 0.18 0.26 0.22 
5 (LOAEL)c 1-182 1.37 1.87 1.62 1.34 1.83 1.58 

25 1-182 10.4 14.2 12.3 10.2 13.9 12.0 
60d 27-182 --e 35.4 -- -- 34.7 -- 
100 1-22 -- 69.5 -- -- 68.1 -- 
100 1-182 42.4 -- -- 41.6 -- -- 

a - doses reduced a noted for the high dose group females (100/60) with a wash out period of 4 days  
b – Dose Ratios calculated using combined human male:female values as that is what was reported in the 
submission and because no final reports have been submitted to allow more defined calculations. Human 
AUC value of 2.69 µM•h (total blood) and 1.29 µM•h  (unbound) are used from study INCB 28050-103 in 
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RA patients dosed for 1 month at 10 mg qd, the high dose for the proposed chronic study in RA patients 
(INCB 28050-201).  
c – reversible and clinically monitorable effects related to the anticipated pharmacological action of the 
drug 
d – female rat dose reduced from 100 to 60 mg/kg on day 27 after 3 day wash out period (males remained 
at 100 mg/kg for entire study) 
e – not applicable 
 
Toxicokinetics and Human Dose Ratios (10 mg qd) Based on a Study in Dogs Dosed by 

Oral Gavage with INCB028050 for 6 Months with a 6 Week Recovery  Period 
Dose Ratiosb 

(bound + unbound drug) 
Dose Ratiosb 

(unbound drug) 
 

Dose 
(mg/kg) 

 
Days 

doseda M F MF M F MF 
0.25 (NOAEL) 1-182 0.33 0.35 0.34 0.43 0.44 0.43 
0.75 (LOAEL)c 17-182 1.38 1.26 1.32 1.75 1.60 1.68 

1 1-16 1.58 1.52 1.55 2.00 1.94 1.97 
2.5 17-154 5.61 7.17 6.39 7.14 9.15 8.14 
5 1-16 6.69 8.25 7.47 8.45 10.5 9.53 
5 22-154 12.9 11.5 12.2 16.4 14.6 15.4 
15 7-11 --e -- -- -- -- -- 
20 1-3 31.1 23.5 27.3 39.6 29.8 34.7 

a – doses reduced as noted for a given group with a wash out period of 3 days for high dose group after 20 
mg/kg and a 10-day wash out period after 15 mg/kg in the high dose group 
b – Dose Ratios calculated using combined human male:female values as that is what was reported in the 
submission and because no final reports have been submitted to allow more defined calculations. Human 
AUC value of 2.69 µM•h (total blood) and 1.29 µM•h  (unbound) are used from study INCB 28050-103 in 
RA patients dosed for 1 month at 10 mg qd, the high dose for the proposed chronic study in RA patients 
(INCB 28050-201).  
c – reversible and clinically monitorable effects related to the anticipated pharmacological action of the 
drug 
d – no sampling 
 
Potential confounding issues relative to a nonclinical-based human safety assessment 
include initial, overt toxicity resulting in dose reduction with the later occurrence of 
mange in the dog study, which made the higher two doses essentially uninterpretable as 
to drug action (pharmacologically expected immunosuppression followed by mange 
versus toxicological effects) and required early termination of affected animals as well as 
1 female at 1/0.75 mg/kg. The sponsor questions, with this reviewer’s agreement, that the 
dog may not be an appropriate nonrodent test species. To this end, this chronic dog study 
is only considered acceptable for the proposed clinical protocol and an additional chronic 
study in nonrodents is required for approval of a chronic indication.  
 
Internal Comments/Recommendations 

1. While the proposed clinical trial doses of up to 10 mg qd of INCB028050 for 3 
months with a possible additional 3 month in RA patients is supported by the 
chronic nonclinical data, the dog study is considered of marginal quality as to 
appropriate dose selection and nonrodent species tested. Some additional issues 
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exist that should be noted, but also do not require the proposed clinical trial be 
recommended to be put on hold as follows: 

a. Longest clinical trial completed is 1 month in healthy volunteers with 
summary report submitted and proposed clinical protocol proposes 
extending clinical trial to a duration of 6 months in RA patients 

b. Inclination to be more conservative in nonclinical-based human safety 
assessment for an NME with no approved drug in class.  

 
External Comments/Recommendations 
 
We have reviewed your submission for IND 102,204 of March 20, 2009 and have the 
following comments: 

1. From a nonclinical standpoint, the proposed clinical trial (INCB 28050-201) can 
proceed at up to 10 mg/kg qd for up to 6 months (3 months + 3 months 
extension). 

2. Based on initial toxicity and later immunosuppression-based mange in the chronic 
dog study, this study is not adequate to support a chronic indication for your drug. 
Toxicity may have been difficult to detect due dose selection and the resulting 
overt immunosuppressive pharmacological action of the drug. You may want to 
consider an alternative nonrodent species for your chronic study. 

3. In lieu of justifying the validity of your chronic dog study to support a chronic 
indication (NDA approval) for INCB028050 to the Agency’s satisfaction, a 
chronic study should be conducted in a nonrodent species for at least 9 months 
duration (see ICH Guidances M3 & S4A).  Doses used should be selected to 
identify a NOAEL, describe the toxicity profile (e.g., local and systemic target 
organ toxicity) or employ the maximum feasible dose, demonstrate reversibility 
of any effects, and provide adequate safety margins for the proposed human doses 
based on human pharmacokinetic and nonclinical toxicokinetic comparisons.  

 
Reviewer Signature:    Gary P. Bond, Ph.D., DABT        
 
Supervisor Signature:       Adam M. Wasserman, Ph.D.     Concurrence  Yes _X    No ___  
 
 
APPENDIX (TK and safety margin tables for rats and dogs follow): 
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Toxicokinetics and Human Dose Ratios (10 mg qd)Based on a Study in Rats Dosed by Oral Gavage with INCB028050 for 6 Months 
Total drug AUC value 

(µM•h) in bloodb 
Dose Ratiosc 

(bound + unbound drug) 
Uunbound drug AUC 

value (µM•h) in bloodd 
Dose Ratiosc 

(unbound drug) 
Dose 

(mg/kg) 
Days 

doseda 
Male Female MF Male Female MF Male Female MF Male Female MF 

0.5 1-182 0.48 0.71 0.60 0.17 0.26 0.22 0.23 0.33 0.28 0.18 0.26 0.22 
5 1-182 3.68 5.02 4.35 1.37 1.87 1.62 1.73 2.36 2.04 1.34 1.83 1.58 
25 1-182 27.9 38.1 33.0 10.4 14.2 12.3 13.1 17.9 15.5 10.2 13.9 12.0 
60d 27-182 -- 95.3 -- -- 35.4 -- -- 44.8 -- -- 34.7 -- 
100 1-22 -- 187e -- -- 69.5 -- -- 87.9 -- -- 68.1 -- 
100 1-182 114 -- -- 42.4 -- -- 53.6 -- -- 41.6 -- -- 

a - doses reduced a noted for the high dose group females (100/60) with a wash out period of 4 days  
b – total of plasma protein bound and unbound drug in blood 
c – Dose Ratios calculated using combined human male:female values as that is what was reported in the submission and because no final reports have been 
submitted to allow more defined calculations. Human AUC value of 2.69 µM•h (total blood) and 1.29 µM•h  (unbound) are used from study INCB 28050-103 in 
RA patients dosed for 1 month at 10 mg qd, the high dose for the proposed chronic study in RA patients (INCB 28050-201).  
c - plasma protein bound:unbound ratios are 0.47 (rat), 0.61 (dog), & 0.48 (human) 
d – female rat dose reduced from 100 to 60 mg/kg on day 27 after 3 day wash out period (males remained at 100 mg/kg for entire study) 
e – female rat value from day 23 sample prior to wash out period    
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Toxicokinetics and Human Dose Ratios (10 mg qd) Based on a Study in Dogs Dosed by Oral Gavage with INCB028050 for 6 Months 

Total drug AUC value 
(µM•h) in bloodb 

Dose Ratiosc 
(bound + unbound drug) 

Uunbound drug AUC 
value (µM•h) in bloodd 

Dose Ratiosc 
(unbound drug) 

 
Dose 

(mg/kg) 

 
Days 

doseda M F MF M F MF M F MF M F MF 
0.25 1-182 0.90 0.94 0.92 0.33 0.35 0.34 0.55 0.57 0.56 0.43 0.44 0.43 
0.75 17-182 3.70 3.39 3.55 1.38 1.26 1.32 2.26 2.07 2.17 1.75 1.60 1.68 

1 1-16 4.24 4.10 4.16 1.58 1.52 1.55 2.59 2.50 2.54 2.00 1.94 1.97 
2.5 17-154 15.1 19.3 17.2 5.61 7.17 6.39 9.21 11.8 10.5 7.14 9.15 8.14 
5 1-16 18.0 22.2 20.1 6.69 8.25 7.47 10.9 13.5 12.3 8.45 10.5 9.53 
5 22-154 34.6 30.9 32.7 12.9 11.5 12.2 21.1 18.8 19.9 16.4 14.6 15.4 
15 7-11 --e -- -- -- -- -- -- -- -- -- -- -- 
20 1-3 83.7 63.1 73.4 31.1 23.5 27.3 51.1 38.5 44.8 39.6 29.8 34.7 

a – doses reduced as noted for a given group with a wash out period of 3 days for high dose group after 20 mg/kg and a 10-day wash out period after 15 mg/kg in 
the high dose group 
b – total of plasma protein bound and unbound drug in blood 
c – Dose Ratios calculated using combined human male:female values as that is what was reported in the submission and because no final reports have been 
submitted to allow more defined calculations. Human AUC value of 2.69 µM•h (total blood) and 1.29 µM•h  (unbound) are used from study INCB 28050-103 in 
RA patients dosed for 1 month at 10 mg qd, the high dose for the proposed chronic study in RA patients (INCB 28050-201).  
d - plasma protein bound:unbound ratios are 0.47 (rat), 0.61 (dog), & 0.48 (human) 
e – no sampling 
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1 Executive Summary 

1.1 Introduction 
LY3009104 is a Janus kinase (JAK) inhibitor being developed for  

 rheumatoid arthritis.   Chronic 
inflammatory conditions, including rheumatoid arthritis (RA) are associated with 
aberrant production of cytokines and growth factors.  Many of the proinflammatory 
cytokines implicated in the pathogenesis of inflammatory diseases utilize cell signaling 
that involves the JAK-STAT pathways such as interleukin (IL)-22, IL-23, IL-12, and IL-6.  
Therefore JAK inhibitor, LY3009104 may have therapeutic effect in the inflammatory 
disease such as RA. 

1.2 Brief Discussion of Nonclinical Findings 
This review evaluates the toxicity in the 6-month rat study, which is submitted for the 
dose selection in rat carcinogenicity bioassay.   In the 6-month toxicity study, Sprague 
Dawley rats 23/sex/ group was administered with the test article (0, 0.5, 5, 25, 100/60 
mg/kg/day) via oral gavage; in addition 11 animals/ dose group (except the vehicle 
control group in which 10 animals were used) were also treated with the test article for 
the toxicokinetics analyses. The high dose for female rats was reduced on day 27 from 
100 to 60 mg/kg/day based upon several deaths (Days 21-22) that were subsequently 
determined to be gavage errors unrelated to drug treatment.   
 
Seventeen animals from the main study group and 10 animals from the toxicokinetics 
group died.   In the main study group: 0, 0, 1, 2, 5 females and 0, 0, 0, 1, and 8 males 
died from 0, 0.5, 5, 25, and 100/60 mg/kg dose group, respectively.  All of the females 
(except one in the 25 mg/kg dose group) died from dosing errors.  All high dose group 
males died of drug-induced exacerbation of cardiomyopathy, except one, which died of 
a dosing error.  The causes of deaths for 1 male and 1 female from the 25 mg/kg dose 
in the main study group were undetermined (died on days 80 and 86, respectively, with 
findings of lymphoid depletion in the spleen and/or thymus). 
 
Ten animals from the toxicokinetics group died: 1, 0, 1, 2, 1 females, 1, 1, 3, 0, and 0 
males from died from 0, 0.5, 5, 25, and 100/60 mg/kg dose group, respectively.  The 
deaths in the TK animals were not dose related.    The patterns of deaths differed 
between main study and toxicokinetic groups for male rats (i.e., drug-related deaths at 
the HD for male study males vs. no deaths at the HD for TK males). The cause of 
deaths from 3 males from the 5 mg/kg group and 1 female from the 25 mg/kg dose 
group were undetermined and remain a concern. 
 
Body weights for males in the 0.5, 5, 25, and 100 mg/kg/day groups at week 26 were 
decreased in a dose-related manner by 5, 8, 16, and 27%, respectively. Body weights 
for females in the 100 mg/kg/day group at week 26 was decreased by 5%. 
 
The targets organs of toxicity were identified as the heart, bone marrow (femur and 
sternum), mesenteric LN, thymus, spleen, and Peyer’s patches. There were additional 
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findings in the liver and mandibular LN for high dose males that died. Drug-induced 
exacerbation of cardiomyopathy led to deaths of 7 males in the high dose group.  
Mixed cell depletion in the femur bone marrow were observed for males at 0.5, 5, 25, 
and 100 mg/kg/day and females at 5, 25, and 100/60 mg/kg/day. Mixed cell depletion in 
sternum bone marrow was also observed for male drug-treated groups. Decreases of 
erythrocyte indices at 100/60 mg/kg/day and leukocytes at 5, 25, and 100/60 mg/kg/day 
appeared to correlate with findings in bone marrow. Males and females at 100/60 
mg/kg/day might be considered anemic based upon declines of erythrocyte indices.  
Dose-related lymphoid depletion was observed in the spleen, thymus, Peyer’s patch, 
and the lymph nodes for males at 25 and/or 100 mg/kg/day and females at 5, 25, and/or 
100/60 mg/kg.  
 
A NOAEL of 5 mg/kg/day was identified for females; however, a NOAEL was not 
identified for males.   
 
The Sponsor has proposed to assess the carcinogenic potential of LY3009104-free 
base in a 102 week oral carcinogenicity study in the Sprague Dawley rats.  However, all 
nonclinical studies including the 6-month toxicology study with rats were conducted with 
the phosphate salt of LY3009104 .   
 
A meeting was held with ECAC dated November 29, 2011 to discuss the doses for the 
carcinogenicity study in rats. 
 

1.3 Recommendations 
The doses for the 2-year carcinogenicity study with rats listed below reflect the 
conclusions and recommendations of the ECAC (See minutes of meeting dated 
November 29, 2011).  
 
The MTD for males was judged to be 8 mg/kg/day based upon drug-related deaths at 
100 mg/kg/day, a 16% decrease of body weight at 25 mg/kg/day, a 51% decrease of 
leukocytes at 25 mg/kg/day, and high incidences of minimal to mild lymphoid depletion 
in the spleen and minimal to mild mixed cell depletion in femur bone marrow at 25 
mg/kg/day.  
 
Recommended doses for males: 0, 1, 3, 8 mg/kg 
 
The MTD for females was judged to be 25 mg/kg/day based upon findings for females 
in the 100/60 mg/kg/day group that included minimal to moderate lymphoid depletion 
observed in the spleen and thymus, potential anemia (9% decrease of RBCs and 11% 
decrease of hematocrit), and a 5% decrease of body weight gain relative to the control. 
 
Recommended dose for females: 0, 3, 8, 25 mg/kg 

 
Additional Comment(s) (Conveyed in the ECAC meeting minutes) 
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• The committee noted that the study duration should be 104 weeks rather than 
102 weeks. 

• The Committee did not consider the bridging study comparing the free base and 
 phosphate salt forms of LY3009104 to be acceptable. The committee    
recommends that the carcinogenicity study be conducted with the phosphate salt 
that was used in the dose ranging study unless more extensive bridging data can 
be provided to demonstrate that there is no PK difference between the free base 
and the phosphate salt. 

• For any macroscopic findings in the low and mid dose groups for a given tissue, 
you need to examine the tissue from all of the dose groups. 

• For statistically significant or otherwise remarkable findings in the high dose 
group, you need to examine the affected tissues in all of the dose groups. 

• For an increase in tumors in an organ for a particular tumor type you need to 
examine the entire tissue sites as well as different organs with similar tissue 
(e.g., hemangiosarcoma, lymphoma etc.; see McConnell et al, JNCI 76:283, 
1986) at all dose levels.  

 

2 Drug Information 

2.1 Drug 
 
Code Name:  INCB028050, LY3009140 
 
Chemical Name: 2-(3-(4-(7H-pyrrolo [2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-
(ethylsulfonyl)azetidin-3-yl) acetonitrile phosphate 
 
Molecular Formula:  C16H20N7O6PS 
 
Molecular Weight:   469.41 
 
Chemical Structure:  LY3009104•phosphate (left) and LY3009104 free base (right). 
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Figure 1 Structure LY3009104 

 
 
 
Pharmacologic Class:  Janus kinase (JAK) inhibitor 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
There were no relevant INDs or NDAs with same chemical structure. 

2.3 Drug Formulation 
Oral Capsule Drug product components for the 1 mg strengths are presented in table 1.  
The drug product is supplied for clinical study use as tablets and is composed of 
LY3009104 free base and the inactive ingredients microcrystalline cellulose, mannitol, 
croscarmellose sodium, and magnesium stearate.  Each tablet contains LY3009104 
equivalent to 1 mg or 4 mg of the free base compound (table 1).  

Table 1  Composition of INCB 028050 (1mg) 

 
The sponsor has proposed to use the free base form of LY3009104 for the rat 
carcinogenicity study although the 6-month toxicology study with rats was conducted 
using the phosphate salt form of LY3009104.  Preliminary data from a pilot exposure 
study in rat indicated that the mean exposures of LY3009104- phosphate salt and free 
base were similar with the oral administration of 1 mg/kg.  However, the mean exposure 
from the LY3009104-free base was approximately one-half of the exposure from the 
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LY3009104-phosphate salt with the oral administration of 10 mg/kg (table 3) although 
the standard deviations are noted to be wide.   The Sponsor believes that dose 
adjustments will not be necessary because the exposures were relatively comparable.   
The reviewer agrees with the Sponsor’s conclusion. 

Table 2 Exposures of LY3009104-H3P04 and Free base in Rats 
 

 
 
 

2.4 Comments on Novel Excipients 
There is no novel excipient in the drug product formulation; the   used for the imprint 
of the capsules have USP and PH. Eur. references. 

2.5 Comments on Impurities/Degradants of Concern 
 

 is a potential organic impurity,  it is 
structural alert for mutagencity (a Michael acceptor). This impurity (Figure 2) is 
monitored and is not detected (limit of detection by HPLC = %) in the clinical and 
toxicology batches.   

Figure 2  Structure of  

 
The drug substance is analyzed for the presence of inorganic impurities which include 
heavy metals, inorganic salts and catalysts.   
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The chemistry reviewer sent out the following comment to Sponsor on  
‘During development, consult the ICH Q3B Guidance to establish limits for 
impurities/degradation products.  Any impurities or degradants that are structural alerts 
for mutagenicity will need safety qualification or be limited to NMT  mcg total daily 
intake at the time of NDA submission, which is consistent with current FDA practice as 
described in a recent article  

 
 The Sponsor agreed to comply with ICHQ3 

A, B, and C for the impurity qualifications. 
 

2.7 Previous Clinical Experience 
To date, LY3009104 was administered to a total of 374 subjects (162 healthy subjects, 
176 subjects with RA, and 36 subjects with various degrees of renal impairment) from 
18 to 80 years of age. 
    
In Phase 1 clinical pharmacology studies,  healthy volunteers was administered with 
either a single dose ranging from 1 to 10 mg, or as multiple dose up to 20 mg QD for 10 
days,  or 10 mg QD and 5 mg BID for up to 28 days to determine the safety, tolerability, 
PK/pharmacodynamic (PD), and efficacy of LY3009104. 
   
In Phase 2 clinical study, a single 10-mg dose was administered to subjects either with 
mild or moderate renal impairment, or as a single 5-mg dose to subjects with severe 
renal impairment, or as single 5-mg dose to subjects with end-stage renal disease. 
LY3009104 was also administered in subjects with RA at doses of up to 15 mg QD for 
approximately 1 month and doses up to 10 mg QD for 24 weeks. 
 
According to the Sponsor, LY3009104 was generally safe and well tolerated in single 
doses ranging from 1 to 20 mg and in repeat oral doses ranging from 2 to 20 mg.  The 
most commonly reported AEs were the infections.  The most common alterations in 
laboratory values involve decreases in hemoglobin, hematocrit, total RBCs, and WBCs 
(neutrophils and other leukocytes), and increases in platelet counts, HDL, LDL, total 
cholesterol, and triglycerides.  Patients with RA experienced a mean increase in 
ALT/AST compared to placebo, with the mean values remaining within the normal 
reference range and clinically significant increases in ALT/AST occurring uncommonly. 
Patients with impaired renal function have increased exposure to LY3009104.  
 

2.8 Regulatory Background 
The original IND was submitted by the Incyte Corporation in 2008.  Eli Lilly Corporation 
acquired the compound in 2009.  So far, 3 clinical pharmacology studies were 
completed with this drug product. 
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6 General Toxicology 

6.2 Repeat-Dose Toxicity 
Study title:   INCB028050: A 6-MONTH ORAL TOXICITY AND TOXICOKINETIC STUDY IN 
SPRAGUE-DAWLEY RATS INCLUDING A 6-WEEK RECOVERY 

Study no.: T08-04-05 
Study report location: EDR 

Conducting laboratory and location:  
Date of study initiation: 04-16-2008 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: INCB 028050 Phosphate, BPR-080111-
B1-15, 98.7% 

 
 
Key Study Findings 

• Sprague Dawley rats 23/sex/ group were administered with the test article (0, 
0.5, 5, 25, 100/60 mg/kg/day) via oral gavage; in addition 11 animals/ dose group 
(except the vehicle control group in which 10 animals were used) were also 
treated with the test article for the toxicokinetics analyses. The high dose for 
female rats was reduced on day 27 from 100 to 60 mg/kg/day based upon 
several deaths (Days 21-22) that were subsequently determined to be gavage 
errors unrelated to drug treatment. 

• The toxicokinetics analyses showed dose related increases in exposure, and no 
sex-related differences in the exposures were noted.  

• Seventeen animals from the main study group and 10 animals from the 
toxicokinetics group died.   In the main study groups: 0, 0, 1, 2, 5 females and 0, 
0, 0, 1, and 8 males died from 0, 0.5, 5, 25, and 100/60 mg/kg dose group, 
respectively.  All of the females (except one in the 25 mg/kg dose group) died 
from dosing errors.  All high dose group males died of cardiomyopathy, except 
one, which died of a dosing error.  The causes of deaths for  1 male and 1 female 
from the 25 mg/kg dose in the main study group were undetermined 

• Ten animals from the toxicokinetics group died: 1, 0, 1, 2, 1 females, 1, 1, 3, 0, 
and 0 males from died from 0, 0.5, 5, 25, and 100/60 mg/kg dose group, 
respectively.  The deaths in the TK animals were not dose related.  The patterns 
of deaths differed between main study and toxicokinetic groups for male rats (i.e., 
drug-related deaths at the HD for male study males vs. no deaths at the HD for 
TK males). The cause of deaths from 3 males from the 5 mg/kg group and 1 
female from the 25 mg/kg dose group were undetermined.   

• Body weights for males in the 0.5, 5, 25, and 100 mg/kg/day groups at week 26 
were decreased in a dose-related manner by 5, 8, 16, and 27%, respectively. 
Body weights for females in the 100 mg/kg/day group at week 26 was decreased 
by 5%. 
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• The targets organs of toxicity were identified as the heart, bone marrow (femur 
and sternum), mesenteric LN, thymus, spleen, and Peyer’s patches. There were 
additional findings in the liver and mandibular LN for high dose males that died.  

• Drug-induced exacerbation of cardiomyopathy led to deaths of 7 males in the 
high dose group.  

• Mixed cell depletion in the femur bone marrow were observed for males at 0.5, 5, 
25, and 100 mg/kg/day and females at 5, 25, and 100/60 mg/kg/day. Mixed cell 
depletion in sternum bone marrow was also observed for male drug-treated.  

• Decreases of erythrocyte indices at 100/60 mg/kg/day and leukocytes at 5, 25, 
and 100/60 mg/kg/day appeared to correlate with findings in bone marrow. Males 
and females at 100/60 mg/kg/day might be considered anemic based upon 
declines of erythrocyte indices.  

• Dose-related lymphoid depletion was observed in the spleen, thymus, Peyer’s 
patch, and the lymph nodes for males at 25 and/or 100 mg/kg/day and females at 
5, 25, and/or 100/60 mg/kg.   

• The NOAEL for females was 0.5 mg/kg/day; however, a NOAEL was not 
established for males. 

   
 
Methods 

Doses: 0,0.5,5,2.5,100 (Males), or 100/60 (Females) 
mg/kg/day 

Frequency of dosing: Daily 
Route of administration: Oral 

Dose volume: 10 mL/kg 
Formulation/Vehicle: 0.5%  Methyl Cellulose 

Species/Strain: Sprague Dawley rats [Crl:CD(R) (SD)] 
Number/Sex/Group: 15/sex/group for terminal necropsy 

8/sex/group from recovery necropsy 
Age: Approximately 6 weeks 

Weight: M: 169-208g 
F: 149-178g 

Toxicokinetics groups: 11/sex/ test article treated group 
Unique study design: None 

Deviation from study protocol: The protocol deviations did not affect the study 
results. 
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Table 3  Study Design: 6-Month Toxicity Study 

 

Observations and Results 

Mortality 
The animals were observed twice daily for mortality and morbundity. 
 
There were twenty seven deaths in total in this study.   
 
There were seventeen unscheduled deaths from the main dose group.  In addition, 10 
animals from the toxicokinetics group were also either found dead or euthanized due to 
morbundity findings. The patterns of deaths differed between main study and 
toxicokinetic groups for male rats. 
 
Main study animals: The unscheduled deaths from the main study group consisted of 
eight females and nine males. Detailed histopathological findings from the unscheduled 
deaths are listed in Table 4. 
 
Thirteen animals (8 males and 5 females) died in the high dose group.  Six of the high 
dose males died from drug-induced exacerbation of cardiomyopathy (moderate to 
severe) and 1 high dose male died from a combination of drug-induced liver necrosis 
and minimal cardiomyopathy. Deaths of all 5 high dose females as well as 1 high dose 
male were attributed to dosing errors. Four of these 5 deaths for high dose females 
occurred between Days 21-22.  The Sponsor did not know the cause of death (gavage 
error) at that time and the high dose in females was reduced to 60 mg/kg/day. 
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At 25 mg/kg, there were 3 deaths. Deaths of 1 male and 1 female were of undetermined 
cause. The male rat from the 25 mg/kg/day was found dead at Day 80.  Minimal 
lymphoid depletion in the spleen was the only major histopathology finding from this 
animal.  The female died on day 86 with findings of lymphoid depletion in the thymus 
and spleen. The death of 1 female was attributed to a dosing error.  
 
One female at 5 mg/kg/day died due to a dosing error.  
 
There were no deaths in the control and 0.5 mg/kg/day groups. 
     

Table 4  Mortality Findings, Main Study: 6-month Rat Toxicity Study 
 
Group Male Cause of Death Female Cause of Death 
Control 0 NA 0 NA 
0.5 mg/kg 0 NA 0 NA 
5 mg/kg 0 NA 1 Day 81,(euthanized); dosing 

error; Infection 
25 mg/kg 1 Day 8 (found 

dead)undetermined 
2 Day 86,(euthanized); dosing 

error;  Day 86(euthanized);  
undetermined 

100 mg/kg 8 Day 26 (found dead), 
dosing error; Days  79, 99, 
103, 153 (found dead), 81, 
90, 106 (euthanized) 
cardiomyopathy 

5 Day 21/22 (1 euthanized, 3 
found dead), dosing error; 
Day 108 (euthanized), dosing 
error 

 
Toxicokinetic animals: There were ten deaths from the toxicokinetic study group; 2/22, 
1/22, 5/22, 1/22, and 1/22 males and females combined died in the 0, 0.5, 5, 25, 100/60 
mg/kg dose groups, respectively (Table 5). There was no evidence of dose-response for 
incidences of deaths in toxicokinetic groups. The patterns of deaths differed between 
main study and toxicokinetic groups for male rats (i.e., drug-related deaths at the HD for 
male study males vs. no deaths at the HD for TK males). All toxicokinetic animals that 
were found dead or euthanized during the dosing period were submitted to a gross 
necropsy examination. 
 
For toxicokinetic animals, there were no drug-related deaths for high dose males or 
females as contrasted to clear drug-related deaths for high dose males in the main 
study. The death of 1 high dose female was attributed to a dosing error.  
 
One female at 25 mg/kg/day was found dead on Day 183 of undetermined causes.  
 
At 5 mg/kg/day, 3 males (Days 117-144) and 1 female (Day 183) were found dead and 
deaths were of undetermined cause. Deaths of males were well separated from the last 
blood collection at day 28. One female was euthanized on Day 182 due to mechanical 
injury.  
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One male at 0.5 mg/kg/day died due to dosing error.  
 
One control male was euthanized on day 183 due to an inguinal mass and one control 
female died of a dosing error (Table 5). 

Table 5  Mortality Findings in Toxicokinetic Group: 6-month Rat Toxicity Study 
 
Group Male Cause of Death Female Cause of Death 
Control 1 Day 183, euthanized, 

Inguinal mass found 
1 Day 100, found dead, dosing 

error 
0.5 mg/kg 1 Day180, found dead   

tracheal perforation 
0 NA 

5 mg/kg 3 Days 117,144 (found dead); 
126 (euthanized) 
undetermined 

2 Days 61 (found dead, no 
macroscopic findings), 182 
(euthanized, mechanical injury, 
deformity); 

25 mg/kg 0 NA 1 Day 183, found dead; no 
macroscopic findings 

100 mg/kg 0 NA 1 Day 22,  found dead; dosing 
error 

 
The cause of death for animals in the main study group is described in Table 6 

Table 6  Macroscopic & Microscopic Findings; Unscheduled Necropsies for Main 
Study Groups: 6-Month Rat Toxicity Study 
 
Female 
Animal no. 1235, 5 mg/kg;  Euthanized: Day 81 
Thoracic cavity:   adhesion (mod), pericardial sac thickened and adhered to lung lobes and thoracic wall, 
fluid, red, pericardial sac (mild),approximately 1.5 ml; 
Heart:  inflammation, chronic-active, pericardial cavity, epicardium, (severe); 
Esophagus: gavage injury, segmented subacute inflammation; 
Spleen, Thymus: lymphoid depletion (mod, severe); 
Lung - adhesion/inflammation/fibrosis, pleural (mod); 
Cause of death:  Dosing error (Sponsor’s conclusion); 
Animal no. 1256, 25 mg/kg;  Euthanized: Day 86 
Thoracic cavity:  adhesion (mod), organs adhered, approximately, fluid, red (mild),approximately 5 ml; 
pleura adhered, bacterial colonies (minimal), inflammation chronic/active (mod) 
Heart:  inflammation, subacute/chronic, epicardium, myocardium (mild) 
Lung:  adhesion/inflammation/fibrosis, pleural (mod); 
Spleen, Thymus: lymphoid depletion (mod, severe); 
Cause of death:  Dosing error (Sponsor’s conclusion); Increase bacterial infection noted. 
Animal no. 1259, 25 mg/kg;  Euthanized: Day 86 
Heart:  fibrin deposition, epicardium (minimal); inflammation, subacute/chronic, epicardium (minimal); 
Kidney:  mineralization, tubular, unilateral (minimal); 
Spleen, Thymus: lymphoid depletion (minimal, mod); 
Lung:  adhesion/inflammation/fibrosis, pleural (mild); histiocytosis, alveolar (minimal); 
Cause of death:   Undetermined (Sponsor’s conclusion);  
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Animal no. 1273, 100/60 mg/kg;  Euthanized: Day 22 
Thoracic cavity:   adhesion (mod), lung lobes adhered together and pericardium is thickened and yellow 
Esophagus - inflammation, subacute/chronic (mild) in serosa and muscularis (plausible gavage injury) 
Heart:  bacterial colonies, epicardium (mild), fibrin deposition, epicardium (mild), hypertrophy/hyperplasia, mesothelial 
cell (mild),  inflammation, subacute/chronic, epicardium, myocardium (mild); 
Lung :  adhesion/inflammation/fibrosis, pleural (mild),  bacterial colonies (minimal), hemorrhage (mild) 
Lung:  adhesion/inflammation/fibrosis, pleural (mod),  bacterial colonies (mod),  histiocytosis, alveolar (minimal),  
inflammation, subacute/chronic (minimal) 
Cause of death:  Dosing error (Sponsor’s conclusion); Increase bacterial infection noted. 
Animal no. 1276, 100/60 mg/kg;  Euthanized: Day 108 
Thoracic cavity: fluid, clear (mod), approximately 3.5 ml, foreign material, tan, (mod), thick gelatinous material, lung 
with mainstem bronchi: discoloration, black, focal, cardiac lobe (mild); 
Eyes:  degeneration/atrophy, retina, bilateral (minimal); 
Heart:  bacterial colonies, epicardium, myocardium (mild), degeneration/necrosis, myofibers (mild), fibrin deposition, 
epicardium (minimal), inflammation, acute, epicardium (minimal);  
Spleen, Thymus: lymphoid depletion (mild, mod); 
Kidneys:  dilatation, tubular, unilateral (mild) hyperplasia, transitional cell, unilateral (minimal),  mineralization, tubular, 
unilateral (minimal); 
Lung :  adhesion/inflammation/fibrosis, pleural (mild),  bacterial colonies (minimal), hemorrhage (mild) 
Cause of death:  Dosing error (Sponsor’s conclusion); Increase bacterial infection noted. 
Animal no. 1279, 100/60 mg/kg;  Found dead: Day 22 
Thoracic cavity:  adhesion (mild), lung lobes adhered to each other and diaphragm. fluid, clear (mod), approximately 
3.0 ml of fluid, esophagus - focus/foci, red (mild) lung with mainstem bronchi, irregular surface, multiple lobes 
(minimal); 
Esophagus:  gavage injury, hemorrhage, acute inflammation, bacterial colonies, edema, necrosis extending from the 
submucosa through the muscularis, to the serosa. 
Heart:  bacterial colonies, epicardium, myocardium (mod), degeneration/necrosis, myofibers (mild), inflammation, 
acute, epicardium (minimal); 
Spleen, Thymus: lymphoid depletion (mild, mod); 
Lung :  adhesion/inflammation/fibrosis, pleural (mild),  bacterial colonies (minimal), hemorrhage (mild) 
Cause of death:  Dosing error (Sponsor’s conclusion); Increase bacterial infection noted. 
Animal no. 1280, 100/60 mg/kg; Found dead: Day 21 
Adrenal glands: hypertrophy, focal cortical, unilateral (minimal); 
Heart:  bacterial colonies, epicardium (mild), fibrin deposition, epicardium (minimal), inflammation, acute, epicardium 
(minimal); 
Spleen, Thymus: lymphoid depletion (mild, mod); 
Lung:  adhesion/inflammation/fibrosis, pleural (mild), bacterial colonies (mild); histiocytosis, alveolar (minimal);  
Cause of death:  Dosing error (Sponsor’s conclusion); Increase bacterial infection noted. 
Animal no. 1285, 100/60 mg/kg;  Found dead: Day 22 
Thoracic cavity:  adhesion, multiple lobes (mod), multiple lobes adhered to diaphragm, pericardium thickened and 
Yellow,  fluid, clear (mild), approximately 3.0 ml 
Esophagus: focus/foci, red (mild), gavage injury, hemorrhage, bacterial colonies, myofiber necrosis, edema, and 
subacute inflammation seen in submucosa, muscularis, and serosa; 
Heart:  bacterial colonies, epicardium, myocardium (mild), degeneration/necrosis, myofibers (mild), inflammation, 
subacute/chronic (minimal) 
Spleen, Thymus: lymphoid depletion (mild, mod); 
Lung:  adhesion/inflammation/fibrosis, pleural (mod), bacterial colonies (mod), histiocytosis, alveolar (minimal) 
Cause of death:  Dosing error (Sponsor’s conclusion); 
Male 
Animal  no.1075; 25 mg/kg; Found dead: Day 80 
Spleen: lymphoid depletion (minimal), Epididymides: cell debris (bilateral) 
Cause of death: Undetermined (Sponsor’s conclusion);  
Animal no. 1101(M);100 mg/kg; Found dead: Day 79 
Heart: Cardiomyopathy (present); Spleen, thymus, femur: lymphoid depletion (mod, severe, mild); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
Animal  no.1102;100 mg/kg; Euthanized: Day 81 
Heart: cardiomyopathy (mod); 
Liver: multiple lobes; oval cell hyperplasia (minimal), inflammation  (subacute /chronic-moderate, 
hepatocytes (periportal necrosis); 
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Spleen, Thymus, Femur and Sternum, Lymph Nodes, Peyers patch: lymphoid depletion (mild, severe, 
mild, minimal, minimal); 
Kidneys: degeneration /regeneration, tubular bilateral (mild), mineralization tubular bilateral (mild); 
Eyes: fold/rosette, retinal (minimal); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
Animal  no.1103;100 mg/kg; Euthanized: Day 106 
Heart: discoloration, tan, cardiomyopathy (severe), thrombus in right atrium (mod); 
Spleen, Thymus, Sternum, Lymph Nodes: lymphoid depletion (mild, severe, minimal, mild); 
Liver: inflammation  (subacute /chronic-minimal), hepatocytes (centrilobular necrosis-mild); 
Lung: inflammation (perivascular, focal-mild); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
Animal no.1104;100 mg/kg; Found dead: Day 103 
Heart:  cardiomyopathy (mod); mineralization of myofibers (minimal); 
Spleen, Thymus, Femur and Sternum, Lymph Nodes, Peyers patch: lymphoid depletion (mild, severe, 
mild, mild, mild); 
Kidneys:  tan, bilateral foci (mild), bacterial colonies, unilateral, mild, necrosis, papillary, unilateral (mild) 
pyelonephritis, bilateral (mild) 
Liver:  multiple lobes);  inflammation, subacute/chronic, moderate, mineralization (minimal),  necrosis (mod);  
Lung: fungus/yeast (mild),  inflammation, subacute/chronic (mild), thrombus (minimal); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
Animal no.1107;100 mg/kg; Found dead: Day 99 
Heart:  cardiomyopathy (mod); mineralization of myofibers (minimal); 
Spleen, Thymus, Lymph Nodes, Peyers patch: lymphoid depletion (severe, severe, mild, mod); 
Liver:  discoloration, tan, multiple lobes (moderate), hyperplasia, oval cell (minimal), inflammation, subacute/chronic 
(moderate), necrosis (moderate); 
Lung:  histiocytosis, alveolar (minimal),  hyperplasia, bronchiolar-alveolar, mild; 
Epididymides: cell debris (bilateral); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
Animal no.1108;100 mg/kg; Found dead: Day 26 
Thoracic cavity: fluid, red (mild), approximately 6.5 ml of fluid, foreign material, white (mild), chalky substance; 
Spleen, Thymus, Femur and Sternum, Lymph Nodes: lymphoid depletion (mod, mod, minimal, minimal); 
Heart:  bacterial colonies, epicardium (minimal), fibrin deposition, epicardium (mild), inflammation, acute, epicardium 
(mild); 
Lung:  adhesion/inflammation/fibrosis, pleural (mild),  bacterial colonies (minimal),  histiocytosis, alveolar (minimal); 
Cause of death: Dosing error (Sponsor’s conclusion); May be bacterial infection caused by 
immunosuppression; however, thoracic fluid indicate gavage error (Reviewer) 
Animal no.1109;100 mg/kg; Euthanized: Day 90 
Heart:  cardiomyopathy (minimal); 
Spleen, Thymus, Femur and Sternum, Peyers patch: lymphoid depletion (minimal, severe, mild, mild); 
Kidney:  cyst, red (severe), dilatation, pelvic, bilateral (mod), crystals, intraluminal, bilateral (minimal),  cyst, capsule, 
unilateral (mod),  hemorrhage, pelvis, capsule, bilateral (mild), hydronephrosis, bilateral (mild), necrosis, papillary, 
unilateral (minima), nephropathy, chronic progressive, bilateral (minimal); 
Liver:  focus/foci, tan, multiple lobes (mod), hyperplasia, oval cell (minimal), inflammation, subacute/chronic (mild),  
necrosis (mod); 
Large intestine:  Cecum and colon, single cell necrosis (minimal-mod); 
Lacrimal gland: metaplasia, bilateral (minimal); 
Cause of death: Liver inflammation/necrosis Sponsor’s conclusion); May be cardiomyopathy too 
(Reviewer) 
Animal no.1112;100 mg/kg; Found dead: Day 153 
Heart: discoloration, tan, left ventricle (mild), cardiomyopathy (severe); 
Thymus, Femur and Sternum: lymphoid depletion (mild, minimal); 
Liver:  infiltration, mononuclear cell (minimal); 
Cause of death: Cardiomyopathy (Sponsor’s conclusion); Reviewer agree 
 
Clinical Signs 
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The clinical examination was conducted once during the acclimation period, daily 
(beginning on Day 2), at 2 hours postdose during the dosing phase, and weekly during 
both the dosing and recovery phases of the study.  
The clinical observations consisted of sparse hair coat, malocclusion, scabbed areas in 
high dose males.  There were no other test article related clinical signs. 
Body Weights 
Body weight of each animal was measured and recorded prior to dosing and weekly 
during the study (Table 7).   
 
Body weights for males (Figure 3) in the 0.5, 5, 25, and 100 mg/kg/day groups at week 
26 were decreased in a dose-related manner by 5, 8, 16, and 27%, respectively. 
Because there were greater than 10% decreases in the body weight for males at doses 
≥25 mg/kg/day, the MTD was believed to be <25 mg/kg/day in males.  Body weight 
curves (figure 3)for males in the 5, 25, and 100 mg/kg/day groups appeared to be 
separating from the body weight curve for control males as the dosing phase 
progressed (beginning at approximately week 4 for males at 25 and 100 mg/kg/day and 
week 12 for males at 5 mg/kg/day). 
 
Body weights for females (Figure 4) in the 100/60 mg/kg/day group at week 26 was 
decreased by 5%. The body weight curve for females at 100/60 m/kg/day was 
consistently lower than the curve for control females beginning at approximately week 3 
although the magnitude of difference was <10%.  

Table 7  Body Weight Change (Percent control): 6-Month Rat Toxicity Study 
 
Dose Group (mg/kg) 0.5 5 25 100/60 
Male 
Terminal (Week 26) 5↓ 8↓ 16↓* 27↓* 
Recovery (Week 32) 0.5↑ 0.9↑ 7↓ 18↓** 
Female 
Terminal (Week 26) 2↑ 2↓ 1↓ 5↓ 
Recovery (Week 32) 1.5↓ 4↓ 10↓ 9↓ 
*P<0.01; **p<0.05 
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Figure 3  Body Weight Change; Male: 6-Month Rat Toxicity Study 

 

Figure 4  Body Weight Change; Female: 6-Month Rat Toxicity Study 

 

 

Feed Consumption 
Feed consumption was recorded prior to dosing weekly for each animal during the 
study. 
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The feed consumption (Table 8) in male at high dose was observed to be statistically 
significant (p<0.01) at the terminal necropsy (Figure 5). The dose of 100 mg/kg/day was 
judged to exceed the MTD. There were no test article related statistically significant 
changes in the feed consumption in the females rats (Figure 6) 

Table 8  Feed Consumption (g/animal/day): 6-Month Rat Toxicity Study 
 
Dose (mg/kg 0 0.5 5 25 100 
Male 
Terminal Necropsy 25.6 26.3 25.7 24.8 22.4** 
Recovery Necropsy 26.9 28.4 26.9 24.8 25.0 
Female 
Terminal Necropsy 18.4 19.5 18.2 18.3 18.7 
Recovery Necropsy 20.7 20.4 20.2 19.4 20.1 
**p<0.01  
 

Figure 5  Mean Feed Consumption in Male: 6-Month Toxicity Study in Rat 
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Figure 6  Mean Feed Consumption in Female: 6-Month Toxicity Study in Rat  

 

Ophthalmoscopy 
The opthalmoscopic examinations were conducted by a veterinary Ophthalmologist on 
all surviving main study animals prior to the terminal and recovery necropsies.  The 
detail description of the ophthalmological examination was not provided with this study 
report. 
There were no test article related ophthalmological changes in this study. 
ECG 
The ECG was not conducted in this study. 
Hematology 
The blood samples for the analyses of the hematology parameters were collected 
during Week 12 and prior to necropsy.  Following hematology and coagulation 
parameters were examined. 
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Table 9  Hematology Evaluations; 6-Month Rat Toxicity Study 
 

Male Female 
Dosages (mg/kg) 

Hematology Parameters 
(Percent Control) 

0.5 5 25 100 0.5 5 25 60 
Leukocytes (103/mcL) NC 20↓ 51↓* 58↓* NC 21↓* 39↓* 50↓* 
Lymphocytes (103/mcL) NC 24↓ 56↓* 69↓* NC 24↓* 39↓* 51↓* 
Monocytes (103/mcL) NC NC 40↓* 27↓ NC NC 31↓* 44↓* 
Eosinophils (103/mcL) NC NC 44↓* 79↓* NC 31↓* 35↓* 68↓* 
Basophils (103/mcL) NC 45↓* 77↓* 85↓* NC 57↓* 66↓* 76↓* 
Erythrocytes (106/mcL) NC NC NC 22.5↓* NC NC NC 8.8 ↓* 
Hematocrit (%) NC NC NC 22.3↓* NC NC NC 11↓* 
Hemoglobin (g/dL) NC NC 5↓** 23↓* NC NC NC 9↓* 
Platelets (103/mcL) NC NC 16↑* 26↑* NC NC 22↑* 23↑* 
Other cells NC NC 66↓* 50↓* NC NC 50↓* 40↓* 
**P<0.05, *p<0.01 
 
Following changes in the hematology parameters were noted (Table 9). 
 

• There were statistically significant (p<0.01-0.05) decreases of erythrocyte indices  
in males and females from the 100/60 mg/kg dose group at the terminal 
necropsy.  Both males and females could be judged to be anemic.   No such 
changes were noted at the time of recovery necropsy. 

• There was a dose related statistically significant (p<0.01-0.05) decrease in the 
leukocytes counts in males and females from the 5, 25 and 100/60 mg/kg dose 
groups at the terminal necropsy.  Consequently, the lymphocytes, monocytes, 
other cells, eosinophils, and basophils counts were decreased at the terminal 
necropsy. No such changes were noted at the time of recovery necropsy.   

• There was a dose related statistically significant (p<0.01-0.05) increase in the 
platelet counts in males and females from the 25 and 100/ 60 mg/kg dose group 
at the terminal necropsy.  No such changes were noted at the time of recovery 
necropsy.  

 
The changes in the erythrocytes, leukocytes, and platelet counts were test article 
related.  The test article appeared to affect the reticular system in the animals.  All of 
these changes are monitorable in clinic.  There were no changes in the PT and APTT 
times in this study. Decreases of erythrocyte and leukocyte counts correlated with 
histopathological findings of mixed cell depletion in the bone marrow. 
 
Clinical Chemistry 
The blood samples for the analyses of the clinical pathology parameters were collected 
during Week 12 and prior to necropsy.  Following clinical pathology parameters were 
examined. 
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Following changes in the clinical chemistry parameters were noted (Table 10). 
 

• There was a dose related increase in the alkaline phosphatase in males and a 
statistically significant (p<0.01) increase in females at the high dose (60 mg/kg).  
There was a decrease in the alanine transferase and creatine kinase in the 
females 25 and 60 mg/kg dose group.  No such changes were noted in males. 

• There was a statistically significant (p<0.01) increase in the urea nitrogen in 
males at high dose. There were no such changes in females may be because of 
the lowered high dose in females (60 mg/kg) as compared to males (100 mg/kg).  

• There was decease in the albumin and the albumin to globulin ratio in females at 
5, 25, and 60 mg/kg dose.  Similar changes were not noted in the males from any 
of the dose groups. 

• There was an increase in the urea nitrogen and chloride in the males at the high 
dose group.  No such changes were noted in the females.  There was a dose 
related increase in the potassium in the males at the mid and high dose group 
and in the females at the high dose group.  

 
All of the clinical pathology changes might be test article related.  These clinical 
pathology changes might be related to the liver and kidney pathology.  However, all 
of these changes are monitorable in clinic.   
 

Table 10  Clinical Pathology Evaluations; 6-Month Rat Study 
 

Male Female 
Dosages (mg/kg) 

Clinical Chemistry 
Parameters 
(Percent Control) 0.5 5 25 100 0.5 5 25 60 
Potassium (mEq/L) NC NC 13↑* 18↑* NC NC NC 9↑ 
Chloride (mEq/L) NC NC NC 2.2↑* NC NC NC NC 
Creatine kinase (U/L) NC NC NC NC NC NC 33↓** 51↓** 
ALT (U/L) NC NC NC NC NC NC 53↓** 50↓ 
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ALP (U/L) 6.5↑ 7↑ 28↑ 41↑ NC NC NC 44↑* 
Urea Nitrogen (mg/dL) NC NC NC 25↑* NC NC NC NC 
Albumin (g/dL) NC NC 6↑* 6↑* NC 10↓** 10↓** 5↓ 
Albumin/Globulin (g/dL) NC NC NC NC NC 8↓** 8.7↓* 8↓** 
**P<0.05, *p<0.01 
Urinalysis 
Urine samples were collected from the non fasted animals at Weeks 1 and 26.  The 
animals were housed in stainless steel metabolism cages for the urine collection for16 
hours.  Following clinical urinalysis parameters were examined.   
 
• There were no test article related changes in the urinalysis parameters. 

 
Gross Pathology 

Complete necropsy examinations were performed.   All of the animals were examined 
for external abnormalities including palpable masses. The skin was dissected by a 
ventral midline incision, and any subcutaneous masses was identified and correlated 
with antemortem findings. The abdominal, thoracic, and cranial cavities were also 
examined for abnormalities.    

Test article related macroscopic findings consisted of gavage injury and thoracic fluid in 
the animals that died (refer to mortality table). There were no other test article related 
macroscopic changes.  

Organ Weights 
The organ weights were recorded for all main study animals at the terminal and 
recovery necropsies and appropriate organ weight ratios were calculated (relative to 
body and brain weights). The organs that were weighed are adrenal, brain, pituitary, 
heart, kidney, lung, liver, spleen, thymus, thyroid with parathyroids, salivary glands, 
testes, epididymides, prostrate, and ovary. 
 
Following changes in the organ weights were noted (Table 11). 
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• In males, there was a decrease in the adrenal, kidney, liver, lung and spleen 

weight relative to brain weights.  The decrease in the adrenal, spleen, and kidney 
were statistically significant (p<0.01).  The lung and the liver weight were not 
statistically significantly decreased when compared to the brain weight.   

• A statistically significant (p<0.01) increase in the thymus weight was noted at 
recovery in males at 5, 25, and 100 mg/kg dose group. 

• In females, a decrease in the spleen weight was noted at doses of 25 and 60 
mg/kg/day.  No such changes were noted at recovery. 

 
All of the organ weight changes were test article related and had histological 
correlates.  Lymphoid depletion was noted in thymus and spleen at mid and high 
dose.  There were cardiomyopathy and liver inflammation/necrosis, in the males 
from the mid and high dose group.  The changes in the lung and the kidney appear 
to be milder and consisted mostly of the inflammatory cell infiltrations. 
 

Table 11  Organ weight Evaluations; 6-Month Rat Study 
 

Male Female 
Dosages (mg/kg) 

 Organ Weighed 

0.5 5 25 100 0.5 5 25 60 
Brain (brain/bw %) NC NC 20↑** 34↑* NC NC NC NC 
Adrenal (adrenal/brain %) NC NC 18↓ 28↓ NC NC NC NC 
Kidney (kidney/brain %) NC NC 17↓* 22↓* NC NC NC NC 
Liver (liver/brain %) NC NC 12↓ 14↓ NC NC NC NC 
Lung (lung/brain %) NC NC 14↓* 12↓ NC NC NC NC 
Spleen (spleen/brain %) NC 27↓* 46↓* 56↓* NC NC 32↓* 37↓* 
Recovery 
Thymus (thymus/brain %) NC 26↑* 57↑* 28↑ NC NC NC NC 
NC: denotes changes less than 10%;* p<0.05; **p<0.01 
Histopathology 
Adequate Battery:  Yes 
 
Peer Review:  Yes ; Patrick J. Haley, D.V.M., Ph.D. D.A.C.V.P., of Incyte Corporation 
conducted a peer review of all tissues from five animals/sex at 0 and 100 (males) or 
100/60 (females) mg/kg/day.  In addition, the heart, liver and kidney were examined for 
male animals at 5 or 25 mg/kg/day; the heart and lungs were examined for female 
animals at 0.5, 5, 25, and 100/60 mg/kg/day; and the spleen, thymus, and bone marrow 
were examined for male and female animals at 0.5, 5, and 25 mg/kg/day.  
 
Histological Findings:  All of the tissues from the following tissue list were collected and 
fixed in 10% formalin except eyes and testis which were fixed with using a modified 
Davidson’s fixative.  All of these tissues were processed and embedded in paraffin.   
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The microscopic examination of fixed hematoxylin and eosin-stained paraffin sections 
was performed on protocol-designated sections of tissues. The slides were examined 
by a board-certified veterinary pathologist. A four-step grading system was utilized to 
define gradable lesions for comparison between dose groups.  The tissues examined 
from each dose group were liver, lung, kidney, heart, spleen, thymus, bone marrow 
(sternum and femur), small intestine (duodenum, jejunum, and ileum), large intestine 
(colon, rectum, and cecum), stomach, lymph nodes (mesenteric and mandibular), 
Peyer’s patch, testis, and epididymides.   All of the other tissues from the tissue list 
were examined from the control and the high dose group animals.  
 
Following histopathological changes were noted (table 10). 
 
The targets organs of toxicity were identified as the heart, bone marrow (femur and 
sternum), mesenteric LN, thymus, spleen, and Peyer’s patches. There were additional 
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findings in the liver and mandibular LN for high dose males that died. Findings were 
observed in the lungs that were generally confined to animals that died as a result of 
gavage errors (Table 12).  
 

• Drug-induced exacerbation of cardiomyopathy (gradings of moderate to severe) 
led to deaths of 6 males in the high dose group. Cardiomyopathy was noted to 
have a high background incidence based upon findings in the concurrent male 
controls (gradings of minimal to mild); however, there were no control males died 
during the study. This is consistent with peer reviewed literature for male 
Sprague-Dawley rats. An additional male in the high dose group died from a 
combination of minimal cardiomyopathy and liver necrosis.  

• Dose-related incidences and severity of mixed cell depletion in the femur bone 
marrow were observed for males at 0.5, 5, 25, and 100 mg/kg/day. A generally 
flat dose-response with lower incidences were observed for females at 5, 25, and 
100/60 mg/kg/day. Mixed cell depletion in sternum bone marrow was also 
observed for male drug-treated groups although incidences were generally lower. 
A NOAEL for mixed cell depletion in the bone marrow was not evident for males 
although the no effect dose in females was 0.5 mg/kg/day.  

• Dose-related lymphoid depletion was observed in the spleen, thymus, Peyer’s 
patch, and the lymph nodes for males at 25 and/or 100 mg/kg/day and females at 
5, 25, and/or 100/60 mg/kg.  The immune cell depletion was considered to be the 
test article related exaggerated pharmacological effect.  No such changes were 
noted at recovery.   NOAELs for overall lymphoid depletion were 5 mg/kg/day for 
males and 0.5 mg/kg/day for females. 

• One female at 100/60 mg/kg/day dose group had minimal amounts of 
intraluminal crystals within the tubules of the kidney. One male at 100 mg/kg/day 
also had minimal numbers of intraluminal crystals, as well as one recovery male 
at 100 mg/kg/day, which had crystals in the renal pelvis.  These findings were 
accompanied by tubular degeneration, tubular dilatation, inflammation, and/or 
transitional cell hyperplasia in the pelvis.  The crystals were brownish-yellow, 
refractile, and oblong, arrayed in fan-shaped to irregular clusters of clumped 
individual crystals.  The finding was adverse and related to test article 
administration.  

• In male, the glandular stomach had dose related minimal-to-mild dilatation of the 
glands, with acellular, granular eosinophilic debris in the lumen. This finding was 
also seen at lower incidences in control males.  No such changes were noted in 
females.  At recovery, incidences were equivalent between controls and test 
article-treated groups, which suggested that the increases in gland dilatation in 
males at terminal necropsy were incidental.  

• Findings in most organs/tissues were reversible at the end of the recovery 
period. 
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Table 12  Histopathological Findings: 6-Month Rat Toxicity Study 

 
Dose (mg/kg/day) 0 0.5 5 25 100 0 0.5 5 25 100/60 
Number examined 15 15 15 15 

(1) 
8 (8) 15 15 15 

(1) 
15 
(2) 

11 (5) 

Sex Male Female 
Tissue/ Incidence & Severity 
Heart; Cardiomyopathy 
Minimal 
Mild 
Moderate 
Severe 

9 
8 
1 
0 
0 

9 
9 
0 
0 
0 

7 
7 
0 
0 
0 

5 
4 
1 
0 
0 

3 (7) 
3 (1) 
0 (0) 
0 (3) 
0 (3) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

Heart; Bacterial colony 
Minimal, 
Mild 
Moderate 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

(1) 
(1) 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

(5) 
(1) 
(2) 
(2) 

Heart; Inflammation, 
Acute 
Minimal 
Mild 
Subacute/chronic 
Minimal 
Mild 
Chronic 
Severe 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
(1) 
0 
(1) 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
(2) 
0 
0 
(1) 
(1) 

 
0 
0 
0 
(4) 
(2) 
(1) 
(1) 
0 

 
(3) 
(3) 
0 
(4) 
(2) 
(1) 
(1) 
0 

Heart; Myofiber, 
Degeneration; Mild 

0 0 0 0 0 0 0 0 0 (3) 

Heart; Thrombus; 
Moderate 

0 0 0 0 (1) 0 0 0 0 0 

Stomach (glandular) 
Dilatation gland/lumen 
Minimal 
Mild 

 
3 
3 
0 

 
7 
7 
0 

 
7 
7 
0 

 
5 
5 
0 

 
5 
4 
1 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

Bone marrow; Femur 
Mixed cell depletion 
Minimal 
Mild 

 
0 
0 
0 

 
8 
8 
0 

 
9 
9 
0 

 
14 
13 
1 

 
8 (7) 
1 (2) 
7 (5) 

 
0 
0 
0 

 
0 
0 
0 

 
2 
2 
0 

 
3 
3 
0 

 
3 (1) 
3 (1) 
0 

Bone marrow; Sternum 
Mixed cell depletion 
Minimal 
Mild 

 
0 
0 
0 

 
3 
3 
0 

 
3 
3 
0 

 
9 
9 
0 

 
8 (8) 
5 (4) 
3 (4) 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

Lymph node (Mesenteric) 
Lymphoid depletion 
Minimal 
Mild 
Moderate 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
5 (6) 
1 (4) 
4 (0) 
0 (2) 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
1 
1 
0 
0 

 
2 (1) 
2 (0) 
0 (0) 
0 (1) 

Thymus 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
1 
1 
0 
0 
0 

 
8 (8) 
1 (0) 
4 (1) 
3(1) 
(6) 

 
1 
1 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
10 (5) 
3 (0) 
4(0) 
3 (2) 
(3) 
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Dose (mg/kg/day) 0 0.5 5 25 100 0 0.5 5 25 100/60 
Number examined 15 15 15 15 

(1) 
8 (8) 15 15 15 

(1) 
15 
(2) 

11 (5) 

Sex Male Female 
Tissue/ Incidence & Severity 
Spleen 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
11(1) 
9(1) 
2 
0 
0 

 
8(7) 
1(1) 
3(2) 
4(3) 
(1) 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
3 
3 
0 
0 
0 

 
11(1) 
8(1) 
3 
0 
0 

 
11(5) 
4 (0) 
6(2) 
1(2) 
(1) 

Peyer’s patch 
Lymphoid depletion 
Minimal 
Mild 
Moderate 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
2 
2 
0 
0 

 
7(5) 
2(1) 
5(2) 
(2) 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
2 
2 
0 
0 

 
1 
1 
0 
0 

 
3(4) 
2(0) 
1(4) 
0 

Kidney; Intraluminal 
crystals 
Minimal 
Mild 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
(1) 
0 
(1) 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
1 
0 

Kidney; Dilatation (tubule)  
Minimal 
mild 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 
1 
0 

1 
0 
1 

0 
0 
0 

0 
0 
0 

1 
1 
0 

0 
0 
0 

1 
0 
1 

Kidney, 
degeneration/regeneration 
Mild 

 
0 

 
0 

 
0 

 
0 

 
(1) 

 
0 

 
0 

 
0 

 
0 

 
0 

Kidney; papillary 
necrosis, mild 

0 0 0 0 (2) 0 0 0 0 0 

Kidney, hydronephrosis, 
bilateral, mild 

0 0 0 0 (1) 0 0 0 0 0 

LN (Mandibular); 
Lymphoid depletion 
Minimal 
Moderate 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
(4) 
(1) 
(3) 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

Liver; Inflammation 
(chronic) 
Minimal 
Mild 
Moderate 
Hyperplasia, oval cells 
Necrosis, moderate 
Necrosis, centrilobular, 
hepatocytes, mild 
Necrosis, periportal, 
hepatocytes, moderate 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
(6) 
(1) 
(1) 
(4) 
(5) 
(3) 
 
(1) 
 
(2) 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
 
0 
 
0 

Lung; Inflammation, 
pleural,  
Minimal 
Mild-moderate 
Lung; Bacterial colonies 
Minimal 
Mild 
Moderate 
Lung; fungus , yeast, 
minimal 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
(1) 
0 
(1) 
(1) 
0 
0 
0 
 
(1) 

 
0 
0 
0   
0 
0 
0   
0   
 
0      

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
(1) 
0 
(1) 
0 
0 
0 
0 
 
0 

 
(2) 
(1) 
(1) 
0 
0 
0 
0 
 
0 

 
(5) 
(3) 
(2) 
(5) 
(1) 
(2) 
(2) 
 
0 

Epididymides, 0 1 0 0 1(2) - - - - - 
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Dose (mg/kg/day) 0 0.5 5 25 100 0 0.5 5 25 100/60 
Number examined 15 15 15 15 

(1) 
8 (8) 15 15 15 

(1) 
15 
(2) 

11 (5) 

Sex Male Female 
Tissue/ Incidence & Severity 
oligospermia, 
Minimal 
Mild 

 0 
1 
0 

1(2) 
0 
1 

Eyes; Pthisis bulbi, 
minimal 
Retinal rosettes, minimal 
Cataract 
Retinal atrophy; 
moderate-severe 

 
0 
0 
0 
 
0 

 
1 
0 
1 
 
1 

 
0 
0 
1 
 
1 

 
0 
0 
0 
 
0 

 
0 
(1) 
0 
 
0 

 
0 
0 
1 
 
1 

 
0 
0 
0 
 
0 

 
0 
0 
0 
 
0 

 
0 
0 
(1) 
 
0 

 
2 
0 
0 
 
0 

Eyes; Spongiosis (white 
matter) minimal 
Eyes; Gliosis 

0 
 
0 

0 
 
0 

0 
 
0 

0 (1) 
 
0 

1 
 
0 

0 
 
0 

0 
 
0 

0 
 
0 

0 
 
0 

0 
 
1 

Lung; Inflammation 
(chronic) minimal 

0 0 0 0 1 0 0 0 0 0 

Tongue; Inflammation 
(chronic) 
Minimal 
Mild 

1 
1 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

3 
1 
2 

Recovery Necropsy 
Skin, hyperplasia, 
epidermal 

0 0 0 0 1 0 0 0 0 0 

Thymus; hibernoma, 
primary 

0 0 0 1 0 0 0 0 0 0 

Skin, Pilomatrixoma, 
primary 

0 0 0 0 0 0 0 1 0 0 

Parentheses ( ) denote findings in animals that died or were sacrificed during the dosing 
period. 
 
Special Evaluation 
There were no special toxicology evaluations in this toxicity study. 

Toxicokinetics 
The blood samples were collected via a lateral tail veins prior to dosing and at 
1,2,4,8,12,and 24 hrs after dosing on Days 1, 28, and Week 26 from all animals in the 
test article treated group. 
 
There were no sex related changes in the plasma exposures (Cmax and AUC) of the 
test article (Table 13).  The Cmax and AUC increased in a dose proportional manner.  
There were no sex related changes in the toxicokinetic parameters.  The Tmax (1.00 h 
for all groups) and terminal half-life values (2.62 to 8.59 h) were not dose-dependent.   
[Note that in females the blood samples were collected at Day 23 when the dose was 
changed to 60 mg/kg from 100 mg/kg] 
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Table 13  Toxicokinetics; 6-Month Rat Toxicity Study 

 
 
Dosing Solution Analysis 
The dosing solution analyses of the test article formulations were conducted on samples 
at different intervals (Weeks 1, 5, 6, 13, and 26).  The analyzed suspension formulations 
met acceptance criteria ( % of the target concentrations), with the exception 
of the 0.05 mg/mL formulations (Weeks 6 and 26), which were % and % of the 
target concentrations, respectively.   The dosing solution analyses are acceptable for 
the purpose of safety evaluations in this study. 
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7 Genetic Toxicology 
LY3009104 was not genotoxic in the bacterial mutagenicity assay, the in vitro 
chromosome aberration assay, or the in vivo micronucleus assay in rats. 
 

8 Carcinogenicity 
 
The sponsor has proposed a 2-year carcinogenicity in rats. T following is the proposed 
study design for the carcinogenicity study (Table 14).  Sixty animals/sex/group will be 
administered with the test article.  The Sponsor did not mention sentinel animal control 
for this study.   

Table 14  Carcinogenicity Study Design 

 
 
Species/strain:  Sprague Dawley rats 
 
Number/sex/dose: 60/sex/dose group 
 
Route: Oral gavage 
              
Sponsor’s proposed doses:  0, 0.5, 5, and 12.5mg/kg for both males and females 
 
Tissues for histopathological examination: The Sponsor will collect and process all the 
tissues from the scheduled and unscheduled deaths.  The target organs, if identified will 
be examined microscopically from all animals from the low and mid dose groups.  It is 
not clear from the protocol whether all tissues will be examined microscopically from the 
animals from the control and high dose groups.   
 
Reviewer’s Comments: The Sponsor’s general study design is acceptable. 
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1. The sponsor has proposed to use the free base form of LY3009104 for the rat 
carcinogenicity study although the 6-month toxicology study with rats was conducted 
using the phosphate salt form of LY3009104. It does not appear that the sponsor has 
established comparable bioavailability for the two forms. 
 
Exposures of LY3009104-H3P04 and Free base in Rats 
 

 
 
2. The study duration should be 104 weeks rather than 102 weeks.  
3.  It is recommended that Sponsor examines all tissues from all of the organs from the 
control and the high dose group to identify the target organs of toxicity.   The Sponsor 
need to examine the target organs from the low and the mid dose group animals. 
 

11 Integrated Summary and Safety Evaluation 
 
LY3009104 is an inhibitor of JAKs.   LY3009142 inhibits JAK2 (IC50 = 5.7 nM) and 
JAK1 (IC50 = 5.9 nM), and less potent for JAK3 (IC50 = >400 nM), or Tyrosine kinase 2 
(TYK2) (IC50 = 53 nM).   Although LY3009104 potently inhibits JAKs, it does not 
significantly inhibit (<30% inhibition).  LY3009104 dose not inhibit a panel of 26 other 
kinases when tested at 200 nM.  Moreover, LY3009104 inhibits cell based assay (IC50 
values of 3 to 30 nM) relevant to the pathogenesis of RA such as IL-2 stimulated 
phosphorylation of JAKs and STATs and IL-2 induced proliferation of T cells. 
LY3009104 also potently inhibited the phosphorylation of STAT proteins and the 
production of proinflammatory factors (IL-17 or monocyte chemotactic protein [MCP]-1) 
induced by other important cytokines such as IL-23and IL-6 with IC50 values in the 
range of 20 to 60 nM.  LY3009104 was examined in the rat adjuvant-induced arthritis 
(rAIA) model.   Oral administration of LY3009104 resulted in a dose-dependent 
improvements in disease severity as measured by clinical score (joint redness and 
swelling) and histological assessment of inflammation.   
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In mouse, rat, rabbit, dog, and human plasma, LY3009104 has moderate protein 
binding with in vitro values of approximately 56% in mouse, 51% in rats, and 53% in 
rabbits, 50% in humans, and 45% in dogs. The mean ex vivo fraction unbound of 
LY3009104 in plasma was 47% and 61% in rat and dog, respectively. 
 
The in vivo metabolism was evaluated following a single oral dose of [14C]-LY3009104, 
in mice, rats, and dogs.  Minimal metabolism was observed in all species, as parent 
compound was the primary circulating entity in plasma.  In male mouse plasma, M10 (a 
mono-hydroxylated metabolite of parent) was observed (7% of parent); while no 
radiochemically detected metabolites were observed in any plasma samples from rats 
or dogs.  In urine and feces from all species, most of the radioactivity was attributed to 
parent compound.  Low levels (up to 7% of the administered dose) of urinary 
metabolites M10, M6 (mono-hydroxylation and glucuronide conjugation), M3 (di-
hydroxylated metabolite), and M2 (di-hydroxylated metabolite) were observed in all 
species, except for M6, which was not observed in rat urine.   Low levels of fecal 
metabolites were observed only in the mouse and dog.  Unknown-1 (approximately 7% 
of the administered dose) was observed in both species. Other low-level (approximately 
2% to 3% of the administered dose) fecal metabolites observed in mice included M10, 
M29 (mono-hydroxylation and sulfate conjugation), and M27 (mono-hydroxylation and 
sulfate conjugation).  M13 (structural identity not confirmed; up to approximately 5% of 
the administered dose) was observed only in dog feces.  In rat bile, metabolites M11 
(unconfirmed structure), M12 (ring open hydroxylation of pyrrole), and M13 
(unconfirmed structure) were present in amounts up to approximately 4% of the dose.  
The drug product was found to eliminate mainly via urine and feces. 
 
In a single oral dose (10 mg LY3009104) metabolism study in healthy volunteers 
containing 100 μCi of [14C]-LY3009104 showed that the drug product eliminated by 
urine and feces.  The metabolite analysis showed that parent drug predominately 
circulates in the plasma.  Preliminary analysis also suggests that parent drug accounted 
for approximately 50% to 80% of the administered dose in urine (0 to 24 hours), in 
addition to 3 oxidative metabolites, which when combined, accounted for approximately 
<10% of the administered dose.  The metabolites identified in urine include M3, M10, 
and M2, which mainly.   
 
The results of the ADME studies showed that there were no major metabolites in 
human.  The metabolites in the non clinical species are similar in human and rat except 
the M22 fraction in human.  The elimination profile is also similar in human and rat.    
 
In support of the proposed doses for the carcinogenicity study, the Sponsor submitted a 
6-month rat toxicity study.   In this study, the Sprague Dawley rats 23/sex/ group were 
administered with the test article (0, 0.5, 5, 25, and100/60 mg/kg/day) via oral gavage; 
in addition 11 animals/ dose group (except the vehicle control group in which 10 animals 
were used) were also treated with the test article for the toxicokinetics analyses.  The 
toxicokinetics analyses showed dose-related increases in exposure and no sex-related 
differences in the exposures were noted. 
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Dose selection in males 
 
The dose selections in males were based on body weight changes, hematology 
findings, and histopathological changes.  The mortality findings were reviewed in depth 
also for establishing the MTD for males in the 6-month rat study (Table 4). 
 
Fourteen males were either found dead or euthanized due to the morbundity findings in 
this study.   In the main study, nine males died; 0, 0, 0, 1, and 8 males from the 0, 0.5, 
5, 25, and 100 mg/kg dose group died, respectively.  The cause of death for males from 
the high dose group was attributed to drug-induced exacerbation of cardiomyopathy 
except one, which died of a dosing error.   The cause of death was not determined for 
the 1 male from the 25 mg/kg dose group (Found dead at day 80 with findings of 
minimal lymphoid depletion in the spleen). 
 
In the toxicokinetic (TK) groups, a total of 5 males died: 1, 1, 3, 0, and 0 males died 
from the 0, 0.5, 5, 25, and 100 mg/kg dose groups, respectively (note that all TK 
animals that were found dead or euthanized during the dosing period were submitted to 
a gross necropsy examination).  There was no evidence of a dose-response 
relationship and the patterns of deaths differed between main study and toxicokinetic 
groups for male rats. There were no drug-related deaths for TK males at 25 and 100 
mg/kg/day. The cause of death of the 3 males (Days 117-144) from 5 mg/kg dose group 
was undetermined. One male at 0.5 mg/kg/day died due to dosing error. One control 
male was euthanized on day 183 due to an inguinal mass.  
 
There were dose-related statistically significant (p<0.01) decreases in body weights for 
males.  The decrease in the body weights at 0.5, 5, 25, and 100 mg/kg dose group were 
5, 8, 16, and 27 % of those of the control animals, respectively.  Because there were 
greater than 10% decreases in the body weights for males at doses ≥25 mg/kg/day 
compared to the control group, the MTD was judged to be < 25 mg/kg in males.  The 
body weight data from Figure 7showed that the decrease in body weights were 
apparent in males from the 5, 25 and 100 mg/kg dose groups.   Body weight curves 
(Figure 7) for males from the 5, 25, and 100 mg/kg dose groups appeared to be 
separating from the body weight curve for control males as the dosing phase 
progressed (beginning at approximately week 4 for males at 25 and 100 mg/kg/day and 
week 12 for males at 5 mg/kg/day).  At 5 mg/kg, the body weight decrease in males was 
8% compared to those of the control animals.   Therefore, body weight decrease at 5 
mg/kg dose group might be considered at or slightly less the MTD for males in this 
study.   
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Figure 7   Body Weight Change; Male 6-Month Rat Toxicity Study 

 
 
 
 
The targets organs of toxicity (Table 15) were identified as the heart, bone marrow 
(femur and sternum), mesenteric LN, thymus, spleen, and Peyer’s patches.  There were 
additional findings in the liver and mandibular LN for high dose males that died.  
 
Drug-induced exacerbation of cardiomyopathy (gradings of moderate to severe) led to 
deaths of 6 males in the high dose group. An additional male in the high dose group 
died from a combination of minimal cardiomyopathy and liver necrosis.  
 
Dose-related incidences and severity of mixed cell depletion in the femur bone marrow 
were observed for males at 0.5, 5, 25, and 100 mg/kg/day. Mixed cell depletion in 
sternum bone marrow was also observed for male drug-treated groups although 
incidences were generally lower. A no effect dose for mixed cell depletion in the bone 
marrow was not evident for males. 
 
Decreases of erythrocyte indices at 100/60 mg/kg/day and leukocytes at 5, 25, and 
100/60 mg/kg/day appeared to correlate with findings in bone marrow.  
 
Dose-related lymphoid depletion was observed in the spleen, thymus, Peyer’s patch, 
and the lymph nodes for males at 25 and/or 100 mg/kg/day.  The no effect dose for 
overall lymphoid depletion was 5 mg/kg/day for males. 
 
It was noted that the deaths of undetermined causes at 25 mg/kg/day (1 male) in the 
main study and at 5 mg/kg/day (3 males) in the toxicokinetic study potentially confound 
the MTD determination. 
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Table 15  Noteworthy Findings in Males: 6-Month Rat Toxicity Study 
 
Male 
Dose (mg/kg/day) 0 0.5 5 25 100 
Number examined 34 

(23+11) 
34 
(23+11) 

34 
(23+11) 

34  
(23+11) 

34  
(23+11) 

Mortality (main study 
group) 

0 0 0 1 cause 
undeterm
ined 

8; 1 dosing 
error 
7 
cardiomyopath
y 

Mortality (TK group) 1 1 3  cause 
undeter-
mined 

0 0 

Body weighty NA 5↓ 8↓ 16↓ 27↓ 
Leukocytes 
(103/mcL) 

NA NC NC 51↓* 58↓* 

Lymphocytes 
(103/mcL) 

NA NC 24↓ 56↓* 69↓* 

Monocytes 
(103/mcL) 

NA NC NC 40↓* 27↓ 

Eosinophils 
(103/mcL) 

NA NC NC 44↓* 79↓* 

Basophils (103/mcL) NA NC 45↓* 77↓* 85↓* 
Heart; 
Cardiomyopathy 
Minimal 
Mild 
Moderate 
Severe 

 
9 
8 
1 
0 
0 

 
9 
9 
0 
0 
0 

 
7 
7 
0 
0 
0 

 
5 
4 
1 
0 
0 

 
3 (7) 
3 (1) 
0 (0) 
0 (3) 
0 (3) 

Heart; Thrombus; 
Moderate 

0 0 0 0 (1) 

Liver; Inflammation 
(chronic) 
Minimal 
Mild 
Moderate 
Hyperplasia, oval 
cells 
Necrosis, 
hepatocytes 
Necrosis, 
centrilobular, mild 
Necrosis, periportal, 
moderate 

 
0 
0 
0 
0 
 
0 
 
0 
 
0 
 
0 

 
0 
0 
0 
0 
 
0 
 
0 
 
0 
 
0 

 
0 
0 
0 
0 
 
0 
 
0 
 
0 
 
0 

 
0 
0 
0 
0 
 
0 
 
0 
 
0 
 
0 

 
(6) 
(1) 
(1) 
(4) 
 
(5) 
 
(3) 
 
(1) 
 
(2) 
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Male 
Dose (mg/kg/day) 0 0.5 5 25 100 
Number examined 34 

(23+11) 
34 
(23+11) 

34 
(23+11) 

34  
(23+11) 

34  
(23+11) 

Lung; Inflammation, 
pleural,  
Minimal 
Mild-moderate 
Lung; Bacterial 
colonies 
Minimal 
Mild 
Moderate 
Lung; fungus , yeast, 
minimal 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
0 
0 
0 
0 
0 
0 
0 
 
0 

 
(1) 
0 
1 
(1) 
0 
0 
0 
 
(1) 

Bone marrow; 
Femur 
Mixed cell depletion 
Minimal 
Mild 

 
 
0 
0 
0 

 
 
8 
8 
0 

 
 
9 
9 
0 

 
 
14 
13 
1 

 
 
8 (7) 
1 (2) 
7 (5) 

Bone marrow; 
Sternum 
Mixed cell depletion 
Minimal 
Mild 

 
 
0 
0 
0 

 
 
3 
3 
0 

 
 
3 
3 
0 

 
 
9 
9 
0 

 
 
8 (8) 
5 (4) 
3 (4) 

Lymph node 
(Mesenteric) 
Lymphoid depletion 
Minimal 
Mild 
Moderate 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
5 (6) 
1 (4) 
4 /0) 
0 (2) 

Thymus 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
1 
1 
0 
0 
0 

 
8 (8) 
1 (0) 
4 (1) 
3(1) 
(6) 

Spleen 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
11(1) 
9(1) 
2 
0 
0 

 
8(7) 
1(1) 
3(2) 
4(3) 
(1) 

Peyer’s patch 
Lymphoid depletion 
Minimal 

 
0 
0 

 
0 
0 

 
0 
0 

 
2 
2 

 
7(5) 
2(1) 
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Male 
Dose (mg/kg/day) 0 0.5 5 25 100 
Number examined 34 

(23+11) 
34 
(23+11) 

34 
(23+11) 

34  
(23+11) 

34  
(23+11) 

Mild 
Moderate 

0 
0 

0 
0 

0 
0 

0 
0 

5(2) 
(2) 

Kidney; Dilatation 
(tubule)  
Minimal 
Mild 

 
0 
0 
0 

 
0 
0 
0 

 
0 
0 
0 

 
1 
1 
0 

 
1 
0 
1 

Parentheses ( ) indicate findings in animals that died or were sacrificed during the 
dosing period 
 
The MTD for males was judged to be 8 mg/kg/day based upon drug-related deaths at 
100 mg/kg/day, a 16% decrease of body weight at 25 mg/kg/day, a 51% decrease of 
leukocytes at 25 mg/kg/day, and high incidences of minimal to mild lymphoid depletion 
in the spleen and minimal to mild mixed cell depletion in femur bone marrow at 25 
mg/kg/day. 
       
The ECAC recommended doses for male rats at 0, 1, 3, and 8 mg/kg/day for the 
carcinogenicity assessment; this differs from the sponsor’s dose selection of 0.5, 5, and 
12.5 mg/kg/day. At the doses of 1.0, 3.0, and 8.0 mg/kg/day, the exposure margin (AUC 
microM.h) with clinical dose of 10 mg/day will be 0.7-, 2.3-, and 6-fold, respectively 
(Table16). 

Table 16  Exposure Margin Male 
 
Species/Dose Cmax 

(microM) 
AUC 
(microM.h)

Cmax 
Exposure 
Multiple 

AUC 
Exposure 
Multiple 

Total 
Human, 10 mg/day 0.269 1.5 - - 
Rat 1 mg/kg 0.5 1.12 0.2 0.74 
Rat 3 mg/kg 1.4 3.36 5.2 2.24 
Rat  8 mg/kg 4 9 14.8 6 
 
 
Dose selection in females  
 
The dose selections in females were based on hematology findings and 
histopathological changes.  The mortality findings were reviewed in depth also for 
establishing the MTD for females in the 6-month rat study. There were minimal test 
article related changes in the body weights in females in this study, which was also 
taken into account for dose selection (table 4). 
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A total of thirteen females were either found dead or euthanized due to moribundity in 
the main study and toxicokinetic study combined.   
 
In the main study groups (Table 17), eight females died: 0, 0, 1, 2, and 5 females died 
from 0, 0.5, 5, 25, 100/60 mg/kg dose group.  There were 4 deaths for females in the 
high dose group on Days 21/22, the Sponsor without knowing the cause of death, 
reduced the high dose to 60 mg/kg.  All of the five deaths at the high dose group 
appeared to be due to gavage error.  There were 2 deaths from the 25 mg/kg/day 
group, the cause of death for one of these females from the main study group was 
undetermined (Died on day 86 with findings of lymphoid depletion in the thymus and 
spleen); the other animal died of dosing error.   
 
In the toxicokinetic groups, five females died: 1, 0, 2, 1, and 1 died from the 0, 0.5, 5, 
25, and 100 mg/kg dose group died, respectively (note that all TK animals that were 
found dead or euthanized during the dosing period were submitted to a gross necropsy 
examination).  The cause of death for 1 female from each of the 0, 5, and 100/60 
mg/kg/day groups was due to dosing error as observed by the macroscopic 
observation.  The cause of death remained undetermined for 1 female each from the 5 
and the 25 mg/kg dose group.  
 
The decreases in body weights were 2, 2, 1, and 5% at 0.5, 5, 25, and 100/60 mg/kg 
dose group, respectively, indicating no test article related changes. The body weight 
curve for females at 100/60 m/kg/day was consistently lower than the curve for control 
females beginning at approximately week 3 although the magnitude of difference was 
<10%. 
 
There were test article related histopathological changes in the bone marrow (femur and 
sternum), mesenteric LN, thymus, spleen, and Peyer’s patches, and kidneys in females.  
 
Mixed cell depletion in the femur bone marrow was observed for females at 5, 25, and 
100/60 mg/kg/day. The incidence and severity displayed a generally flat dose-response. 
The no effect dose in females was 0.5 mg/kg/day. 
 
Decreases of erythrocyte indices at 100/60 mg/kg/day and leukocytes at 5, 25, and 
100/60 mg/kg/day appeared to correlate with findings in bone marrow. Females at 
100/60 mg/kg/day might be considered anemic based upon declines of erythrocyte 
indices.  
 
Dose-related lymphoid depletion was observed in the spleen, thymus, Peyer’s patch, 
and the lymph nodes for females at 5, 25, and/or 100/60 mg/kg.  The no effect dose for 
overall lymphoid depletion was 0.5 mg/kg/day for females. 

Table 17 Noteworthy Findings in Females: 6-Month Rat Toxicity Study 
 

Female 
Dose mg/kg/day) 0 0.5 5 25 100/60 
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Number examined 34 
 (23+11) 

34 
(23+11) 

34 
(23+11) 

34  
(23+11) 

34  
(23+11) 

Mortality (main study 
group) 

0 0 1 dosing 
error 

2; 1 cause 
undetermine
d, 1 dosing 
error 

5; all 
dosing 
error 

Mortality (TK group) 1 0 2;1 dosing 
error,  
1 cause 
undetermin
ed 

1 cause 
undetermine
d 

1 dosing 
error 

Body weight NA 2↓ 2↓ 1↓ 5↓ 
Leukocytes (103/mcL) NA NC 21↓* 39↓* 50↓* 
Lymphocytes 
(103/mcL) 

NA NC 24↓* 39↓* 51↓* 

Monocytes (103/mcL) NA NC NC 31↓* 44↓* 
Eosinophils (103/mcL) NA NC 31↓* 35↓* 68↓* 
Basophils (103/mcL) NA NC 57↓* 66↓* 76↓* 
Heart; Bacterial 
colony 
Minimal, 
Mild 
Moderate 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
0 
0 
0 
0 

 
(5) 
(1) 
(2) 
(2) 

Heart; Inflammation, 
Acute 
Minimal 
Mild 
Subacute/chronic 
Minimal 
Mild 
Chronic 
Severe 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 
0 
(1) 
(1) 

 
0 
0 
0 
0 
(2) 
(1) 
(1) 
0 

 
(3) 
(3) 
0 
0 
(2) 
(1) 
(1) 
0 

Heart; Myofiber, 
Degeneration; Mild 

0 0 0 0 (3) 

Lung; Inflammation, 
pleural,  
Minimal 
Mild-moderate 
Lung; Bacterial 
colonies 
Minimal 
Mild 
Moderate 
Lung; fungus , yeast, 
minimal 

 
0 
0 
0   
 
0 
0 
0   
0   
 
0                

 
0 
0 
0 
 
0 
0 
0 
0 
 
0 

 
(1) 
0 
(1) 
 
0 
0 
0 
0 
 
0 

 
(2) 
(1) 
(1) 
 
0 
0 
0 
0 
 
0 

 
(5) 
(3) 
(2) 
 
(5) 
(1) 
(2) 
(2) 
 
0 

Bone marrow; Femur      
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Female 
Dose mg/kg/day) 0 0.5 5 25 100/60 
Number examined 34 

 (23+11) 
34 
(23+11) 

34 
(23+11) 

34  
(23+11) 

34  
(23+11) 

Mixed cell depletion 
Minimal 

0 
0 

0 
0 

2 
2 

3 
3 

3 (1) 
3 (1) 

Lymph node 
(Mesenteric) 
Lymphoid depletion 
Minimal 
Mild 
Moderate 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
0 
0 
0 
0 

 
 
1 
1 
0 
0 

 
 
2 (1) 
2 (0) 
0 (0) 
0 (1) 

Thymus 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
1 
1 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
10 (5) 
3 (0) 
4(0) 
3 (2) 
(3) 

Spleen 
Lymphoid depletion 
Minimal 
Mild 
Moderate 
Severe 

 
0 
0 
0 
0 
0 

 
0 
0 
0 
0 
0 

 
3 
3 
0 
0 
0 

 
11(1) 
8(1) 
3 
0 
0 

 
11(5) 
4 (0) 
6(2) 
1(2) 
(1) 

Peyer’s patch 
Lymphoid depletion 
Minimal 
Mild 

 
0 
0 
0 

 
0 
0 
0 

 
2 
2 
0 

 
1 
1 
0 

 
3(4) 
2(0) 
1(4) 

Kidney; Intraluminal 
crystals 

0 0 0 0 1 

Kidney; Dilatation 
(tubule)  
Minimal 
Mild 

 
0 
0 
0 

 
0 
0 
0 

 
1 
1 
0 

 
0 
0 
0 

 
1 
0 
1 

Parentheses ( ) indicate findings in animals that died or were sacrificed during the 
dosing period. 
 
Based on the histopathology, hematology, and mortality findings, the reviewer believes 
that the high dose in the carcinogenicity study might be 25 mg/kg in females instead of 
12.5 mg/kg as proposed by the Sponsor.   The body weight changes in females were 
not evident at 25 mg/kg dose in females.  There were no test article related deaths in 
females at 100/60 mg/kg dose.   For females in the 100/60 mg/kg/day group, there were 
findings that included minimal to moderate lymphoid depletion observed in the spleen 
and thymus and potential anemia (9% decrease of RBCs and 11% decrease of 
hematocrit).   All of these findings indicate test article induced immunosuppression, 
which might increase incidences of infections causing mortality.   Because there were 
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no changes in body weights at 25 mg/kg, lethality due to immunosuppression 
associated with general deterioration in health might be of lesser of a concern in 
females than in males.  There were, however, two questionable deaths at 25 mg/kg 
dose.   One of these deaths was from the TK group in which histology was not 
examined.      
 
The ECAC recommended doses for female rats at 0, 3, 8, and 25 mg/kg/day for the 
carcinogenicity assessment; this differs from the sponsor’s dose selection of 0.5, 5, and 
12.5 mg/kg/day. At the doses of 3, 8, and 25 mg/kg, the exposure margins (AUC 
microM.h) with the clinical dose of 10 mg/day will be 3-, 8-, and 25-fold, respectively 
(Table18) 

Table 18  Exposure Margin: Female 
 
Species/Dose Cmax 

(microM) 
AUC 
(microM.h) 

Cmax 
Exposure 
Multiple 

AUC 
Exposure 
Multiple 

Total 
Human;10 mg/day 0.269 1.5 - - 
Rat  3 mg/kg 1.7 4.6 6.3 3.0 
Rat 8 mg/kg 4.5 12.2 16.7 8.1 
Rat 25 mg/kg  14.2 38.1 52.7 25.4 
 
 
Comments: 
 

• The committee noted that the study duration should be 104 weeks rather than 
102 weeks. 

• The Committee did not consider the bridging study comparing the free base and 
 phosphate salt forms of LY3009104 to be acceptable. The committee    
recommends that the carcinogenicity study be conducted with the phosphate salt 
that was used in the dose ranging study unless more extensive bridging data can 
be provided to demonstrate that there is no PK difference between the free base 
and the phosphate salt. 

• For any macroscopic findings in the low and mid dose groups for a given tissue, 
you need to examine the tissue from all of the dose groups. 

• For statistically significant or otherwise remarkable findings in the high dose 
group, you need to examine the affected tissues in all of the dose groups. 

• For an increase in tumors in an organ for a particular tumor type you need to 
examine the entire tissue sites as well as different organs with similar tissue 
(e.g., hemangiosarcoma, lymphoma etc.; see McConnell et al, JNCI 76:283, 
1986) at all dose levels.  
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1 Executive Summary 

1.1 Introduction 
In the present submission, the Sponsor has provided a draft protocol for a thorough QTc 
prolongation (TQTc) study with LY3009104.  LY3009104 is currently in Phase 2b of 
clinical development.  This review evaluates nonclinical studies to support the TQTc 
protocol.  

1.2 Brief Discussion of Nonclinical Findings 
The Sponsor proposed to administer a single dose of 20, 30, and 40 mg in the clinic for 
TQTc evaluation in healthy volunteers.  There was previous clinical experience with a 
single dose of 20 mg administration of LY3009104.  However, there were no previous 
clinical experience for the administration of a single dose of 30 and 40 mg of 
LY3009104 in clinic. To determine nonclinical support for the Sponsor’s dosing 
paradigm for the TQTc evaluation, nonclinical toxicity studies in rats (6-month) and dogs 
(1-month) were conducted.  For the evaluation of safety in the TQTc study exposure 
margin based on Cmax appeared to be more relevant than the exposure margin based 
on AUC due to the nature of the potential toxicologic effects that can occur in the TQTc 
study. The exposure margin based on Cmax values from rats and dogs toxicity studies 
provided an exposure margin of greater than 2.5-fold for the all of the proposed doses 
(20, 30, and 40 mg) in human. The AUC0-24 values from NOAELs or doses with 
monitorable toxicity in rats and dogs studies provide exposures margin of greater than 
2-fold for all proposed clinical doses (20, 30, and 40 mg). 
   
Therefore, the review of the toxicity studies showed that the TQTc study with 20, 30 and 
40 mg dosing in clinic is safe to proceed from the pharmacology and toxicology 
perspective due to adequate exposure margins based on the Cmax values from rats 
and dogs in the toxicity studies. 

1.3 Recommendations 

1.3.1 Clinical Study (ies) Safe to Proceed:  YES 

1.3.2 If Not Safe to Proceed: NA 

2 Drug Information 

2.1 Drug 
CAS Number:   CAS 1187595-84-1 (phosphate salt) 
      CAS 1187594 (free base) 
 
Code Name: INCB028050, LY3009104 phosphate, LY3009104 (free base) 
 
Chemical Name: 
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2-(3-(4-(7H-pyrrolo [2, 3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1- 
(ethylsulfonyl)azetidin-3-yl) acetonitrile phosphate. 
 
2-(3-(4-(7H-pyrrolo [2, 3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1- 
(ethylsulfonyl)azetidin-3-yl) acetonitrile (free base) 
 
 
Molecular Formula:  C16H20N7O6PS (phosphate salt); C16H20N7O6S (free base) 
 
Molecular Weight:  469.41(phosphate salt), 371.42 (free base) 
 

Figure 1 Chemical Structure  

LY3009104•phosphate (left) and LY3009104 free base (right) 
 

 
 
Pharmacologic Class:  JAK kinase inhibitor 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
IND  submitted  

2.3 Drug Formulation 
As per Sponsor’s protocol amendment (supporting document # 78) LY3009104 may be 
supplied to the investigative site as capsules or tablets (for use during Part A) and 
tablets (for use during Part B).  The drug supply (capsules or tablets) will depend on the 
availability of the material. The exposure (AUC and Cmax) to LY3009104 in healthy 
subjects in the fasted state was similar following a single dose of 8 mg LY3009104 as 
free base tablets and phosphate salt capsule.   
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2.6 Proposed Clinical Protocol 
The proposed clinical study entitled ‘A Placebo-Controlled, Single Dose, Dose 
Escalation (Part A) and a Placebo- and Positive- Controlled Study of the Effect on the 
Electrocardiographic QT Interval of a Single Dose (Part B) of LY3009104 in Healthy 
Subjects’ protocol # I4V-MC-JADO consists of two parts, a dose escalation to find a 
dose for the TQT assessment (Part A) and a TQT assessment (Part B).   
The study will be conducted in healthy subjects (18-65 years of age).  Part A is a 
randomized, placebo-controlled, investigator and subject-blind, incomplete block 
crossover, single-dose, dose-escalation study in healthy subjects to determine a 
supratherapeutic dose of LY3009104 with an acceptable safety and tolerability profile 
that can be included in Part B of the study.  The dose of LY3009104 used in the QT 
assessment (Part B) will be selected on the basis of safety information from Part A.  
Subjects from Part A will not participate in Part B. In Part A of the study nine healthy 
subjects will be randomly assigned to one of the three sequences in a 1:1:1 ratio, such 
that in each of the 3 dosing periods, 6 subjects will receive LY3009104 and 3 will 
receive matching placebo (Table 1). The first dose level proposed is 20 mg, and the 
subsequent anticipated dose levels are 30 mg and 40 mg. The actual dose levels to be 
tested may be adjusted depending on safety and tolerability data from previous dose 
levels, but the maximum dose tested will not exceed 40 mg.  All dose levels will be 
administered as single oral doses.  A washout of at least 3 days will occur between 
doses.   

Table 7 Clinical study design: Part A Dose escalation 

 
 
Part B is a three-period, crossover study in healthy subjects to assess the 
electrophysiological effects of a single supratherapeutic dose of LY3009104 compared 
to a positive control (moxifloxacin, 400 mg) and placebo.   It is an in-patient study and 
subjects are blinded to LY3009104 and placebo administration and unblinded to 
moxifloxacin administration. It is intended that approximately 60 subjects will be 
randomized into 1 of 6 sequences in accordance with two 3-sequence crossovers.  
Time-matched pharmacokinetic samples and quadruplicate ECGs will be collected in 
each study period (Table 2).  For the purposes of QT measurement, subjects will 
undergo continuous ECG monitoring using an ECG 12-lead digital. 

Table 8 Clinical study design: Part B Thorough QTc assessment 
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2.7 Previous Clinical Experience 
The currently available clinical experience with LY3009104, in terms of dose, duration, 
types of study, patient population, and numbers of patients exposed, is summarized in 
Table 3 (data derived from the most recent Investigator’s Brochure, October 2011).  So 
far, 6 clinical (4 clinical pharmacology studies, 1 tolerability study in renal impairment 
patients and 1 disposition study) studies were completed.  Two clinical studies in RA 
patients are ongoing.   As indicated in the briefing document, the tally of patients stands 
at approximately 374 subjects in 7 studies, including 162 healthy volunteers, 36 
subjects with varying degrees of renal impairment, and 176 patients with RA.   

Table 9  Previous clinical experiences 
 

Clinical Study Description Dose & Duration 
Protocol #:  14V-MC-JADE 
July 2008-2009, double blind, 
randomized, placebo controlled, 
multiple dose escalation study 
Primary end points: Safety, 
tolerability, and PK 
Subjects: Healthy volunteers  
(M & F) 
Age: 18-55 years 
Study complete 

Part 1: N*=36 
Placebo, 2, 5, or 10 mg LY QD for 10 
days  
Placebo or 5 mg BID for 10 days 
Part 2: n=24 
Placebo or 10 mg LY QD for 28 days 
Placebo or 5 mg LY BID for 28 days 
PART 3: n=10 
Placebo or 20 mg single dose  
1 week wash out period 
Placebo or 20 mg QD for 10 days 
 

Protocol #:  14V-JE-JADM 
Dec 2010- April 2011,  
single-blind (subject- and 
investigator-blinded), randomized, 
placebo controlled 
Primary end points: Safety, 
tolerability, and PK  
Subjects:  Japanese healthy 
volunteers (M & F) 
Age: 20-65 years 

Single and repeat dose: N=25 
 
Placebo, 2, 5, or 10 mg LY  on Day 1 
 
Placebo, 10, or 14 mg  Day 1, then 1 
week wash out period, and then 
placebo, 10, or 14 mg QD for 10 days 
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Clinical Study Description Dose & Duration 
Study complete 
Protocol #:  14V-MC-JADF 
July 2008-May 2009 
Double blind, randomized, placebo 
controlled, single dose escalation 
Safety tolerability 
Subjects: Health volunteers 
(M & F) 
Age: 18-55 years 
Study complete 

1mg-10mg LY , single dose in fed and 
fasted patients: N=48 
Dose escalation/24 subjects 
 
Food effects/24 subjects 

Protocol #:  14V-MC-JADB 
September 2008- November 2009, 
open labeled, controlled, interaction 
study 
Primary end points: Safety, PK,  
interaction between MTX & LY, 
Subjects: Healthy volunteers  
(M & F) 
Age 21-76 years 
Study complete 

MTX + LY:  n=53 
MTX ≥7.5≤ 25 mg (titrated for each 
subject 8-weeks pretreatment) 
 
MTX ---alone Day 1 
LY---alone Days 3-7 
MTX+LY---Days 8 15, and 22  
LY---alone Days 9-14, 16-21, 23-28 
LY doses used are 10 mg QD, 5 mg 
BID, and  15 mg QD 

Protocol #:  14V-MC-JADL 
Open label 
Compare PK/PD, safety tolerability  in 
renal impairment patients 
Subjects: Healthy & mild moderate, 
severe renal impairment patients 
(M & F) 
Age 18-79 years 
Study complete 

10 mg LY single dose, in healthy, mild, 
and moderate cohorts, n=10 ea and 5 
mg LY single dose in severe cohort n = 
8 
5 mg LY TDI in Day 1, 2 weeks wash 
out, then 5 mg LY TDI in ERSD cohort, 
n=8 
 

Protocol #:  14V-MC-JADG 
February 20 
Open label 
Disposition w/radioactive LY 
Subjects Healthy male volunteers 
(M & F) 
Age 18-55 years 
Study complete 

10 mg-14C-LY, single dose, w/20 day 
follow-up 
N= 6 
 

Protocol #:  14V-MC-JADC 
May 2009-July 2010 
Randomized, double-blind, 
placebo-controlled, dose-ranging, 
parallel-group 
Safety and Tolerability study 
Subjects: RA patients 
Age 20-80 years 

Five cohorts: 4, 7, 10 mg LY QD and 
matching placebo capsules for 12 weeks
A-C: 4, 7, or 10 mg QD for 12 weeks 
D:Placebo for 12 weeks crossover to 7 
mg LY QD at 12 weeks 
E: Placebo for 12 weeks crossover to 10 
mg LY QD at 12 weeks 
N= 127 enrolled 
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Clinical Study Description Dose & Duration 
 Ongoing  
Protocol #:  14V-MC-JADA 
October 2010- ongoing; Randomized, 
double-blind, 
placebo-controlled, dose-ranging, 
parallel-group 
Efficacy study, Phase 2 
Subjects: RA Patients 
(M & F) 
Age 18-75 years 
Ongoing 

Part A:  1,2, 4, 8 mg LY QD for 12 wks 
completed 
Part B:  2, 4, 8 mg LY QD & 2 mg BID 
for 12 wks  
Part C:  4 and 8 mg LY QD for 52 wks,  
n=64 enrolled 

 
Table 3 showed that the maximum single dose of LY30009104 administered to the 
healthy volunteers was 20 mg.  LY3009104, however, was administered in patients in 
more than one repeat dose studies at the dosages of 10 mg QD.  LY3009104 was 
described by the Sponsor to be well tolerated in these studies.  
 
The detail safety information from the clinical studies are well summarized in the clinical 
review by Dr Patricia Brown, DDDP dated 10-14-2011.  In brief, the most commonly 
reported treatment-emergent adverse events (TEAEs) in patients with RA were in the 
infections and infestations system organ class.  The most common alterations in 
laboratory values involved decreases in hemoglobin, hematocrit, total red blood cells 
(RBCs), and WBCs (white blood cells; neutrophils and other white cell lines), and 
increases in platelet counts, high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), total cholesterol, and triglycerides which are considered monitorable. 
 
For evaluating cardiac safety, QT interval data from 5 of the completed clinical studies 
were pooled and analyzed.   The combined analysis of LY3009104 concentrations 
versus change from baseline in QTcF revealed an approximate 1.13 msec increment in 
mean QTcF change from baseline for every 100 nM increase in concentration.  Data 
from subjects taking placebo were included in the analysis. The ECG measurements in 
these studies were not matched to the pharmacokinetic (PK) sampling times, estimates 
of plasma concentrations were interpolated, and only a single ECG per time point was 
collected.  Overall, on the basis of the available data, there is no apparent signal of a 
clinically significant QT-prolonging effect of LY3009104 within the range of exposures 
observed in these 5 studies (maximum observed concentration was 571 nM [Study 
JADE]) completed.  
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Figure 2  Relationship between QTcF change from baseline and LY3009104 
concentration in five clinical studies in healthy subjects, subjects with various degrees of 
renal impairment, and subjects with rheumatoid arthritis. 

 

 
The data from the Sponsor showed limited potential for QTc prolongation with 
LY3009104 administration.  There are, however, limitations to how the data has been 
collected and analyzed. 

2.8 Regulatory Background 
The original IND was submitted by the Incyte Corporation in June 5, 2008.  Eli Lilly 
Corporation acquired the compound in 2009.  The Sponsor is currently conducting 
clinical studies Phase 2 a/b for dose selection, safety, and tolerability assessment in RA 
patients.   

 

3 Studies Submitted 

3.1 Studies Reviewed  
Draft protocol for a thorough QTc prolongation study 
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3.2 Studies Not Reviewed  
None 

3.3 Previous Reviews Referenced 
Following reviews have been referred: 
 
1. Carcinogenicity protocol review of IND 102,204 12-05- 2011, reviewer-- Mamata De, 
Ph. D. 
 
2. Clinical review dated 10-14-2011; reviewer --Patricia Brown, M. D. 

4 Pharmacology 

4.1 Primary Pharmacology 
LY3009104 is a Janus kinase (JAK) inhibitor being developed for  

 rheumatoid arthritis.    

4.3 Safety Pharmacology 
LY3009140 was tested for cardiovascular safety pharmacology assessments in an  
in vitro hERG channel assay and  in vivo in unanaesthetized dogs. The IC50 for the 
hERG channel inhibition was 161.5 microM.  In the in vivo study conscious beagle dogs 
(4/sex/group) were administered with the test article at the doses of 0.15, 0.45, and 3 
mg/kg by oral gavage. The radiotelemetric analysis in these dogs did not show any 
changes in the QTc parameters in any of the doses that were examined.  A slight 
elevation of the heart rate and slight, transient lower arterial pressures (systolic, 
diastolic, pulse and mean) at 3.0 mg/kg were noted.   
Thus, the data from the cardiovascular safety pharmacology studies showed limited 
potential of LY3009104 for QTc prolongation. 

5      ADME 
The metabolite analysis showed that parent drug predominately circulates in the plasma 
in human.  Preliminary analysis also suggested that the parent drug accounted for 
approximately 50% to 80% of the administered dose in urine (0 to 24 hours), in addition 
to 3 oxidative metabolites, which when combined, accounted for approximately 
less than 10% of the administered dose.  The data confirmed that there were no major 
metabolites of the test article in human.  The metabolites were observed to be mostly 
similar in human and rat.   
 
In a single oral dose (10 mg, LY3009104) metabolism study in healthy volunteers, the 
drug product was observed to be eliminated by urine and feces.  The nonclinical studies 
showed that the elimination profile in human were similar to that of the rat. 
 

Reference ID: 3103137Reference ID: 4016252

(b) (4)



IND #: 102, 204                                                                         Reviewer:  Mamata De 
 

 13

6 General Toxicology 
In support of the proposed doses for the TQTc study, the Sponsor has conducted 
toxicology studies with LY3009104 in rats and dogs.   
 
A preliminary review of a 28 day dog repeat dose study in beagle dogs (study # t07-12-
03) was conducted.  In this study, beagle dogs (6/sex/group) were administered with the 
test article at the doses of 0, 0.15, 0.45, and 3 mg/kg for 28 consecutive days. There 
were no mortalities in this study.  There were no test article related changes in the 
clinical signs, body weights, feed consumption, ophthalmological analyses, or ECG 
parameters in the dogs in this study.  Also, there were no test article related changes in 
the coagulation, clinical chemistry, or urinalysis parameters.  There were however, 
changes in the hematological parameters and histopathology (Table 4).  Small 
statistically significant (P<0.05) decreases of RBC counts and hemoglobin, and 
hematocrit levels (12-15%) in male rats in the high dose group on Day 28 were noted.   
In female rats, similar changes were noted although the changes were not statistically 
significant.   The hematological changes are monitorable in a clinical setting.  Therefore, 
these changes were not considered as a dose limiting toxicity findings. 
 
In this 28-day dog toxicity study, histological changes were confined to the high dose 
and consisted of lymphoid depletion in the lymph nodes, Peyer’s patches, spleen, and 
thymus, Peyer’s patch necrosis, Mesenteric LN necrosis, and bone marrow (ribs and 
sternum) hypocellularity.     
 
The toxicokinetics analyses from this study showed similar exposures (AUC and Cmax) 
in males and females at Days 1 and 27 indicating no sex related differences in 
exposures and limited potential for accumulation of the test article (Table 4).  At 
recovery, no test article related changes in the histopathology findings were noted. 
Based on these findings a NOAEL of 0.45 mg/kg was identified by the Sponsor and 
reviewer agreed with this NOAEL.   
 
However, lymphoid depletion is usually monitorable in a clinical setting.  The necrosis 
(Peyer’s patch and mesenteric LN) was an isolated finding confined to 1 (Female #143) 
of 12 animals and is unlikely to occur with a single dose of the test article as there were 
no such findings in a 7-day oral toxicology study with dogs that received 3 mg/kg/day 
(Study number 1386-007).  Therefore, the toxicity findings with doses up 3 mg/kg/day 
were judged to be monitorable in a clinical setting.  At the high dose, exposures values 
(AUC of 11.75 microM.h and a Cmax of 2.43 microM) were identified from the 28-day 
dog toxicity study.   

Table 10 Summary of histopathology findings 
 

Terminal Male Female 
Dose (mg/kg) 0 0.15 0.45 3 0 0.15 0.45 3 
Number examined 4 4 4 4 4 4 4 4 
Mortality None 
Body weight No test article related changes in body weight 
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Terminal Male Female 
Coagulation No test article related changes in coagulation 
Clinical chemistry No test article related  changes in clinical chemistry 
Hematology 
RBC counts (106/mcL) 
Hemoglobin 
Hematocrit 
Leukocyte counts (103/mcL) 
Eosinophil counts (103/mcL) 

 
NA 
NA 
NA 
NA 
NA 

 
NC 
NC 
NC 
NC 
NC 

 
NC 
NC 
NC 
14%↓ 
10%↓ 

 
12%↓* 
15%↓* 
13%↓* 
13%↓ 
15%↓ 

 
NA 
NA 
NA 
NA 
NA 

 
NC 
NC 
NC 
NC 
14%↓ 

 
NC 
NC 
NC 
NC 
26%↓ 

 
6%↓ 
6%↓ 
7%↓ 
NC 
13%↓ 

Ophthalmology No test article related changes in ophthalmological  
ECG No test article related changes in ECG 
Bone marrow rib 
Hypocellularity 
Minimal 
Mild 

 
 
0 
0 

 
 
0 
0 

 
 
0 
0 

 
 
1 
0 

 
 
0 
0 

 
 
0 
0 

 
 
0 
0 

 
 
1 
1 

Bone marrow sternum 
Hypocellularity 
Minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
2 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

Heart; pericardial inflammation 
minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

 
 
0 

 
 
0 

 
 
1 

 
 
0 

Liver; Extramedullary 
hematopoesis 
Minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

Mandibular, LN 
lymphoid depletion 
Mild 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

Mesenteric LN 
Lymphoid depletion 
Moderate 
Mild 
Minimal 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
1 
0 
0 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
0 
0 
0 

 
 
0 
1 
0 

Mesenteric LN 
Inflammation, subacute 
Moderate 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

Mesenteric LN 
Necrosis 
Moderate 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

Spleen 
Lymphoid depletion 
Minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
3 

Peyer’s patch 
Inflammation, subacute 
Minimal 
Necrosis 
Minimal 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
0 
 
0 

 
 
1 
 
1 

Peyer’s patch 
Lymphoid depletion 
minimal 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
0 

 
 
1 

Thymus 
-depletion, lymphoid, minimal 

 
0 

 
0 

 
0 

 
3 

 
0 

 
0 

 
1 

 
0 

Day 1   AUC 0-24 microM.h NA 0.55 1.50 12.4 NA 0.56 1.50 13.5 
Day 27 AUC 0-24 microM.h NA 0.41 1.46 10.7 NA 0.40 1.50 12.8 
Day 1 Cmax microM NA 0.126 0.372 2.72 NA 0.12 0.35 2.77 
Day 27 Cmax microM NA 0.09 0.32 2.31 NA 0.10 0.35 2.5 
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The 6-month rat toxicity study (study # t08-04-05) was reviewed under the 
carcinogenicity protocol.  A brief description of the study is provided as follows. 
 
In the 6-month rat toxicity study male animals were administered with the test article at 
the dosages of 0.5, 5, 25, and 100 mg/kg/day by oral gavage.  At high dose, 7/15 males 
died of cardiomyopathy at 100 mg/kg dose.  The other histology findings in male rats 
consisted of lymphoid cell depletion from sternum bone marrow, spleen, thymus, Peyer’s 
patch, and the lymph nodes at 25 and/or 100 mg/kg/day.  The lymphoid depletion from 
the femur bone marrow was noted in male rats also at doses ≥0.5 mg/kg/day.  A NOAEL 
was not identified in male rats; however, toxicity up to the 25 mg/kg/day was judged to be 
monitorable. 
 
In the 6-month rat toxicity study female animals were administered with the test article at 
the dosages of 0.5, 5, 25, and 100/60 mg/kg/day.  There was no test article related 
mortality in females.  The histology findings in female rats consisted of lymphoid cell 
depletion from spleen, thymus, Peyer’s patch, and the lymph nodes at 25 and/or 100/60 
mg/kg/day.  Mixed cell depletion in the femur bone marrow were observed for females at 
5, 25, and 100/60 mg/kg/day. The NOAEL was identified in female rats at 0.5 mg/kg/day; 
however, toxicity up to 60 mg/kg/day was judged to be monitorable. For a conservative 
safety assessment, the lower exposure for male rats at 25 mg/kg/day was used to as a 
comparison to clinical doses.  
 

11 Integrated Summary and Safety Evaluation 
 
LY3009104 is a JAK kinase inhibitor, relatively specific to the inhibition of JAK family of 
kinases as reported in the cross reactivity studies in the pharmacology.  There were no 
major metabolites in human and nonclinical species (rat).  The metabolites in human 
and rats are mostly similar.  The cardiovascular safety pharmacology studies in dogs 
showed no evidence of QTc prolongation. 
 
The sponsor has submitted a draft protocol for a randomized, placebo and positive 
controlled single dose thorough QT study to estimate the effect of LY3009104 on the 
QTc interval in healthy male and female subjects (18-65 years old).   In the first part of 
the study nine healthy subjects will be randomly assigned to receive 20, 30, or 40 mg 
single dose of LY3009104.  The first dose level is 20 mg, and the subsequent 
anticipated dose levels are 30 mg and 40 mg. The actual dose levels to be tested may 
be adjusted depending on safety and tolerability data from previous dose levels, but the 
maximum dose tested will not exceed 40 mg.   
 
Although 10 mg QD LY3009104 has been administered in healthy volunteers for 28 
day, in patients up to 12 weeks, a single dose 30 or 40 mg LY3009104 will be 
administered for the first time to the healthy volunteers in this study. 
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The Sponsor provided clinical exposure data from patients with renal impairment 
administered with 10 mg QD of LY3009104.  The anticipated exposure (Cmax) in 
healthy volunteers administered with 40 mg was observed to be 1.05 microM based on 
a PK/PD model form the exposure data based on renal impairment patients (Table 5). 
 
The Sponsor did not conduct any GLP-compliant single dose toxicity studies in rats or 
dogs with full assessments of toxicology parameter; therefore, the 6-month toxicity 
study in rats and 28-day toxicity study in dogs were reviewed to evaluate nonclinical 
support the maximum human dose of 40 mg.   Findings in the 6-month rat study with 
doses up to 25 mg/kg/day in males and 60 mg/kg/day in females and in the 28-day dog 
study with doses up to 3 mg/kg/day were judged to be monitorable as well as reversible. 
The lower exposure for male rats at 25 mg/kg/day was used for the safety assessment 
of clinical doses.  
 
Based on the PK/PD model from the renal impairment patients administered with 10 mg 
QD, the exposures (Cmax) in dogs and rats compared to the human Cmax value at 40 
mg provide safety margins of approximately 3, and 6-fold, respectively (Table 5).  The 
results indicate that TQTc clinical protocol might be safe to proceed if we consider that 
the PK/PD model from the patients with renal impairment accurately predicted Cmax at 
40 mg dose in healthy volunteers. 

Table 11 Exposure multiples based on clinical data from patients w/renal impairment 
(10 mg QD) healthy volunteers 
 

Species/Dose Cmax 
(microM) 

Exposure 
Multiple 

Human 
40mg/kg (projected by  Sponsor by a PK/PD model (page 18 
of briefing document based on  10 mg QD dose in renal 
impairment study) 

1.05 NR 

Rat, male, 25 mg/kg 5.69 5.4-fold 
Dog, 3 mg/kg 2.7 2.6-fold 

*NR  not reported 
 
However, note that the maximum single dose tested in the previous clinical studies in 
the healthy volunteers was 20 mg (Study JADE); at this dose a Cmax of 479±92.5 nM 
(0.479 µM) and AUC of 2500±522 nM.h (data compiled from clinical pharmacology 
summary in eCTD document).   At the single dose of 10 mg a Cmax of 0.24 microM 
were noted in this study.  The Cmax values at 30 and 40 mg in healthy volunteers were 
predicted to be 0.72 and 0.96 µM, respectively from the regression analyses based on 
the Cmax values from the 10 and 20 mg dose in healthy volunteers.  
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Table 12 Exposure multiples based on clinical data from healthy volunteers  
 

Exposure Multiple Species/Dose Cmax  
(microM) 

AUC 
(microM.h) Cmax AUC 

Human (single dose study) 
20 mg (study conducted) 

0.479 2.5 NA* NA 

Human ** 
30 mg (study not done; exposure 
projected by reviewer) 

0.72 3.75 NA NA 

Human*** 
40 mg (study not done; exposure 
projected by reviewer) 

0.958 5.0 NA NA 

Exposure margin based on 40 mg human dose 
Rat, male-6 month toxicity study 
25 mg/kg 

5.69 13.4 5.9 2.7x 

     
Dog (M+F)-1-month toxicity study 
3 mg/kg 

2.7 12.9 2.81 2.6x 

*NA----not applicable 
 

Based on the exposures (Cmax) in dogs and rats compared to healthy human volunteer 
Cmax values achieved with a clinical dose of 40 mg, safety margins were observed to 
be approximately 3 and 6-fold, respectively (Table 6).  The results indicate that TQTc 
clinical protocol is reasonably safe to proceed from the nonclinical perspective 
considering that the regression analyses of Cmax from the healthy volunteers 
accurately predicted Cmax at 40 mg dose in healthy volunteers. 
 
Recommendation:  The single dose TQTc protocol in healthy human volunteer with a 
maximum dose of 40 mg is reasonably safety to proceed from the nonclinical 
perspective based on the exposure data comparison between the healthy human 
volunteers from the clinical trial and nonclinical species from the repeat dose toxicity 
studies. 
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1 Executive Summary 

1.1 Introduction 

Eli Lilly is developing baricitinib (LY3009104 free base) as an oral treatment for  

 RA   This molecule is selective for JAK1 

and JAK2 (IC50 =  5.7 – 5.9 nM).   

 

The sponsor has proposed to evaluate the carcinogenic potential of LY3009104 administered by 

oral gavage in a 26 week study in male and female hemizygous TgrasH2 mice.  Doses of 0, 30, 

75, and 300 mg/kg/day (males) and 0, 25, 60, and 150 mg/kg/day (females) were proposed by the 

sponsor based on results of a 4 week dose ranging study in WT mice of the same genetic 

background as the TgrasH2 mice. 

1.2  Brief discussion of nonclinical findings 

 LY3009104 metabolism is generally similar between mice and humans based on in vivo ADME 

studies.  Plasma protein binding is also comparable between species.   

 

In the 4-week dose range finding study, wild type CByB6F1-Tg(HRAS)2Jic mice received doses 

of 75, 150, and 300 mg/kg/day (Study 8268827).  It is noted with some concern that the range of 

doses examined in the study was relatively narrow (i.e., 4-fold from the LD of 75 mg/kg/day to 

the HD of 300 mg/kg/day). There was evidence for suppression of lymphopoiesis and 

hematopoiesis in male and female WT mice, consistent with observations in a 6 month rat dose 

range finding study.  A maximum tolerated dose (MTD) of 150 mg/kg/day was established in 

females based on microscopic findings of tubular degeneration/necrosis, dilatation, 

mineralization, and regeneration at the 300 mg/kg/day dose in study 8268827 that correlated with 

a 2.3-fold elevation of BUN.  Total lymphocyte counts were markedly decreased in male and 

female mice at all dose levels.  The magnitude of decreased lymphocyte counts was comparable 

at all doses for males (54-58% decrease) and females (37-45%). Decreased lymphocytes 

correlated with histopathological findings of bone marrow hypocellularity and decreased 

lymphocytes in the spleen, thymus, and mesenteric lymph nodes. There were no deaths or 

evidence of infection that could be attributed to decreased lymphocyte counts.  An MTD of 300 

mg/kg/day was suggested for males based upon an approximate 50% suppression of lymphocyte 

counts with the acknowledgement that the magnitude of decreased lymphocyte counts was 

comparable for males at doses of 75, 150, and 300 mg/kg/day.   Systemic exposure was 

decreased in HD animals at day 28 relative to day 1, suggesting induction of the metabolism of 

LY3009104.   

 

The proposed high dose for males (300 mg/kg/day) in the 26 week carcinogenicity study is based 

on the MTD in study 8268827 (approximate 50% suppression of lymphocyte counts).  The 

proposed high dose for females (150 mg/kg/day) is also based on the MTD in study 8268827 

(tubular degeneration/necrosis, dilatation, mineralization, and regeneration in the kidneys at 300 

mg/kg/day).  
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Predicted LY3009104 exposures for the proposed 26 week carcinogenicity study were made 

using the toxicokinetic data from study 8268827. 

1.3 Recommendations  

The Executive Carcinogenicity Assessment Committee (ECAC), on July 9, 2013, concurred with 

the sponsor’s high dose selections of 300 mg/kg/day for male mice and 150 mg/kg/day for 

female mice based on MTDs established in a 4 week dose-range finding study in wild type mice.  

The recommended low and middle doses for male mice are 15 and 40 mg/kg/day respectively to 

provide an approximately three-fold dose separation based on predicted systemic exposure in 

hemizygous CByB6F1-Tg(HRAS)2Jic mice.  The recommended low and middle doses for 

female mice are 10 and 30 mg/kg/day respectively to provide an approximately three-fold dose 

separation based on predicted systemic exposure in hemizygous CByB6F1-Tg(HRAS)2Jic mice.   

 

2 Drug Information 

2.1 Drug 

2.1.2 Generic Name 

Baricitinib 

2.1.3  Code Name 

 

INCB028050 or LY3009104 

2.1.4 Chemical Name 

2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-(ethylsulfonyl)azetidin-3-

yl)acetonitrile 

2.1.5 Molecular Formula/Molecular Weight 

C16H17N7O2S 

371.42 g/mol 
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2.1.6 Structure 

Figure 1.  Chemical structure of LY3009104 Free base. 

 

2.1.7 Pharmacologic class 

Janus kinase 1/2  inhibitor 

 

2.2 Relevant IND/s, NDA/s, and DMF/s 

IND  

2.3 Clinical Formulation 

2.3.1 Drug Formulation 

LY3009104 free base tablets contain 0.5 mg, 0.75 mg, 1 mg, 2 mg, 4 mg, or 8 mg of the free 

base compound.  The composition of the drug product is presented in the sponsor’s table below 

(Table 1).  All excipients are present below the maximum levels in currently approved drug 

products. 
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2.3.2 Comments on Novel Excipients 

There are no novel excipients. 

2.4 Proposed Clinical Population and Dosing Regimen 

LY3009104 is intended to treat  RA  

  Doses ranging from 1 mg/day – 10 mg/day are to be evaluated 

in Phase 2 studies.  Ongoing Phase 3 clinical trials in RA are using doses of 2 and 4 

mg/day. 

 

Table 1.  Composition of LY3009104 drug product. 
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2.5 Regulatory Background 

2.5.2 History of Regulatory Submission 

On November 29, 2011, the ECAC recommended doses of 0, 1, 3, and 8 mg/kg/day  (males) and 

0, 3, 8, and 25 mg/kg/day (females) for a 2-year carcinogenicity study with LY3009104 in 

Sprague-Dawley rats. 

3 Studies Submitted 

3.1 Studies Reviewed  

STUDY STUDY NUMBER: 

TOXICOLOGY:  

4 week pilot study in 00178-W [wild type] mice of rasH2 background 

 

8268827 

  

ADME:  

Disposition of 
14

C-LY3009104 Following Oral Administration in 

Healthy Human Male Subjects 

14V-MC-JADG 

Identification of in vivo metabolites of INCB028050 in male 

and female CD-1 mice following a single oral dose of 
14

C-INCB028050 

INCYTE-DMB-

09.90.1 

Pharmacokinetics of LY3009104 in rasH2 mice following daily oral 

administration of LY30009104 as the Free Base or Phosphate Salt 

(LSN30009106) for 7 days 

MAKR12_8278998 

 

 

3.3 Previous Reviews Referenced 

Pharmacology and Toxicology Review of IND 102,204.  Mamata De, Ph.D., December 1, 2011. 

4 Pharmacology 

4.1 Primary Pharmacology 

4.1.1  Selectivity 

 

LY3009104 is selective for JAK1 and JAK2 vs. JAK3 and tyrosine kinase 2.  The pharmacology 

of LY3009104 is characterized in Fridman et al. (2010).  The potency of LY3009104 inhibition 

of JAK activity is seen in Table 2. 
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Table 2.  In vitro potency of LY3009104 for inhibition of enzyme activity.  IC50 values are listed in nM. 

 

LY3009104 was found to exhibit <30% inhibition of a panel of 26 other kinases at a dose of 200 

nM. 

 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1  Plasma protein binding 

The sponsor reports that LY3009104 is 48% free in human plasma and 41% free in mouse 

plasma. 

5.2   Metabolism 

Human metabolism of LY3009104 (Study 14V-MC-JADG) 

LY3009104 metabolism in humans was assessed by administering a single oral dose of 10 mg 

(100 µCi) of [
14

C]LY3009104 to 6 healthy male subjects.  Only parent drug (no metabolites) of 

LY3009104 was detected in plasma over the course of 24 hours.  Unchanged parent molecule 

comprised the majority of recovered radioactivity.  LY3009104 was primarily eliminated in the 

urine (Table 3) along with 3 metabolites.  M22 (2-5% of initial dose) was the most abundant 

metabolite (Figure 2). 

 

 

 

Table 3.  Disposition of orally administered LY3009104 in healthy humans (males only). 

 Parent molecule Total radioactivity 

Urine 69% 75.2% 

Feces 15% 19.9% 
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The structures of the major human metabolites of LY3009104 are shown in Figure 2.  

 

M22:  2-5% of initial dose 1% of initial dose 

1% of initial dose 1% of initial dose 

Figure 2.  Structures of major human metabolites of LY3009104. 
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Murine metabolism of LY3009104 (Study INCYTE-DMB-09.90.1) 

CD-1 mice were administered a single oral 50 mg/kg dose of [
14

C]LY3009104 

 

The majority of orally administered LY3009104 to mice is eliminated unchanged via the feces 

Table 4.  Intact parent molecule represented the largest source of recovered radioactivity in urine.  

Metabolite M10 was the most abundant metabolite in the urine, present at 3.8% and 1.7% of the 

initial dose in males and females respectively.  M22 was present at 0.59% (males) and 0.43% 

(females) of the initial dose after 24 hours.  All other human metabolites were also detected in 

mouse urine. 

 

Intact parent molecule was also the largest source of recovered radioactivity in feces.  A total of 

11 metabolites were detected.  M12, the major human metabolite found in feces, was also found 

in mouse feces. 

 

Table 4.  Disposition of orally administered LY3009104 in CD-1 mice 24 hours after dosing. 

 
Males Females 

 

Parent 

molecule 
Total radioactivity Parent molecule Total radioactivity 

Urine 9.7% 17.5% 20.8% 28.7% 

Feces 38.1% 63.2% 39.9% 54.0% 

5.3 PK/ADME 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study Title:  Pharmacokinetics of LY3009104 in rasH2 mice following daily oral 

administration of LY30009104 as the Free Base or Phosphate Salt (LSN30009106) for 7 

days 
Study no.: MAKR12_8278998 

Study report location: eCTD module 4.2.2.2 

Conducting laboratory and location: 

Date of study initiation: February 12, 2013 

GLP compliance: No 

Drug, lot #, and % purity: LY3009104 (free base) 

Lot # 114051-M1 

100% purity (assumed) 
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Key Study Findings 

 This study was carried out in hemizygous TgrasH2 mice. 

 Only data pertaining to LY3009104 (Free Base) will be discussed in this review.   

 Decreased AUC at day 7 relative to day 1 suggests potential induction of LY3009104  

metabolism. 

 

 

 

Introduction 

LY3009104 (free base) was tested in male and female TgrasH2 mice at doses corresponding to the low 

dose and high dose proposed  by the sponsor for their planned 6 month carcinogenicity study (Proposal 

82088I).  The current study was carried out in response to lower than expected systemic exposure values 

in a 4 week toxicity study in WT mice (see section 6.2). 

 

Results 

Systemic exposure data from the current study (Table 5) shows that AUC0-24h is decreased on 

day 7 relative to day 1 at both doses tested in males and females.  This observation provides 

evidence for enzyme induction and increased metabolism of LY3009104 upon repeated dosing.  

This is consistent with data observed in WT mice after 28 days of LY3009104 treatment (see 

section 6.2). 

Methods 

Doses: LY3009104: 

Males:  75 mg/kg/day; 300 mg/kg/day 

Females:  25 mg/kg/day; 150 mg/kg/day 

Frequency of dosing: once/day (7 days) 

Route of 

administration: 

Oral 

Dose volume: 10 ml/kg 

Formulation/Vehicle: 0.5% (w/v) methylcellulose in water 

Species/Strain: Mouse/  hemizygous CByB6F1-Tg(HRAS)2Jic 

Number/Sex/Group: 4/sex/group/time point 

Unique study design:  Blood was collected from 4 mice/sex group/time point 

 Blood collected on Day 1 & Day 7 at:  0, 0.5, 1, 2, 4, 6, 8, 12, and 24 

hours post dose 
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Table 5.  Systemic exposure data for LY3009104 in TgrasH2 mice (study MAKR12_8278988).  

 
 

Day 1 
 

Day 7 

 
Dose 

(mg/kg/day) 

Cmax 

(ng/ml) 

AUC0-24h 

(ng*hr/ml) 

 

Cmax (ng/ml) 
AUC0-24h 

(ng*hr/ml) 

Males 75 6,050 18,200 ± 797 
 

6,380 13,500 ± 817 

 300 9,245 59,500 ± 3,600 
 

12,165 43,200 ± 3,040 

       

Females 25 3,082 8,010 ± 410 
 

2,455 6,260 ± 478 

 150 8,175 47,800 ± 3,670 
 

10,687.5 32,900 ± 1,860 
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6 General Toxicology 

6.2 Repeat-Dose Toxicity 

Study title:  A repeat-dose toxicity and toxicokinetic study in mice given LY3009104 by 

oral gavage for 1 month 

Study no.: 8268827 

Study report location: eCTD Module 4.2.3.2 

Conducting laboratory and location: 

Date of study initiation: August 16, 2012 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity 

 

 

LY3009104 

Lot # 124008-M2 

Purity:  99.9% 

Key Study Findings 

 This study was carried out in WT mice of the same genetic background as CByB6F1-

Tg(HRAS)2Jic mice. 

 It is noted with some concern that the range of doses examined in the study was relatively 

narrow (i.e., 4-fold from the LD of 75 mg/kg/day to the HD of 300 mg/kg/day). 

 7 animals died prematurely.  No conclusions can be made regarding whether these deaths 

were treatment-related. 

 Total lymphocyte counts were markedly decreased in male and female mice at all dose 

levels.  The magnitude of decreased lymphocyte counts was comparable at all doses for 

males (54-58% decrease) and females (37-45%). Common target organs of toxicity in both 

sexes were bone marrow (femur, sternum), spleen and thymus. Kidney was a target organ in 

females only. 

 Pathology findings in the kidneys of HD females included degeneration/necrosis, dilatation, 

mineralization, and regeneration that correlated with elevations of BUN.  Kidney findings of 

minimal severity were observed in one MD female. 

 Decreased lymphocytes correlated with histopathological findings of bone marrow 

hypocellularity and decreased lymphocytes in the spleen, thymus, and mesenteric lymph 

nodes. 

 Histopathological findings were also observed for males in the epididymides at all doses 

(increased cellular debris in lumen) and testes (minimal degeneration of the seminiferous 

tubules) at the HD, although these findings did not appear to be dose-limiting for the 

proposed 6-month carcinogenicity study. 

 Maximum tolerated dose in females is 150 mg/kg/d based on histopathology findings of 

tubular degeneration/necrosis, dilatation, mineralization, and regeneration in the kidney. 

 An MTD of 300 mg/kg/day is suggested for males based upon an approximate 50% 

suppression of lymphocyte counts with the acknowledgement that the magnitude of 

decreased lymphocyte counts was comparable for males at doses of 75, 150, and 300 

Reference ID: 3339805Reference ID: 4016252

(b) (4)



IND #  102,204  Reviewer:  Matthew Whittaker, Ph.D. 

 

16 

mg/kg/day. There were no deaths or evidence of infection that could be attributed to 

decreased lymphocyte counts. 

 Systemic LY3009104 exposure was decreased at the HD at day 28 relative to day 1.  This 

finding is consistent with observations over 7 days of treatment in TgrasH2 mice and 

suggests potential induction of the metabolism of LY3009104. 

 

Methods 

Doses: 0 (0.5% methylcellulose), 75, 150, 300 mg/kg 

Frequency of dosing: Once daily 

Route of 

administration: 

Oral gavage 

Dose volume: 10 ml/kg 

Formulation/Vehicle: 0.5% methylcellulose (w/v) in RO water 

Species/Strain: Mouse; 001178-W (wild type), CByB6F1-Tg(HRAS)2Jic 

Age: 8 weeks 

Weight: 21.4 – 30.6 g (males) 

14.7 – 26.8 (females) 

Satellite groups: See toxicokinetic animals 

 

 

Table 6.  Study design for study 8268827, 4 week dose range finding study in WT mice. 

 

 

Introduction 

Study 8268827 was a 4 week toxicity study in WT mice (Model 001178-W CByB6F1-

Gf(HRAS)2Jic)) which served  as a dose-range finding study for a planned 6 month 

carcinogenicity study in TgrasH2 mice.  The sponsor chose the doses used in this study based on 

Group # 

Dose level 

(mg/kg/day) 

 Number of animals 

 
Main study 

(WT mice) 
  

TK study 

(WT mice) 

 Males Females   Males Females 

1 0  10 10   6 6 

2 75  10 10   45 45 

3 150  10 10   45 45 

4 300  10 10   45 45 
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evidence from a previous 1-month study (Study -519088) conducted in a different strain of 

mice (CD-1).   In this study, mortality was observed at 500 mg/kg and potentially adverse 

reductions in WBC and lymphocyte counts were detected at 250 mg/kg and 500 mg/kg.  The 

NOAEL in this study was considered to be 75 mg/kg.   

 

In the current study, 75 mg/kg was expected to be a no effect dose while the 300 mg/kg dose was 

expected to exceed the maximum tolerated dose (MTD). 

Observations and Results 

Mortality 

Animals were checked twice daily for mortality and signs of pain or distress.  Detailed 

observations of all animals were performed once during the predose phase and on toxicity 

animals on day 1 and once per week throughout the dosing phase 

 

There were 2 unscheduled deaths in the toxicity group (Table 7).  Both deaths were observed in 

MD animals (1M and 1F) and occurred within the first 8 days of the study.  The apparent cause 

of death in the MD male was gavage error, while the cause of death in the MD F is unknown.  A 

total of 5 toxicokinetic animals died prematurely.  They were comprised of 2 MD F, 1 HD F, and 

2 HD M.  4 of the 5 deaths occurred in the first 9 days of the study, while one animal was 

moribund sacrificed on day 20.  These animals were discarded without gross or microscopic 

examination , thus eliminating the ability to establish their causes of death.  1 HD F (A78894) 

was hunched on day 29, and lost 3.5 g of body weight from days 22-29 of the dosing phase.  

These observations were likely related to treatment related kidney pathologies. 

Table 7.  Premature deaths in mouse study 8268827. 

Animal # Dose Result Day Cause of death 

A78656 (M) 150 mg/kg (MD) 
Found 

dead 
8 

Apparent gavage error 

>hemorrhage and acute 

inflammation in lung, esophagus, 

trachea 

>Also acute inflammation observed 

in heart, thymus and thyroid 

A78834 (F) 150 mg/kg (MD) 
Found 

dead 
6 

Unknown 

>Muscularis degeneration 

(minimal) observed in esophagus 

A78867 (F) 150 mg/kg (MD) 
Found 

dead 
7 TK animal 
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Animal # Dose Result Day Cause of death 

A78866 (F) 150 mg/kg (MD) 
Found 

dead 
8 TK animal 

A78939 (F) 300 mg/kg (HD) 
Found 

dead 
9 TK animal 

A78752 (M) 300 mg/kg (HD) 
Found 

dead 
8 TK animal 

A78754 (M) 300 mg/kg (HD) 
Moribund 

sacrifice 
20 TK animal 

Body Weights 

Body weights were recorded once during the predose phase, before dosing on Day 1, and weekly 

thereafter- as well as on days of scheduled sacrifice. 

 

There were no apparent treatment related effects on body weight gain during the course of this 

study in males or females (Table 8).  It is noted that 4/10 HD females (A78891, A78893, 

A78894, and A78895) had body weight decreases > 1 g between days 22 and 29.  There were 

also 3/10 control females (A78763, A78764, and A78771) that had body weight decreases of 

>0.9g between days 22 and 29.  There were no such body weight decreases in LD females.  1/10 

MD females had a body weight decrease of 2.3 g (A78842) between days 22 and 29.   

 

Table 8.  Mean body weight values at day 1 and day 29 in mice in study 8268827. 

 Males Females 

LY3009104 

(mg/kg/d) 
0 75 150 300 0 75 150 300 

n = 10 10 10 10 10 10 10 10 

BW(g),  Day 1 26.1 26.2 25.9 25.9 20.7 20.4 20.4 20.8 

BW(g), Day 29 28.2 28.4 28.7 28.7 21.1 22.2 22.0 21.0 

BW, Day 29 

(% of control) 
100% 101% 102% 102% 100% 105% 104% 100% 

Δ (g) 2.1 2.2 2.8 2.8 0.4 1.8 1.6 0.2 

BW Gain  

(% of Control) 
100.0% 104.8% 133.3% 133.3% 100.0% 450.0% 400.0% 50.0% 
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Plots of male and female body weight over time are presented in Figure 3 

 

Hematology 

Observed decreases in reticulocyte, lymphocyte and white blood cell number vs. controls in 

males and females (Table 9) are consistent with observations made in a 6 month dose-range 

finding study in rats.  These are all considered to be pharmacodynamic effects of LY30009104 

related to suppression of hematopoiesis and lymphopoiesis.  Neutrophil counts were increased 

relative to controls in males (127 -167%) and females (115-194%) as an apparent compensatory 

response to the decrease in lymphocyte number.  Doses that reduce lymphocyte counts to 50% or 

less of control values raise concern for the health (e.g., infection, death) of animals in the 

proposed 6-month study.  Total lymphocyte count is 42-46% of control at all doses in males.  

Similarly, total lymphocyte count is 55-63% of control at all doses in females. There is no clear 

dose dependence for the observed suppression of total lymphocyte counts from 75 to 300 

mg/kg/day, which may be explained by the relatively flat dose vs. systemic exposure curves in 

males and females (Figure 4).   

Table 9.  Hematology values in WT mice after 4 weeks of LY3009104 treatment. 

 Males Females 

LY3009104 

(mg/kg/d) 
0 75 150 300 0 75 150 300 

 n=9 n=6 n=7 n=7 n=8 n=4 n=7 n=7 

Figure 3.  Mean body weight data from males (left) and females (right) in 4 week study with LY3009104 

in WT mice. 
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 Males Females 

LY3009104 

(mg/kg/d) 
0 75 150 300 0 75 150 300 

 n=9 n=6 n=7 n=7 n=8 n=4 n=7 n=7 

Reticulocytes 

(x10
3
/µl) 

263.8 182.7 208.3 200.2 246.0 251.0 245.0 128.4 

% control 100% 69%* 79%* 76%* 100% 102% 100% 52%* 

White blood cells 

(x10
3
/µl) 

2.06 1.19* 1.37* 1.38* 1.90 1.39 1.37 1.57 

% control 100% 58% 67% 67% 100% 73% 72% 83% 

Lymphocytes 

(x10
3
/µl) 

1.58 0.66* 0.75* 0.73* 1.41 0.89 0.78* 0.79* 

% control 100% 42% 47% 46% 100% 63% 55% 56% 

Neutrophils 

(x10
3
/µl) 

0.33 0.42 0.51* 0.55* 0.34 0.39 0.46 0.66* 

% control 100% 127% 155% 167% 100% 115% 135% 194% 

*p ≤ 0.05 v s. control (1 way ANOVA, Dunnett’s post test) 

 

Clinical Chemistry 

HD females had increased blood urea nitrogen levels relative to controls at day 28 (Table 10).  

This finding is consistent with the observed microscopic kidney findings in these animals (Table 

12).  It is also noted that the MD female that had histopathological evidence of kidney pathology 

(#A77842) had slightly elevated UN (22 mg/dL) relative to the mean for the group (18 mg/dL). 

Table 10.  Clinical chemistry findings in WT mice after 28 d of oral LY3009104 dosing.  

 Males Females 

LY3009104 

(mg/kg/d) 
0 75 150 300 0 75 150 300 

 n=8 n=10 n=9 n=8 n=6 n=5 n=7 n=4 

Urea nitrogen 

(mg/dl) 
16 19 17 18 18 17 18 41 
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 Males Females 

LY3009104 

(mg/kg/d) 
0 75 150 300 0 75 150 300 

 n=8 n=10 n=9 n=8 n=6 n=5 n=7 n=4 

% control 100% 119% 106% 113% 100% 94% 100% 228% 

 

Gross Pathology 

4/10 HD females had evidence of discolored kidney, consistent with microscopic findings in 

these animals (Table 12). 

Organ Weights 

There was no effect of LY3009104 on kidney weight in females despite the numerous 

histological findings. 

 

Organ weight decreases in spleen and thymus correlated with histopathology findings (Table 12).  

Spleen:body weight ratios  were  significantly decreased vs. controls at all dose levels in males 

and females.  HD animals had spleen:body weight ratios of 58-59% of controls.  Thymus: body 

weight ratios also decreased dose dependently in males and females.  HD animals had thymus: 

body weight ratios of 41-43% of controls.   

Histopathology 

Adequate Battery 

Protocol specified tissues (Table 11) were preserved, embedded in paraffin and stained with 

hematoxylin and eosin according to standard methods.  All tissues from control and HD animals 

(and from animals that died prematurely) were examined microscopically.  Kidney, bone marrow 

of femur and sternum, spleen, thymus, mesenteric lymph nodes (females only), testis, 

epididymis, ovary, and uterus were identified as potential target organs and examined in all main 

study animals. 

 

Reference ID: 3339805Reference ID: 4016252



IND #  102,204  Reviewer:  Matthew Whittaker, Ph.D. 

 

22 

 

 

 

 

Peer Review 

An independent peer review evaluation was performed by the sponsor. 

 

Histological Findings 

There is evidence for apparent treatment related pathology in the kidney of HD females, 

including tubular degeneration/necrosis, dilatation, mineralization, and regeneration (Table 12).  

These findings are considered to be dose limiting.  It is noted that the kidney findings at the MD 

level were minimal in severity and were all observed in the same animal (#A78842).  Bone 

marrow hypocellularity of the sternum and femur was observed in males and females with 

severity ranging from minimal to marked.  Incidence and severity increased with dose.  

Additional treatment related findings observed in males and females included decreased 

lymphocyte number in the spleen and thymus. 5/10 HD females also showed decreased 

lymphocyte number  in the mesenteric lymph node.    These findings all correlated with 

decreased lymphocyte counts upon hematology analysis (Table 9). The observed findings in 

bone marrow, mesenteric lymph node, spleen, and thymus are expected of a JAK1/2 inhibitor, 

and are generally consistent with findings observed in the 6 month dose range finding study in 

rats. 

  

Histopathological findings were also observed in the epididymides at all doses (increased cellular 

debris in lumen) and testes (minimal degeneration of the seminiferous tubules) at the HD, 

although these findings did not appear to be dose-limiting.  

Table 11.  List of tissues examined microscopically in study 8268827. 
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Table 12.  Histopathology findings at day 29.   

 Males Females 

LY3009104 

dose (mg/kg/day) 
0 75 150 300 0 75 150 300 

Adrenal, cortex (n) 10 - - 10 10 - - 10 

Pigment 0   2 0   0 

Epididymis (n) 10 10 9 10 - - - - 

Debris, cellular, increased, lumen 0 6 7 10     

Heart (n) 10 - - 10 10 - - 10 

Pigment, valve 0   0 0   1 

Kidney (n) 10 10 9 10 10 10 9 10 

Degeneration/necrosis, tubule         

minimal 0 0 0 0 0 0 1 4 

slight 0 0 0 0 0 0 0 2 

total 0 0 0 0 0 0 1 6 

Dilatation, tubule(s)         

minimal 0 0 0 0 0 0 1 2 

slight 0 0 0 0 0 0 0 3 

moderate 0 0 0 0 0 0 0 1 

total 0 0 0 0 0 0 1 6 

Mineralization, tubule         

minimal 0 0 0 0 0 0 0 5 

Necrosis, papilla         
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 Males Females 

LY3009104 

dose (mg/kg/day) 
0 75 150 300 0 75 150 300 

minimal 0 0 0 0 0 0 0 1 

Regeneration, tubule cell         

minimal 0 0 0 0 0 0 1 0 

slight 0 0 0 0 0 0 0 2 

moderate 0 0 0 0 0 0 0 4 

total 0 0 0 0 0 0 1 6 

Thrombus 0 0 0 0 0 0 0 1 

Lymph node, mesenteric 10 - - 10 10 10 9 10 

Decreased lymphocytes         

minimal 0   0 0 0 0 2 

slight 0   0 0 0 0 2 

moderate 0   0 0 0 0 1 

total 0   0 0 0 0 5 

Bone marrow, femur 10 10 9 10 10 10 9 10 

Hypocellular         

minimal  0 5 9 10 0 10 7 3 

slight 0 0 0 0 0 0 2 4 

moderate 0 0 0 0 0 0 0 2 

marked 0 0 0 0 0 0 0 1 

total 0 5 9 10 0 10 9 10 
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 Males Females 

LY3009104 

dose (mg/kg/day) 
0 75 150 300 0 75 150 300 

Bone marrow, sternum 10 10 9 10 10 10 9 10 

Hypocellular         

minimal  0 4 7 9 0 4 7 7 

slight 0 0 0 0 0 0 0 1 

moderate 0 0 0 0 0 0 0 1 

marked 0 0 0 0 0 0 0 1 

total 0 4 7 9 0 4 7 10 

Prostate 10 - - 10 - - - - 

Infiltrate, mononuclear cell 0   1     

Spleen 10 10 9 10 10 10 9 10 

Decreased lymphocytes         

minimal 0 7 9 7 0 5 5 2 

slight 0 0 0 2 0 1 1 6 

moderate 0 0 0 0 0 0 0 2 

total 0 7 9 9 0 6 6 10 

Epididymis 10 10 9 10 - - - - 

Debris, cellular, increased, lumen         

minimal 0 6 7 10     

Testis 10 10 9 10 - - - - 

Degeneration, seminiferous tubule         
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 Males Females 

LY3009104 

dose (mg/kg/day) 
0 75 150 300 0 75 150 300 

minimal 0 0 0 4     

Thymus 10 10 9 10 10 10 9 10 

Decreased lymphocytes         

minimal 0 5 3 7 0 3 2 1 

slight 0 0 1 1 0 0 0 1 

moderate 0 0 0 0 0 0 0 2 

marked 0 0 0 0 0 0 0 2 

Total 0 5 6 8 0 3 2 6 

 

Toxicokinetics 

Blood samples were collected from TK animals (nonfasted) via cardiac puncture on days 1 and 

28.  Samples were collected from 3 animals/sex/group in groups 2-4 (Table 6) predose (day 28 

only) and 0.5, 1, 2, 4, 8, 12, and 24 hours postdose.  Samples were collected from 3 control 

animals per sex at approximately 1 hour post dose only.  Plasma was isolated and LY3009104 

concentrations were determined using LC/MS/MS. 

 

The toxicokinetic parameters of LY3009104 on day 1 and day 28 are summarized in Table 13.  

Absorption of orally administered LY3009104 was rapid as the time to achieve maximal plasma 

concentration (Tmax) was between 0.5-1.0 hr at all doses on both day 1 and day 28.  Females had 

higher Cmax (1.3 – 3.4-fold) and AUC0-24 ( 1.0 - 2.8-fold) than males at both time points.   

Systemic exposure increases were relatively flat with respect to dose in both males and females, 

particularly at day 28 (Figure 4).  Systemic exposure is markedly decreased at the HD level on 

day 28 relative to day 1, suggesting potential induction of the metabolism of LY3009104.  This 

is consistent with data from the 7 day study in TgrasH2 mice (Table 5). 
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Table 13.  Toxicokinetic parameters of LY3009104 in WT mice at study day 28. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.  LY3009104 dose vs. systemic exposure at day 28 in male and female WT mice. 
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7 Genetic Toxicology 

 

LY3009104 was negative in a standard battery of genetic toxicology studies.  The details of these 

studies are summarized in the sponsor’s table below. 

Table 14.  Sponsor’s table summarizing the testing of LY3009104 in a standard genetic toxicology 

battery. 

 
 

 

 

8 Carcinogenicity 

Study title:  A carcinogenicity and toxicokinetic study in 001178-T (hemizygous) mice given 

LY3009104 once daily by oral gavage for 26 weeks 

Study no.: 8224144 

Conducting laboratory and location: 

GLP compliance: Yes 

QA statement:  

Drug, lot #, and % purity: LY3009104 

Lot # 124008-M2 

99.9% 
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Outline of Sponsor’s Draft Protocol:  Eli Lilly is proposing a 26-week carcinogenicity study in 

hemizygous TgrasH2 mice.  LY3009104 will be prepared as a suspension in 0.5% (w/v) 

methylcellulose in RO water and administered once daily by oral gavage.  These parameters are 

consistent with the 4 week dose range finding study in WT mice.  The proposed dose groups are 

seen in Table 15. 

Table 15.  Summary of dose groups and animal numbers in proposed 26 week TgrasH2 mouse 

carcinogenicity study with oral LY3009104. 

 

It is noted that WT mice will be used for the toxicokinetic study.   

 

The proposed study methods are outlined below. 

Group # 

Dose level 

(mg/kg/day) 

 Number of animals 

 
Main study 

(TgrasH2 mice) 
  

TK study 

(WT mice) 

Males Females  Males Females   Males Females 

1 0 0  25 25   6 6 

2 30 25  25 25   51 51 

3 75 60  25 25   51 51 

4 300 150  25 25   51 51 

5  

MNU  

(positive 

control)
1
 

75 75  15 15   - - 

1 
Positive control (N-methyl-N-nitrosourea) animals receive a single dose of MNU (IP)on 

study day 1. 

Dose volume is 10 ml/kg for all animals    
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Methods  

Doses: Males:  0, 30, 75, 300 mg/kg 

Females:  0, 25, 60, 150 mg/kg 

   

Frequency of 

dosing: 

Once per day 

Dose volume: 10 ml/kg 

Route of 

administration: 

Oral gavage 

Formulation/Vehicle

: 

LY3009104:  0.5% (w/v) methylcellulose [low viscosity (400 cPs)] in RO water 

 

 

N-methyl-N-nitrosourea (MNU):  Acidified physiological saline (150 mM sodium 

chloride; 15 mM sodium citrate in RO water; pH 4.5) 

 

Basis of dose 

selection: 

> Study 8268827 4 week study in WT TgrasH2 mice (free base) 

> Study MAKR12_8278998:  Bridging study of free base to phosphate salt form 

of LY3009104.   

Species/Strain: >Carcinogenicity animals:  00178-T (hemizygous), CByB6F1 – Tg(HRAS)2Jic 

 

>Toxicokinetic animals:  001178-W (wild type), CByB6F1-Tg(HRAS)2Jic 

Number/Sex/Group: >Carcinogenicity animals:  115 M; 115 F + spare animals 

 

>Toxicokinetic animals:  159  M; 159 F + spare animals 

Age: 7 – 9 weeks 

Animal housing: Group housed (up to 3/cage) 

Satellite groups: Toxicokinetic animals:  Group 1:  n = 6/sex/group; Groups 2 – 4:  n = 

51/sex/group 

Deviation from 

study protocol: 

Draft protocol lists 104 weeks as the length of the dosing phase.  However, this 

study is intended to be a 6 month study. 

 

 

 

Mortality 

Each animal is to be observed twice daily for mortality/moribundity. 

Clinical Signs 

Detailed observations are to be made at least once during predose phase, before dosing on Day 1, 

then weekly during the dosing phase, and on the day of scheduled sacrifice. 
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Body Weights 

Body weights are to be measured once during the pre-dose phase; before dosing on day 1 of the 

dosing phase, and prior to each day of dosing. 

Feed Consumption 

Food consumption will be quantitatively assessed twice weekly during the dosing phase. 

 

Ophthalmic examinations 
 

Ophthalmic exams are to be done once during the predose phase and during the last 7 days of the 

dosing phase. 

 

Clinical Pathology 

 

A complete battery of hematology and clinical chemistry parameters are to be assessed in 

blood samples taken on the day of scheduled sacrifice. 

Gross Pathology 

At terminal sacrifice (scheduled or unscheduled), animals are to be anesthetized with sodium 

pentobarbital and exsanguinated.  Animals will be subject to an examination of the external 

features of the carcass, external body orifices, the abdominal, thoracic, and cranial cavities, 

organs, and tissues.  TK animals are to be discarded without necropsy after final blood 

collection. 

 

Organ weight measurements will be made for brain, epididymis, heart, kidney, liver with 

gallbladder, spleen, and testis. 

 

Histopathology 

The list of tissues to be examined microscopically is found in Table 16.  Tissues will be fixed, 

embedded in paraffin, and stained according to standard methods.  All listed tissues from all 

main study animals will be examined microscopically by a board-certified veterinary pathologist. 
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The tissue list is considered to be complete.  A pathology peer review will be performed by the 

sponsor or the sponsor’s designee.  Bone marrow smears from the femur will be taken at 

scheduled sacrifice times to be held for possible future examination. 

Toxicokinetics 

Toxicokinetic samples are to be taken at day 1 and Day 176 of the dosing phase from designated 

TK animals.  Wild type mice are to be used in the TK study.  Blood samples are to be taken at:  t 

= 0 (pre-dose on day 176 only), 0.5, 1, 2, 4, 6, 8, 12, and 24 hours post dose. Blood is to be 

collected from mice under anesthesia by cardiac puncture.  3 animals/sex/group will be used for 

each individual time point after dosing.  Samples are to be analyzed for LY3009104 using a 

validated LC/MS/MS method. 

 

 

Table 16.  Tissue list for microscopic examination for study 8224144 
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11 Integrated Summary and Safety Evaluation 

 

The sponsor has proposed to evaluate the carcinogenic potential of LY3009104 administered 

once daily by oral gavage in hemizygous CByB6F1-Tg(HRAS)2Jic mice for a duration of 26 

weeks.  A 2 year carcinogenicity study in rats is currently ongoing (see ECAC meeting minutes 

dated November 29, 2011 for basis of dose selection).  The metabolism of LY3009104 appears 

to be comparable between humans and mice (CD-1 mice) based upon in vivo ADME studies.  In 

both species, LY3009104 is eliminated primarily as unchanged parent molecule.  The major 

metabolite in humans, M22, is also produced in mice  

 

LY3009104 was negative in a standard genetic toxicology battery including the in vitro bacterial 

reverse mutation assay, chromosome aberration assay (CHO cells), and in vivo rat micronucleus 

assay  

 

Lilly has proposed oral LY3009104 doses of 0, 30, 75, and 300 mg/kg/day for males and 0, 25, 

60, and 150 mg/kg/day for females.  The proposed high dose for males is based on the results of 

a 4 week dose-range finding study in wild type CByB6F1-Tg(HRAS)2Jic mice (Study 8268827).  

The sponsor considered the 300 mg/kg/day dose to be a no observed adverse effect level 

(NOAEL).  Although the sponsor concluded that a maximum tolerated dose (MTD) for males 

was not established in this study, they asserted that the 300 mg/kg/day dose would result in a 

systemic exposure for LY3009104 that is approximately 66x higher than human exposure at the 

maximum recommended clinical dose of 10 mg/day.  The proposed HD for females is based on a 

MTD defined by kidney pathology in study 8268827. 

 

Design and dose selection for the 26 week carcinogenicity study with TgrasH2 mice 

 

General aspects of the study design and dose selection appear acceptable based upon the data 

presented.  The sponsor observed mortality at a dose of 500 mg/kg/day in a 1 month study (Study 

WL-519088) with oral LY3009104 in CD-1 mice, a different strain from that to be used in the 

proposed carcinogenicity study  

 

Study 8268827 was a 4-week dose range finding study in wild type CByB6F1-Tg(HRAS)2Jic 

mice.  Mice received doses of 75, 150, and 300 mg/kg/day.  It is noted with some concern that 

the range of doses examined in the study was relatively narrow (i.e., 4-fold from the LD of 75 

mg/kg/day to the HD of 300 mg/kg/day). There were no apparent treatment related mortalities 

and no significant treatment related effects on body weight gain in males or females in this study. 

 

There was evidence for suppression of lymphopoiesis and hematopoiesis in male and female WT 

mice, consistent with observations in the 6 month rat dose range finding study (Study T08-04-

05).  The findings of lymphoid depletion are consistent with expected pharmacodynamic effects 

of a JAK1/2 inhibitor.  Common target organs of toxicity in both sexes were bone marrow 

(femur, sternum), spleen and thymus.  Male specific findings included pathologies of the 

epididymides and testes.  These were not considered dose limiting.  Kidney was a female-

specific target organ. 
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Total lymphocyte counts were markedly decreased in male and female mice at all dose levels.  

The magnitude of decreased lymphocyte counts was comparable at all doses for males (54-58% 

decrease) and females (37-45%).  Lymphocyte count in low dose males was approximately 42% 

of controls.  Histopathological findings of bone marrow hypocellularity and decreased 

lymphocytes in the spleen, thymus, and mesenteric lymph nodes correlated with observed 

decreases in lymphocyte number in hematology analysis.  There were no deaths or evidence of 

infection that could be attributed to decreased lymphocyte counts.  

 

An MTD of 300 mg/kg/day is suggested for males based upon an approximate 50% suppression 

of lymphocyte counts with the acknowledgement that the magnitude of decreased lymphocyte 

counts was comparable for males at doses of 75, 150, and 300 mg/kg/day.  A decrease in 

lymphocytes of > 50% relative to controls is considered to represent potentially excessive 

immunosuppression and is a dose-limiting pathology.       

 

The MTD in females is judged to be 150 mg/kg/day based on adverse kidney findings of tubular 

degeneration/necrosis, dilatation, mineralization, and regeneration at the 300 mg/kg/day dose in 

study 8268827 that correlated with a 2.3-fold elevation of BUN. 

 

Systemic Exposure Comparisons between Nonclinical Species and Humans:  

 

The sponsor has provided an estimated systemic LY3009104 exposure of 557.13 h*ng/ml in 

humans at the maximum clinical dose of 10 mg/day.  This estimate is derived from PK modeling 

of data obtained in previous clinical PK studies. Systemic exposure decreased over time in both 

WT and TgrasH2 mice in separate studies, suggesting induction of LY3009104 metabolism in 

both mouse strains (Table 17). 
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Table 17.  TK parameters of LY3009104 in WT mice (day 1 and day 28) vs. TgrasH2 mice (day 1 and day 7). 

 

 
 

WT mice  TgrasH2 mice 

 
 

Day 1 Day 28  Day 1 Day 7 

 
Dose group 

(mg/kg/day) 

Cmax 

(ng/ml) 

AUC0-24h 

(ng*hr/ml) 

Cmax 

(ng/ml) 

AUC0-24h 

(ng*hr/ml) 
 

Cmax 

(ng/ml) 

AUC0-24h 

(ng*hr/ml) 

Cmax 

(ng/ml) 

AUC0-24h 

(ng*hr/ml) 

Males 75 2,553 8,482 4,857 14,765  6,050 18,200 6,380 13,500 

 150 5,053 17,846 8,483 21,793  - - - - 

 300 7,620 28,831 9,323 24,030  9,245 59,500 12,165 43,200 

           

Females 25 - - - -  3,082 8,010 2,455 6,260 

 75 8,673 15,951 11,300 21,755  - - - - 

 150 8,727 18,764 13,187 22,664  8,175 47,800 10,687.5 32,900 

 300 10,080 80,700 12,543 31,271   - 
 

- 
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Predicted exposures for the proposed 26 week carcinogenicity study were made using data from 

the 28-day study with wild type mice (Figure 4, Table 18) and the 7 day study in TgrasH2 mice 

(Figure 5, Table 19). 

 

The reviewer concurs with the sponsor’s HD selections for both males (300 mg/kg/day) and 

females (150 mg/kg/day) based on the MTD for both genders determined in the 4 week dose 

ranging study in WT mice.  Alternative doses have been suggested for the MD and LD in order 

to achieve a 3-fold separation in systemic exposure between each dose level. Table 18 presents 

the reviewer’s proposed doses for the 26 week carcinogenicity study (orange highlight) with 

predicted exposures based upon data from the 28 day study in WT mice.  Exposures were 

estimated via extrapolation of the dose-exposure curves from this study (Figure 4).  Table 19 

presents proposed doses (orange highlight) for the 26 week carcinogenicity study with predicted 

exposures based upon data from the 7 day study in hemizygous TgrasH2 mice.  Exposures were 

estimated via extrapolation of the dose-exposure curves from this study (Figure 5). 
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Table 18.  Predicted systemic exposures of LY3009104 in 26 week carcinogenicity study  based on 28 day study in wild type mice. 

  Proposed 6 month carcinogenicity study design Reviewer suggested study design 

 Sponsor’s 

proposed 

LY3009104 

Doses  

(mg/kg/d) 

Predicted 

LY3009104 

exposure 

(ng
.
hr/ml) 

Exposure 

margins for 

clinical 

LY3009104 dose 

of 10 mg/d 

(557.13 

h*ng/ml)
c
 

Reviewer’s 

proposed 

LY3009104 

doses 

Predicted 

LY3009104 

exposure 

(ng
.
hr/ml) 

Exposure 

margins for 

clinical 

LY3009104 

dose of 10 mg/d 

(557.13 

h*ng/ml)
c
 

Males 30 6,000
 b
 10.7 15 2,500

 b
 4.5 

75 14,765
a
 26.5 40 8,000

 b
 14.4 

300 24,030
 a
 43.1 300 24,030

a
 43.1 

Females 25
b
 7,000

 b
 12.6 10 2,500

 b
 4.5 

60
b
 18,000

 b
 32.3 30 8,000

 b
 14.4 

150 22,664
 a
 40.7 150 22,664

 a
 40.7 

a. Predicted exposure is based on experimental data from Study 8268827, a 28 day study in WT mice 

b. Exposure is predicted from extrapolation of data from Study 8268827. 

c. Predicted human exposure provided by sponsor is based on clinical population PK modeling.  

Orange highlighted entries are reviewer’s estimates based on suggested doses 
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Figure 5.  Dose vs. systemic exposure data on day 7 from 7-day study in TgrasH2 mice. 
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Table 19.  Predicted systemic exposures of LY3009104 in 26 week carcinogenicity study  based on 7 day study in TgrasH2 mice. 

  
Proposed 6 month carcinogenicity study design Reviewer suggested study design 

 Sponsor’s 

proposed 

LY3009104 

Doses  

(mg/kg/d) 

Predicted 

LY3009104 

exposure 

(ng
.
hr/ml) 

Exposure 

margins for 

clinical 

LY3009104 dose 

of 10 mg/d 

(557.13 h*ng/ml)
c
 

Reviewer’s 

proposed 

LY3009104 

doses 

Predicted 

LY3009104 

exposure 

(ng
.
hr/ml) 

Exposure margins for 

clinical LY3009104 

dose of 10 mg/d 

(557.13 h*ng/ml)
c
 

Males 30 7,560
 b
 13.6 25 4,500

 b
 8.0 

75a 13,500
 a
 24.2 75 13,500

 a
 24.2 

300 43,200 
a
 77.5 300 43,200

 a
 77.5 

Females 25 6,260
 a
 11.2 20 4,500

 b
 8.0 

60 13,719
 b
 24.6 60 13,719

 b
 24.6 

150 32,900
 a
 59.1 150 32,900

 a
 59.1 

a. Predicted exposure is based on experimental  data from Study MAKR12_8278998, a 7 day study in TgrasH2 mice. 

b. Exposure is predicted from extrapolation of data from Study MAKR12_8278998. 

c. Predicted human exposure provided by sponsor is based on clinical population PK modeling.  

Orange highlighted entries are reviewer’s estimates based on suggested doses 
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In consultation with the ECAC, predicted LY3009104 exposures for the proposed 26 week 

carcinogenicity study were made using the toxicokinetic data from the 4-week toxicity study 

with wild-type mice (study 8268827).   LY3009104 exposure data in TgrasH2 mice at the time 

of this review was limited data from a 7 day study.  Based upon the observed enzyme induction, 

the TK data at day 28 was considered more predictive of potential exposures in the 26 week 

study. 

 

Executive Carcinogenicity Assessment Committee (ECAC) Meeting Summary 

 

The ECAC met to discuss the proposed mouse carcinogenicity study for LY3009104 on July 9, 

2013.  The Committee recommended doses of 15, 40, and 300 mg/kg/day in males and doses of 

10, 30, and 150 mg/kg/day in females, by oral gavage, with high doses based on MTDs 

established by lymphoid depletion in males and kidney toxicity in females in a 28 day study in 

WT mice.  The recommended low and mid doses for male mice are 15 and 40 mg/kg/day to 

provide an approximately three-fold dose separation based on systemic exposure.  The 

recommended low and mid doses for female mice are 10 and 30 mg/kg/day to provide an 

approximately three-fold dose separation based on systemic exposure.   

 

External comments (to sponsor): The above comments regarding the 26 week oral 

carcinogenicity study were conveyed to the sponsor by fax (sent by Adele Seifried) on July 11, 

2013. 
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1 Executive Summary 

1.1 Introduction 

Eli Lilly is developing baricitinib (LY3009104 free base) as an oral treatment for  

 RA   This molecule is an ATP competitive 

kinase inhibitor selective for the Janus kinase 1 and 2 (JAK1 and JAK2) enzymes (Mean IC50  

values: JAK1 = 5.9 nM; JAK2 = 5.7 nM; JAK3  >400 nM)
1
.   

 

The JAK-STAT (Signal transducer and activator of transcription) pathway is involved in 

multiple biological functions including hematopoiesis and immune system regulation.  Briefly, 

JAKs bind to the cytoplasmic portion of activated cell surface cytokine receptors and undergo 

autophosphorylation.  This results in recruitment of STATs, which are subsequently 

phosphorylated by the activated JAK enzymes.  Activated STAT dimers translocate to the 

nucleus and activate transcription of target genes involved in cell activation, localization, 

survival, and proliferation
2
. 

 

JAKs serve as transducers of extracellular signals from multiple cytokines and growth factors 

that are involved in inflammatory diseases including RA and psoriasis.  Therefore, inhibition of 

JAK enzymes represents a potential therapeutic strategy for treatment of these conditions.  The 

sponsor’s stated rationale behind selective inhibition of JAK1 and JAK2 is to antagonize the 

effects of inflammatory cytokines while minimizing potential immune suppression from JAK3 

inhibition. 

 

Eli Lilly is currently testing LY3009104 in long-term Phase 3 clinical studies at a maximum oral 

dose of 4 mg/day.  This dose is associated with a predicted AUC0-24h of 1.29 µM*hr in RA 

patients.  The current review examines a 39-week oral toxicity study in beagle dogs as well as 3 

reproductive and developmental toxicology studies (rat fertility and early embryonic 

development, rat & rabbit embryo fetal development).  A previously completed review of a 26-

week rat study (Mamata De, Ph.D., 12/1/11) is referenced in conjunction with the current review 

to evaluate the nonclinical support for the Phase 3 studies with LY3009104.  

1.2 Brief Discussion of Nonclinical Findings 

Chronic nonclinical toxicity studies conducted in support of Phase 3 clinical studies included a 

26-week study in Sprague-Dawley rats and a 39-week study in beagle dogs.  Immunosuppressant 

effects of LY3009104 were observed in both species.  Common target organs of toxicity in rats 

and dogs included bone marrow, spleen, Peyer’s patches, lymph nodes and liver. 

 

 

                                                 
1
 Fridman et al. (2010) Selective inhibition of JAK1 and JAK2 is efficacious in rodent models of 

arthritis: Preclinical characterization of INCB028050.  Journal of Immunology, 184: 5298-5307. 

 
2
 Valentino and Pierre (2006).  JAK/STAT signal transduction: regulators and implication in 

hematological malignancies.  Biochemical Pharmacology, 71: 713-721.   
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26-week Rat toxicity study 

The chronic (26 week) oral study (T08-04-05) with LY3009104-phosphate in Sprague-Dawley 

rats was reviewed by Mamata De, Ph.D. (12/1/11).  Rats were administered 0, 0.5, 5, 25, and 

100/60 mg/kg/day LY3009104 phosphate.  There were 7 deaths in the HD male group due to 

drug induced exacerbation of cardiomyopathy.  Target organs were identified as heart, bone 

marrow (femur and sternum), mesenteric LN, thymus, spleen, and Peyer’s patches.  Additional 

target organs in animals that died prematurely included the liver and mandibular LN.  1 male and 

1 female in the 25 mg/kg dose group also died prematurely.  The cause of death was defined by 

the sponsor as undetermined for both animals.   

 

A no observed adverse effect level (NOAEL) of 0.5 mg/kg/day was identified for females.  A 

NOAEL was not identified for males due to adverse findings at all dose levels.  Adverse effects 

up to 25 mg/kg/day in males and 60 mg/kg/day in females were generally attributed to the 

immunosuppressant effects of LY3009104 phosphate and are considered clinically monitorable.  

Systemic exposures at these doses were 30- and 74-fold greater than the predicted systemic 

exposure at the maximum clinical dose of 4 mg/day in RA patients. 

 

39-week Dog toxicity study 

Study 8821785 was a 39 week oral toxicity study in beagle dogs.  Animals were treated with 

daily oral doses of 0, 0.25, 0.5, 3, and 9 (6) mg/kg LY3009104-phosphate.  The high dose was 

lowered from 9 mg/kg to 6 mg/kg at day 58 due to treatment-related premature deaths in 1 HD 

male and 1 HD female. 

 

Adverse findings in the skin, bone marrow, mandibular and mesenteric LNs primarily observed 

in the 3 and 9(6) mg/kg groups were attributable to treatment induced immune suppression and 

subsequent generalized demodicosis (mange) with secondary infections. Further evidence for 

treatment induced immune suppression was seen with decreased total T lymphocytes, decreased 

CD4
+ 

T cells, and decreased eosinophils at all doses. These reflect pharmacodynamic effects of 

LY3009104 that, while considered adverse, are monitorable in a clinical setting.  Dose limiting 

toxicities in the GI tract (inflammation, infiltrates) and liver (infiltrates/inflammation, bile duct 

hyperplasia) were observed in males and females at  3 mg/kg/day.  These findings are not 

considered to be readily monitorable in a clinical setting.  Findings at 0.5 mg/kg/day were not 

dose-limiting and considered monitorable in a clinical setting; the associated AUC0-24h = 1.21 

µM*hr.  This dose resulted in a mean systemic exposure that is approximately equal (exposure 

margin = 0.94) to the projected clinical exposure at the maximum dose of 4 mg/day in RA 

patients. 

 

Reproductive and Developmental Toxicology Studies 

Both male and female rats received LY3009104 in the fertility and early embryonic development 

study ( -353240).  The NOAEL for male and female fertility parameters was determined to 

be 5 mg/kg/day based upon decreased fertility observed at the HD, decreased fetal viability at 

the MD and HD, and increases in post-implantation loss in MD and HD females that were 

outside the range of historical control values.  This dose provides an ~3-fold exposure multiple 

over the projected clinical exposure at 4 mg/day in RA patients. 
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Treatment related skeletal malformations, including bent limb bones and rib anomalies, were 

observed at doses  10 mg/kg/day in the rat embryo-fetal development study (Study T-08-07-

01). Mean fetal body weight was significantly decreased (-7.9%) in fetuses born from HD 

females vs. those from control treated females. The NOAEL for embryofetal effects of 

LY3009104 in the rat (skeletal malformations and decreased fetal BW) is identified as 2 

mg/kg/day.  This dose is associated with a systemic exposure that provides a ~2-fold multiple 

over the projected clinical exposure at 4 mg/day in RA patients. 

 

The NOAEL with respect to maternal toxicity in the rabbit embryo-fetal development study 

(Study T-08-07-02) was 3 mg/kg/day (AUC0-24h = 2.95 µM* hr) based on deaths in 1 animal 

receiving 10 mg/kg/day and in 2 animals receiving 30 mg/kg/day.  Increased early and late 

resorptions were observed at the 30 mg/kg/day dose.  Decreased mean fetal body weight (-10.9% 

vs. controls) was observed at 30 mg/kg/day. The NOAEL for embryofetal effects of LY3009104 

in the rabbit is identified as 10 mg/kg/day (AUC0-24h = 8.15 µM* hr) based on skeletal 

malformations, increased early and late resorptions, and decreased fetal body weight at the 30 

mg/kg/day dose.  The systemic exposure at the NOAEL dose is approximately 6-fold higher than 

the clinical exposure at 4 mg/day. 

 

LY3009104 systemic exposure values at limit doses in each of these studies provide adequate 

margins of safety for the 4 mg/day clinical dose. 

1.3 Recommendations 

1.3.1 Clinical Study (ies) Safe to Proceed: Yes
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2 Drug Information 

2.1 Drug 

Generic Name:  Baricitinib 
 

Code Name:  LY3009104 or INCB028050 
 

Chemical Name: 

 Phosphate salt:  2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-

(ethylsulfonyl)azetidin-3-yl)acetonitrile phosphate 

 

 Free base:  2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-

(ethylsulfonyl)azetidin-3-yl)acetonitrile 
 

Molecular Formula/Molecular Weight: 

 Phosphate salt:  C16H20N7O6PS: 469.41 g/mol 

 Free base (to be used in clinical studies):  C16H17N7O2S: 371.42 g/mol 
 

Structure or Biochemical Description 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pharmacologic Class: Janus kinase (JAK) inhibitor 
 

2.2 Relevant INDs, NDAs, BLAs and DMFs 

 IND  

(Review Division:  Division of Dermatology & Dental Products, Submitted ) 

2.3 Drug Formulation 

The formulation for the LY3009104 2 mg and 4 mg immediate release,  film-coated oral 

tablets (Formulation ) is shown in Table 1.  The drug product used in Phase 3 clinical studies 

contains LY3009104 free base.   LY3009104 phosphate was used in the chronic rat and dog 

toxicity studies.  The sponsor conducted a bridging study in male and female rats to compare 

Figure 1.  Chemical structures of LY3009104 Phosphate (a) and LY3009104 free base (b). 

(a) (b) 
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systemic exposures of LY3009104 phosphate vs. LY3009104 free base.  Systemic exposures 

were judged to be sufficiently comparable between both forms of LY3009104 in the rat 

(reviewed by Dr. Timothy Robison, 2/9/12). 

 

 

2.4 Comments on Novel Excipients 

There are no novel excipients in the current drug product formulation. 

2.5 Comments on Impurities/Degradants of Concern 

Several potential impurities and degradation products have been identified in the LY3009104 

DS.  The sponsor reports that all of these impurities are observed at less than %. 

 

Impurities with structural alerts have been identified  

 and are therefore disregarded.  Two structures,  

 are potential genotoxic impurities  

Table 2.  Potential genotoxic impurities in LY3009104 drug substance. 

Name Structure Description Observed level 

 structural alert for 

mutagenicity. 
<  ppm 

 structural alert for 

mutagenicity. 
<  ppm 

Table 1. LY3009104 tablet composition. 
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CMC reviewer Xiaobin Shen calculated the levels of each impurity in the final drug substance 

(email communication, 10/23/13).  The daily doses for each impurity at the maximum clinical 

LY3009104 dose of 4 mg/day are calculated below:  

 

 Drug substance molecular weight:   g/mol 

  molecular weight:   g/mol 

 

  content in final drug substance:   

 ppm 

  µg/day 

 

  content in final drug substance:   

 ppm 

 µg/day 

 

At the 4 mg/day dose of LY3009104, both impurities are present at levels that are within the 

limits for intake of an individual genotoxic impurity (e.g. 10 µg/day for up to 10 years of 

treatment or 1.5 µg/day for treatment duration >10 years) according to the ICH M7 Guidance:  

Assessment and control of DNA reactive (mutagenic) impurities in pharmaceuticals to limit 

potential carcinogenic risk (Step 4, June 23, 2014).  

2.6 Proposed Clinical Protocol 

Table 3 below, taken from the most recent LY3009104 Investigator’s Brochure (8/4/14), 

summarizes the relevant details of ongoing Phase 3 clinical studies with LY3009104.  The 

maximum clinical LY3009104 dose used in Phase 3 trials is 4 mg/day. 

2.7 Previous Clinical Experience 

Table 3 summarizes the completed and ongoing Phase 2 and Phase 3 clinical studies with 

LY3009104.  According to the most recently submitted Investigator’s Brochure (8/4/14), 

LY3009104 has been administered in single doses ranging from 1 – 40 mg.  Multiple dose 

studies have tested LY3009104 at up to 10 mg/day in patients with RA or psoriasis.  The 

maximum LY3009104 dose used in long term phase 3 clinical studies is 4 mg/day. 
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Table 3.  Listing of completed and ongoing Phase 2 and Phase 3 clinical studies with LY3009104, taken from LY3009104 Investigator Brochure (8/4/14). 
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2.8 Regulatory Background 

 IND 102,204 was submitted by Incyte Corporation on 5/6/08 (SD 1).  Clinical studies of 

up to 28 days in duration were allowed to proceed with a maximum dose of 10 mg qd and 

a maximum clinical exposure of 0.903 µM*hr.   

 

 Supporting documents 10 and 11 were submitted on 3/12/09 and 3/20/09 respectively and 

included a 6 month oral rat study and a 6 month oral dog study.  Clinical studies of up to 

10 mg, once daily, for up to 6 months (3 months + 3 month extension) were supported by 

the nonclinical data.  The dog study was confounded by immunosuppression-based 

mange.  The Review Division (Division of Anesthesia, Analgesia and Rheumatology 

Products) requested that the sponsor conduct an additional 9 month study in a nonrodent 

species to support NDA approval. 

 

 Sponsorship of IND 102,204 was transferred from Incyte to Eli Lilly on 8/3/10 (SD 35). 

 

 The 39 week beagle dog study (Study 8821785) was submitted on 4/27/11 (SD 51). 

 A rat fertility and early embryonic development study was submitted on 8/5/11 (SD 58) 

 A 2 year rat carcinogenicity protocol was submitted on 10/21/11 (SD 68).  The 

LY3009104 free base form was considered acceptable for use in this study (2/9/12). 

 

 A protocol for a single dose thorough QTc study (up to 40 mg qd) in healthy volunteers 

was submitted on 11/18/11.  The study was considered safe to proceed on 3/16/12. 

 

 An End of Phase 2 meeting was held with Eli Lilly on 6/26/12.  The nonclinical review 

team agreed that the Sponsor’s completed and planned nonclinical studies appeared 

adequate to support an NDA filing.  The sponsor was advised to include teratology 

findings in the Investigator’s Brochure and to submit impurity qualification and Pre- and 

Post-natal development (PPND) reproductive toxicity data with the NDA (Meeting 

Minutes, 7/22/12). 

 

 The sponsor inquired about the adequacy of their submitted FEED and EFD studies as 

well as the design of their proposed PPND study (12/17/12).    The Division agreed that 

the PPND study design was adequate (2/14/13). 

 

 A 1 month oral study in WT mice of the rasH2 genetic background was submitted (SD 

152) on 6/7/13 in support of a proposed 6 month mouse carcinogenicity protocol.  

Recommended doses for the 6 month study with TgrasH2 mice were submitted to the 

sponsor on 7/11/13. 
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3 Studies Submitted 

3.1 Studies Reviewed  

Study  Study Number 
Submission 

Date 

TOXICOLOGY   

39-week oral gavage chronic toxicity and toxicokinetic study 

with INCB028050 [aka LY3009104] in Dogs with a 6-week 

recovery phase 

8821785 4/27/11 

REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY   

A fertility and early embryonic development and toxicokinetic 

study of LY3009104 phosphate administered orally (gavage) in 

male and female Sprague-Dawley rats   

-353240 8/5/11 

An oral (gavage) and toxicokinetic study of the effects of 

INCB028050 on embryo/fetal development in rats 

-519078 

(T-08-07-01) 
7/29/09 

An oral (gavage) and toxicokinetic study of the effects of 

INCB028050 on embryo/fetal development in Rabbits 

-519081 

(T-08-07-02) 
7/29/09 

 

3.3 Previous Reviews Referenced 

 

Review Type Date Author Notes 

Pharmacology/toxicology 6/9/09 Gary Bond, Ph.D. Initial IND review 

Pharmacology/toxicology 7/13/09 Gary Bond, Ph.D. 

Nonclinical support (rat and 

beagle dog) up to 10 mg/d 

for up to 6 months 

Pharmacology/toxicology 12/1/12 Mamata De, Ph.D. 

Rat carcinogenicity study 

SPA review (6 month rat 

study) 

Pharmacology/toxicology 2/9/12 Timothy Robison, Ph.D. 

LY3009104 Phosphate salt 

vs. free base systemic 

exposure in rats 

Pharmacology/toxicology 3/16/12 Mamata De, Ph.D. 
Thorough QTc protocol 

review 

Pharmacology/toxicology  6/2013 Mamata De, Ph.D. 
Draft review for 9 month 

dog study (Study 8821785) 
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6 General Toxicology 

6.2 Repeat-Dose Toxicity 

Study title:  39-week oral gavage chronic toxicity and toxicokinetic study with INCB028050 [aka 

LY3009104] in Dogs with a 6-week recovery phase 

Study no.: 8221785 

Study report location: Supporting Document 51 

EDR.  Module 4.2.3.2 

Conducting laboratory and location:  

Date of study initiation: 1/25/2010 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB028050  

(known as LY3009104 phosphate starting 12/18/09) 

Lot#: ERL-IN65-4 

99.1% 

 

Key Study Findings 

 9 mg/kg/day is a lethal dose in dogs (1/7 males, 1/7 females) within 60 days of treatment 

 Mean body weight gains over days 1 - 225 in females at the 3 mg/kg (+ 2.2 kg) and 9/6 

mg/kg (+1.7 kg) dose levels were decreased relative to controls (+3.0 kg). 

o Decreased body weight gain persisted in recovery females 

 Dosing was stopped prematurely (Day 232 of 274) for dogs receiving  3 mg/kg/day due to 

generalized demodicosis (mange) 

 LY3009104 had immunosuppressant properties in dogs: 

o Peripheral blood:  

 ▼Total T lymphocytes, ▼CD4
+
 T cells:   

 Males  0.5 mg/kg/day; Females:  0.25 mg/kg/day (all doses) 

 ▼ Eosinophils:   

 Males & Females:  0.25 mg/kg/day (all doses) 

o Histopathology:   

 ▼ Lymphocytes in mandibular and mesenteric lymph nodes, spleen, Peyer’s 

patches (minimal – moderate):   

 Males & Females:  3 mg/kg/day 

 LY3009104 inhibits hematopoiesis 

o ▼Red blood cells, hemoglobin, hematocrit:  Males & Females  0.5 mg/kg/day 

o Pharmacodynamic effect of JAK2 inhibition, clinically monitorable 

 

 LY3009104 is toxic to the gastrointestinal tract in Males & Females  3 mg/kg/day 

o Glandular stomach, jejunum, tongue:  inflammation (minimal – slight) 

o Colon, duodenum, rectum: mononuclear cell infiltrate (minimal – slight)  
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 Liver is an apparent target organ of toxicity in Males & Females at  3 mg/kg/day 

o minimal-moderate infiltrates/inflammation (portal and random) 

o minimal-slight bile duct hyperplasia  

o These findings correlated with plasma liver enzyme increases (ALT, AST) 

o Findings confounded by the co-administration of multiple interventional treatments 

for management of demodicosis symptoms 

 

 Demodicosis (mange) was observed frequently in Males and Females dosed at  3 

mg/kg/day after 5 months of dosing. 

o 1 male at 0.5 mg/kg/day (#H04686) also had evidence of demodicosis 

o Demodicosis outbreak is likely a consequence of immune suppression caused by 

pharmacodynamic inhibition of JAK1 & 2 by LY3009104. 

 Follicular ectasia/hypertrophy and pyrogranulomatous inflammation of the 

skin. Lesions of the skin/subcutis did not show evidence of reversibility in 

terms of incidence or severity in recovery animals 

 Bone marrow (sternum, femur) myeloid hyperplasia with correlating increases 

in circulating neutrophils and monocytes 

 Minimal - moderate inflammation of the mandibular and mesenteric lymph 

nodes.  Demodex mites were occasionally observed within inflammatory areas 

of the draining mandibular lymph nodes.   

 Corneal inflammation of the eye (HD animals only). 

 LY3009104 systemic exposure increased proportionally with dose 

 A no observed adverse effect level cannot be established in this study 

o ▼Total T lymphocytes , ▼CD4
+
 T cells, and ▼ eosinophils at all doses are 

considered adverse findings 

o These findings of immune suppression represent potentially adverse effects that are 

clinically monitorable.  They are not dose-limiting.  

 Dose-limiting toxicities are observed in the GI tract and liver in Males & Females at  3 

mg/kg/day 

o Mean systemic exposure at the 0.5 mg/kg/day dose =  1.21 µM*hr 

o Systemic exposure is approximately equal (exposure margin = 0.94) to the clinical 

exposure at the 4 mg/day dose. 
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Methods 

Doses: Group 1 (control):  0 mg/kg/day 

Group 2 (Low):  0.25 mg/kg/day 

Group 3 (Mid-Low):   0.5 mg/kg/day 

Group 4 (Mid-High):   3 mg/kg/day 

Group 5 (High):   9(6) mg/kg/day 

 

Frequency of dosing: Once per day 

Route of administration: Oral gavage 

Dose volume: 10 ml/kg 

Formulation/Vehicle: 0.5% (w/v) methylcellulose in RO water 

Species/Strain: Beagle dog 

Number/Sex/Group: See Table 4 

Age: Approximately 5 months 

Weight: Males:  6.3 – 9.3 kg 

Females:  5.9 – 7.4 kg 

Satellite groups: 6-week  recovery:  See Table 4 

 

Deviation from study protocol: >Dosing was stopped on Day 231 (rather than day 275) for 

Groups 4 and 5 due to generalized demodicosis (mange).  

Main study animals in groups 4 & 5 were sacrificed on day 

232  

 

>Group 5 (9 mg/kg/d) animals:  Dosing was suspended for 7 

days at Day 51 

>Dosing  resumed on day 58 at 6 mg/kg/day  

 

>Dosing was also suspended for individual animals as listed in 

the following table due to demodicosis: 

 

Reference ID: 3630379Reference ID: 4016252



IND # 102,204  Reviewer:  Matthew Whittaker, Ph.D. 

 

21 

 
 

>Ivermectin (anti-parasitic medicine) was administered orally 

to all dogs at every 2 weeks (0.3 mg/kg) starting at week 10 

 

>Ivermectin dose was increased to 0.3 mg/kg once weekly at 

week 23. 

 

>Ivermectin (0.3 mg/kg) was dosed daily to all animals in 

groups 4 and 5 beginning on day 200.  Six animals in groups 4 

& 5 received ivermectin at 0.6 mg/kg/day for up to 34 days 

 

>Ivermectin (0.3 mg/kg) was also dosed daily to the following 

animals in groups 1 and 2. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Reference ID: 3630379Reference ID: 4016252



IND # 102,204  Reviewer:  Matthew Whittaker, Ph.D. 

 

22 

Table 4.  Outline of design for study 882175. 

 Main Study  (39 wks)  Recovery (+6 weeks) 

  Number of animals  Number of animals 

Group 
Dose 

(mg/kg/day) 
Male Female  Male Female 

1 0 5 5  2 2 

2 (LD) 0.25 5 5  2 2 

3 (MLD) 0.5 5 5  2 2 

4
a 
(MHD) 3 4 4  3 3 

5
a,b 

(HD) 9 (6) 4 4  3 3 

a. Dosing was stopped in groups 4 and 5 on study day 231 (week 33) rather than Day 273 

(week 39) due to severe demodicosis.  Main study animals in groups 4 & 5 were sacrificed on 

day 232. 

b.  Dosing was stopped to all Group 5 animals on day 51 for 7 days due to clinical signs of 

hypoactivity, dehydration and diarrhea.  Dosing resumed at 6 mg/kg/day on day 58. 

 

Observations and Results 

A draft review of Study 882175 was completed by Dr. Mamata De in June, 2013.  This draft 

review was referenced during the development of the current review, particularly when 

establishing limit doses. 

 

Mortality 

1 HD female (#H04736) and 1 HD male (#H04703) were sacrificed due to test-article related 

moribund condition on days 45 and day 60 respectively.  Microscopic findings in multiple 

organs suggested marked immunosuppression (Table 5).  It is also noted that all main study 

animals in the MHD and HD groups were sacrificed at day 232 (week 33), prior to completion of 

the planned 39 week treatment period due to severe demodicosis that was unresponsive to 

veterinary intervention. 

Table 5.  Summary of premature deaths in Study 8821785. 

Group 
Dose 

(mg/kg/day) 
Sex Animal # 

Study 

Day 
Description 

5 9  M H04703 60 

Hypoactive- Moribund condition 

>Liver mineralization, sinusoids, slight; 

crystals in bile duct 

>Gallbladder: vacuoles, epithelium: 

minimal 

>Lung, Liver, Esophagus, Cecum, LN 

Mandibular, LN Mesenteric:  infiltrates 

(minimal - slight) 
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>Brain:  extramedullary hematopoiesis, 

choroid:  minimal 

5 9  F H04736 45 

Hypoactive- Moribund condition 

>Kidney mineralization: minimal 

>LN Mandibular, LN Mesenteric:  

decreased lymphocytes (slight);  

increased lymphoblasts (slight) 

>Spleen:  extramedullary hematopoiesis 

(minimal) 

>Peyer’s patch:  lymphocyte depletion 

(slight) 

 

5 9 (6) M H04704 
Recov. 

day 29 

Cause of death: Severe generalized 

demodicosis 

Clinical Signs 

Cageside observations were conducted 1 hour postdose during the dosing phase of the study.  

Observations were also made once daily during the predose and recovery phases.  It is noted that 

Ivermectin, a broad spectrum anti-parasitic medicine, was administered orally to all dogs at a 

dose of 0.3 mg/kg every 2 weeks starting at week 10.  This treatment was initiated based upon 

the observation of demodectic mange (mange caused by parasitic skin mites Demodex canis) in a 

previous 6 month study with LY3009104 in dogs. 

 

The sponsor reports that generalized demodicosis was observed in MHD and HD males and 

females after approximately 5 months of LY3009104 treatment in the current study.  This was 

evidenced mainly as alopecia, scabs, discolored skin, broken skin, red skin, and dry skin (Table 

6).  There was also an increased incidence of cage-sores for animals in the MHD and HD groups.  

Note that the listed incidence of skin-related clinical observations in Table 6 refers to the 

maximum number of animals in a specific dose group for each general class of skin finding (e.g. 

broken skin, dry skin, red skin, scabs).  This approach was taken for the sake of clarity, as there 

were >100 different types of skin related findings reported.  Symptoms of demodicosis were 

occasionally observed in animals dosed at the 0.2 and 0.5 mg/kg/day levels.  Demodicosis was 

classified by the sponsor as moderate to severe for several animals in the MHD and HD groups.  

Skin-related findings persisted throughout the recovery phase.   

 

Ivermectin dosing frequency was increased to once weekly (0.3 mg/kg) at beginning at week 23 

(~day 161).  Ivermectin (0.3 mg/kg) was dosed daily to all animals in groups 4 and 5 beginning 

on day 200.  Six animals in groups 4 & 5 received Ivermectin at 0.6 mg/kg/day for up to 34 days.  

Ivermectin (0.3 mg/kg) was also dosed daily to a subset of animals in groups 1 and 2.  Additional 

veterinary intervention in mange-affected animals included combinations of antibiotics, NSAIDs 

(EtoGesic®), antifungal, antihelminthic, antihistamine, and other analgesic treatments.   

 

Additional observed clinical signs likely related to LY3009104 include hypoactive behavior 

reported in 1/7 MHD males and 3/7 HD males along with 2/7 HD females only.  Red, discolored 

feces was seen in 1/7 MHD and 4/7 HD males as well as 2/7 MHD and 3/7 HD females only.  

Observations of liquid feces and mucoid feces were increased in treated animals of all doses 
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relative to controls.  The number of animals with these findings increased with dose in males and 

females.   These findings generally reversed in recovery animals. 
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Table 6.  Clinical signs observed in male and female dogs during the course of the 9 month study.  Values indicate the total number of animals with a given 

clinical observation. 

 Dosing phase 
 

Recovery phase 

 Males  Females 
 

Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9(6)  0 0.25 0.5 3 9(6) 
 

0 0.25 0.5 3 9(6)  0 0.25 0.5 3 9 (6) 

Behavior & 

appearance  

(# examined) 

7 7 7 7 7  7 7 7 7 7 

 

2 2 2 3 3  2 2 2 3 3 

Hypoactive behavior  0 0 0 1 3  0 0 0 0 2 
 

0 0 0 0 0  0 0 0 0 0 

Thin appearance 0 0 0 0 1  0 1 1 1 2 
 

0 0 0 0 0  0 0 0 0 1 

Cage sore 0 1 0 3 2  0 1 1 2 2 
 

0 0 0 2 1  0 0 1 2 2 

Low food 

consumption 
0 0 3 3 6  1 2 3 3 7 

 
0 0 0 0 0  0 0 0 1 2 

Skin (# examined) 7 7 7 7 7  7 7 7 7 7 
 

2 2 2 3 3  2 2 2 3 3 

Broken skin 0 0 1 1 2  0 0 0 2 2 
 

0 0 0 0 0  0 0 0 1 0 

Dry skin 0 2 4 3 4  0 0 1 4 4 
 

0 0 0 1 1  0 0 0 1 2 

Red skin 3 5 4 7 6  0 4 3 6 6 
 

0 0 0 2 2  0 0 0 2 3 
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 Dosing phase 
 

Recovery phase 

 Males  Females 
 

Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9(6)  0 0.25 0.5 3 9(6) 
 

0 0.25 0.5 3 9(6)  0 0.25 0.5 3 9 (6) 

Scabs 2 0 2 4 2  0 0 1 5 5 
 

0 0 0 1 1  0 0 0 1 1 

Excretion 7 7 7 7 7  7 7 7 7 7 
 

2 2 2 3 3  2 2 2 3 3 

Feces, liquid 0 3 4 5 7  2 3 4 5 7 
 

0 0 0 1 0  0 0 0 0 1 

Feces, mucoid 3 1 2 3 7  2 2 0 3 3 
 

0 0 0 0 0  0 0 0 0 1 

Feces, red 0 0 0 1 4  0 0 0 2 3 
 

0 0 0 0 0  0 0 0 0 1 

Eyes 7 7 7 7 7  7 7 7 7 7 
 

2 2 2 3 3  2 2 2 3 3 

Eyes, Clear discharge 3 1 1 1 5  1 2 2 7 4 
 

1 0 0 0 0  0 1 0 1 1 

Eyes, Swollen 

conjunctivae 
0 0 0 0 2  0 0 0 0 0 

 
0 0 0 0 0  0 0 0 0 0 
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Body Weights 

Body weights were recorded twice during the predose phase and prior to dosing on day 1 of the 

dosing phase.  Body weights were measured weekly during the dosing phase, on the first day of 

recovery, and weekly during the recovery phase. 

 

There was no clear indication of treatment related effects on body weight gain in males (Table 7) 

at day 225.  However, MHD and HD females had decreased body weight gains relative to 

concurrent control animals  Body weight gain values remained below the body weight gain 

observed in controls in recovery females at all doses. 
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Table 7.  Body weight values in study 8221785 on day 1, at the end of the dosing period (Grps 1-3:  Day 274, Grps 4-5:  Day 224) and at the end of the 

recovery period.  Note that body weights for groups 1-3 at day 225 are included for comparison to groups 4 and 5 at this time point. 

 Body weight (kg) 

 Males  Females 

Study Day Control 
0.25 

mg/kg/d 
0.5 mg/kg/d 3.0 mg/kg/d 

9.0 (6.0) 

mg/kg/day 

 
Control 

0.25 

mg/kg/d 

0.5 

mg/kg/d 

3.0 

mg/kg/d 

9.0 (6.0) 

mg/kg/day 

Day 1 n=7 n=7 n=7 n=7 n=7  n=7 n=7 n=7 n=7 n=7 

Mean (± SD) 7.8 ± 0.8 7.7 ± 0.8 7.7 ± 0.7 7.5 ± 0.6 7.8 ± 1.0  6.7 ± 0.5 6.6  ± 0.5 6.5  ± 0.4 6.5 ± 0.4 6.6  ± 0.5 

Day 225 

(Week 33) 
n=7 n=7 n=7 n=7

a
 n=6

a
 

 
n=7 n=7 n=7 n=7

a
 n=7

a
 

Mean (± SD) 11.8 ± 1.1 11.0 ± 1.0 11.2 ± 0.9 11.0 ± 0.9 11.3 ± 2.2  9.7 ± 0.8 9.1 ± 1.0 9.2 ± 0.6 8.7  ± 0.7 8.3  ± 1.4 

BW gain (g, d1 – d225) 4.0 3.3 3.5 3.5 3.5  3.0 2.5 2.7 2.2 1.7 

BW gain  

(%  from initial BW) 
+51% +43% +45% +47% +45% 

 
+45% +38% +42% +34% +26% 

Day 274 

(Week 39) 
n=7 n=7 n=7   

 
n=7 n=7 n=7   

Mean (± SD) 11.9 ± 1.1 11.0 ± 1.0 11.0 ± 1.0 NA NA  9.7 ± 1.0 9.2  ± 1.0 9.2  ± 0.5 NA NA 

BW gain (g, d1 – d274) 4.1 3.3 3.3 NA NA  3.0 2.6 2.7 NA NA 

BW gain  

(%  from initial BW) +53% +43% +43%   
 

+45% +39% +42%   

Recovery d 43 

(+ 6 weeks) 
n=2 n=2 n=2 n=3 n=2 

 
n=2 n=2 n=2 n=3 n=3 

Mean (± SD) 11.3 ± 0.1 11.7 ± 0.1 11.6 ± 0.3 11.1 ± 0.5 12.0 ± 0.6 
 

9.9 ± 0.1 8.7 ± 1.1 9.1 ± 0.0 8.4 ± 0.9 7.9 ± 1.2 

BW gain  

(g, d1 – recovery d 43) 
3.5 4.0 3.9 3.6 4.2 

 
3.2 2.1 2.6 1.9 1.3 

BW gain BW gain  

(%  from initial BW) 
+45% +52% +51% +48% +54% 

 
+48% +32% +40% +29% +20% 

a
Dosing was stopped for all animals in MHD and HD groups prematurely on study day 232 (week 33) rather than week 39.  The recovery period for recovery animals in these groups 

began on study day 233.  Main study animals were sacrificed on day 233.   
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Feed Consumption 

Quantitative measurement of food consumption was conducted only through the first 6 weeks of 

the study.  Mean food consumption was apparently decreased in HD females vs. control during 

weeks 5 – 6 (Ctrl F: 2038 ± 282 g vs. HD F: 1320 ± 796 g). 

 

Low food consumption was reported based upon qualitative observation in 6/7 HD males and 

7/7 HD females during the course of the study.  The maximum incidence of this observation was 

3/7 in all other dose groups. 

 

Ophthalmoscopy 

Ophthalmic exams were conducted using an indirect ophthalmoscope.  Exams were conducted 

once during the predose phase for all animals.  Groups 1 -3 had ophthalmic exams on study day 

274 and recovery day 42.  Groups 4 and 5 were examined on day 232 of the dosing phase (final 

day of dosing) and day 43 of recovery. 

 

There were no visible lesions observed in the eyes of any animals upon ophthalmic examination 

at any time point.  However, discharge (clear or cloudy) of the eyes was observed upon clinical 

examination in 2/7 – 5/7 MHD and HD males and 6/7 – 7/7 MHD and HD females during the 

course of the study.  Upon microscopic examination at study completion, corneal inflammation 

was observed in the eyes of main study (2/3 – 3/3) and recovery (1/2 – 2/3) HD males and 

females (Table 14).  It is likely that these findings are related to demodicosis as (1) the findings 

didn’t reverse after cessation of treatment and (2) Demodex infestation can spread to the eyelids 

in dogs
3
. 

 

ECG 

ECGs recorded during the dosing phase were collected approximately 1 hour prior to dosing.  

Recordings were performed on unanesthetized animals.  At each time point, ECGs were recorded 

using 8 leads, including Leads I, II, aVF, CV5RL, and CV6LL, for at least 30 continuous seconds.  

Groups 1-3 had ECGs recorded on day 268 of the dosing phase and day 37 of the recovery 

phase.  Groups 4 and 5 had ECGs recorded on day 231 of the dosing phase and day 42 of the 

recovery phase. 

 

At least 5 consecutive ECG waveforms and the associated RR intervals deemed most 

representative were selected for analysis at each time point.  Fridericia’s method 

[(QT/(RR)
1/3

]was used for corrected QT interval (QTc) calculation. 

 

There was no evidence for treatment-related changes in PR interval, QRS duration, QT interval, 

QTc interval, RR interval, or heart rate.  However, ECG recordings were made 1 hour prior to 

dosing and not at the time of maximal drug concentration.  The ECG evaluation therefore lacks 

the significance of studies done at times of maximal drug concentration (Cmax). 

 

                                                 
3
 The Merck Veterinary Manual.  

http://www.merckmanuals.com/vet/eye and ear/ophthalmology/eyelids.html.  March 24, 2014. 
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Clinical Pathology 

Blood samples were collected from the jugular vein of fasted animals.  Samples were centrifuged 

within 1 hour of collection, and plasma collected.  Plasma samples were stored at -60 - -80C 

until shipped to sponsor on dry ice for analysis. 

 

Blood samples were collected as follows: 

Table 8.  Blood sample collection times for clinical pathology studies 

Study Day Animals 

predose All 

predose All 

29 All 

56 Group 5 only 

87 (week 13)  All 

174 (week 26) All 

232 (week 33) Groups 4 – 5 

270 (week 39) Groups 1 – 3 

270 (Recovery day 39) Groups 4 – 5 

308 (Recovery day 38) Groups 1 – 3 

 

It is noted that blood samples were not collected in groups 1-3 at the time of study termination 

for the MHD and HD groups (day 232).  This makes direct comparison of values at study 

termination in the MHD and HD groups to concurrent controls impossible.  Comparison of MHD 

and HD values from day 232 vs. control values at day 270 provides some perspective on the 

relative hematology values in MHD and HD animals at study termination.  

 

Hematology 

Red blood cells 

Evidence for decreases in red blood cell indices was first observed in MHD and HD males and 

females after approximately 3 months of dosing (day 87, Table 9, Table 10).  The magnitude of 

decrease relative to controls increased in males and females over the course of the study (day 232 

vs. control values at day 270).  These findings reversed in recovery animals after a 6 week 

treatment-free period.  Given the established role of the JAK-STAT signaling pathway in 

hematopoiesis
2
, the observed decreases red blood cell indices are consistent with pharmacologic 

inhibition of JAK2 by LY3009104.  While there appear to be slight decreases in red blood cell 

parameters in males in the 0.5 mg/kg/day group at day 87 and 270, these differences are too 

small to be considered biologically significant. 
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White blood cells 

Mean circulating neutrophil and monocyte levels were markedly increased in MHD and HD 

males and females at study termination and at the conclusion of the recovery period (Table 9, 

Table 10).  These findings correlate with microscopic evidence of bone marrow myeloid 

hyperplasia in sternum and femur of MHD and HD males and females (Table 14). 

 

The hematologic and microscopic evidence is consistent with the development of demodicosis 

(mange) and secondary infection in these animals.  Additionally, gross findings of alopecia and 

scabbing were observed in multiple animals in the MHD and HD dose groups.  Microscopic 

evaluation detected inflammation in the skin, lymph nodes, and spleen as well as the liver of 

males and females in both dose groups.  The increased neutrophil and monocyte levels did not 

reverse in recovery animals, which is consistent with the clinical observations that demodicosis 

persisted through the recovery phase in MHD and HD animals. 

 

Mean monocytes were slightly increased (+13% vs. controls) in males of the 0.5 mg/kg/day 

group at day 270. A slight increase in mean neutrophils (+21% vs. controls) was observed in 

females in the 0.5 mg/kg/day group at day 270 (Table 10).  For both observations, the relatively 

small effect sizes and the occurrence in only one gender limited their biological significance.  

Mean neutrophil and monocyte values increased in 0.5 mg/kg recovery females relative to values 

at study completion.  These effects .are likely attributable to progression of demodicosis in these 

animals. 

 

Eosinophils were decreased in males and females of all dose groups at study completion, 

although the magnitude of decrease was not dose-related.  The effect appeared to reverse in 

MHD and HD recovery animals.  The sponsor suggests that decreased circulating eosinophils is 

a pharmacodynamic effect of LY3009104 based on the role of JAK2 function in eosinophil 

survival
4
. 

 

White blood cell and lymphocyte counts were generally unaffected by treatment with 

LY3009104.  Decreased WBC counts, attributed to reduced lymphocyte counts, have been 

observed with several JAK inhibitors.  The severe demodicosis observed in the present study 

may have minimized the pharmacological effect on lymphocyte counts.  

 

 

 

                                                 
4
 Stout et al. (2004) IL-5 and granulocyte-macrophage colony-stimulating factor activate STAT3 

and STAT5 and promote Pim-1 and Cyclin D3 protein expression in human eosinophils.  

Journal of Immunology, 173: 6409-6417. 
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Table 9.  Hematology findings in Male dogs at day 87, at termination of dosing (d232 or 270), and at end of 6 week recovery phase.  Study 8221785.  Values 

represent mean of n = 6-7 animals/group for dosing phase and n = 2-3 animals/group for recovery phase. 

  
 

Males 
 

 

 Red blood cells (x106/µL) 
 

Hemoglobin (g/dL) 
 

Hematocrit (%) 

Study Day 87 
%   

ctrl 
232 270 

%   

ctrl 
Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl 
Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl 
Rec. 

%   

ctrl 

dose 

(mg/kg/d) 
    

 
  

                

0 6.35 0% - 7.16 0% 6.92 0% 
 

13.7 0% - 15.6 0% 14.9 0% 
 

41.8 0% - 46.9 0% 44.1 0% 

0.25 6.44 1% - 6.87 -4% 7.56 9% 
 

13.7 0% - 14.6 -6% 16.2 9% 
 

42.1 1% - 44.6 -5% 48.8 11% 

0.50 6.37 0% - 6.63 -7% 7.34 6% 
 

13.4 -2% - 14.0 -10% 15.8 6% 
 

41.3 -1% - 42.8 -9% 47.8 8% 

3.0 5.70* -10%  6 15 - -14% 7.07 2% 
 11.8

* 
-14% 12.4 - -21% 14.6 -2% 

 
37.1* -11% 38.4 - -18% 45.5 3% 

9.0 (6.0) 5.40* -15%  5.63 - -21% 6.91 0% 

 
11.3

* 
-18% 11.4 - -27% 14.5 -3% 

 

35.8* -14% 35.3 - -25% 44.1 0% 

 Neutrophils (x103/µL) 
 

Monocytes (x103/µL) 
 

Eosinophils ( x103/µL) 

 87 
%   

ctrl 
232 270 

%   
ctrl Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   
ctrl Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl 
Rec. 

%   

ctrl 

0 5.30 0% - 6.77 0% 6.57 0% 
 

0.34 0% - 0.46 0% 0.39 0% 
 

0.18 0% - 0.22 0% 0.27 0% 

0.25 5.99 13% - 7.13 5% 7.58 15% 
 

0.35 3% - 0.38 -17% 0.34 -13% 
 

0.13 -28% - 0.15 -32% 0.14 -48% 

0.50 7.94 50% - 6.71 -1% 7.16 9% 
 

0.62

* 
82% - 0.52 13% 0.43 10% 

 
0.18 0% - 0.19 -14% 0.20 -26% 

3.0 6.42 21% 9.65 - 43% 8.82 34% 
 

0.46

* 
35% 0.64 - 39% 0.64 64% 

 
0.10 -44% 0.09 - -59% 0.33 22% 

9.0 (6.0) 7.47 41% 11.4 - 69% 8.43 28% 
 

0.55

* 
62% 1.02 - 122% 0.75 92% 

 
0.11 -39% 0.12 - -45% 0.29 7% 

*p ≤ 0.05 vs. control, ANOVA with Dunnett’s post test 

Days 29, 56, 179 not shown in table 
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Table 10.  Hematology findings in female dogs at day 87, at termination of dosing (d232 or 270), and at end of 6 week recovery phase.  Study 8221785.  Values 

represent mean of n = 6-7 animals/group for dosing phase and n = 2-3 animals/group for recovery phase. 

  
 

  
 

Females 
 

 
 

  

 Red blood cells (x106/µL) 
 

Hemoglobin (g/dL) 
 

Hematocrit (%) 

Study Day 87 
%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

dose 

(mg/kg/d) 
    

 
  

                

0 6.75 0% - 6.97 0% 6.93 0% 
 

14.5 0% - 15.4 0% 15.3 0% 
 

44.7 0% - 46.2 0% 45.7 0% 

0.25 6.66 -1% - 6.83 -2% 7.25 5% 
 

14.3 -1% - 15.3 -1% 15.7 3% 
 

44.4 -1% - 44.9 -3% 46.9 3% 

0.50 6.49 -4% - 6.87 -1% 7.39 7% 
 

13.9 -4% - 14.7 -5% 15.7 3% 
 

42.9 -4% - 45.1 -2% 47.1 3% 

3.0 
5.97

* 
-12% 5.5 - 

-

21% 
6.75 -3% 

 
12.6 -13% 11.5 - -25% 14.2 -7% 

 
39.8* -11% 35.0 - -24% 43.6 -5% 

9.0 (6.0) 
5.47

* 
-20% 5.4 - 

-

23% 
6.51 -6% 

 

11.6 -20% 11.0 - -29% 13.4 -12% 

 

37.1* -17% 34.3 - -26% 41.5 -9% 

 Neutrophils (x103/µL) 
 

Monocytes (x103/µL) 
 

Eosinophils ( x103/µL) 

 87 
%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

 
87 

%   

ctrl 
232 270 

%   

ctrl Rec. 
%   

ctrl 

0 6.03 0% - 6.56 0% 7.03 0% 
 

0.42 0% - 0.48 0% 0.34 0% 
 

0 2 0% - 0.26 0% 0.28 0% 

0.25 5.33 -12% - 6.65 1% 4.95 -30% 
 

0.31 -26% - 0.34 -29% 0.28 -18% 
 

0.08* -60% - 0.11 -58% 0.24 -14% 

0.50 6.6 9% - 7.96 21% 10.8 53% 
 

0.39 -7% - 0.37 -23% 0.56 65% 
 

0 10* -50% - 0.13 -50% 0.28 0% 

3.0 6.47 7% 9.79 - 49% 13.3 88% 
 0.58

* 
38% 0.81 - 69% 1.02 200% 

 
0.09* -55% 0.23 - -12% 0.41 46% 

9.0 (6.0) 7.94 32% 10.3 - 56% 12.9 83% 
 

0.5 19% 0.91 - 90% 0.84 147% 
 

0.07* -65% 0.10 - -62% 0.35 25% 

*p ≤ 0.05, ANOVA with Dunnett’s post test 
Days 29, 56, 179 not shown in table 
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Clinical Chemistry 

 

Mean globulin levels were increased in MHD and HD animals at days 87 and 232 as well as in 

recovery animals at all doses (Table 11, Table 12).  This finding likely reflects antibody 

production in response to infection associated with demodicosis. 

 

Additional clinical chemistry changes in MHD and HD dogs appear to be consistent with 

microscopic evidence of injury to the liver in animals in these dose groups (Table 14).  First, 

mean albumin levels were decreased slightly in MHD and HD males and females at day 232.  

This effect did not reverse in recovery animals.  Additionally, there were apparent increases in 

mean aspartate aminotransferase (AST) values in HD males and females at starting at study day 

179 and persisting until study termination. AST values remained elevated in recovery animals. 

 

The mean alanine aminotransferase (ALT) level was increased in HD males beginning at study 

day 179.  This effect was largely driven by a single animal (H04701) that had an ALT level of 

109 U/L – approximately 5-fold higher than the mean ALT values of the control group at this 

time point.  Elevated ALT persisted in this animal until study completion at day 232 (289 U/L 

vs. 23 U/L for controls at day 270) .  Animal H04701 had gross findings in the liver of fluid 

filled cysts (few), up to 1 cm
3
.  Microscopic liver findings included:  focal hematocysts 

(moderate) infiltrates/inflammation (moderate), mononuclear infiltrates (random, minimal) and 

slight bile duct hyperplasia.  Collectively, the data suggest that this animal was suffering from a 

possible liver infection. 

 

Similarly, the high mean ALT level in MHD females at day 232 was driven by a single animal 

(H04729) that had an ALT level of 597 U/L – approximately 20-fold higher than the mean ALT 

values in the control group at day 270.  Animal H04729 also had a highly elevated (53 U/L) 

glutamyltransferase (GGT) level at day 232.  This represented an approximately 13-fold increase 

over the mean GGT values in the control group at day 270.  The high GGT level in this single 

animal led to increased mean GGT values in MHD females compared to controls.  The ALP 

value in H04729 was approximately 34-fold higher than the mean control ALP value at day 270 

(1,166 U/L vs. 34 U/L).  Animal H04729 had microscopic liver findings that included 

infiltrates/inflammation (slight) and bile duct hyperplasia (slight).  This evidence suggests that 

this animal, like male H04701, may have experienced a possible liver infection. 
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Table 11.  Clinical chemistry findings in Male dogs at day 87, at termination of dosing (d232 or 270), and at end of 6 week recovery phase.  Study 8221785.  

Values represent mean of n = 6-7 animals/group for dosing phase and n = 2-3 animals/group for recovery phase. 

  
 

Males 
 

 

 Albumin (g/dL) 
 

Globulin (g/dL) 
 

Albumin:globulin ratio 

Study 

day 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

dose 

(mg/kg/d) 
      

              

0 3.4 0% - 3.6 3.5 0% 
 

2.2 0% - 2.2 2 0% 
 

1.5 0% - 1.6 1.7 0% 

0.25 3.4 0% - 3.4 3.6 3% 
 

2.0 -9% - 1.9 2.3 15% 
 

1.7 13% - 1.8 1.6 -6% 

0.50 3.3 -3% - 3.3 3.3 -6% 
 

2.3 5% - 2.3 2.4 20% 
 

1.5 0% - 1.5 1.4 -18% 

3.0 3.2 -6% 3.3 - 3.2 -9% 
 

2.3 5% 2.5 - 3 50% 
 

1.4 -7% 1.4 - 1.1 -35% 

9.0 (6.0) 3.2 -6% 3.1 - 3.4 -3% 
 

2.6* 18% 2.7 - 3.2 60% 
 

1.3* -13% 1.2 - 1.1 -35% 

 Aspartate aminotransferase (U/L) 
 

Alanine aminotransferase (U/L) 
 

Gamma glutamyltransferase (U/L) 

Study 

day 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

0 30 0% - 30 27 0% 
 

26 0% - 33 34 0% 
 

4.0 0% - 3 3 0% 

0.25 31 3% - 33 24 
-

11% 

 
31 19% - 37 30 -12% 

 
4.0 0% - 3 -  

0.50 33 10% - 32 28 4% 
 

27 4% - 35 32 -6% 
 

4.0 0% - 4 4 33% 

3.0 37 23% 41 - 31 15% 
 

34 31% 31 - 23 -32% 
 

4.0 0% 4 - 5 67% 

9.0 (6.0) 45 50% 56 - 37 37% 
 

36 38% 82 - 34 0% 
 

4.0 0% 6 - 4 33% 

*p ≤ 0.05, ANOVA with Dunnett’s post test 
Days 29, 56, 179 not shown in table 
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Table 12.  Clinical chemistry findings in Female dogs at day 87, at termination of dosing (d232 or 270), and at end of 6 week recovery phase.  Study 8221785.  

Values represent mean of n = 6-7 animals/group for dosing phase and n = 2-3 animals/group for recovery phase. 

 

 

   Females   

 Albumin (g/dL)  Globulin (g/dL)  Albumin:globulin ratio 

Study day 87 
%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

dose 

(mg/kg/d) 
      

              

0 3.4 0% - 3.5 3.4 0% 
 

2.1 0% - 2.1 1.9 0% 
 

1.6 0% - 1.7 1.8 0% 

0.25 3.5 3% - 3.5 3.5 3% 
 

2.1 0% - 2.0 2.6 37% 
 

1.6 0% - 1.8 1.4 -22% 

0.50 3.5 3% - 3.5 3.3 -3% 
 

2.1 0% - 2.0 2.6 37% 
 

1.7 6% - 1.8 1.4 -22% 

3.0 3.3 -3% 3.1 - 3 -12% 
 

2.4 14% 2.8 - 3.3 74% 
 

1.4 -13% 1.2 - 1 -44% 

9.0 (6.0) 3 -12% 2.8 - 2.8 -18% 
 

2.2 5% 2.5 - 2.9 53% 
 

1.3 -19% 1.1 - 1 -44% 

 Aspartate aminotransferase (U/L) 
 

Alanine aminotransferase (U/L) 
 

Gamma glutamyltransferase (U/L) 

Study day 87 
%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

 
87 

%   

ctrl 
232 270 Rec. 

%   

ctrl 

0 33 0% - 28.0 23 0% 
 

28 0% - 31.0 31 0% 
 

3 0% - 4.0 3 0% 

0.25 33 0% - 31.0 31 35% 
 

31 11% - 35.0 40 29% 
 

3 0% - 3.0 3 0% 

0.50 36 9% - 35.0 32 39% 
 

34 21% - 39.0 38 23% 
 

4 33% - 4.0 3 0% 

3.0 34 3% 40 - 29 26% 
 

27 -4% 113 - 31 0% 
 

4 33% 13 - 6 100% 

9.0 (6.0) 38 15% 40 - 33 43% 
 

27 -4% 34 - 27 -13% 
 

4 33% 4.0 - 3 0% 

*p ≤ 0.05, ANOVA with Dunnett’s post test 
Days 29, 56, 179 not shown in table 
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Urinalysis 

Urine samples were collected from fasted animals for urinalysis once during the predose phase, 

on Day 29 of the dosing phase, during Weeks 13 and 26 of the dosing phase, on Day 232 of the 

dosing phase (Groups 4 and 5 only), and during Week 39 of the dosing phase. 

 

There were no treatment related changes in urinalysis parameters at any dose level. 

Necropsy 

At the final day of dosing (Groups 1 – 3: d 275; Groups 4 – 5:  d 232) or recovery (+ 6 weeks 

from final day of dosing), animals were fasted overnight, anesthetized with sodium 

pentobarbital, exsanguinated, and necropsied. 

 

Gross Pathology 

Treatment related macroscopic findings were most clearly observed in skin in MHD and HD 

males and females.  Findings of alopecia, scabbing, and red/dry skin led to the characterization 

of the presence of moderate – severe demodectic mange in these animals (mange caused by 

parasitic skin mites Demodex canis) during the study.  These findings persisted in recovery 

animals. 

 

 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Number of animals  5 5 5 4 3  5 5 5 4 3 

Skin/Subcutis            

Alopecia 0 0 0 2 0  0 0 0 0 0 

Crusted 0 0 0 2 1  0 0 0 4 1 

Discolored 0 0 0 2 2  0 0 0 4 3 

Recovery (+6 weeks)            

Number of animals 2 2 2 3 2  2 2 2 3 3 

Alopecia 0 0 0 1 0  0 0 0 0 0 

Crusted 0 0 0 2 0  0 0 0 2 0 

Discolored 0 0 0 1 0  0 0 0 0 2 

 

Organ Weights 

Dogs in the MHD and HD groups were sacrificed on day 232 while control, LD and MD dogs 

were sacrificed on day 270.  Therefore, direct organ weight comparison between all dose groups 

is not possible.  There were no apparent changes vs. controls in weight of any organ in LD and 

MD animals at day 270.  It is noted that mean spleen weight was increased in HD males vs. 
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MHD males (44.1 ± 20.2 g vs. 26.1 ± 7.4 g) but there was no apparent difference in spleen 

weight between MHD and HD females.  

 

Histopathology 

Adequate Battery 

A complete battery of tissues was examined microscopically. 
 

Peer Review 

Peer review of microscopic findings was performed by Patrick Haley, DVM, PhD, DACVP, 

Incyte Corporation. 
 

Histological Findings 

Target organs of toxicity were identified as the skin. lymphoid tissue, bone marrow, liver, GI 

tract (stomach, duodenum, colon, jejunum, rectum), brain and eye (Table 14). 

 

Dosing was stopped prematurely (week 33) to all animals of the MHD and HD groups due to 

generalized demodicosis.  One male in the 0.5 mg/kg group (#H04686) also had evidence of 

demodicosis.  Specific manifestations of this condition observed upon microscopic examination 

included minimal – marked follicular ectasia/hypertrophy and pyrogranulomatous inflammation 

of the skin/subcutis.  Follicular parasites were also observed in the skin/subcutis.  All of these 

lesions persisted through the recovery period.  Additional demodicosis –related findings included 

minimal - moderate inflammation of the mandibular and mesenteric lymph nodes as well as 

increased sinus macrophages and increased lymphoblasts in these structures.  The sponsor notes 

that tangential or cross sections of Demodex mites were occasionally present within 

inflammatory areas of the draining mandibular lymph nodes of MHD and HD males and 

females.   

 

Microscopic evidence for treatment induced immune suppression is seen with decreased 

lymphocytes (minimal – moderate) in mandibular and mesenteric lymph nodes as well as the 

spleen and Peyer’s patches in MHD and HD animals.  These findings did not completely 

reverse in recovery animals.  It is noted that there was no clear treatment-related effect on 

circulating lymphocyte levels in males or females at any time point.  It is likely that the 

conditions of demodicosis in these animals obscured this change. 

 

Bone marrow myeloid hyperplasia (minimal – moderate, femur and sternum) was observed 

primarily in HD animals, with incidence levels equivalent in males and females.  These findings 

did not completely reverse in recovery animals.  Evidence of myeloid hyperplasia is often related 

to an inflammatory response
5
, which is consistent with the results of the current study.  Apparent 

correlating increases in circulating neutrophils and monocytes were observed in males and 

females in the MHD and HD groups at study termination on day 232 (Table 9, Table 10).  There 

were no concurrent controls tested on day 232 for comparison.  However, neutrophil and 

monocyte values in the MHD and HD groups were markedly elevated relative to control data 

from day 270.  Myeloid hyperplasia was also observed in the sternal bone marrow of 1/5 males 

at the 0.5 mg/kg dose (#H04686) and 1/4 males at the 3 mg/kg dose.  The finding in animal 

                                                 
5
 Travlos, G (2006) Histopathology of Bone Marrow. Toxicologic Pathology, 34: 566-598. 
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#H04686 is of potential concern for NOAEL determination.  Individual hematology values were 

examined for this dog and compared to the respective mean values for concurrent control 

animals (Table 13).  Consistent with the observation of myeloid hyperplasia, total peripheral 

WBCs were increased in this animal.  The increase in total WBCs was due to an increase in 

neutrophils.  The increase in neutrophils is likely explained by the microscopic evidence of 

pyrogranulomatous inflammation and ectasia/hypertrophy of the skin in this animal.  The 

pathology report also included evidence of a follicular parasite in the skin/subcutis of this 

animal.  Taken together, it appears that the single finding of myeloid hyperplasia in the MD 

group is attributable to conditions of demodicosis, similar to that observed in the animals in the 

MHD and HD groups. These findings would appear to be monitorable in a clinical setting. 

Table 13.  Comparison of WBC values in MD animal H04686 with mean control value at day 270 

Cell type Animal H04686 Control 

Total WBC (x10
3
/µL) 11.8 9.8 ± 1.8 

Neutrophils (x10
3
/µL) 8.9 6.8 ± 1.4 

Lymphocytes (x10
3
/µL) 2.1 2.3 ± 0.4 

Monocytes (x10
3
/µL) 0.53 0.46 ± 0.09 

Eosinophils (x10
3
/µL) 0.17 0.22 ± 0.08 

Basophils (x10
3
/µL) 0.05 0.05 ± 0.01 

LUC 0.01 0.02 ± 0.008 

 

Evidence for liver injury was apparent in MHD and HD males and females.  These findings 

correlated with plasma liver enzyme changes (Table 11, Table 12).  Specific findings included 

minimal-moderate infiltrates/inflammation as well as minimal-slight bile duct hyperplasia.  Bile-

duct hyperplasia showed signs of reversibility, while the infiltrates/inflammation findings did not 

reverse in HD recovery animals.   These findings appear to be indicative of liver infections that 

might be attributable to the immunosuppressive actions of LY3009104.  While there is an 

apparent dose-related increase in both incidence and severity of the observed liver 

infiltrates/inflammation and bile duct hyperplasia findings, the concurrent veterinary intervention 

in animals in these dose groups must also be considered.  Ivermectin, a broad spectrum anti-

parasitic medicine, was administered daily to MHD and HD animals beginning at day 200, and 

weekly to all other treatment groups.  

 

Additional symptoms of mange-affected animals were managed with combinations of 

antibiotics, NSAIDs (EtoGesic®) and other therapies.  Some dogs also received antifungal, 

antihelminthic, antihistamine, or other analgesic treatments.  The sponsor notes that ivermectin 

and NSAIDs are predominantly cleared by the biliary tract and that EtoGesic® has been 

associated with liver toxicity in dogs
6
.  It is not currently possible to discern whether the 

observed liver findings were due to LY3009104 treatment, the ivermectin/NSAID treatment 

regimen, or a combination of both.   

                                                 
6
 EtoGesic (Etodolac) Label, NADA 141-08. 
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Reversible inflammation or mononuclear cell infiltration was observed in the tongue, stomach, 

duodenum, colon, jejunum, and rectum in selected MHD and HD animals.  These findings 

differ somewhat from the lymphoid atrophy of gut associated lymphoid tissue (GALT) that is 

generally observed with the JAK inhibitor class of drugs.  Direct damage to GI tract tissue 

caused by orally administered LY3009104 may contribute to these findings. 

 

Perivascular mononuclear cell infiltrates were observed in the brain in male and female dogs in 

a non-dose-dependent manner.  Minimal gliosis in was observed in the brains of females only 

(1/5 LD (#H04718), 1/4 MHD, and 2/3 HD).  Brain gliosis was also observed in 1/4 MHD 

recovery males, 1/2 LD, 1/2 MD, and 1/3 MHD recovery females but not in HD recovery 

animals.  It is noted that there was no evidence for progression to neuronal injury and/or necrosis 

in any animal. 

 

The brain gliosis finding in the LD female is of potential concern for NOAEL determination.  At 

day 270, the Cmax for this animal was 0.120 µM (group mean = 0.120 µM) and the AUC0-24 was 

0.759 µM*h (group mean = 0.70 µM*h).  Neither value differed markedly from that of the group 

mean at this time point which rules out the potential that this individual was exposed to higher 

levels of LY3009104 than the other dogs in its cohort.  The relationship of the observed brain 

gliosis to LY3009104 treatment  at doses ≤ 3.0 mg/kg/day is unclear based on the lack of a dose 

response, and that the finding is seen in females only.  LY3009104 induced immunosuppression 

cannot be excluded as a potential explanation.  However, treatment-related immunosuppression 

is not expected to be a sex-dependent phenomenon.  Furthermore, systemic LY3009104 

exposures are highly comparable between males and females (Table 18).  Incidence of brain 

gliosis has been shown to increase with age in dogs
7
, although dogs were only 4 - 5 months old 

at the start of the current study.  The high incidence rate of brain gliosis in main study HD 

females (66%) may potentially reflect LY3009104 exacerbation of a background phenomenon in 

the beagle dogs used in this study.   

 

Choroid inflammation was observed in 1/3 HD males only, likely a consequence of 

immunosuppression in this animal.  Corneal inflammation was observed in the eyes of HD males 

(2/3) and females (3/3) at the conclusion of the dosing period.  This effect persisted in recovery 

animals (1/2 HD M; 2/3 HD F). It is likely that the eye findings are related to demodicosis, as 

Demodex infestation can spread to the eyelids in dogs. 

 

 

 

                                                 
7
 Borras et al. (1999) Age-related changes in the brain of the dog.  Veterinary Pathology.  36: 

202-211. 
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Table 14. Histopathology findings in 9 month dog study with INCB028050 (Study 8221785).  MHD and HD groups sacrificed at Day 232.  Control, LD, and 

MD sacrificed on Day 273.  Recovery = 6 weeks.  Note that Recovery data is not presented if there were no observed findings. 

 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

SKIN/SUBCUTIS             

Parasite, follicular (# examined) 5 5 5 4 4  5 5 5 4 4 

Present 0 0 1 2 3  0 0 0 4 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Present 0 0 0 2 3  0 0 0 2 3 

Inflammation, pyrogranulomatous  

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 1 0 1  0 0 0 0 0 

Slight 0 0 0 0 1  0 0 0 2 1 

Moderate 0 0 0 0 0  0 0 0 2 1 

Marked 0 0 0 2 0  0 0 0 0 1 

Total 0 0 1 2 2  0 0 0 4 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 1 1 0  0 0 0 0 0 

Slight 0 1 0 0 2  0 0 0 0 1 

Moderate 0 0 0 1 0  0 0 0 1 0 

Marked 0 0 0 1 1  0 0 0 1 2 

Total 0 1 1 3 3  0 0 0 2 3 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Ectasia/hypertrophy, follicular 

(#examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 1 0 0  0 0 0 0 0 

Slight 0 0 0 0 0  0 0 0 1 0 

Moderate 0 0 0 2 3  0 0 0 3 3 

Total 0 0 1 2 3  0 0 0 4 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 1 0 2  0 0 0 0 0 

Slight 0 0 0 0 0  0 0 0 0 1 

Moderate 0 0 0 2 0  0 0 0 2 2 

Marked 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 2 3  0 0 0 2 3 

MANDIBULAR LYMPH NODE             

Inflammation (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 2 1  0 0 0 0 0 

Slight 0 0 0 1 1  0 0 0 0 3 

Total 0 0 0 3 2  0 0 0 0 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 0 1  0 0 0 0 2 

Slight 0 0 0 0 1  0 0 0 0 1 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Total 0 0 0 0 2  0 0 0 0 3 

Increased lymphoblasts, Paracortex 

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 1 1  0 0 0 0 0 

Slight 0 0 0 0 1  0 0 0 0 2 

Total 0 0 0 1 2  0 0 0 0 2 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 0 1  0 0 0 0 0 

Increased macrophages, sinus  

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 1 1  0 0 1 0 2 

Slight 0 0 0 0 0  1 0 2 1 2 

Total 0 0 0 1 1  1 0 3 1 4 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 1 0  0 0 0 1 2 

Slight 0 0 0 2 3  0 1 1 1 0 

Total 0 0 0 3 3  0 1 1 2 2 

Decreased lymphocytes, follicles 

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Slight 0 0 0 0 0  0 0 0 1 2 

            

Parasite (# examined) 5 5 5 4 4  5 5 5 4 4 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Present 0 0 0 1 1  0 0 0 1 1 

MESENTERIC LYMPH NODE            

Inflammation (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 0 1  0 0 0 0 0 

Slight 0 0 0 0 0  0 0 1 0 1 

Moderate 0 0 0 0 0  0 0 0 0 2 

Total 0 0 0 0 1  0 0 1 0 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Moderate 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 0 1  0 0 0 0 0 

Decreased lymphocytes, follicles  

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 1 2  0 0 0 1 0 

Slight 0 0 0 1 1  0 0 0 1 3 

Moderate 0 0 0 0 0  0 0 0 0 1 

Total 0 0 0 2 3  0 0 0 2 4 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 0 1  0 1 0 0 1 

Slight 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 0 2  0 1 0 0 1 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Increased lymphoblasts, Paracortex  

(# examined) 
           

Slight 1 0 0 1 2  0 0 1 0 4 

PEYER’S PATCH            

Depletion, lymphocytes (# examined) 0 0 0 0 3  0 0 0 0 4 

Minimal NE NE NE  NE 2  NE NE NE  NE 1 

Slight  NE NE NE  NE 1  NE NE NE  NE 2 

Moderate NE NE NE  NE 0  NE NE NE  NE 1 

Total - - - - 3  - - - - 4 

Recovery (# examined) 0 0 0 0 1  0 0 0 0 3 

Minimal NE NE NE  NE 0  NE NE NE  NE 1 

Slight NE NE NE  NE 1  NE NE NE  NE 2 

Total - - - - 1  - - - - 3 

SPLEEN            

Lymphocyte depletion (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 2 1  0 0 0 3 1 

Slight 0 0 0 0 2  0 0 0 0 1 

Moderate 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 2 4  0 0 0 3 2 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Minimal 0 0 0 0 2  0 0 0 1 0 

Congestion (# examined) 5 5 5 4 4  5 5 5 4 4 

Moderate 0 0 0 0 1  0 0 0 0 0 

BONE MARROW, FEMUR            

Myeloid hyperplasia (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 0 3  0 0 0 0 1 

Slight 0 0 0 0 0  0 0 0 0 2 

Total 0 0 0 0 3  0 0 0 0 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Slight 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 0 1  0 0 0 0 0 

BONE MARROW, STERNUM            

Myeloid hyperplasia  (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 1 1 1  0 0 0 0 1 

Slight 0 0 0 0 2  0 0 0 0 0 

Moderate 0 0 0 0 0  0 0 0 0 2 

Total 0 0 1 1 3  0 0 0 0 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 1 0  0 0 0 0 0 

Slight 0 0 0 0 0  0 0 0 1 0 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Moderate 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 1 1  0 0 0 1 0 

LIVER            

Infiltrates/inflammation, portal and 

random (# examined) 
5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 0 1  0 0 0 1 2 

Slight 0 0 0 0 0  0 0 0 2 0 

Moderate 0 0 0 0 2  0 0 0 0 1 

Total 0 0 0 0 3  0 0 0 3 3 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 0 2  0 0 0 1 1 

Slight 0 0 0 0 0  0 0 0 1 2 

Total 0 0 0 0 2  0 0 0 2 3 

Bile duct hyperplasia (# examined) 5 5 5 4 4  5 5 5 4 4 

Minimal 0 0 0 1 0  0 0 0 2 1 

Slight 0 0 0 0 2  0 0 0 1 1 

Total 0 0 0 1 2  0 0 0 3 2 

Recovery (# examined) 2 2 2 3 3  2 2 2 3 3 

Minimal 0 0 0 0 0  0 0 0 1 0 

Slight 0 0 0 0 0  0 0 0 0 1 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Total 0 0 0 0 0  0 0 0 1 1 

Hematocyst [cyst containing blood] 

(# examined) 
5 5 5 4 4  5 5 5 4 4 

Moderate, focal 0 0 0 0 1  0 0 0 0 0 

URINARY BLADDER            

Acute inflammation (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal, mucosa, lamina propria 0 0 0 0 1  0 0 0 0 0 

Slight, mucosa, lamina propria 0 0 0 0 1  0 0 0 0 0 

Total 0 0 0 0 2  0 0 0 0 0 

GLANDULAR STOMACH            

Inflammation (# examined) 5 5 5 4 3  5 5 5 4 3 

Slight, serosa 0 0 0 0 0  0 0 0 1 2 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 

Minimal, focal, serosa 0 1 0 1 0  0 0 0 0 0 

DUODENUM            

Mononuclear infiltrates (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal, serosa 0 0 0 0 1  0 0 0 0 0 

COLON            

Increased mononuclear infiltrates, lamina 5 5 5 4 3  5 5 5 4 3 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

propria (# examined) 

Minimal 0 0 0 0 1  0 0 0 0 0 

Slight 0 0 0 0 2  0 0 0 1 0 

Total 0 0 0 0 3  0 0 0 1 0 

JEJUNUM            

Inflammation, tunica muscularis  

(# examined) 
5 5 5 4 3  5 5 5 4 3 

Slight 0 0 0 0 0  0 0 0 0 1 

RECTUM            

Parasite, follicular/adnexa, perianal skin 

(# examined) 
5 5 5 4 3  5 5 5 4 3 

Present 0 0 0 0 1  0 0 0 2 2 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 

Present 0 0 0 0 0  0 0 0 0 2 

Infiltrates, mononuclear, lamina propria, 

increased (# examined) 
5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 1  0 0 0 0 1 

Slight 0 0 0 0 0  0 0 0 1 0 

Total 0 0 0 0 1  0 0 0 1 1 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Minimal 0 0 0 0 0  0 0 0 0 2 

PANCREAS            

Individual cell necrosis, increased  

(# examined) 
5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 0  0 0 0 0 1 

THYMUS            

Hyperplasia, medulla (# examined) 5 5 5 4 3  5 5 5 4 3 

Slight 0 0 0 0 1  0 0 0 0 1 

TONGUE            

Inflammation (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 1  0 0 0 0 0 

Slight 0 0 0 0 0  0 0 0 0 1 

Total 0 0 0 0 1  0 0 0 0 1 

EYE            

Inflammation, cornea (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 0  0 0 0 0 3 

Slight 0 0 0 0 2  0 0 0 0 0 

Total 0 0 0 0 2  0 0 0 0 3 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 
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 Males  Females 

Dose (mg/kg/day) 0 0.25 0.5 3 9 (6)  0 0.25 0.5 3 9 (6) 

Minimal 0 0 0 0 1  0 0 0 0 2 

BRAIN            

Infiltrates, mononuclear, perivascular, 

neuropil (# examined) 
5 5 5 4 3  5 5 5 4 3 

Total 0 1 2 0 0  0 2 0 1 2 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 

 0 0 0 0 0  0 1 1 1 1 

Gliosis (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 0  0 1 0 1 2 

Recovery (# examined) 2 2 2 3 2  2 2 2 3 3 

Minimal 0 0 0 1 0  0 1 1 1 0 

Inflammation, choroid (# examined) 5 5 5 4 3  5 5 5 4 3 

Minimal 0 0 0 0 1  0 0 0 0 0 
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Special Evaluation 

Peripheral blood immunophenotyping was performed on blood samples taken on day 29, 232 

(MHD, HD only) and Day 270 (Control, LD and MD only).  Immunophenotyping was not 

conducted on control recovery animals.  The following lymphocyte subsets were identified using 

flow cytometry: 

 

There were no marked changes in mean total lymphocytes or in B lymphocyte number in males 

or females at any dose.  However, LY3009104 treatment resulted in decreased total T-

lymphocytes and CD4
+
 T-helper cells in females in all dose groups both on study day 29 and at 

study completion.  The most marked effects were observed at the MHD and HD levels.  Mean 

total T-lymphocytes were statistically significantly decreased (-40 - -52%) vs. controls in MHD 

and HD females on day 29, and remained low throughout the study (Table 16).  Mean total T cell 

number was decreased by 35% vs. controls in MD females on day 29, but this effect size did not 

reach statistical significance.  There was no such effect on total T-lymphocytes in male dogs.   

 

The observed decreases in total T-cells are mainly accounted for by decreases in CD4
+
 T helper 

cells.  Mean CD4
+
 T cells were markedly reduced vs. controls (-67 - -89%) in MHD and HD 

males and females at the time of study completion.  LD and MD females also showed an 

apparent decrease in CD4
+
 T cells at day 29 and at study completion.  

 

Mean CD8
+
 T-cell number was initially decreased in females at all doses at day 29, perhaps 

reflecting the immunosuppressant effects of LY3009104.  However, by the time of study 

completion, CD8
+
 T cells were markedly increased in both males and females in the MHD and 

HD groups.  This appears to be a consequence of the conditions of demodicosis in these animals.   

 

Decreased T cell number is considered an adverse finding.  Therefore, a no observed adverse 

effect level could not be established for LY3009104 with respect to immune suppression.  

However, these findings reflect the intended pharmacologic activity of LY3009104.  

Furthermore, test-article induced changes in peripheral blood immune cell composition are 

considered to be clinically monitorable effects.   

 

 

 

 

 

Table 15.  Cell types identified in peripheral blood immunophenotyping assays in 9 month dog study. 
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Table 16.  Immunophenotyping results in 9 month dog study. 

  
 

Males 
 

 

 T lymphocytes (x103/µL) 
 

CD4+ T cells ( x103/µL ) 
 

CD8+ T cells ( x103/µL ) 

Study Day 29 
%   
ctrl 

232 270 
%   
ctrl 

Rec.  
 

29 
%   
ctrl 

232 270 
%   
ctrl 

Rec.  
 

29 
%   
ctrl 

232 270 
%   
ctrl 

Rec.  

dose 

(mg/kg/d) 
    

 
  

                

0 1.45 0% - 1.34 0% -  
 

0.94 0% - 0.82 0% -  
 

0.38 0% - 0.36 0% -  

0.25 1.36 -6% - 1.37 2% -  
 

0.89 -5% - 0.90 10% -  
 

0.34 -11% - 0.30 -17% -  

0.50 1.6 10% - 1.21 -10% -  
 

1.06 13% - 0.75 -9% -  
 

0.37 -3% - 0.28 -22% -  

3.0 1.4 -3% 1.02 - -24% 2.17  
 

0.96 2% 0.24 - -71% 1.10  
 

0.30 -21% 0.66  83% 0.90  

9.0 (6.0) 1.83 26% 1 27 - -5% 2.1  

 

1.13 20% 0.21 - -74% 1.13  

 

0.38 0% 0.87  142% 0.73  

  
 

Females 
 

 

 T lymphocytes (x103/µL) 
 

CD4+ T cells ( x103/µL ) 
 

CD8+ T cells ( x103/µL ) 

Study Day 29 
%   

ctrl 
232 270 

%   

ctrl 
Rec.  

 
29 

%   

ctrl 
232 270 

%   

ctrl 
Rec.  

 
29 

%   

ctrl 
232 270 

%   

ctrl 
Rec.  

0 1.61 0% - 1.6 0% -  
 

1.14 0% - 0.97 0% -  
 

0.34 0% - 0.43 0% -  

0.25 1.43 -11% - 1.21 -24% -  
 

1.00 -12% - 0.80 -18% -  
 

0.32 -6% - 0.28 -35% -  

0.50 1.04 -35% - 1.34 -16% -  
 

0.73 -36% - 0.81 -16% -  
 

0.21 -38% - 0.30 -30% -  

3.0 0.96* -40% 1 25 - -22% 2.68  
 

0.64

* 
-44% 0.32 - -67% 1.42  

 
0.2 -41% 0.77 - 79% 0.93  

9.0 (6.0) 0.77* -52% 0 90 - -44% 2.01  
 

0.54
* 

-53% 0.11 - -89% 1.28  
 

0.13* -62% 0.66 - 53% 0.51  

*p ≤ 0.05 vs. control, ANOVA with Dunnett’s post test 
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Toxicokinetics 

 

Toxicokinetic samples were initially scheduled to be collected on day 1, week 4, and at the end 

of dosing.  Additional samples were taken on Day 78 and 79 to evaluate the effects of ivermectin 

(anti-parasitic) treatment (0.3 mg/kg; 4 h after LY3009104 dose, every 2 weeks starting on day 

64).  TK samples were taken from groups 1 -3 on days 1, 28, and 269 at 0 (pre-dose), 0.5, 1, 2, 4, 

8, 12, and 24 hours post-dose.  For groups 4-5, the final TK sampling day was study day 231. 

 

Table 17.  Sample collection times for toxicokinetic analysis in 9 month dog study. 

Study Day Animals Collection times 

1 All predose, 0.5, 1, 2, 4, 8, 12, 24 h post dose 

29 All predose, 0.5, 1, 2, 4, 8, 12, 24 h post dose 

56 Group 5 predose, 0.5, 1, 2, 4, 8, 12, 24 h post dose 

78 All predose, 1, 2, 4, 8, 24 h post dose 

79 All 1, 2, 4, 8, 24 h post dose 

231 Groups 4 – 5 predose, 0.5, 1, 2, 4, 8, 12, 24 h post dose 

Week 39 Groups 1 – 3 predose, 0.5, 1, 2, 4, 8, 12, 24 h post dose 

 

 

Plasma LY3009104 concentrations were determined by a liquid/liquid extraction procedure (with 

methyl t-butyl ether) followed by LC/MS/MS analysis. 
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T1/2 ranged from approximately 3-5 hours and Tmax ranged from 1.0 – 1.5 hours for all dose 

groups at all time points.  Cmax and AUC0-24h increased approximately proportionally with dose in 

males and females on day 1 and at the conclusion of dosing (Groups 1-3: day 269; Groups 4-5: 

day 231).  There were no apparent differences in either Cmax or AUC0-24h between males and 

females.  There was also no evidence of LY3009104 accumulation during the course of the 

study.  Decreasing the HD from 9.0 mg/kg/day to 6.0 mg/kg/day at day 58 had little or no effect 

on Cmax or AUC0-24h suggesting that absorption mechanisms may be saturated at doses greater 

than 6.0 mg/kg/day.  There was no apparent effect of ivermectin or other veterinary interventions on 

mean LY4009104 Cmax, Tmax, AUC0-24, or T1/2.   

Male Female 

Figure 2.  Mean INCB028050 plasma concentration vs. time plots over 24 hours after dosing on multiple days from male 

(left panel) and female (right panel) dogs dosed with 0.25 mg/kg LY3009104 (oral) are shown to illustrate TK properties of 

LY3009104.  Profiles appeared similar in all other dose groups.  Note that the additional TK samples taken on days 78 and 79 

were to assess the effects of ivermectin treatment on INCB028050 exposure. 
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Table 18.  Mean toxicokinetic parameters for dogs in 9 month toxicity study 8821785. 

 

  Cmax (µM)  AUC0-24h (µM*h) 

Day 

(Week) 

INCB028050 

(mg/kg/d) 
Male 

 
Female  Male 

 
Female 

1  

(1) 

0.25 0.13 ± 0.025  0.14 ± 0.047  0.65 ± 0.19  0.63 ± 0.17 

0.50 0.24 ± 0.074  0.24 ± 0.039  1.00 ± 0.29  1.08 ± 0.14 

3.0 1.85 ± 0.35  1.83 ± 0.39  7.98 ± 0.91  8.07 ± 1.0 

9.0 / 6.0 5.14 ± 1.0  5.24 ± 0.85  25.9 ± 6.8  26.0 ± 6.2 

58
a
   

(9) 
9.0 / 6.0 5.55 ± 1.5  5.74 ± 1.6  30.3 ± 7.2  30.0 ± 9.3 

269
 
   

(39) 

0.25 0.13 ± 0.026  0.12 ± 0.042  0.77 ± 0.16  0.70 ± 0.18 

0.50 0.23 ±0.026  0.25 ± 0.067  1.20 ± 0.37  1.21 ± 0.25 

231
b
 

(33) 

3.0 1.70 ± 0.18  1.98 ± 0.73  8.74 ± 1.4  11.0 ± 6.5 

9.0 / 6.0 5.14 ± 1.2  4.27 ± 0.69  24.8 ± 9.1  22.3 ± 7.4 

a.  1
st
 day of dosing at 6 mg/kg for HD animals.  HD was lowered due to deaths of 1 HD M and 1 HD F. 

b.  Dosing was stopped in the MHD and HD groups on day 231 due to demodicosis. 
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Analysis of dosing formulations 

Homogeneity 

Duplicate samples from the top, middle, and bottom strata of the dosing formulations prepared 

on 2/5/10, 4/2/10, and 10/29/10 were analyzed via a validated HPLC/UV method for 

homogeneity (Table 19).  The in-life start date for the current study was 2/9/10 and the in-life 

end date was 12/22/10. 

 

 

 

 

 

Test article concentration acceptability 

Samples from the middle stratum of the formulations used for dose administration were 

evaluated on 6 different dates during the course of the study.  The acceptable range was 

considered to be % of the target concentration.  All formulations met the requirements 

for acceptability at each date (Table 20). 

 

 

 

Table 19.  Summary of homogeneity of LY3009104 dosing formulations in study 8221785. 
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Table 20.  LY3009104 concentrations in test article formulations at various time points during the conduct of study 

8821785. 
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9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

Study title: A fertility and early embryonic development and toxicokinetic study of 

LY3009104 phosphate administered orally (gavage) in male and female Sprague-Dawley 

rats   

Study no.: -353240 

Study report location: Supporting Document 58 (eCTD 0057) 

Conducting laboratory and location: 

Date of study initiation: November 19, 2010 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: LY3009104 phosphate 

Lot #: BPR-08-03-B2-22 

Purity: 78.3%  

 

Key Study Findings 

 LY3009104 phosphate doses: 

o Males:  0, 5, 15, 50 mg/kg/day  

o Females:  0, 5, 25, 100 mg/kg/day 

General toxicity 

 Premature deaths in 1 HD male and 2 HD females 

o Relationship to test article is not clear 

 Test article related clinical signs:  

o Reddened forelimbs/hindlimbs and reddened ears were observed in 10/20 HD 

males and 7/19 – 10/19 HD females. 

o Lacrimation and drooping eyelids were observed in 18/19 and 19/19 HD females 

respectively 

 LY3009104 related decreases in body weight gain were observed in males and females: 

o Males 

 MD (study day 42) = 71.7% control 

 HD (study day 42)  = 58.6% control 

o Females 

 GD 0 – 7  (treatment phase of gestation) 

 MD:  78.1% control 

 HD:  78.1% control 

 GD 7 – 15 (post- treatment phase of gestation) 

 MD:  94.9% control 

 HD:  51.3% control 
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 The no observed adverse effect level (NOAEL) for general toxicity is 5 mg/kg/d in males 

and females based on decreased  body weight gain at doses > 5 mg/kg/day. 

o Male AUC0-24h at study day 28:  1,875 ng*hr/ml 

 Equivalent to 4.0 µM*hr (based on molecular weight of 469.41 g/mol) 

 Approximately 3-fold the clinical exposure of 1.29 µM*hr at max clinical 

dose of 4 mg/d. 

o Female AUC0-24h at GD 6:  1,972 ng*hr/ml 

 Equivalent to 4.2 µM*hr (based on molecular weight of 469.41 g/mol) 

 Approximately 3-fold the clinical exposure of 1.29 µM*hr at max clinical 

dose of 4 mg/d. 

 

Fertility parameters 

 Mating parameters were unaffected by drug treatment 

 LY3009104 treatment resulted in decreased fertility index in HD males and females 

o 7/19 HD females with evidence of mating were found to be nongravid 

 There were decreased viable embryos (expressed as % viable embryos per litter) in MD 

(72.8% viable) and HD (17.1% viable) females vs. controls (94.5% viable). 

o Mean postimplantation loss was significantly increased in MD (27.2% of litter) 

and HD females (82.9% of litter)  

o Post-implantation loss was comprised entirely of early resorptions 

 Both males and females received LY3009104 in the current study.  Therefore it is not 

possible with this study design to determine if treatment-related adverse effects on 

fertility parameters are due to specific effects in males or females. 

 

 The no observed adverse effect level (NOAEL) for male and female fertility parameters 

was judged to be 5 mg/kg/day based upon decreased fertility observed for HD males and 

females, decreased fetal viability at the MD and HD, and increases in post-implantation 

loss in MD and HD females that are  outside the range of historical control values. 

o Male AUC0-24h at study day 28:  1,875 ng*hr/ml 

 Equivalent to 4.0 µM*hr (based on molecular weight of 469.41 g/mol) 

 Approximately 3-fold the clinical exposure of 1.29 µM*hr at max clinical 

dose of 4 mg/d. 

o Female AUC0-24h at GD 6:  1,972 ng*hr/ml 

 Equivalent to 4.2 µM*hr (based on molecular weight of 469.41 g/mol) 

 Approximately 3-fold the clinical exposure of 1.29 µM*hr at max clinical 

dose of 4 mg/d. 

 AUC0-24h value of 4.2 µM*hr at 5 mg/kg/day dose in gravid females is 

consistent with systemic exposure at 5 mg/kg/day in non-gravid female rats in 

6 month toxicity study (3.2 – 5.0 µM*hr, Study T08-04-05) 
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Methods 

Doses: 

 

Frequency of dosing: Once daily 

Dose volume: 10 ml/kg 

Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% methylcellulose in deionized water 

 

Species/Strain: Sprague Dawley rat 

 Main study males: 299 g to 409 g (Study Day 0) 

 Toxicokinetic phase males: 313 g to 405 g (Study Day 0) 

 

 Main study females: 228 g to 307 g (Study Day 14) 

 Toxicokinetic phase females: 220 g to 304 g 

(Study Day 14) 

 

Age at initiation of dosing: Males: approximately 10 weeks  

Females: approximately 13 weeks 

Number/Sex/Group: 20/sex/group 

Satellite groups: Toxicokinetic study: 

 Vehicle: 4/sex/group 

 Treated:  12/sex/group 

Study design: Treatment period: 

 Males: 

o Dosed during study days 0 – 42: 

o 1x/day for d 0 - 28  during 2-week cohabitation 

period  until day prior to euthanasia (total = 43-

44 doses) 

 Females: 

o Females were dosed starting on study day 14 

o 1x/day for d 14 - 28  during cohabitation period 

until mating was confirmed  through GD 6 

(total = 22 - 35 doses) 

o Females with evidence of mating were euthanized 

on GD 15. 
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Initiation of Mating (cohabitation): 

 Study day 28 

o Animals were cohabited on a 1:1 basis in the 

home cage of the male. 

o Positive evidence of mating was confirmed by the 

presence of a copulatory plug or the presence of 

sperm in a vaginal lavage 

o The day when evidence of mating was identified 

was defined as GD 0. 

Observations and Results 

The sponsor’s study design summary is presented in Table 21.  The dose levels are different 

between males and females.  These doses were determined based on the results of previous 

studies.  Animals were dosed orally, once per day. 

 

 

Mortality 

Males:  There were no deaths in males in the main study group.  One TK study HD male 

(#89607) was found dead on study day 20.  This animal was found to have dark red areas on the 

lungs and lungs not fully collapsed.  The cause of death is undetermined, but may potentially be 

related to oral gavage error. 

 

Females:  One main study HD female (#89847) was found dead on post-mating day 2.  This 

animal had clinical signs on the day prior to death that were consistent with what was observed 

in other HD females including drooping eyelids, lacrimation, red material around the nose, and 

clear material around the mouth.  This animal was found to have clear fluid in the thoracic 

cavity.  The cause of death in this animal was unclear. 

Table 21.  Outline of study design for FEED study with LY3009104 Phosphate. 
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One TK study HD female (#89787) was found dead on GD 7.  This animal, like HD male 

#89607, had dark red discoloration of the lungs.  

 

 

Clinical Signs 

Males 

Post-dose findings included reddened forelimbs/hindlimbs and reddened ears in a total of 10/20 

HD males within 1 hour after dosing mainly during study days 1 - 9.  These findings were not 

observed in animals of any other dose group.  Clear wet material was observed around the mouth 

in 4/20 HD males during study days 23 – 43.   All of these observations are judged to be test –

article but are not considered adverse. 

 

Females 

Clinical findings in females were limited to HD animals within 1 hour of treatment during study 

days 14-28 (pre-cohabitation period).  These included reddened forelimbs/hindlimbs (7/20 rats) 

and reddened ears (10/20 rats).  Lacrimation of the eyes (18/20 rats) and slightly drooping 

eyelids (19/20 rats) were observed during study day 26 – GD 6.  All of these observations are 

judged to be test –article but are not considered adverse. 

 

2 TK females in the 5 mg/kg group and 9 TK females in the 100 mg/kg group were determined 

to be non-gravid. 

 

 

Body Weight 

Individual male body weights were recorded twice weekly throughout the study until Study day 

42.  Individual female body weights were recorded on dosing days 0, 1, 2, 3, 7, 10, and 14 (Study 

days 14, 15, 16, 17, 21, 24, and 28) and until evidence of mating was observed.  Once evidence 

of mating was observed, main study and TK female body weights were measured as follows: 

 

Main study females:  GD 0, 3, 7, 10, and 15. 

Toxicokinetic Phase females: GD 0, 3, and 6. 

 

Males:  Mean body weight gain was significantly decreased vs. controls in males at all doses 

over the course of the treatment period (Table 22).  The magnitude of the decrease was dose 

dependent, suggesting that decreased body weight gain was related to LY3009104 treatment in 

males. 
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Table 22.  Mean body weight values in male rats during the LY3009104 treatment period in the FEED study. 

  Mean Body Weight (g) - Males 

 Dose (mg/kg/day) 0   5   15  50 

  n = 20  n = 20  n = 20  n = 20 

Pre-mating period 

Study Day 0 366  362  362  361 

Study Day 28 476  455  442   429 

BW gain d 0 - 28 (g) 110  93*   80**   68** 

BW gain relative to 

control (%) 
100.0%  84.5%  72.7%  61.8% 

Entire treatment 

period 

Study Day 42 511  486  466   446 

BW gain d 0 - 42 (g) 145  124*   104**   85** 

BW gain relative to 

control (%) 
100.0%  85.5%  71.7%  58.6% 

* p < 0.05; **p < 0.01, 1 way ANOVA with Dunnett’s post test 

 

 

Females: 

There was no effect of LY3009104 treatment on body weight during the 2 week pre-mating 

period (Table 23). 

Table 23.  Mean body weight values in female rats receiving LY3009104 during the pre-mating period 

 
 Mean Body Weight (g) - Females 

 Dose (mg/kg/day) 0   5   25  100 

  n = 20  n = 20  n = 20  n = 20 

Pre-mating 

period 

(days 14 – 28) 

Study Day 14 268  268  268  268 

Study Day 28 279  275  275  281 

BW gain (g) 11  7  7  13 

BW gain relative to 

control (%) 
100.0%  63.6%  63.6%  118.2% 

 

Body weight gain was decreased to a similar degree in MD and HD females during the treatment 

period of gestation (GD 0 – 7, Table 24).  Mean body weight gain returned to control levels in 

MD animals after cessation of treatment (GD 7 -15).  In HD animals, the magnitude of decreased 

BW gain vs. controls was larger during the post-treatment period than during the treatment 

period..  The sponsor suggests that this finding is likely due to the high incidence of early 
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resorptions in these animals (Table 32). Uterine weight was not reported in this study.  

Decreased body weight cannot be explained by decreased food consumption in males or 

females,, as seen in Table 25. 

 

Table 24.  Mean body weight values in female rats during the Gestational period in the LY3009104FEED study 

 
 Mean Body Weight (g) - Females 

 Dose (mg/kg/day) 0   5   25  100 

Study phase  n = 20  n = 20  n = 20  n = 20 

Gestational period 

(treatment phase) 

GD 0 – 7 

GD 0 281  276  274  286 

GD 7 313  305  299  311 

BW gain (g) 32  29  25  25 

BW gain relative to 

control (%) 
100.0%  90.6%  78.1%  78.1% 

Gestational period 

(post- treatment 

phase) 

GD 7 – 15 

GD 7 313  305  299  311 

GD15 352  344  336  331 

BW gain  (g) 39  39  37  20** 

BW gain relative to 

control (%) 
100.0%  100.0%  94.9%  51.3% 

*p<0.05; **p<0.01 vs. control.  1 way ANOVA with Dunnett’s post test.  

 

 

Feed Consumption 

Individual male food consumption was recorded twice per week during the period prior to 

cohabitation.  Individual female food consumption was recorded on the corresponding pre-

mating or gestation body weight measurement days.  Food consumption was not measured for 

toxicokinetic phase males or females. 

 

Males:  There was no clear effect of LY3009104 treatment on mean food consumption in males 

at any dose level during the treatment period. 

 

Females:  There were no differences in mean food consumption between any of the treatment 

groups vs. controls in the pre-mating period, the treatment phase of gestation, or during the post-

treatment phase of gestation (Table 25). 
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Table 25.  Mean food consumption values in female rats in the LY3009104 FEED study 

  Mean Food consumption - Females 

 Dose (mg/kg/day) 0   5   25  100 

Study Phase  n = 20  n = 20  n = 20  n = 20 

Pre-mating 

days 14 – 28 

Mean Food consumption 

(g/animal/day) 
19  19  20  21 

Food consumption 

relative to control (%) 
100.0%  100.0%  105.3%  110.5% 

Gestational phase 

(treatment) 

GD 0 – 7 

Mean Food consumption 

(g/animal/day) 
25  23  23  25 

Food consumption 

relative to control (%) 
100.0%  92.0%  92.0%  100.0% 

Gestational phase 

(post- treatment) 

GD 7 – 15 

Mean Food consumption 

(g/animal/day) 
25 

 
23 

 
23 

 
23 

   

Food consumption 

relative to control (%) 
100.0% 

 
92.0% 

 
92.0% 

 
92.0% 

   

 

 

 

Toxicokinetics 

Blood samples (1.0 ml/animal/time point) were collected from the retro-orbital sinus of TK 

animals following anesthesia.  Samples were collected on the following days: 

 Males:  Study days 0 & 28 

 Females:  Study day 14 & GD 6 

 

The blood collection schedule is outlined in Table 26. 
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Males:  The results of the toxicokinetic study are summarized in Table 27.  For males, Tmax 

occurred within 1 hour at all doses.  Both Cmax and systemic exposure (AUC0-24h) increased with 

increasing dose.  Systemic exposure increased proportionally with dose between 5 and 15 mg/kg 

on Study days 0 and 28.  Exposure increases were greater than proportional to increases in dose 

between 15 and 50 mg/kg on day 0 and day 28.  Modest accumulation over the course of 28 days 

of dosing (1.2 – 1.3 fold) was observed at all doses. 

 

Females:  In females, Tmax  ranged from 0.5 – 2 hrs.  AUC0-24h increased approximately 

proportionally with dose between 5 – 100 mg/kg on study day 14 (Dosing day 0) and GD 6 (final 

day of dosing).  There was no evidence for LY3009104 accumulation in females. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 26.  Blood sample collection schedule in TK animals in rat FEED study with LY3009104 phosphate. 
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Dosing Solution Analysis 

LY3009104 was stable throughout the dosing period (potency = 78.3% at start of dosing period; 

78.2% following dosing period).  Mean assayed concentrations of LY3009104 were 94.4 – 

101.3% of theoretical values. 

 

Necropsy 

Males were euthanized following completion of the mating period.  Females with evidence of 

mating were euthanized on GD 15.  Females without evidence of mating were euthanized 

following postmortem examination of females with evidence of mating (day 15 after completion 

of mating). 

 

The following tissues were collected at the time of necropsy and processed according to standard 

methods:  epididymides, seminal vesicles with coagulating glands, ovaries and oviducts, pituitary 

gland, prostate gland, testes, uterus with cervix, vagina, vas deferens, all gross lesions. 

 

Table 27.  Summary of mean toxicokinetic parameters in rat FEED study with LY3009104 phosphate. 
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Uteri of females without macroscopic evidence of implantation were opened and placed in 10% 

ammonium sulfide solution for detection of early implantation loss.  Microscopic evaluation was 

performed on the following tissues in control and HD males: seminal vesicles, pituitary, testes, 

epididymides, vas deferens, and prostate gland. 

 

Macroscopic findings   
Males:  No macroscopic findings were observed in males at study completion. 

Females:  Female 89847 died prematurely (post-mating day 2).  This animal had clear fluid 

contents in the thoracic cavity.  No treatment related macroscopic findings were reported in any 

females that survived to study completion. 

 

Microscopic findings 

Males:  Microscopic findings were limited to pituitary cysts in 2/20 HD males and minimal 

tubular dilatation of the left testis in 1/20 HD males. 

 

Organ weights 

The following organs were weighed from all males: brain, epididymides (total and cauda), 

prostate, seminal vesicles with coagulating glands, and testes.  Absolute brain weight remained 

consistent across all dose groups. 

 

Apparent treatment related changes in absolute organ weight were observed in the left and right 

cauda epididymides, and left and right epididymides in MD and HD animals.  Prostate, seminal 

vesicle and right testis weights were decreased vs. control in HD animals.  All of these findings 

may be explained by the marked decreases in body weight in these animals relative to controls 

(Table 22).  There were no changes in organ: body weight ratio relative to controls in any 

structure.  Furthermore, there were no significant microscopic changes observed in these organs. 
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Table 28.  Summary of male organ weight values in LY3009104 rat FEED study. 
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Fertility Parameters 

Spermatogenic endpoint evaluations 

Sperm motility 

Immediately after euthanasia, the reproductive tract of each male was exposed via a ventral 

midline incision.  The right epididymis was excised and weighed.  A sperm sample was 

subsequently taken from the right cauda epididymis for evaluation of sperm motility. 

 

There was no effect of LY3009104 at any dose on sperm motility.  The range of mean sperm 

motility values was 85 – 88% (Table 29). 

 

Epididymal weight 

Epididymal weight was decreased slightly in MD and HD males vs. controls (Table 29).  

Although the difference achieved statistical significance in both groups, the magnitude of the 

effect size is small.  Decreased absolute epididymal weight may be explained by the marked 

decrease in body weight in MD and HD males at the conclusion of the study period (Table 22). 

 

Sperm concentration 

The left epididymis from each male was weighed, stored frozen, homogenized, then analyzed for 

determination of homogenization-resistant spermatid count.  12 males each from the vehicle 

control group and the HD (50 mg/kg) group were evaluated initially for epididymal sperm 

concentration.  DNA present in the head of the sperm was detected using a DNA-specific 

fluorescent dye.  A minimum of 200 cells, if possible, or 20 fields were counted for each sample 

 

Epididymal sperm concentration (millions of sperm/gram) was evaluated in HD and control 

males only.  Mean epididymal sperm concentration was slightly increased relative to controls, an 

effect that is likely related to the decreased epididymal weight in these animals (Table 29). 

 

 

 

 

 

 

Table 29.  Summary of sperm motility and sperm concentration parameters in rat FEED study. 
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Sperm morphology 

The right epididymis was placed in Bouin’s solution for subsequent microscopic examination 

including sperm morphology.  Abnormal forms of sperm were recorded from a differential count 

of 200 spermatozoa per animal, if possible. 

 

There was no evidence for significant treatment related effects on sperm morphology.  Mean 

percentage of normal sperm values ranged from 99.2 – 99.9% 

 

Reproductive performance 

Males:  There was no apparent effect of LY3009104 on mating index (Table 30).  7 /19 males 

with evidence of mating in the HD group did not sire a litter (paired female was not gravid), 

suggesting that LY3009104 treatment might adversely affect male reproductive performance.  

Evidence of mating is defined as the presence of sperm in a vaginal lavage or a vaginal 

copulatory plug.   Male fertility index (# of males siring a litter / total # of males used for 

mating) and male copulation index (# of males siring a litter / total # of males with evidence of 

mating) were reduced in HD males vs. controls (Table 30).  Male fertility index (63.2%) was at 

the extreme low end of the historical control range while male copulation index (63.2%) was 

below the historical control range at the conducting laboratory.  There were no apparent effects 

of treatment on male mating performance at the 5 and 15 mg/kg/day doses. 

 

Table 30.  Summary table of male mating performance and comparison to historical control ranges. 

 LY3009104 dose (mg/kg/d)  

 0 5 15 50 
Historical 

Control (range) 

Males on study 20 20 20 20  

Males paired for mating 20 20 20 19
1
  

Males with evidence of 

mating 
19/20 20/20 18/20 19/19  

Mating index (%) 95% 100% 90% 100% 
96.8%  

(84.0 – 100%) 

Males that sired a litter 18/20 20/20 17/20 12/19  

Fertility index (%) 90% 100% 85% 63.2% 
91.1%  

(60.0 – 100%) 

Males siring litter/Males 

with evidence of mating 
18/19 20/20 17/18 12/19  

Copulation index (%) 94.7% 100% 94.4% 63.2%* 
94.4%  

(71.4 – 100%) 
1
 1 male was paired with a female that was found dead on post-mating day 2. 

* p < 0.05 vs. control. 
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Females:  There was no apparent effect of LY3009104 on mating index (Table 30).  100 

mg/kg/day LY3009104 treatment reduced female fertility index (# of females with confirmed 

pregnancy/ total # of females used for mating) and female conception index (# of females with 

confirmed pregnancy/ # of females with evidence of mating).  The data is summarized in Table 

31.  7/19 HD females with evidence of mating were found to be nongravid.  The 5 mg/kg and 25 

mg/kg doses had no effect on either parameter.  There were no effects of treatment at any dose 

on pre-coital interval.  

 

Table 31.  Summary table of female mating performance and comparison to historical control ranges. 

 LY3009104 dose (mg/kg/d)  

 0 5 25 100 
Historical 

Control (range) 

Females on study 20 20 20 20  

Females paired for mating 20 20 20 19
1
  

Females with evidence of 

mating 
19/20 20/20 18/20 19/19  

Female mating index (%) 95% 100% 90% 100% 
98.2%  

(86.7 – 100%) 

Total gravid females 18/20 20/20 17/20 12/19  

Female fertility index (%) 90% 100% 85% 63.2% 
93.2%  

(60.0 -100%) 

Confirmed pregnant 

females/Females with evidence 

of mating 

18/19 20/20 17/18 12/19  

Female conception index (%) 94.7% 100% 94.4% 63.2%* 
95.0%  

(65.2 – 100%) 

Mean pre-coital interval (days) 2.3 3.0 4.4 3.4 2.9 (1.8 – 4.8) 

1
1 female was found dead on post-mating day 2. 

* p < 0.05 vs. control 
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Estrous Cycles 

Vaginal lavages were performed daily and examined microscopically to determine the stage of 

estrus of each female for 19 days prior to LY3009104 administration until evidence of copulation 

was observed (or until termination of mating period).  There was no effect of LY3009104 

treatment on mean estrous cycle length at any dose tested. 

 

 

Laparohysterectomy 

All females with evidence of mating were euthanized on GD15.  The uterus and ovaries were 

excised from each animal.  The number of corpora lutea on each ovary was recorded.  The uterus 

was then opened and the number and location of all embryos, early resorptions, and the total 

number of implantation sites were recorded. 

 

LY3009104 had marked effects on laparohysterectomy parameters at the MD and HD levels.  

Mean postimplantation loss was significantly increased vs. controls in both dose groups (Table 

32).  Post-implantation loss expressed as percentage of total litter size exceeded historical control 

values.  Post-implantation loss was comprised entirely of early resorptions in MD and HD 

females (27.2% and 82.9% per litter respectively).  As a result of the increased postimplantation 

loss, MD and HD dams produced fewer total viable embryos than controls or LD animals.  The 

percentage of viable embryos per litter was also significantly decreased in MD and HD animals. 

 

Adverse effects of LY3009104 were more extensive in HD females than MD females.   

Statistically significant decreases in: (1) mean number of corpora lutea/dam and (2) mean 

number of implantation sites/dam were observed in HD but not MD females.  Mean pre-

implantation loss percentage was significantly increased relative to controls in HD females.  

There were no effects of the 5 mg/kg LY3009104 dose on any parameter related to implantation 

or intrauterine survival of embryos.  

 

The above mentioned adverse findings are all considered to be test-article related, and a NOAEL 

of 5 mg/kg/d was identified for female fertility parameters. 
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Table 32.  Summary of fertility and pregnancy parameters in LY3009104 rat FEED study with associated historical 

control data. 

 LY3009104 dose (mg/kg/d)  

 0 5 25 100 
Historical 

Control (range) 

Pregnant Females  

(Female fertility index [%]) 

18/20 

(90%) 

20/20 

(100%) 

17/20 

(85%) 

12/19 

(63%*) 

98.2%  

(86.7 – 100%) 

Corpora lutea 274  316 241 130  

Corpora lutea/dam 15.2 15.8 14.2 10.8** 
16.6  

(13.8 – 18.8) 

Implantation sites (total) 243 287 220 83  

Implantation sites/dam 13.5 14.4 12.9 6.9** 
15.5 

(12.6 – 17.1) 

Pre-implantation loss (total)  31  29 21 47  

Pre-implantation loss  

(% per litter) 
10.1% 8.7% 7.7% 36.8% 

7.0% 

(0.9 – 13.8%) 

Early resorptions (total) 13 16 54 62  

Early resorptions  

(% per litter) 
5.5% 5.6% 27.2% 82.9%**  

Viable embryos (total) 230 271 166 21  

Viable embryos/dam 12.8 13.6 9.8* 1.8* 
14.7  

(11.9 – 16.3) 

Viable embryos 

(% per litter) 
94.5% 94.4% 72.8% 17.1% 

94.7%  

(88.8 – 97.1%)  

Post-implantation loss 13 16 54 62  

Post-implantation loss 

(% per litter) 
5.5% 5.6% 27.2%** 82.9%** 

5.3%  

(1.5 – 11.2%) 

Dead embryos 0 0 0 0  

Late resorptions 0 0 0 0  

*p ≤ 0.05; ** p ≤ 0.01 vs. control 
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9.2 Embryonic Fetal Development 

9.2.1  Rat Embryonic Fetal Development Study 

Study title:  An oral (gavage) and toxicokinetic study of the effects of INCB028050 on 

embryo/fetal development in rats 

Study no.: -519078 (T-08-07-01) 

Study report location: Supporting Document 17 

EDR 

Module 4.2.3.5.2 

 

Conducting laboratory and location: 

Date of study initiation: June 17, 2008 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB028050 

Lot # KLI-I-37 

Purity:  98.7% 

 

Key Study Findings 

 Pregnant Sprague-Dawley rats were administered oral LY3009104 at 0, 2, 10, or 40 

mg/kg/day from gestational day 6 – 17 and sacrificed on gestational day 20. 

Maternal toxicity:   

o Mean body weight gain was reduced in 40 mg/kg/day treated animals by 12.5% 

vs. controls.  

o 10 mg/kg is the NOAEL for maternal toxicity 

o AUC0-24h on GD  17 = 13.1 µM*hr 

 Approximately 10 times greater than the clinical exposure of 1.29 µM*hr 

at the max clinical dose of 4 mg/day. 

Embryofetal effects 

 Mean fetal body weight was significantly decreased (-7.9%) in fetuses born from HD 

females vs. those from control treated females. 

 Teratogenic findings: 

Treatment related skeletal malformations were noted in MD and HD fetuses 

 Bent limb bones 

 Rib anomalies 

 Treatment related skeletal variations were noted in fetuses from HD animals 

o Bent ribs 

o Sternebrae unossified 

o 7
th

 cervical ribs 
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 NOAEL is identified at 2 mg/kg based on skeletal malformations (rib anomaly) at  10 

mg/kg/day and decreased fetal BW at the HD. 

o AUC0-24h on GD  17 = 2.94 µM*hr 

 Approximately 2 times the clinical exposure of 1.29 µM*hr at max 

clinical dose of 4 mg/day. 

 

 

Methods 

Doses: 0, 2, 10, 40 mg/kg/day 

Selected based on results of a dose range finding 

study in rats ( -519077) 

Frequency of dosing: Once per day; GD 6 – GD 17 

Dose volume: 10 ml/kg 

Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% methylcellulose in DI water 

Species/Strain: Virgin female Sprague Dawley [Crl:CD(SD)] rats 

Number/Sex/Group: 25 females/group 

 Age at pairing for breeding: ~12 weeks 

 Age at start of dosing: ~13 weeks 

Satellite groups: Toxicokinetic animals: 

8 females per dose group 

Study design:  See sponsor’s study design flowchart and 

dosing summaries below 

 Female rats were paired for mating in the 

home cage of an untreated, sexually mature 

resident male.   

 After positive evidence of mating, females 

were returned to individual cages (defined as 

Gestational Day 0) 

 Females were treated from GD 6 – GD 17 

 Laparohysterectomy performed on GD 20. 
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Figure 3.  Sponsor’s outline of study design for rat EFD study. 
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Observations and Results 

Mortality 

All rats were observed twice daily (morning and afternoon) for moribundity and mortality. 

 

All animals in the main study survived to the scheduled necropsy on GD 20.  One HD female in 

the TK group was found dead during blood collection on GD 17.  The cause of death is likely 

related to the blood collection procedure. 

 

Clinical Signs 

Detailed clinical observations were recorded prior to dose administration from GD 0 – GD 20.  

Animals were also observed for signs of toxicity approximately 1 hour following dose 

administration. 

 

Flushed skin was observed in MD (18/25) and HD (25/25) animals at 1 hour after dosing from 

GD 6 – GD 17.  This finding resolved within 24 hours of dosing as it was not observed during 

the daily pre-dose examinations.  Lacrimation was observed in 14/25 HD animals during GD 13 

– GD 17.  While these findings are likely to be treatment related, they are not considered to be 

dose-limiting toxicities. 

 

 

Table 33.  Sponsor’s summary of dosing parameters for rat EFD study. 
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Table 34.  Summary of treatment related clinical findings in LY3009104 rat EFD study. 

 Clinical Observations 

Dose (mg/kg/day) 0  
 

2 
 

10   40  

 n = 25  n = 25  n = 25  n = 25 

Finding Total # of observations / number of rats with observation 

Body flushed  

(1 hr post dosing) 
0/0  0/0  52/18  206/25 

Lacrimation, right eye 

 (1 hr post dosing) 
0/0  0/0  1/1  21/14 

Lacrimation, left eye  

(1 hr post dosing) 
0/0  0/0  1/1  21/14 

 

Body Weight 

Individual maternal body weights were recorded on GD 0, 6 – 18 and 20 for main study animals, 

and on GD 0 and 6 – 17 for TK animals.  Gravid uterine weight and net body weight were also 

calculated for each animal at the study conclusion. 

 

Mean body weight gain over the course of the treatment period was reduced by 12.5% in HD 

animals (Table 35).  This is considered to be an adverse finding. 

Table 35.  Summary of body weight changes in LY3009104 rat EFD study. 

  Mean Body Weight (g) - Females 

 Dose 

(mg/kg/day) 
0  

 
2  

 
10  40 

Study phase  n = 25  n = 25  n = 25  n = 25 

Treatment 

GD 6 290  288  293  292 

GD 18 378  371  376  369 

Difference from 

GD 6(g) 
88  83  83  77** 

BW gain relative 

to control (%) 
100.0%  94.3%  94.3%  87.5% 

Post-treatment 

GD 20 409  404  408  401 

Difference from 

GD 18 (g) 
31  33  32  32 

BW gain relative 

to control (%) 
100.0%  106.5%  103.2%  103.2% 

**p<0.01 vs. control.  1 way ANOVA with Dunnett’s post test 
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There were no effects of LY3009104 treatment on mean gravid uterine weight (Table 38) or 

mean net body weight. A reversal of decreased body weight gain was evident in HD animals 

between gestation days 18 and 20 after drug treatment was discontinued (Table 35). 

 

Feed Consumption 

Food consumption was recorded in main study animals on GD 0, 6 – 18 and 20.  Food 

consumption was not recorded in TK animals.  There were no treatment related effects on food 

consumption observed in the current study. 

 

Toxicokinetics 

8 females per dose group were used in the toxicokinetic study.  Blood samples were collected 

from 4 animals per group per time point on GD 6 (first day of dosing) and GD 17 (final day of 

dosing) at pre-dose, 1, 2, 4, 8, and 24 hours post dose as shown in the sponsor’s table below: 

 

 

 

 

Tmax was found to be 1 hour at all dose levels on both GD 6 and GD 17, with T1/2 between 3 and 

4 hours (Table 37).  There was no evidence of accumulation as systemic exposure values were 

comparable at GD 6 and GD17.  Systemic exposure increased proportionally with dose between 

the 2 and 10 mg/kg/day doses.  Exposure increased greater than proportionally with dose 

between 10 and 40 mg/kg/day. 

 

 

 

Table 36.  Outline of blood collection strategy for TK animals in LY3009104 rat EFD study. 

Table 37.  Summary of toxicokinetic parameters in LY3009104 rat EFD study. 
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Dosing Solution Analysis 

LY3009104 formulations were found to be homogeneous upon initial assessment and after 10 

days of refrigerated storage.  Mean concentration ranged from % of the intended target 

concentration. 

 

Necropsy 

All females were euthanized on GD 20 by carbon dioxide inhalation.  The thoracic, abdominal 

and pelvic cavities were opened by a ventral mid-line incision and contents examined.  The 

uterus and ovaries were excised.  The number of corpora lutea on each ovary was recorded.  The 

excised uterus was weighed and opened.  The total number and location of all fetuses, early and 

late resorptions and the total number of implantation sites was recorded. 

 

Macroscopic findings potentially related to LY3009104 treatment was limited to fused placentae 

in 1/25 HD females. 

 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 

Fetal body weight was the only parameter examined in the laparohysterectomy evaluation in 

which a treatment-related adverse effect was identified (Table 38).  Mean fetal body weight was 

significantly decreased in male and female fetuses born to rats in the HD group.  Fetal body 

weights were within the historical control range, but the finding is considered adverse based on 

comparison to concurrent controls.   
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Table 38.  Laparohysterectomy data for LY3009104 rat EFD study 

Dose (mg/kg/day) 0   2  10   40   HC Range 

Number of pregnant 

females 
24  25  24  24 

 
 

Viable fetuses 364  383  355  347   

Mean fetuses/litter 15.2  15.3  14.8  14.5  13.9 – 16.7 

Mean gravid uterine 

weight (g) 
88.6  89.8  87.0  82.1 

 
77.8 – 95.4 

Corpora lutea  409  421  390  394   

Mean Corpora 

lutea/dam 
17.0  16.8  16.3  16.4 

 
15.8 – 19.4 

Implantation sites 381  402  367  370   

Mean implantation 

sites/dam 
15.9  16.1  15.3  15.4 

 
14.5 – 17.5 

Pre-implantation 

loss/group 
28  19  23  24 

 
 

Pre-implantation 

loss/dam 
1.2  0.8  1.0  1.0 

 
0.3 – 3.1 

Post-implantation 

loss/group 
17  19  12  23 

 
 

Post-implantation 

loss/dam 
0.7  0.8  0.5  1.0 

 
0.3 – 1.4 

Early resorptions/group 17  19  12  22   

Mean % per litter 4.3 ± 5.3  4.6 ± 5.7  3.1 ± 4.0  6.2 ± 7.9 
 

1.5 – 8.6 

Late resorptions/group 0  0  0  1   

Mean % per litter 0  0  0  0.2  ± 1.2 
 

0.0 – 0.8 

Total resorptions/group 17  19  12  23   

Mean % per litter 4.3 ± 5.3  4.6 ± 5.7  3.1 ± 4.0  6.5 ± 7.9   

Male fetal weight (g) 3.9 ± 0.2  4.0 ± 0.2  3.9 ± 0.0  3.6 ± 0.3**  3.5 – 4.0 

Female fetal weight (g) 3.7 ± 0.2  3.8 ± 0.2  3.7 ± 0.2  3.4 ± 0.3**  3.4 – 3.8 

Mean fetal weight (g) 3.8 ± 0.2  3.9 ± 0.2  3.8 ± 0.2  3.5 ± 0.3**  3.4 – 3.9 

**p < 0.01 vs. control.    
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Offspring (Malformations, Variations, etc.) 

Each viable fetus was examined externally, individually sexed, weighed, and euthanized by 

hypothermia followed by an intrathoracic injection of sodium pentobarbital (if necessary). 

 

Each fetus underwent a detailed external examination followed by a visceral examination using a 

modification of the Stuckhardt and Poppe fresh dissection technique to include the heart and 

major blood vessels.  Fetal kidneys were examined and graded for papillae development.  Heads 

from half the fetuses were fixed in Bouin’s fixative for soft tissue examination by the Wilson 

sectioning technique.  The heads of the remaining fetuses were examined by a mid-coronal slice. 

 

All carcasses were then eviscerated, fixed in 100% ethanol, macerated in potassium hydroxide 

and stained with Alizarin Red for skeletal examination. 

 

External, visceral, and skeletal findings were recorded as either developmental variations or 

malformations. 

 

Variations are defined as:  “alterations in anatomic structure that are considered to have no 

significant biological effect on animal health or body conformity and/or occur at high incidence, 

representing slight deviations from normal”. 

 

Malformations are defined as “those structural anomalies that alter general body conformity, 

disrupt or interfere with normal body function, or may be incompatible with life”. 

 

 

Findings are reported as follows:  

 
 

The total number of fetuses/litters available for evaluation were 364/24, 383/25, 355/24, and 

347/24 in the 0, 2, 10, and 40 mg/kg/day groups respectively. 

 

Malformations 

Malformations (external, visceral, skeletal) were observed in a total of 7 fetuses (from 5 litters) 

in the MD group and 21 fetuses (from 8 litters) in the HD group.  The findings are summarized 

in Table 39. 

 

External malformations 

There were no observed external malformations in any animal. 
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Visceral malformations 

Two fetuses from two separate litters in the HD group had soft tissue malformations (Table 39).  

Fetus 21336-03 (female) had transposition of the great vessels.  There is no evidence for 

transposition of great vessels in the  historical control database, but the relationship of this 

finding to treatment is unclear. 

 

Fetus 21303-06 (female) had hydrocephaly (abnormal accumulation of CSF in ventricles), 

characterized by increased cavitation of the lateral, bilateral and third ventricles.   This finding 

was only observed in a single animal, and the % per litter value (0.3 ± 1.28) is less than the 

maximum historical control value of 0.8.  The relationship of this finding to treatment is unclear. 

 

Skeletal malformations 

Skeletal malformations were observed in fetuses of MD and HD treated females (Table 39). 

 

Bent limb bone(s) were noted in a single animal in the MD group and 16 animals from 5 litters in 

the HD group.  The historical control range for this finding is 0.0 – 0.3.  Rib anomalies were 

noted in MD (6 fetuses/4 litters) and HD (3 fetuses/1 litter) animals.  While the incidence did not 

increase with dose, the mean percent per litter values (MD = 1.5%; HD = 0.7%) exceeded the 

historical control range (0 – 0.4%).  Rib anomalies at the MD and HD levels were considered to 

be test article related and adverse.  Vertebral centra anomalies were observed in single fetuses in 

the MD and HD groups.  Furthermore, a vertebral centra anomaly with an associated rib anomaly 

was observed in 1 HD fetus.  The relationship of these findings to treatment is not clear.   

 

The NOAEL with respect to skeletal malformations is established at 2 mg/kg/day based on the 

observed rib anomalies in the MD and HD groups. 
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Table 39.  Summary of number of fetuses with specific malformations in LY3009104 rat EFD study. 

Dose (mg/kg/day) 0   2  10   40    

Number of fetuses (litters) 
364 

(24) 
 

383 

(25) 
 

355 

(24) 
 

347 

(24) 

 
HC Range 

Visceral malformations          

Transposition of the great vessels 0  0  0  1 (1)   

Mean % per litter 0  0  0  0.5%  NA 

Hydrocephaly 0  0  0  1 (1)   

Mean % per litter 0  0  0  0.3%  0 – 0.8% 

Skeletal malformations          

Rib anomaly 0  0  6 (4)  3 (1)  
 

Mean % per litter 0  0  1.5%  0.7%  0 – 0.4% 

Bent limb bone(s) 0  0  1 (1)  16 (5)   

Mean % per litter 0  0  0.3%  5.8%  0 – 0.3% 

Vertebral anomaly with or without associated 

rib anomaly 
0  0  0  1 (1) 

 
 

Mean % per litter 0  0  0  0.3%  0 – 0.7% 

Vertebral centra anomaly 0  0  1 (1)  1 (1)   

Mean % per litter 0  0  0.3%  0.5%  0 – 0.2% 
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Variations 

There were no LY3009104 related external or visceral variations.  Treatment related skeletal 

variations included bent ribs, sternebrae unossified, and 7
th

 cervical ribs in fetuses from HD 

animals (Table 40). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 40.  Summary of total variations observed in fetuses in LY3009104 rat EFD study. 
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9.2.2  Rabbit Embryonic Fetal Development Study 

 

Study title:  An oral (gavage) and toxicokinetic study of the effects of INCB028050 on 

embryo/fetal development in Rabbits 

Study no.: -519081 (T-08-07-02) 

Study report location: Supporting Document 17 

EDR 

Module 4.2.3.5.2 

Conducting laboratory and location: 

Date of study initiation: June 30, 2008 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB028050 phosphate salt 

Batch # KLI-I-37 

Purity:  98.7% 

 

Key Study Findings 

 Pregnant rabbits were dosed once per day with oral LY3009104 at 0, 3, 10, or 30 mg/kg/day 

from GD 7 – GD 20. 

Maternal toxicity 

 Mortality in 1 MD (#55934) and 2 HD (#55959, #55874) rabbits 

o Deaths are considered treatment related 

 NOAEL for maternal toxicity = 3 mg/kg/day 

o AUC0-24h = 2.95 µM*hr 

o Approximately 2-fold exposure multiple over the projected AUC0-24h (1.29 µM*hr) at 

the maximum clinical dose of 4 mg/day. 

 

Embryofetal effects 

 Embryolethal at the HD of 30 mg/kg/day 

 Increased post-implantation loss at 30 mg/kg/day 

 Decreased mean fetal weight (-10.9% vs. controls) at 30 mg/kg/day 

 Teratogenic findings: 

o Skeletal malformations (rib anomaly) at 30 mg/kg/day 

o The only potential treatment related variation appears to be malaligned sternebrae in 

HD animals (6.4% per litter). 

 

 NOAEL is 10 mg/kg/day based on embryolethality, increased post-implantation loss, and 

increased incidences of a skeletal malformation, at 30 mg/kg/day  

o  AUC0-24h = 8.15 µM*h 

o Approximately 6-fold exposure multiple over the projected AUC0-24h (1.29 µM*hr) at 

the maximum clinical dose of 4 mg/day. 
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Methods 

Doses: 0, 3, 10, 30 mg/kg 

 Doses based on dose range finding study 

which showed mortality, moribundity, 

abortions, ▼ BW gain at  20 mg/kg/day  

Frequency of dosing: Once per day 

Dose volume: 10 ml/kg 

Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% methylcellulose 

Species/Strain: Time-mated female New Zealand White Rabbits 

 Age:  ~5.5 months old at time of receipt 

 Animals were received on GD 1, 2, or 3 

 

Number/Sex/Group: Main study:  23/group 

Toxicokinetic study:  4/group 

 

Satellite groups: Toxicokinetic study:  4 females per group. 

Study design:  Drug administered once per day on GD 7 – 

GD 20 

 Main study:  Laparohysterectomy performed 

on GD 29 

 TK animals:  Animals euthanized on GD 21 

 

 

 

 

Table 41.  Sponsor’s table summarizing dose groups in LY3009104 rabbit EFD study. 
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Observations and Results 

Mortality 

Rabbits were observed twice per day for mortality.  1/23 MD animals (#55934) and 2/23 HD 

animals (#55959, #55874) were found dead during the course of the study.  Histopathology 

analyses were not conducted on these animals.  Notable findings in these animals are listed in 

Table 42. 

 

Causes of death were not defined for any of these animals in the study report.  The sponsor 

contends that the death in MD animal 55934 is unrelated to LY3009104 treatment given that the 

clinical signs (shallow respiration and rales) observed in this animal were not detected until the 

post-treatment period.  It is noted that similar lung pathology was observed in HD animal 55959.  

No such findings were observed in concurrent control animals.   

 

HD animal 55959 had decreased body weight (-461 g) over the course of GD 7 – GD 15.  By 

comparison, control animals had a mean body weight increase of 129 g over the same time 

period.  The decrease in body weight in animal 55959 was initiated on GD 8 (1 day after the start 

of dosing) and continued until the animal died on GD 15.  This animal also showed decreased 

food consumption and decreased defecation.  The thoracic cavity was found to contain red fluid. 

 

There were no notable macroscopic changes observed in HD animal 55874.  The only clinical 

observation with this animal was red material in the cage pan on the day that it was found dead. 

 

The reviewer considers all 3 deaths to be related to LY3009104 treatment. 

Table 42.  Summary of findings in animals that died prematurely in LY3009104 rabbit EFD study. 

 

 

 

 

 

Animal # Dose group Day of Death Notable signs 

55934 10 mg/kg/d GD 27 

 Shallow respiration & rales 

on GD 26 

 Lungs: Dark red, all lobes 

 9 late resorptions 

55959 30 mg/kg/d GD 16 

 ▼ BW (-461 g) 

 Reduced food consumption 

 ▼defecation, GD 11-15 

 Lungs: Dark red, all lobes 

 Thoracic cavity: red fluid 

(~20 ml) 

55874 30 mg/kg/d GD 25 

 Red material in cage pan on 

GD 25 

 8 dead fetuses 
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Clinical Signs 

Individual clinical observations were made daily from the day of receipt of animals through 

euthanasia for main study and TK animals.  On treatment days, observations were made prior to 

dose administration and approximately 1 hour after dosing. 

 

Decreased defecation was observed to a greater extent in HD females than in any other dose 

group (Table 43). 

Table 43.  Summary of treatment related clinical findings in rabbit EFD study. 

 Clinical Observations 

Dose (mg/kg/day) 0   3  10   30  

 n = 23 
 

n = 23 
 

n = 23  n = 23 

Finding Total # of observations / number of rabbits with observation 

Decreased defecation 9/3  18/8  10/4  26/9 

 

Body Weight 

Maternal body weights were recorded at GD 0, 4, 7 – 21, 24 and 29 for main study animals, and 

GD 0, 4, and 7 – 20 for TK animals.  Gravid uterine weight was measured during the necropsy 

procedure. 

 

There were no effects of LY3009104 treatment on mean body weight or on gravid uterine 

weight. 

 

Feed Consumption 

Individual food consumption was recorded in main study animals only on GD 4 – 29.  There was 

no effect of LY3009104 treatment on mean food consumption at any dose level. 

 

Toxicokinetics 

4 rabbits per group were included in the TK portion of the study.  Animals were administered 

study drug according to the same schedule as main study animals.  Blood samples were taken 

from each animal via a marginal ear vein on GD 7 (day 1 of dosing) and GD 20 (final day of 

dosing) at 0 (pre-dose), 0.5, 1, 2, 4, 8, and 24 hours post-dose.  Plasma concentrations were 

determined by LC/MS/MS analysis. 

 

Tmax was approximately 1 hour, and T1/2 ranged from 1.45 – 4.75 hours.  These values are 

comparable to what was observed in pregnant rats (Table 37). 
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Mean plasma Cmax and AUC0-24h increased in a greater than dose-proportional manner between 3 

– 30 mg/kg (Table 44).  Evidence for LY3009104 accumulation was observed (approximately 2-

fold) at all doses at GD 20 relative to GD 7.   

 

 

Dosing Solution Analysis 

The LY3009104 dosing formulations were judged to be homogeneous.  LY3009104 suspensions 

of 0.3, 1.0, and 3.0 mg/ml were measured to be %  of target concentrations upon 

initial assessment and upon resuspension homogeneity assessment after 10 days of refrigerated 

storage. 

 

Necropsy 

Laparohysterectomies were performed on GD 29.  Rabbits were euthanized by IV sodium 

pentobarbital by the marginal ear vein.  The thoracic, abdominal, and pelvic cavities were 

opened by a ventral mid-line incision and the contents examined.  The uterus and ovaries were 

then excised and the number of corpora lutea on each ovary was recorded.  The uterus was 

weighed and subsequently opened.   The number and location of all fetuses, early and late 

resorptions, and the total number of implantation sites were recorded.  The individual uterine 

distribution of implantation sites was documented.  Uteri with no macroscopic evidence of 

implantation were opened and subsequently placed in 10% ammonium sulfide solution for 

detection of early implantation loss.  Maternal tissues were preserved in 10% neutral buffered 

formalin for possible future histopathologic examination only as indicated by gross findings. 

 

There were no treatment related macroscopic findings in animals that survived to study 

completion. 

 

 

Table 44.  Summary of toxicokinetic parameters in LY3009104 Rabbit EFD study. 
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Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 

Adverse effects were observed at the 30 mg/kg dose only (Table 45).  Rabbits receiving 30 

mg/kg/day LY3009104 had a decreased number of viable fetuses/litter compared to controls.   

The mean number of viable fetuses is below the minimum value in the historical control range 

for the testing laboratory.  This finding is characterized by increased early and late resorptions in 

HD animals.  Mean fetal weight was dose-dependently reduced, with HD animals having 

statistically significantly lower fetal weights vs. controls (-10.9%).  Mean fetal weight in HD 

animals was below the historical control range and is considered an adverse treatment-related 

finding. 

 

Based on these observations, the NOAEL for uterine implantation and embryonic development 

for LY3009104 in the rabbit is the MD, 10 mg/kg. 

Table 45.  Summary table of laparohysterectomy data in rabbit EFD study.  Findings that are outside of the historical 

control range are shaded in gray. 

Dose (mg/kg/day) 0   3  10   30  HC Range 

Number of pregnant 

females 
23  23  20  21 

 
 

Viable fetuses 192  215  177  147   

Mean fetuses/litter 8.3  9.3  8.9  7.0  7.5 – 10.0 

Mean gravid uterine 

weight (g) 
486.4  531.8  507.8  445.3 

 
422.6 – 532.8 

Corpora lutea  228  250  208  203   

Mean Corpora 

lutea/dam 
9.9  10.9  10.4  9.7 

 
8.8 – 10.8 

Implantation sites 199  223  187  188   

Mean implantation 

sites/dam 
8.7  9.7  9.4  9.0 

 
7.9 – 10.5 

Pre-implantation 

loss/group 
29  27  21  15 

 
 

Pre-implantation 

loss/dam 
1.3  1.2  1.1  0.7 

 
0.1 – 1.3 

Post-implantation 

loss/group 
7  8  10  41 

 
 

Post-implantation 

loss/dam 
0.3  0.3  0.5  2.0 

 
0.1 – 0.7 

Early resorptions/group 4  7  5  12   

Mean % per litter 2.1%  3.4%  2.3%  10.1%  0.5 – 8.2% 

Late resorptions/group 3  1  5  29   
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Dose (mg/kg/day) 0   3  10   30  HC Range 

Mean % per litter 1.2%  0.4%  2.6%  14.4%**  0.0 – 3.1% 

Total resorptions/group 7  8  10  41   

Mean % per litter 3.3%  3.8%  5.0%  24.6%**   

Male fetal weight (g) 43.1  42.3  41.5  37.5**  38.5 – 44.6 

Female fetal weight (g) 40.8  41.4  40.1  38.2  37.3 – 43.5 

Mean fetal weight (g) 

[% diff from control] 

42.2 

[0.0%] 
 

41.8 

[-0.9%] 
 

40.7 

[-3.6%] 
 

37.6 

[-10.9%] 
 38.0 – 44.0 

**p < 0.01 vs. control.    
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Offspring (Malformations, Variations, etc.) 

Each viable fetus was examined externally, weighed, and euthanized by hypothermia.  External 

examination included the eyes, palate and external orifices.  Crown rump measurement, degree 

of autolysis, and gross examinations were recorded for late resorptions. 

 

Fetal visceral examinations were conducted using a modification of the Stuckhardt and Poppe 

fresh dissection technique to include the heart and major blood vessels.  Heads from all fetuses 

were examined by a mid-coronal slice.   

 

For skeletal examinations, all carcasses were eviscerated and fixed in 100% ethanol.  Fetuses 

were then macerated in potassium hydroxide and stained with Alizarin Red S. 

 

External, visceral, and skeletal findings were recorded as either developmental variations or 

malformations.  Variations are defined as:  “alterations in anatomic structure that are considered 

to have no significant biological effect on animal health or body conformity and/or occur at high 

incidence, representing slight deviations from normal”.  Malformations are defined as “those 

structural anomalies that alter general body conformity, disrupt or interfere with normal body 

function, or may be incompatible with life”. 

 

Malformations 

Data are reported in terms of number of fetuses/litters with a specific malformation as well as the 

mean percentage of fetuses per litter that possess external, visceral, or skeletal malformations 

(Table 46Error! Reference source not found.). 
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Table 46.  Summary of total malformations observed in fetuses in LY3009104 Rabbit EFD study. 

Dose (mg/kg/day) 0   2  10   40    

Number of fetuses (litters) 
192 

(23) 
 

215 

(23) 
 

177 

(20) 
 

147 

(20) 

 
HC Range 

Visceral malformations          

Kidney malpositioned 0  0  0  1 (1)   

Mean % per litter 0  0  0  0.8%  0 – 1.1% 

Skeletal malformations          

Vertebral anomaly with or without associated 

rib anomaly 
0  0  1 (1)  2 (2) 

 
 

Mean % per litter 0  0  0.6%  1.4%  0.0 – 1.6% 

Sternebrae fused 0  0  0  1 (1)   

Mean % per litter 0  0  0  0.8%  0.0 – 0.7% 

Rib anomaly 0  1 (1)  1 (1)  2 (2)   

 0  0.4%  1.0%  1.5%  0.0 – 1.2% 
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External malformations 

There were no treatment-related external malformations observed in any animal. 

 

Visceral malformations 

The only potential treatment-related soft tissue malformation is a malpositioned kidney in HD 

animal 55905-01.  Given that this occurred in only a single animal and the mean litter percentage 

of this finding (0.8%) is within the historical control range of 0.0 -1.1%, this finding is not 

considered to be related to LY3009104 treatment. 

 

Skeletal malformations 

Vertebral anomaly with or without associated rib anomaly was detected in 1 MD fetus (0.6% per 

litter) and 2 HD fetuses (1.4% per litter) from 2 litters (Table 46Error! Reference source not 

ound.).  The details of these findings are presented in Table 47Error! Reference source not 

found..  This is a low incidence finding, and the percentage per litter values in both groups are 

covered by the range of historical control data (Mean, 0.4%; Range, 0.0 – 1.6%).   

Table 47.  Details of vertebral anomalies in fetuses in LY3009104 rabbit EFD study. 

Animal # 
Dose 

(mg/kg/day) 
Malformation 

55917-09 10 

 Left half of thoracic centrum #10 absent 

 Left thoracic arch #10 smaller than normal 

 Left half of thoracic centrum #9 larger and located more 

posterior than normal 

 Left half of thoracic centrum #11 larger and located more 

anterior than normal 

 Left rib #10:  no articulating head 

55905-03 30  Atlas, left misshapen and smaller than normal 

55929-07 30 

 Left lumbar arches #6 and #7 fused 

 Left half of lumbar centrum #6 located more posterior than 

normal 

 Left half of lumbar centrum #7 located more anterior than 

normal 

 

Rib anomaly (fused or forked ribs) was observed in a single fetus in both the LD (#55844-05) 

and MD (#55855-05) treatment groups, and in 2 fetuses (#55905-01 & #55943-04) from 2 litters 

in the HD group.  The mean percentage per litter values in LD and MD animals are covered by 

the range of historical control data from the investigating laboratory (Mean, 0.1%; Range 0.0 – 

1.2%).  The 1.5% per litter incidence in HD fetuses exceeds the historical range.  This is 

considered to be an adverse, LY3009104-related finding in HD animals. 

 

A finding of fused sternebrae was observed in only 1 fetus in the HD group.  The relationship of 

this finding to treatment is unclear given that it was observed in only a single fetus.  However, 
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the 0.8% per litter value does slightly exceed the high end of the historical control range (0.7%).  

This finding is considered to be potentially treatment related. 

 

The NOAEL for teratogenicity is judged to be the MD, 10 mg/kg/day based on skeletal 

malformations (rib anomaly) observed in HD animals that occurred at frequencies exceeding the 

range of historical control data. 

 

Additional malformation were observed in MD animals only: (1) only 11 pairs of ribs present in 

one animal, and (2) a skull anomaly (Animal 55855-05; nasal bones fused along the frontal 

suture) were considered to be unrelated to LY3009104 treatment. 

 

Variations 

Variations observed in LY3009104-treated rabbits are summarized in Table 48.  The only 

potential treatment related variation appears to be malaligned sternebrae in HD animals (6.4% 

per litter).  This finding is seen in a range of 0 – 6.9% per litter (Mean, 1.2%) in historical control 

animals and is seen to varying extents in control, LD, and MD fetuses in the current study.  

Therefore, the relationship of this effect to LY3009104 treatment is not clear. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dose (mg/kg/day) 0   2  10   40    

Number of fetuses (litters) 
192 

(23) 
 

215 

(23) 
 

177 

(20) 
 

147 

(20) 

 
HC Range 

Skeletal variations            

Malaligned sternebrae 2 (2)  5 (4)  3 (2)  9 (8)   

Mean % per litter 1.1%  2.2%  1.8%  6.4%  0 – 6.9% 

Table 48.  Summary of variations observed in fetuses in LY3009104 rabbit EFD study. 
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11 Integrated Summary and Safety Evaluation 

General toxicity studies 

LY3009104 displayed immunosuppressant properties in chronic rat and dog studies.  These are 

expected findings based on its pharmacologic inhibition of cytokine mediated signaling through 

the JAK-STAT pathway.  The dog was found to be the most sensitive nonclinical species (Table 

49).  Common target organs between rats and dogs included bone marrow, spleen, Peyer’s 

patches, lymph nodes and liver. 

 

In the 6-month rat study, the target organs of toxicity were identified as the heart, bone marrow 

(femur and sternum), mesenteric LN, thymus, spleen, and Peyer’s patches. There were 7 deaths 

in the HD (100/60 mg/kg/day) male group due to drug induced exacerbation of cardiomyopathy.   

There were additional findings in the liver and mandibular LN for high dose males that died. 

 

Dose-related lymphoid depletion was observed in the spleen (minimal – severe), thymus, Peyer’s 

patch, and the lymph nodes for males at 25 and/or 100 mg/kg/day and females at 5, 25, and/or 

100/60 mg/kg/day.  Mixed cell depletion in bone marrow (sternum and femur) was observed at 

all dose levels in males (0.5 – 100/60 mg/kg/day) and in females at  5 mg/kg/day. These bone 

marrow findings correlated with decreased erythrocyte population in HD males and females as 

well as decreases in leukocyte populations in males and females at 5, 25, and 100/60 mg/kg/day.  

Males and females at 100/60 mg/kg/day might be considered anemic based upon declines in 

erythrocyte indices. 

 

The maximum tolerated dose (MTD) for males was judged to be 8 mg/kg/day based upon drug-

related deaths at 100 mg/kg/day, a 16% decrease of body weight at 25 mg/kg/day, a 51% 

decrease of leukocytes at 25 mg/kg/day, and high incidences of minimal to mild lymphoid 

depletion in the spleen and minimal to mild mixed cell depletion in femur bone marrow at 25 

mg/kg/day.  The MTD for females was judged to be 25 mg/kg/day based upon findings for 

females in the 100/60 mg/kg/day group that included minimal to moderate lymphoid depletion 

observed in the spleen and thymus, potential anemia (9% decrease of RBCs and 11% decrease of 

hematocrit), and a 5% decrease of body weight gain relative to the control. 

 

The NOAEL for female rats was judged to be 0.5 mg/kg/day due to the above mentioned 

findings at doses  5 mg/kg/day.  A NOAEL was not established for males due to the observed 

mixed cell depletion in bone marrow at all doses.  Adverse effects up to 25 mg/kg/day in males 

and 60 mg/kg/day in females might be generally attributed to the immunosuppressant effects of 

LY3009104 and are considered clinically monitorable.  These limit doses provide exposure 

margins of approximately 30 and 74 on an AUC0-24 basis with respect to the projected systemic 

exposure in RA patients at the maximum proposed clinical dose of 4 mg/day. 

 

In the 9 month dog study, adverse findings in the skin, bone marrow, mandibular and mesenteric 

LNs primarily observed in the 3 and 9(6) mg/kg groups were attributable to treatment induced 

immune suppression and subsequent generalized demodicosis (mange) with secondary 

infections. Further evidence for treatment induced immune suppression was seen with decreased 
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total T lymphocytes, decreased CD4
+ 

T cells, and decreased eosinophils at all doses. These 

reflect pharmacodynamic effects of LY3009104 that are clinically monitorable.  Dose limiting 

toxicities in the GI tract (inflammation, infiltrates) and liver (infiltrates/inflammation, bile duct 

hyperplasia) were observed in males and females at  3 mg/kg/day.  These findings are not 

considered to be readily monitorable in a clinical setting.  The limit dose was established at 0.5 

mg/kg/day, with an associated AUC0-24h = 1.21 µM*hr.  The associated systemic exposure is 

approximately equivalent (exposure margin = 0.94) to the projected clinical systemic exposure at 

the maximum dose of 4 mg/day in RA patients (Table 49). 

 

Reproductive and Developmental Toxicology studies 

LY3009104 was found to have adverse effects on male and female rat fertility.  Mating was 

unaffected with doses up to 50 mg/kg/day in males and 100 mg/kg/day in females. However, 

7/19 HD females with evidence of mating were found to be nongravid.  LY3009104 increased 

post-implantation loss (early resorptions) and decreased the number of mean viable embryos per 

litter at  25 mg/kg/day.  The NOAEL for and male and female fertility was 5 mg/kg/day.  This 

dose provides a 3.1 (males) – 3.3 (female) fold multiple over the clinical dose of 4 mg/day with 

respect to systemic exposure. 

 

LY3009104 was teratogenic in both rats and rabbits.  LY3009104 treatment resulted in decreased 

fetal body weights in rats at the 40 mg/kg/day dose and in rabbits at 30 mg/kg/day.  LY3009104 

was embryolethal in rabbits at the 30 mg/kg/day dose. 

 

The NOAEL for embryofetal effects of LY3009104 in the rat is identified as 2 mg/kg/day based 

on observed treatment related skeletal malformations, including bent limb bones and rib 

anomalies in fetuses born to females that received  10 mg/kg/day LY3009104 and decreased 

fetal body weights at the HD.  This dose provides an approximately 2-fold multiple vs the 

clinical dose of 4 mg/day with respect to systemic exposure. 

 

The NOAEL with respect to maternal toxicity in the rabbit EFD study was 3 mg/kg/day based 

on premature deaths in animals dosed at 10 mg/kg/day.  Pregnant female rabbits treated with 30 

mg/kg/day LY3009104 produced offspring with skeletal malformations that included rib 

anomaly and vertebral anomaly with or without associated rib anomaly.  Single incidences of 

these findings in the 10 mg/kg/day treatment group were within the range of historical control 

values at the testing facility.  Increased early and late resorptions were observed at the 30 

mg/kg/day dose.  The NOAEL for embryofetal effects of LY3009104 in the rabbit is identified 

as 10 mg/kg/day which provides a 6-fold multiple vs. the exposure at the clinical dose of 4 

mg/day.    

 

Toxicokinetics 

LY3009104 systemic exposure increased in an approximately dose-proportional manner across 

all species examined in this review (rat, dog, and rabbit).  Tmax was approximately 1 hour and 

T1/2 ranged from approximately 3 – 5 hours in all species.  The estimated mean T1/2 in healthy 

human subjects is 10.0 hrs and 14.9 hours in RA patients according to the August, 2014 

LY3009104 Investigator’s Brochure.  The projected Cmax in human RA patients at the 4 mg/day 

dose is 94.2 nM, lower than the rat (11.4 – 14.2 µM) and dog (0.24 µM) Cmax values at their 

respective limit doses.  
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As shown in Table 49, LY3009104 systemic exposure values at limit doses (defined as non dose-

limiting and monitorable in a clinical setting) in chronic rat and dog studies as well as NOAELs 

in rat and rabbit reproductive and developmental toxicology studies provide adequate margins of 

safety relative to the sponsor’s predicted systemic exposure at the clinical dose of 4 mg once per 

day.  While the safety factor in the 9 month dog study is slightly less than the desired value of 

1.0, the NOAEL determination is confounded by the conditions of demodicosis in this study.  

Concurrent veterinary intervention for control of demodicosis symptoms may have contributed 

to the observed liver pathology.  Furthermore, histopathology findings in the GI tract are 

consistent with what has been observed with other drugs of this class. 

Table 49.  Exposure margin table for systemic exposure at nonclinical NOAELs vs. human exposure at proposed 

clinical doses.  FEED = Fertility and Early Embryonic Development, EFD = Embryo-fetal development. 

Clinical Data  Non-clinical data   

Clinical 

dose 

(mg/d) 

AUC0-24 

(µM*h) 
 Species Study Type 

Limit dose 

(mg/kg/day) 

AUC0-24 

(µM*h) 

 Fold-

difference 

vs. human 

AUC 

4.0
a
 1.29

b
  General Toxicology Studies 

   Rat 
6 month toxicity 

(T08-04-05) 

Male: 25
c
  38.1  30 

Female: 60
c
 95.3  74 

   Dog 
9 month toxicity 

(8821785) 
0.5

c
 1.21  0.94 

   Reproductive & Developmental Toxicology studies 

   

Rat FEED 
( 353240) 

General 

toxicity 

Male: 5
d
  4.0

e
  3.1 

Female: 5
d
 4.2

e
   3.3 

   Fertility 

Male: 5
d
 4.0

e
  3.1 

Female: 5
d
 4.2

e
   3.3 

   Rat EFD 
(T-08-07-01) 

Maternal 

toxicity 
10

d
 13.1  10.2 

Embryo-

fetal 
2

d
 2.94  2.3 

   Rabbit EFD 
(T-08-07-02) 

Maternal 

toxicity 
3

d
 2.95  2.3 
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Clinical Data  Non-clinical data   

Clinical 

dose 

(mg/d) 

AUC0-24 

(µM*h) 
 Species Study Type 

Limit dose 

(mg/kg/day) 

AUC0-24 

(µM*h) 

 Fold-

difference 

vs. human 

AUC 

Embryo-

fetal 
10

d
 8.15  6.3 

a
 4 mg/d dose is the maximum dose in all proposed phase 3 studies   

b
 Predicted systemic exposure value is taken from LY3009104 Investigator’s Brochure (8/4/2014).  The 

sponsor’s predicted exposure value for a 4 mg/d dose in RA patients is based on a population PK model 

that was fit to phase 3 clinical exposure data for LY3009104. 
c
  Refers to a dose in which adverse nonclinical findings are considered to be clinically monitorable 

d
  Refers to the no observed adverse effect level (NOAEL). 

e
AUC0-24 value was reported in ng*hr/ml.  Value was converted to µM*hr using the molecular weight of 

LY3009104 phosphate: 469.41 g/mol. 
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1 Executive Summary 

1.1 Introduction 

Eli Lilly and Co. submitted NDA 207924 on January 15, 2016 in support of marketing approval 

for Baricitinib (LY3009104).   LY3009104 is being developed as an oral treatment for 

moderately to severely active rheumatoid arthritis (RA).  This molecule is a reversible ATP 

competitive Janus kinase inhibitor that has selectivity for Janus kinase 1 and 2 (JAK1 and 

JAK2).   

 

The current review evaluates the results of a 2 year oral carcinogenicity study conducted in 

Sprague Dawley rats (Study 8253534) and a 26 week oral carcinogenicity study conducted in 

TgRasH2 mice (Study 8291245).   

 

1.2 Brief Discussion of Nonclinical Findings 

LY3009104 was found to be negative in a standard battery of genetic toxicology studies (Ames 

test, in vitro chromosome aberration test, and rat in vivo micronucleus test; see NDA 207924 

nonclinical review dated 4/19/16). 

 

Rat carcinogenicity study 

LY3009104 was administered at doses of 0, 1, 3, or 8 mg/kg/day (males) and 0, 3, 8, or 25 

mg/kg/day (females) to Sprague Dawley rats for a planned duration of 104 weeks.  These doses 

received concurrence from the FDA Executive Carcinogenicity Assessment Committee (ECAC; 

IND 102204 Meeting Minutes dated 12/1/11).  The 8 mg/kg/day dose showed evidence for 

achieving the maximum tolerated dose (MTD) in males based on decreased absolute body 

weight relative to controls.  Systemic exposure in females at the 25 mg/kg/day dose was 

approximately 27-fold the projected clinical exposure at the maximum proposed dose.  The study 

was stopped at week 94 (males) and week 91 (females) due to deaths in control animals (control 

n < 20), in accordance with FDA ECAC recommendations.  LY3009104 treatment resulted in an 

apparent dose-dependent enhancement of survival in males and females.  Enhanced survival is 

likely a consequence of decreased food consumption and body weight gain with increased 

LY3009104 dose. 

 

LY3009104 was not tumorigenic in rats at doses up to 8 mg/kg/day in males and 25 mg/kg/day 

in females.  Treatment related non-neoplastic lesions were generally consistent with findings in 

the 6 month toxicology study in SD rats (Study T08-04-05).  Decreased cellularity in bone 

marrow (femur) and decreased lymphocytes in lymphoid organs are expected pharmacodynamic 

effect of JAK inhibition.  Additionally, evidence for alveolar lipoproteinosis was observed in the 

lungs of males at 8 mg/kg/day and females at ≥ 8 mg/kg/day.  These findings are consistent with 

that of the approved pan-JAK inhibitor tofacitinib (NDA ) in a 2 year rat carcinogenicity 

study.  

 

Mouse carcinogenicity study 

LY3009104 was administered to TgRasH2 mice at doses of 0, 15, 40, or 300 mg/kg/day to males 

and 0, 10, 30, or 150 mg/kg/day to females by oral gavage for a duration of 26 weeks.  These 
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doses received concurrence from the FDA Executive Carcinogenicity Assessment Committee 

(ECAC; see IND 102204 meeting minutes dated 7/11/13).  Positive control animals in the 

current study received a single intraperitoneal injection of 75 mg/kg N-methyl-N-nitrosourea 

(MNU) on study day 1.  The study design is consistent with established methods for 

carcinogenicity testing in TgRasH2 mice
1
. 

 

There were no treatment-related effects on survival in the 26 week TgRasH2 mouse study with 

oral LY3009104.  LY3009104 was not tumorigenic in male TgRasH2 mice at doses up to 300 

mg/kg/day and female TgRasH2 mice at doses up to 150 mg/kg/day.  MNU-treated positive 

control animals had an expected, characteristic tumorigenic response.  LY3009104-evoked non-

neoplastic lesions were observed in lymph nodes, thymus, and bone marrow, consistent with the 

immune-suppressive effects of JAK1 and JAK2 inhibition 

 

Executive Carcinogenicity Assessment Committee (ECAC) Meeting on June 28, 2016 

In a meeting with the ECAC on June 28, 2016, the Committee agreed that both the 2-year 

carcinogenicity study with Sprague-Dawley rats and 26-week carcinogenicity study with 

TgrasH2 mice were adequate. Further, both studies were negative for drug-related neoplasms in 

male and female rats and mice (see meeting minutes dated June 29, 2016). 

                                                 
1
 Takaoka M. et al. (2003) Interlaboratory comparison of short-term carcinogenicity studies 

using CB6F1-rasH2 transgenic mice.  Toxicologic Pathology.  32, 191-199. 
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2 Drug Information 

2.1  Drug 

Generic Name:  Baricitinib 
 

Code Name:  LY3009104 or INCB028050 
 

Chemical Name:  2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-

(ethylsulfonyl)azetidin-3-yl)acetonitrile 
 

Molecular Formula/Molecular Weight:  C16H17N7O2S: 371.42 g/mol 
 

Structure or Biochemical Description 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pharmacologic Class: Janus kinase (JAK) inhibitor 
 

2.2  Relevant INDs, NDAs, BLAs and DMFs 

 IND  

(Review Division:  Division of Dermatology & Dental Products, Submitted ) 

 IND  

(Review Division:  Division of Cardiovascular and Renal Products, Submitted ) 

2.3  Drug Formulation 

The baricitinib drug product will be prepared as oblong (2 mg) and round (4 mg) immediate 

release, film-coated oral tablets.  The unit compositions for the 2 mg and 4 mg tablets are seen in 

Table 1. 

 

 

 

 

 

 

Figure 1.  Chemical structure of LY3009104 free base. 

Reference ID: 3953267

(b) (4)

(b) (4)

(b) (4)

(b) (4)



NDA #207924   Matthew Whittaker, Ph.D. 

 

9 

 

 

 

 

 

 

 

 

 

 

Table 1.  LY3009104 drug product composition. 
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2.4  Comments on Novel Excipients 

There are no novel excipients in the current drug product formulation. 

2.5  Comments on Impurities/Degradants of Concern 

Several potential impurities and degradation products have been identified in the LY3009104 

DS.  The LY3009104 DS specification controls the limit of Any Unspecified Impurity to not 

more than %, consistent with ICH Q3A(R2). 

 

Impurities with structural alerts have been identified by CMC reviewer Xiaoben Shen, Ph.D.  

 and are therefore disregarded.  Two 

 structures,  are potential genotoxic impurities  

 

Table 2.  Potential genotoxic impurities  

Name Structure Description Specification Limit 

 structural alert for 

mutagenicity. 
 ppm 

 structural alert for 

mutagenicity. 
 ppm 

 

Both impurities are controlled at a specification limit of  ppm  

  This limit is appropriate even if the impurities were carried all the way through 

the manufacturing process (see calculations below).  At the 4 mg/day dose of LY3009104, the 

specification limits for both impurities are within the limits for intake of an individual genotoxic 

impurity (1.5 µg/day for treatment duration >10 years) according to the ICH M7 Guidance:  

Assessment and control of DNA reactive (mutagenic) impurities in pharmaceuticals to limit 

potential carcinogenic risk (Step 4, June 23, 2014).  

 

  content in final drug substance:   ppm 

 

 µg/day 

 

  content in final drug substance:   ppm 

 

 µg/day 

 

2.6  Proposed Clinical Population and Dosing Regimen 

The proposed clinical population is adults with moderately to severely active rheumatoid arthritis 

(RA).  Baricitinib is an oral tablet to be administered at 2 mg or 4 mg, once per day. 
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2.7 Regulatory Background 

2.7.1  Previous Clinical Experience 

Eli Lilly reports that a total of 3100 patients with RA have received LY3009104 (2 mg or 4 mg, 

once daily) in 4 completed Phase 3 studies (Studies JADZ, JADV, JADX and JADW).  

Approximately 19% of these patients were enrolled in the United States. 

 

2.7.2   History of regulatory submission 

 INCB028050 was initially developed by Incyte, Corp.  Incyte established collaboration 

with Eli Lilly for the development of this compound.  The compound was renamed 

LY3009104.   

 

 The initial IND for LY3009104 for treatment of RA (IND 102204) was submitted by Eli 

Lilly on 5/6/2008. 

 

 The Special Protocol Assessment for the proposed dose selection and draft protocol for 

the 2 year rat carcinogenicity study was submitted to the Agency on 10/21/2011.   

 The FDA Executive Carcinogenicity Assessment Committee recommended revisions to 

the sponsor’s proposed doses for this study on 12/1/11.  The FDA-proposed doses were 

based on maximum tolerated dose levels established in a 26 week dose-range finding 

study in SD rats.  The recommended doses are listed in Table 3. 

 

Table 3.  ECAC recommended doses in male and female SD rats for a 2 year carcinogenicity study. 

Males (mg/kg/day) Females (mg/kg/day) 

0 0 

1 3 

3 8 

8 25 

 

 The dose-range finding study was conducted with the phosphate salt form of 

LY3009104.  The sponsor intended to use the free-base form of LY3009104 in the 2 year 

study 

o The sponsor conducted a single dose bridging study in SD rats comparing 

systemic exposures with the phosphate vs. free base form of LY3009104 

o Systemic exposures were considered to be comparable between both forms (see 

nonclinical review dated 2/9/12; Robison) 

 The study report for the 2 year rat study was submitted to IND 102204 on 1/6/15.  The 

study report was also included with the NDA 207924 submission on 1/15/16. 
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 The Special Protocol Assessment for the proposed dose selection and draft protocol for 

the 6 month TgRasH2 mouse carcinogenicity study was submitted to the Agency on 

6/7/13.   

 The FDA Executive Carcinogenicity Assessment Committee recommended revisions to 

the sponsor’s proposed doses for the mouse study on 7/11/13.  The FDA-proposed doses 

were based on maximum tolerated dose levels established in a 28 day dose-range finding 

study in WT mice of rasH2 background (Study 8268827).  The recommended doses are 

listed in Table 4. 

Table 4.  ECAC recommended doses in male and female TgRasH2 mice for a 26 week carcinogenicity 

study with LY3009104. 

Males (mg/kg/day) Females (mg/kg/day) 

0 0 

15 10 

40 30 

300 150 

 

 Lilly agreed to conduct the carcinogenicity study with the FDA-recommended doses.   

 The final study report for the mouse carcinogenicity study (Study 8291245) was 

submitted to IND 102204 on 3/6/15.  The study report was also included in the initial 

NDA submission on 1/15/16. 

 

 3/24/16:  The nonclinical review team included a comment in the 74-day letter for NDA 

207924 stating that the termination of all female rats at week 90 when there were still 23 

control females remaining was a potential review issue. 

 

 4/22/16:  Lilly responded to the comment regarding termination of rats in this study.  The 

reported week 90 survival data reflected the conditions at day 630.  3 control females 

were euthanized on day 631 due to moribund condition.  All remaining females in all 

dose groups were euthanized on day 636 (week 91).
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3 Studies Submitted 

3.1  Studies Reviewed  

Study # Title 
Submission 

Date 

8253534 
A Carcinogenicity Dose Toxicity and Toxicokinetic Study 

in Rats Given LY3009104 by Oral Gavage for 2 years 
1/6/15 

8291245 
A Carcinogenicity and Toxicokinetic Study in 001178-T 

Mice Given LY3009104 by Oral Gavage for 26 Weeks 
3/6/15 

 

 

3.3  Previous Reviews Referenced 

Date Review Author 

12/1/11 
ECAC Special Protocol Agreement:  2 year rat 

carcinogenicity study  
M. De 

12/1/11 
Special Protocol Assessment Review:  6 month rat 

toxicology study 
M. De 

2/9/12 
Review of bridging study between free base and 

phosphate salt forms of LY3009104 in rat 
T. Robison 

7/11/13 
ECAC Special Protocol Agreement:  26 week Tg 

mouse carcinogenicity study with LY30090104 
M. Whittaker 

7/11/13 

Special Protocol Assessment Review: 26 week 

carcinogenicity study with LY3009104 in [001178-T 

(hemizygous), CByB6F1-Tg(HRAS)2Jic] mice 

M. Whittaker 

4/19/16 Review of INCB028050 genetic toxicology studies M. Whittaker 
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8 Carcinogenicity 

8.1  2 Year Rat Carcinogenicity Study 

Study title:  A carcinogenicity dose toxicity and toxicokinetic study in rats given 

LY3009104 by oral gavage for 2 years 

Study no.: 8253534 

Study report location: NDA 207924 

Supporting Document 1 

Module 4.2.3.4.1 

 

IND 102204 

Supporting Document 242 

Module 4.2.3.4.1 

Conducting laboratory and location: 

Date of study initiation: March 12,2012 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: LY3009104 

Batch No. 124008-M2 

99.9% 

CAC concurrence: Yes (12/1/11) 

 

Key Study Findings 

 In a 2 year carcinogenicity study, male and female rats (n = 60/sex/group) received 

LY3009104 by oral gavage.  

o Males received 0 (0.5% methylcellulose), 1, 3, or 8 mg/kg/day  

o Females received 0 (0.5% methylcellulose), 3, 8, or 25 mg/kg/day 

 None of the treatment groups were retained on study for the entire 104 week study duration 

o All surviving males were sacrificed at week 94 due to the control male population 

decreasing to n = 19 

o All surviving females were sacrificed at week 91 due to the control female population 

decreasing to n = 20. 

 LY3009104 treatment dose-dependently increased survival in male and female rats relative 

to controls.  This effect is likely a consequence of decreased food consumption and body 

weight gain over the course of the study. 

o Mean absolute body weight was dose-dependently decreased in males.  The 

magnitude of decrease exceeded 10% vs. controls in males at the HD (8 mg/kg) by 

week 78.   

o Mean absolute body weight was slightly decreased relative to controls in females at 

all doses.  Mean body weight decreases were less than 10% relative to controls. 

Reference ID: 3953267
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o Mean food consumption values were decreased at all doses relative to controls in 

males and females 

 

 No neoplasms were associated with the administration of LY3009104 at any dose level. 

Therefore LY3009104 was not tumorigenic in rats at dose levels up to 8 mg/kg in males 

and 25 mg/kg in females. 

 

 Immune suppression was the main non-neoplastic toxicity observed in this study.  Target 

organs included Spleen, Gut associated lymphoid tissue (GALT), and Bone Marrow 

o Spleen, GALT:  Decreased lymphocytes were observed in HD (25 mg/kg/d) females.   

 Result of JAK inhibition 

o Bone marrow, femur:  Decreased cellularity.  Increase in incidence and severity was 

observed at all doses in males and females. 

 Result of JAK inhibition 

 Additional non-neoplastic target organ:  Lung 

o Alveolar lipoproteinosis observed at 8 mg/kg/day in males and  ≥ 8 mg/kg/day in 

females 

o This finding is consistent with observations in the  rat carcinogenicity study with the  

approved pan-JAK inhibitor tofacitinib (NDA ) 

 Both Cmax and AUC0-24 increased in an approximately dose-proportional manner in males and 

females at days 1 and 176. 

o Cmax and AUC0-24 values were generally comparable between males and females at 

the same doses.   

o There was evidence for slight accumulation (~1.2 to 1.5-fold) in AUC0-24 values 

between days 1 and 176 in males and females at all doses. 

 

Adequacy of Carcinogenicity Study 

 No treatment groups were retained for the entire planned duration of the study (104 weeks); 

however, the times of sacrifice used were considered acceptable based on established FDA 

ECAC guidelines for study termination. 

 It appears that a maximum tolerated dose was achieved in males (8 mg/kg) based on 

decreased absolute body weights of greater than 10% vs. controls.  Therefore, the male high 

dose selection in this study was adequate.  Systemic exposure at the 25 mg/kg/day dose in 

females was approximately 27-fold the projected clinical exposure at the maximum proposed 

human dose. 

 Concurrence for all doses in males and females was obtained from the ECAC (see meeting 

minutes dated December 1, 2011). 

 

Appropriateness of Test Models 

 The 2 year carcinogenicity study was conducted in male and female Sprague-Dawley (SD) 

rats.  The SD rat is an established model for assessment of carcinogenic potential.  The oral 

gavage route of administration models the clinical route of administration.   

 Concurrence for the general study design was obtained from the ECAC. 
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Evaluation of Tumor Findings 

 There were no LY3009104-related increases in neoplastic lesions. 

o The numerical incidence of combined thyroid adenomas and carcinomas was 

increased vs. controls at 8 mg/kg/day in males and 25 mg/kg/day in females. 

o The numerical incidence of combined pancreas adenomas and carcinomas was 

increased vs. controls at 8 mg/kg/day in males. 

 However, there was no statistically significant trend effect for either finding 

with increasing LY3009104 dose 

 There were no statistically significant differences in tumor incidence between 

any of the dose groups vs. controls 

 The observed incidences of thyroid and pancreatic adenomas and carcinomas 

in all treatment groups were within the historical control range of SD rats 

(Charles River Laboratories:  2001 -2009
2
) 

 LY3009104 treatment evoked a dose-dependent reduction in mammary gland fibroadenoma 

and malignant carcinoma. 

o These observations are likely secondary to decreased food consumption and body 

weight gain in LY3009104 treated animals rather than a direct anti-tumorigenic 

effect. 

 

 

                                                 
2
 Giknis, M and Clifford, C.  (2013)  Compilation of Spontaneous Neoplastic Lesions and 

Survival in Crl:CD(SD) Rats from Control Groups.  Charles River Laboratories.  

http://www.criver.com/files/pdfs/rms/cd/rm_rm_r_cd_rat_tox_data_2013.aspx 
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Methods 

Doses: Males:  0, 1, 3, 8 mg/kg/day 

Females: 0, 3, 8, 25 mg/kg/day 

 

Frequency of dosing: Once per day 

Dose volume: 10 ml/kg 

Route of administration: Oral gavage 

Formulation/Vehicle: 0.5% (w/v) methylcellulose in RO water 

Basis of dose selection:  6 month dose range finding study in SD rats (Study 

T08-04-05) 

 The HD of 8 mg/kg/day in males was defined by 

decreased body weight 

 The HD of 25 mg/kg/day in females was based on 

immunosuppression 

 Concurrence with ECAC (Meeting minutes 12/1/11) 

Species/Strain: Sprague Dawley rat 

Number/Sex/Group: 60 

Age: 6 – 7 weeks 

Animal housing: Individual 

Paradigm for dietary restriction: NA.  Animals were fed ad libitum. 

Dual control employed: No 

Interim sacrifice: No 

Satellite groups: Toxicokinetics:   

 Control:  6/sex 

 Treated groups:  12/sex/group 

 

Deviation from study protocol: There were no deviations that affected the study outcome 

or interpretation. 

 

Table 5.  Sponsor’s summary table of 2 year rat carcinogenicity study design. 
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OBSERVATIONS AND RESULTS 

Mortality 

All animals were checked twice daily (a.m. and p.m.) for mortality, abnormalities, and 

signs of pain or distress.  The number of surviving animals in each dose group at study 

termination is shown in Table 6. 

 

LY3009104 treatment dose-dependently increased survival in male and female rats relative to 

controls. 

 

Males 

The number of control males declined to 19 during week 94.  All remaining males were 

terminated at that time.  This action is consistent with the “Criteria for when to terminate groups 

due to reduced survival in an ongoing rodent carcinogenicity study” established by the FDA 

Executive Carcinogenicity Assessment Committee (ECAC, Updated: 9/11/13).  Statistics 

reviewer Dr.  Feng Zhou identified a statistically significant effect of treatment on survival 

across treatment groups (p = 0.0104).  Pairwise comparison showed a statistically significant 

decrease in mortality between HD males and controls (p = 0.0077).  See Appendix 1. 

 

Females 

The number of control females declined to 20 on day 631.  All remaining females were 

terminated at day 636 (week 91).  The sponsor provided survival data at day 630 (week 90, Table 

6).  Statistics reviewer Dr.  Feng Zhou identified a statistically significant effect of treatment on 

survival across treatment groups (p = 0.0378).  Pairwise comparison showed a statistically 

significant decrease in mortality between HD females and controls (p = 0.027).  See Appendix 1. 

 

 

 Males (Week 94) Females (Week 90) 

LY3009104 

dose 

(mg/kg/d) 

0 1 3 8 0 3 8 25 

Survival 19/60 23/60 28/60 32/60* 23/60 25/60 26/60 34/60* 

% 32% 38% 47% 54% 38% 42% 43% 57% 

p < 0.05 vs. control; Likelihood ratio test 

 

For males and females in all treatment groups, animal deaths began to increase notably during 

weeks 53-56 and continued throughout the remainder of the study (Figure 2).   

 

 

Table 6.  Number of surviving males and females (with percentage of initial total) per treatment group 

prior to study termination in a 2 year rat carcinogenicity study with LY3009104. 
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The LY3009104-related increase in survival is likely secondary to treatment-related decreased 

food consumption (Table 9) and body weight gain (Table 8) rather than a direct effect on 

reduction of fatal neoplastic lesions.  Hubert et al.
3
 have shown that survival in male and female 

SD rats in 2 year studies is increased in animals under dietary restriction relative to those animals 

fed ad libitum.  All animals in the current study were fed ad libitum.  LY3009104-related 

decreases in food consumption represent a likely explanation for the observed dose-related 

increase in survival in males and females. 

 

 

 

                                                 
3
 Hubert, M., et al. (2000)  The effects of diet, ad libitum feeding, and moderate and severe 

dietary restriction on body weight, survival, clinical pathology parameters, and cause of death in 

control Sprague-Dawley rats.  Toxicological  Sciences.  58, 195 – 207. 

Males 

Females 

Figure 2.  Survival curves for male and female rats in 2 year carcinogenicity study with 

LY3009104. 
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Clinical Signs 

Detailed observations were conducted for each animal once during the predose phase.  For 

carcinogenicity animals, observations were made prior to dosing on Day 1 and weekly (based on 

Day 1) throughout the dosing phase.   Detailed observations were also collected on the days of 

scheduled sacrifice (only animals scheduled for sacrifice).  Abnormal findings or an indication of 

normal were recorded. Each grossly visible or palpable mass was recorded along with time of 

onset, location, size, appearance and progression.   

 

Results 

Clonic convulsions (less than 1 minute) were observed in 3/60 HD males (Table 7).  2 of these 3 

animals had single incidences of this finding.  1/3 animals had a total of 3 events.  Clonic 

convulsions were also observed in 1/60 control females and 1/60 MD females.  The earliest time 

point that convulsions were observed was on treatment day 318.  

Table 7.  Notable clinical observations in rats in the 2 year carcinogenicity study with LY3009104. 

 Males Females 

LY3009104 (mg/kg) 0 1 3 8 0 3 8 25 

number of animals 60 60 60 60 60 60 60 60 

CLONIC 

CONVULSION 

(less than 1 minute) 

        

Total animals with 

finding 
0 0 0 3 1 0 1 0 

Animal # (day of 

convulsion) 
- - - 

B34364 
(516) 

B34408 
(585) 

B34419 
(318, 416, 

597) 

 

 

B34484 
(379) 

 

- B34617 
(491, 516, 

555) 

 - 

 

 

While the incidence of clonic convulsions was increased in HD males relative to controls and all 

other dose groups, these findings are not considered to be of significant concern in the context of 

a 2 year carcinogenicity study.  The onset of convulsions did not occur until animals were at least 

1 year old (7 weeks old at study start plus 318 days of treatment), an aged condition.   There was 

no evidence for LY3009104- related brain lesions in males or females in this study.  Finally, 

there was no evidence for LY3009104 related convulsions or brain lesions in Study T08-04-05, a 

26 week general toxicology study in SD rats (See nonclinical review, 12/1/11, M. De). 

 

 

 

Reference ID: 3953267



NDA #207924   Matthew Whittaker, Ph.D. 

 

21 

Body Weights 

Body weights were measured predose, before dosing on day 1, weekly until week 15, and then 

every 2 weeks for the remainder of the study. 

 

Mean absolute body weights were dose-dependently decreased vs. controls in males.  The effect 

achieved statistical significance by day 29 in HD males and persisted throughout the remainder 

of the study (Figure 3 ).  Mean absolute body weight was 89% of control by week 78, indicating 

that the maximum tolerated dose had been achieved (>10% decrease in vs. control; Table 8).   

 

Mean absolute body weight was also decreased in female rats at all doses relative to controls 

throughout the study.  The magnitude of decrease was comparable across all doses.   The effect 

size did not reach statistical significance at any time point. 

 

 

Figure 3.  Mean body weight values in male and female rats over the course of the 2 year 

carcinogenicity study with LY3009104. 

 

Males 

Females 
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Table 8.  Changes in mean absolute body weights and body weight gains during the treatment period of 

the 2 yr rat carcinogenicity study with LY3009104. 

 Males Females 

LY3009104 dose (mg/kg) 0 1 3 8 0 3 8 25 

Week 1          

n 60 60 60 60 60 60 60 60 

Body weight (g) 223 221 222 221 184 183 183 181 

Week 26          

n 58 59 60 60 60 60 59 55 

Body weight (g) 696 687 680 639* 381 367 363 363 

Absolute BW (% control) 100% 99% 98% 92% 100% 96% 95% 95% 

 from week 1 (g) 473 466 458 418 197 184 180 182 

BW Gain (% Initial) 212% 211% 206% 189% 107% 101% 98% 101% 

BW Gain (% control) 100% 99% 97% 88% 100% 93% 91% 92% 

Week 52         

n 54 52 55 59 55 56 55 52 

Body weight (g) 823 805 807 755* 477 469 465 463 

Absolute BW (% control) 100% 98% 98% 92% 100% 98% 97% 97% 

 from week 1 (g) 600 584 585 534 293 286 282 282 

BW Gain (% Initial) 269% 264% 264% 242% 159% 156% 154% 156% 

BW Gain (% control) 100% 97% 98% 89% 100% 98% 96% 96% 

Week 78         

n 33 43 45 52 35 45 40 46 

Body weight (g) 931 875 886 824* 553 538 516 527 

Absolute BW (% control) 100% 94% 95% 89% 100% 97% 93% 95% 

 from week 1 (g) 708 654 664 603 369 355 333 346 
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 Males Females 

LY3009104 dose (mg/kg) 0 1 3 8 0 3 8 25 

BW Gain (% Initial) 317% 296% 299% 273% 201% 194% 182% 191% 

BW Gain (% control) 100% 92% 94% 85% 100% 96% 90% 94% 

Week 94
a
     Week 90

b
   

n 18 23 28 32 23 25 26 34 

Body weight (g) 931 873 889 821* 588 545 518 544 

Absolute BW (% control) 100% 94% 95% 88% 100% 93% 88% 93% 

 from week 1 (g) 708 652 667 600 404 362 335 363 

BW Gain (% Initial) 317% 295% 300% 271% 220% 198% 183% 201% 

BW Gain (% control) 100% 92% 94% 85% 100% 90% 83% 90% 

a  
The male study was terminated at week 94 due to the decrease in surviving control males to less than 20.

 

b
 3 control females were moribund sacrificed on day 631 (week 91).  All surviving females in the study were 

terminated at day 636.   Day 630 (week 90) was the final day in which body weights were measured. 

 

* p ≤ 0.05 vs. control.  ANOVA with Dunnett’s post test. 
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Feed Consumption 

Quantitative food consumption for carcinogenicity animals was recorded weekly through 

Week 14 of the dosing phase and every two weeks thereafter for the duration of the study. 

 

Results: 

Mean food consumption was decreased in a dose-dependent manner in males.  Mean food 

consumption was also decreased relative to controls in females, however there was very little 

difference between MD and HD female values.  Decreased food consumption was observed from 

the beginning of the study through study completion (Figure 4; Table 9).   

 

The observed deficits in food consumption correlate with decreased absolute body weights in 

males and females (Table 8).  Collectively, the evidence shows that LY3009104 limits body 

weight in rats by decreasing appetence.   

 

 

 

 

 

Males 

Females 

Figure 4.  Mean food consumption values in male and female SD rats in 2 year carcinogenicity study with 

LY3009104. 
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Table 9.   Mean food consumption values in rats at defined time intervals during the 2 year carcinogenicity study with LY3009104. 

 Males Females 

LY3009104 dose (mg/kg) 0 1 3 8 0 3 8 25 

Weeks 1 - 27         

number of measurements 20 20 20 20 20 20 20 20 

 Mean food consumption 

(g/day)  
32.5 32.2 31.9 30.7 23.1 22.2 21.9 22.0 

Weeks 28 - 53         

number of measurements 13 13 13 13 13 13 13 13 

 Mean food consumption 

(g/day)  
31.8 31.6 31.0 29.8 23.3 22.6 21.7 22.4 

Weeks 54 - 79         

         
number of measurements 13 13 13 13 13 13 13 13 

 Mean food consumption 

(g/day)  
33.2 31.4 31.6 30.5 24.5 23.4 22.7 23.0 

Weeks 82-96     Weeks 82-91   

number of measurements 8 8 8 8 3 3 3 3 

 Mean food consumption 

(g/day)  
31.4 29.4 30.0 28.5 23.7 22.0 21.0 21.3 

         
OVERALL MEAN         

number of measurements 54 54 54 54 49 49 49 49 

 Mean food consumption 

(g/day)  
32.3 31.4 31.3 30.1 23.6 22.6 22.0 22.3 
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Anatomic Pathology 

A necropsy was conducted on all carcinogenicity animals that died or were sacrificed at 

an unscheduled interval.  On Day 661 for males and Day 636 for females, all surviving animals 

(fasted overnight) were anesthetized with sodium pentobarbital, exsanguinated, and necropsied. 

 

Gross Pathology 

An examination of the external features of the carcass, external body orifices, abdominal, 

thoracic, and cranial cavities; organs and tissues was performed on all carcinogenicity animals. 

 

There was an apparent treatment-related decrease in incidence of mammary gland masses in 

females at ≥ 8 mg/kg (Table 10).  Lung adhesion and lung discoloration was observed with 

increased incidence in HD females.  These findings appear to correlate with microscopic 

observations of minimal – slight alveolar lipoproteinosis. 

 

Table 10.  Potential treatment related macroscopic findings in rats in the 2 year carcinogenicity study with 

LY3009104. 

 Males Females 

LY3009104 (mg/kg) 0 1 3 8 0 3 8 25 

MAMMARY GLAND  

(# examined) 
0 0 0 0 60 60 60 60 

Mass - - - - 20 23 10 6 

Thickened - - - - 4 1 1 0 

LUNG (# examined) 60 60 60 60 60 60 60 60 

Adhesion 1 0 0 0 0 0 0 4 

Discolored 8 2 2 2 2 1 2 7 
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Histopathology 

A complete battery of tissues was collected and preserved in 10% neutral buffered formalin 

(unless otherwise indicated).    The tissues listed in Table 11 were embedded in paraffin, 

sectioned, and stained with hematoxylin and eosin for microscopic examination. 

 

 

Peer Review 

Following completion of the primary microscopic evaluation, an independent peer review 

evaluation was performed   The objective 

was to conduct a pathology data review and quality assessment of the pathology findings.  The 

final anatomic pathology study report indicated that the report represented the consensus of the 

contributing scientist for anatomic pathology and the peer review pathologist.

Table 11.  Sponsor’s list of tissues collected from carcinogenicity animals at 

necropsy. 
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Neoplastic Lesions 

Slight increases in incidence of neoplastic lesions in HD males and/or females relative to 

concurrent controls were seen in the pancreas and thyroid (Table 12).  The incidence value for 

malignant islet cell carcinoma in the pancreas of HD males (6.7%) exceeded the historical 

control range for SD rats  in 2 year carcinogenicity studies.  

However, there was no evidence for a statistically significant trend effect of LY3009104 dose or 

for an effect between specific dose groups and controls (Poly-k method, k =3; see Appendices 2 

& 3).  The apparent increased incidence of neoplastic lesions in the thyroid of HD males and 

females also failed to achieve statistical significance. 

 

Dose-dependent decreases in incidence of fibroadenoma and malignant carcinoma were 

observed in the mammary gland of females. It is likely that these effects are secondary to 

treatment-related decreased food consumption and body weight gain rather than a direct 

reduction of tumor formation.
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Table 12.  Summary of potential LY3009104-evoked neoplasms in 2 year RAT carcinogenicity study. 

 Males  Females  

LY3009104 (mg/kg) 0 1 3 8  0 3 8 25  

number of animals 60 60 60 60 
Hist Ctrl 

(%)
a
 

60 60 60 60 Hist Ctrl (%)
a
 

PANCREAS           

Benign adenoma, islet cell 
3 

(5.0%) 

2 

(3.3%) 

1 

(1.7%) 

3 

(5.0%) 
0.8 – 16.0 

2 

(3.3%) 
0 

2 

(3.3%) 
0 1.5 – 10.0 

Malignant carcinoma, islet cell 
1 

(1.7%) 

2 

(3.3%) 

1 

(1.7%) 

4 

(6.7%) 
1.5 – 2.5 0 0 0 0 1.5 – 2.0 

Adenoma + Carcinoma 
4 

(6.7%) 

4 

(6.7%) 

2 

(3.3%) 

7 

(11.7%) 
 

2 

(3.3%) 
0 

2 

(3.3%) 
0  

THYROID           

Benign adenoma, follicular cell 0 
1 

(1.7%) 

1 

(1.7%) 

3 

(5.0%) 
1.0  – 8.0 0 1 0 1 1.5  – 4.0 

Malignant carcinoma, follicular cell 
1 

(1.7%) 
0 

1 

(1.7%) 
0 1.5 – 1.7 1 0 1 1 0.0  

Adenoma + Carcinoma 
1 

(1.7%) 

1 

(1.7%) 

2 

(3.3%) 

3 

(5.0%) 
 

1 

(1.7%) 

1 

(1.7%) 

1 

(1.7%) 

2 

(3.3%) 
 

MAMMARY GLAND           

Fibroadenoma - - - -  
17 

(28.3%) 

16 

(26.7%) 

9 

(15.0%) 

3 

(5.0%) 
7.7 - 68.0 

Adenoma - - - -  0 1 1 0 0.8 – 13.3 

Malignant carcinoma - - - -  
13 

(21.7%) 

12  

(20.0%) 

8 

(13.3%) 

5 

(8.3%) 
1.7 – 27.7 

Adenoma + Carcinoma      
13 

(21.7%) 

13 

(21.7%) 

9 

(15.0%) 

5 

(8.3%) 
 

a
Hisotorical control data from 2 year carcinogenicity studies in  SD rats (2002 – 2009)

2
.  . 
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Non- neoplastic lesions 

Immune suppression was the main non-neoplastic toxicity observed in this study.  This was 

evidenced by decreased lymphocytes in the spleen and GALT as well as decreased cellularity in 

bone marrow.  Additional target organs of toxicity included the liver and lung (Table 13). 

 

Liver 

Females showed an apparent dose-dependent increase in focal, cellular alteration (clear) in the 

liver, which may represent a pre-neoplastic lesion.  While the same findings were observed in 

males, there was no evidence for a dose-response relationship.  Similar findings were not 

observed in the 6 month rat toxicology study.  These lesions may represent a treatment related 

exacerbation of an age-related phenomenon in female rats. 

 

Lung 

Minimal – slight alveolar lipoproteinosis was observed at 8 mg/kg/day in males and at ≥ 8 

mg/kg/day in females.  These findings are likely to be a consequence of JAK inhibition, as the 

same toxicity was observed in the tofacitinib (oral pan-JAK inhibitor) 2 year rat carcinogenicity 

study (NDA  Nonclinical  Review, 9/21/12). 

 

Evidence for bacterial colony formation in 4/60 HD females is likely a consequence of immune 

suppression evoked by 25 mg/kg/day LY3009104.  These same 4 females also had evidence of 

bacterial colonies in the heart. 

 

Lymph nodes (mesenteric, mandibular) 

The observation of decreased lymphocytes in the mandibular lymph node was detected with 

increased incidence and severity in females only (all doses).  This finding was also observed with 

increased incidence relative to controls in males and females at all doses in the mesenteric lymph 

node.  There was no clear relationship between LY3009104 dose and incidence or severity of 

decreased lymphocytes in the mesenteric lymph node in males or females. 

 

Spleen 

Decreased lymphocytes (slight – marked) were observed in the spleen of HD females only.  

LY3009104 has been developed as a JAK 1/2 selective inhibitor to limit immune suppression 

related to JAK3 inhibition.   However, the 25 mg/kg/day dose in HD females was likely 

sufficient to exhibit inhibitory activity at JAK1, JAK 2, and JAK3, leading to decreased 

lymphocytes in these animals.   

 

Decreased extramedullary hematopoiesis (minimal – moderate) was also detected in HD females 

only.  Extramedullary hematopoiesis is commonly observed in rodents as a normal component of 

the splenic red pulp
4
.  Decreased extramedullary hematopoiesis is a rare finding in rats.  In the 

current study it is likely a consequence of JAK inhibition at the 25 mg/kg/day dose. 

 

                                                 
4
 Hobbie, K. et al.  National Toxicology Program Non-neoplastic Lesion Atlas.  Spleen- 

Extramedullary Hematopoiesis.  https://ntp.niehs.nih.gov/nnl/immune/spleen/exmh/spleen-

extramedullary-hematopoiesis-pdf_508.pdf 
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GALT 

Decreased lymphocytes (minimal – marked) were observed in the GALT of males and females at 

the conclusion of the treatment period.  There was no dose-response relationship in males.  Both 

incidence and severity increased with dose in females. 

 

Bone marrow (femur, sternum) 

Decreased cellularity (slight – marked) in the bone marrow of the femur was observed in males 

and females at all doses.  Incidence and severity increased with increasing dose.  Decreased 

cellularity (slight – moderate) in the bone marrow of the sternum was found to increase in 

incidence and severity with increasing LY3009104 dose in females only. 

 

Decreased cellularity in the bone marrow is an expected pharmacologic effect of JAK inhibition. 
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Table 13.  Summary of potential treatment related non-neoplastic microscopic findings in rat 2 year carcinogenicity study with LY3009104. 

 Males Females 

LY3009104 (mg/kg/day) 0 1 3 8 0 3 8 25 

LIVER (# examined) 60 60 60 60 60 60 60 60 

Focus, cellular alteration, clear         

minimal 3 7 6 8 6 4 18 26 

slight 0 1 1 0 0 0 0 0 

TOTAL 3 8 7 8 6 4 18 26 

LUNG (# examined) 60 60 60 60 60 60 60 60 

Alveolar lipoproteinosis         

minimal 0 0 0 1 0 1 4 9 

slight 0 0 0 1 0 0 2 10 

TOTAL 0 0 0 2 0 1 6 19 

Bacterial colonies         

present 1 0 0 0 0 0 0 4 

LYMPH NODE, MANDIBULAR  

(# examined) 
60 60 60 60 60 60 60 60 

Decreased lymphocytes         

slight 0 0 0 0 0 0 1 3 

marked 0 0 0 0 0 1 0 0 

TOTAL 0 0 0 0 0 1 1 3 

LYMPH NODE, MESENTERIC 

(# examined) 
60 60 60 60 60 60 60 60 

Decreased lymphocytes         

minimal 19 26 21 19 22 34 30 26 

slight 1 4 0 3 5 2 10 9 

moderate 1 0 0 2 1 0 0 3 
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 Males Females 

LY3009104 (mg/kg/day) 0 1 3 8 0 3 8 25 

marked 0 0 1 0 0 1 0 0 

TOTAL 21 30 21 25 28 36 40 38 

SPLEEN (# examined) 60 60 60 60 60 60 60 60 

Decreased lymphocytes         

slight 0 1 2 0 1 0 0 5 

moderate 0 0 0 0 0 0 0 6 

marked 0 0 0 0 0 1 0 0 

TOTAL 0 1 2 0 1 1 0 11 

Decreased extramedullary hematopoiesis         

minimal 0 0 1 2 1 0 2 8 

slight 0 0 0 0 0 0 2 12 

moderate 0 0 0 0 0 0 0 2 

TOTAL 0 0 1 2 1 0 4 22 

GALT/PEYER’S PATCH 

 (# examined) 
60 60 60 60 60 60 60 60 

Decreased lymphocytes         

minimal 5 5 8 2 3 3 3 5 

slight 0 0 4 0 1 0 3 2 

moderate 0 2 2 2 0 1 2 6 

marked 0 0 0 0 0 0 0 1 

TOTAL 5 7 14 4 4 4 8 14 

HEART (# examined) 60 60 60 60 60 60 60 60 

Bacterial colonies         

present 0 0 0 0 0 0 0 4 

Inflammation, epicardium         

slight 1 0 0 0 0 0 0 2 
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 Males Females 

LY3009104 (mg/kg/day) 0 1 3 8 0 3 8 25 

moderate 0 0 0 0 0 0 0 1 

marked 0 0 0 0 0 0 0 1 

TOTAL 0 0 0 0 0 0 0 4 

BONE MARROW, FEMUR  (# examined) 60 60 60 60 60 60 60 60 

Decreased cellularity         

slight 4 5 8 9 4 6 5 11 

moderate 0 1 2 1 1 1 3 4 

marked 0 0 0 1 0 0 0 0 

TOTAL 4 6 10 11 5 7 8 15 

BONE MARROW, STERNUM (# examined) 60 60 60 60 60 60 60 60 

Decreased cellularity         

slight 6 5 4 3 2 4 5 7 

moderate 0 0 0 0 0 0 0 1 

TOTAL 6 5 4 3 2 4 5 8 
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Toxicokinetics 

Blood samples were collected into tubes containing potassium (K3) EDTA from 

three animals/treatment group/sex/time point on Days 1 and 176 at the following time 

points in Groups 2 through 4: predose (Day 176 only) and approximately 0.5, 1, 2, 4, 8, and 24 

hours postdose.  Control animals had blood samples collected from 3 animals per sex on days 1 

and 176 at approximately 1 hour post dose.  Plasma samples were obtained by centrifugation and 

stored at approximately -60ºC to -80ºC until transferred frozen  

 for analysis. 

 

Concentrations of LY3009104 were determined using a LC/MS/MS method (LY3RPP) 

 The lower limit of quantitation was 

 ng/mL, and the upper limit of quantitation was 875 ng/mL.  Toxicokinetic parameters were 

calculated using WinNonlin (Version 5.2). Plasma concentrations of LY3009104 below the 

lower limit of quantitation (0.350 ng/mL) were assigned a value of zero for calculation purposes 

and descriptive statistics. 

 

Results 

Both Cmax and AUC0-24 increased in an approximately dose-proportional manner in males and 

females at days 1 and 176 (Figure 5; Table 14).  Cmax and AUC0-24 values were generally 

comparable between males and females at the same doses.  There was evidence for slight 

accumulation (~1.2 to 1.5-fold) in AUC0-24 values between days 1 and 176 in males and females 

at all doses. 
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Figure 5.  Mean plasma concentration over time values for male and female rats at study day 1 and 176 in 2 

year carcinogenicity study. 

Table 14.  Sponsor’s summary table of toxicokinetic parameters in rats at days 1 and 176 of a 2 year 

carcinogenicity study with LY3009104. 
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Dosing Solution Analysis 

Sample Analysis and Disposition 

Dose formulations were analyzed  for LY3009104 content and 

uniformity of mixing using HPLC Determination of LY3009104 in Compound 3009104 

Toxicology Dose Formulations method (Method No. M-3275-000)  

 

Stability 

LY3009104 dose formulations at concentrations 0.003 and 25 mg/mL are reported by the 

sponsor to be stable for 48 hours at room temperature and up to 35 days when stored in 

refrigerated or frozen conditions. 

Results 

Bulk Test article potency initially was 99.9%.  Potency was reported to be 100.1, 100.0, 99.2, 

and 100.2% at 6 months, 12 months, 18 months and after the end of the dosing phase, 

respectively. 

 

Homogeneity 

Duplicate samples (1.00 mL each) were taken from the top, middle, and bottom strata of 

the test article formulations prepared for administration on Day 1 of the dosing phase. 

While formulations were stirring, the samples were collected using a 1-mL syringe.  

Additionally, one 20 mL sample of vehicle control article was collected.  From the remaining 

bulk formulations, the low- and high-dose concentrations of LY3009104 were dispensed into 

containers of sufficient volume for daily dosing and stored at 2 to 8C. On the 8th day of storage, 

aliquots of the low- and high-dose concentrations were resuspended.   While formulations were 

stirring, samples from the top, middle, and bottom strata (2 x 1.00 mL) were collected 

using a 1-mL syringe. 

Results 

Homogeneity results taken from formulations prepared for use on Day 1 ranged from 

100 to 101.8% of theoretical for the 0.1, 0.8 and 2.5 mg/mL formulations, respectively 

and these preparations had a % RSD ranging from 0.4 to 1.1%.  The concentration of 0.3 mg/mL 

had an overall mean of 94.3% of theoretical but a %RSD of 11.7%.  This observation is not 

considered to be of sufficient significance to affect the outcome of the study. 

 

The Day 8 resuspension of the 0.1 and 2.5 mg/mL concentrations yielded mean 

concentrations of 98.7 to 101.2% of theoretical and these had %RSDs ranging from 0.4 to 

3.8%. 

 

Concentration Verification 

Concentration verification was determined from formulations prepared for use on Day 1 

of the dosing phase. Day 1 of the dosing phase homogeneity results also served as Day 1 

concentration verification results. From the formulations for Weeks 13, 26, 40, 52, 66, 

78, and 92 of the dosing phase (based on the male inlife start date), one 20-mL sample of 

each dose formulation was collected into a 30-mL glass container. Samples were maintained at 2 

to 8C, until shipped on wet ice for analysis. 

Results 

Concentration verification results ranged from 90.9 to 110.7% of theoretical values. 
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8.2  26 week Tg.RasH2 Mouse Carcinogenicity Study 

Study Title:  A carcinogenicity and toxicokinetic study in 001178-T mice given 

LY3009104 by oral gavage for 26 weeks 

Study no.: 8291245  

Study report location: NDA 207924 

Supporting Document 1 

Module 4.2.3.4.1 

 

IND 102204 

Supporting Document 251 

Module 4.2.3.4.1 

Conducting laboratory and location: 

Date of study initiation: October 31, 2013 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: LY3009104 

Batch No. 124008-M2 

99.9% 

CAC concurrence: Yes 

 

Key Study Findings 

 In a 26 week carcinogenicity study, male and female TgRasH2 mice (25/sex/group) 

received LY3009104 by oral gavage at the following doses 

o Males:  0 (0.5% methylcellulose), 15, 40, 300 mg/kg/day 

o Females: 0 (0.5% methylcellulose), 10, 30, 150 mg/kg/day 

 There was no effect of LY3009104 treatment on survival 

 LY3009104 caused dose-related decreases in the following hematology parameters in 

males and females 

o Total RBCs, hemoglobin and hematocrit  

o Total WBCs, lymphocytes 

o These are pharmacodynamic effects of JAK1 and/or JAK2 inhibition  

 LY3009104 was not tumorigenic in male or female TgRasH2 mice 

o Males:  up to 300 mg/kg/day 

o Females:  up to 150 mg/kg/day 

 MNU (75 mg/kg/day)-treated positive control mice had neoplastic lesions in the 

hematopoietic system (malignant lymphosarcoma), vascular system (hemangiosarcoma), 

skin, nonglandular stomach, and lung.  These target organs are consistent with 

established results in MNU-treated TgRrasH2 mice.  
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 LY3009104-evoked non-neoplastic target organs of toxicity included lymph nodes, bone 

marrow, and thymus: 

o Lymph nodes (decreased lymphocytes):  Males: 300 mg/kg/day; Females 150 

mg/kg/day 

o Bone marrow (increased adipocytes):  Males: 300 mg/kg/day; Females 150 

mg/kg/day 

o Thymus (decreased lymphocytes):  Males:  300 mg/kg/day; Females:  ≥ 30 

mg/kg/day 

o These are expected pharmacodynamic effects of JAK1 and JAK2 inhibition 

 

 Toxicokinetic evaluation was conducted at day 1 and at the conclusion of the dosing 

period 

o LY3009104 Cmax and AUC0-24 increased approximately proportionally with dose 

in both males and females 

Adequacy of Carcinogenicity Study 

 The 26-week treatment duration was considered adequate for carcinogenicity assessment 

in TgrasH2 mice. 

 Concurrence for all doses was obtained from the ECAC. 

 There was no early termination of any study group due to mortality. 

Appropriateness of Test Models 

 The 26-week carcinogenicity study was conducted in male and female Hemizygous 

TgRasH2 mice.  This study design represents an established model for assessment of 

carcinogenic potential
1
.  The oral gavage route of administration models the clinical route 

of administration for LY3009104.   

Evaluation of Tumor Findings 

 There were no LY3009104 related neoplastic findings. 

 MNU treated positive control animals had evidence of tumor formation in the following 

organs: 

o Whole body:   

 benign hemangioma & malignant hemangiosarcoma (vascular); malignant 

lymphosarcoma (hematopoietic)  

o Nonglandular stomach: Squamous cell benign papilloma   

o Skin: 

 Squamous cell:  benign papilloma 

 Sebaceous:  benign adenoma 

o Lung:  benign adenoma, broncheoalveolar 

o Epididymis:  Sperm granuloma 
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Methods 

Doses: Males:  0, 15, 40, 300 mg/kg (oral gavage) 

Females:  0, 10, 30, 150 mg/kg (oral gavage) 

 

Positive control:  N-methyl-N- nitrosourea (MNU): 75 

mg/kg (Intraperitoneal) 

Frequency of dosing: Once per day 

Dose volume: 10 ml/kg 

Route of administration: Oral gavage 

Formulation/Vehicle: LY3009104:  0.5% (w/v) methylcellulose in RO water 

MNU:  150 mM sodium chloride + 15 mM sodium citrate 

Basis of dose selection:  4 week dose range finding study in WT TgRasH2 mice 

(Study 8268827) 

 The MTD in males was defined by ~50% suppression of 

lymphocyte counts at 300 mg/kg 

 The MTD of 150 mg/kg in females was based on 

adverse kidney findings of tubular 

degeneration/necrosis, dilatation, mineralization, and 

regeneration at the 300 mg/kg/day dose 

 

 Concurrence with ECAC (Meeting minutes 7/11/13) 

 

Species/Strain: Carcinogenicity study:  Mouse:  001178-T (hemizygous), 

CByB6F1-Tg(HRAS)2Jic mice 

 

Toxicokinetic study:  Mouse:  001178-W (WT),  CByB6F1-

Tg(HRAS)2Jic mice littermates of hemizygous mice 

 

Positive control:  Mouse:  001178-T (hemizygous), 

CByB6F1-Tg(HRAS)2Jic mice 

Number/Sex/Group: Carcinogenicity Study: 

 Vehicle control & treated animals:  25/sex/group 

 Positive control:  10 M & 10 F 

Toxicokinetic Study: 

 Vehicle control:  9/sex 

 Treated animals:  48/sex/group 

Age: 8 – 9 weeks 

Animal housing: Males:  individually housed 

Females:  Group housed (up to 3 animals/cage) 

Paradigm for dietary restriction: NA 

Dual control employed: NA 

Interim sacrifice: NA 

Satellite groups:  9 male & 9 female control WT mice were included 

for TK assessment. 
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 48 WT mice/sex/treatment group were included for 

TK assessment  

Deviation from study protocol: There were no deviations that affected the study outcome or 

interpretation. 
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Observations and Results 

Male and female transgenic and WT mice were obtained from   

Animals were dosed daily with LY3009104 by oral gavage from study day 1 – 184.  MNU 

treated positive controls were treated via intraperitoneal injection on day 1 only. 

Mortality 

Animals were checked twice daily (a.m. & p.m.) for mortality, abnormalities, and signs of pain 

or distress. 

 

LY3009104 treated mice 

There were a total of 4 premature deaths in males and 10 premature deaths in females across all 

doses in the non-MNU treated groups (i.e. controls & all LY3009104 treated animals).  There 

was no apparent dose-related effect of LY3009104 on survival in males or females (Figure 6; 

Table 16).  The earliest deaths occurred during week 14.  There was no evidence for a 

relationship between the dose administered and the time of death.  The deaths of 2/4 males and 

5/10 females were associated with the presence of neoplasms (Table 17).  This data is consistent 

with observations made by Paranjpe et al.
5
 on control TgRasH2 mice in a total of 26 separate 26-

week carcinogenicity studies conducted at their facility.  In this evaluation, the cause of death in 

the 15/28 control males and 22/28 control females that died prematurely included 

hemangiosarcoma or various other tumors. 

 

MNU treated positive control mice 

Males and females in the MNU treated group showed significantly increased mortality vs. 

controls, as expected (p < 0.0001; Table 16, see statistics review by Dr. Feng Zhou).  Premature 

deaths in these animals were generally attributable to either lymphosarcoma or 

hemangiosarcoma (Table 17).  Deaths were first observed in MNU treated animals at study day 

64 (week 10). 

                                                 
5
 Paranjpe M. et al. (2013)  Historical control data of spontaneous tumors in transgenic 

CByB6F1-Tg(HRAS)2Jic (Tg.rasH2) Mice.  International Journal of Toxicology.  32, 48 – 57. 

Table 15.  Sponsor’s summary of study design for 26-week carcinogenicity study in TgRasH2 mice with LY3009104. 
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Table 16.  Survival of TgRasH2 mice at week 26. 

 
 Males Females 

Group 1 2 3 4 5 1 2 3 4 5 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

SURVIVAL 24/25 24/25 24/25 24/25 3/10** 22/25 23/25 22/25 23/25 2/10** 

% 96% 96% 96% 96% 30% 88% 92% 88% 92% 20% 

**p < 0.0001 vs. vehicle control; Likelihood ratio test 

Figure 6.  Survival graphs for male and female TgRasH2 mice treated with LY3009104  in a 26 week carcinogenicity study. 

Males Females 
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Table 17.  Premature deaths in male and female TgRasH2 mice in 26 week carcinogenicity study with 

LY3009104.   

Sex 

LY3009104 

dose group 

(mg/kg/d) 

Premature 

deaths  

(# deaths / 

total animals 

in group) 

Animal 

ID # 

Study 

day of 

death 

Description 

Male 

Vehicle 1/25 A98076 
108  

(wk 16) 
Found dead.  Undetermined 

15 1/25 A98110 
166  

(wk 24) 
Moribund sacrifice.  Rhabdomyosarcoma 

40 1/25 A98193 
98  

(wk 14) 
Found dead.  Undetermined 

300 1/25 A98262 
140  

(wk 20) 
Moribund sacrifice.  Malignant thymoma 

MNU 7/10 A98324 
92  

(wk 14) 
Moribund sacrifice.  Hemangiosarcoma 

  A98325 
142  

(wk 21) 
Found dead.  Lymphosarcoma 

  A98326 
120  

(wk 18) 
Moribund sacrifice.  Lymphosarcoma 

  A98327 
98  

(wk 14) 
Moribund sacrifice.  Undetermined 

  A98328 
169  

(wk 25) 
Moribund sacrifice.  Lymphosarcoma 

  A98329 
141  

(wk 21) 
Found dead.  Hemangiosarcoma 

  A98330 
92  

(wk 14) 
Found dead.  Hemangiosarcoma 

Female 

Vehicle 3/25 A98337 
169  

(wk 25) 
Moribund sacrifice.  Undetermined 

  A98338 
94 

(wk 14) 
Found dead.  Undetermined 

  A98339 
153 

(wk 22) 
Found dead.  Malignant thymoma 

10 2/25 A98374 
140  

(wk 20) 
Moribund sacrifice.  Undetermined 

  A98389 
134 

(wk 20) 
Moribund sacrifice.  Hemangiosarcoma 

30 3/25 A98454 
111  

(wk 16) 
Found dead.  Undetermined 

  A98454 
107 

(wk 16) 
Found dead.  Malignant thymoma 

  A98454 
176 

(wk 26) 
Moribund sacrifice.  Undetermined 

150 2/25 A98524 
141  

(wk 21) 
Found dead.  Lymphosarcoma 

  A98533 
155  

(wk 23) 
Moribund sacrifice.  Hemangiosarcoma 

MNU 8/10 A98588 
169  

(wk 25) 
Moribund sacrifice.  Hemangiosarcoma 
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Sex 

LY3009104 

dose group 

(mg/kg/d) 

Premature 

deaths  

(# deaths / 

total animals 

in group) 

Animal 

ID # 

Study 

day of 

death 

Description 

  A98589 
64 

(wk 10) 
Moribund sacrifice.  Lymphosarcoma 

 
  A98590 

64  

(wk 10) 
Found dead.  Lymphosarcoma 

 
  A98591 

134 

(wk 20) 
Moribund sacrifice.  Lymphosarcoma 

 
  A98592 

155 

(wk 23) 
Found dead.  Undetermined 

 
  A98593 

162 

(wk 24) 
Moribund sacrifice.  Lymphosarcoma 

 
  A98596 

176  

(wk 26) 
Moribund sacrifice.  Lymphosarcoma 

 
  A98597 

120 

(wk 18) 
Moribund sacrifice.  Lymphosarcoma 
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Clinical Signs 

Detailed observations were conducted for each animal once during the predose phase. 

Observations were conducted for carcinogenicity animals prior to dosing on Day 1 and 

weekly (based on Day 1) throughout the dosing phase.  Detailed observations were also collected 

on days of scheduled sacrifice (all surviving animals). The following information on each grossly 

visible or palpable mass was recorded (beginning in the dosing phase): time of onset, location, 

size, appearance, and progression. Abnormal findings or an indication of normal was recorded. 

 

Results 

Hunched posture was observed in male and female mice at all dose levels (Table 18).  All mice 

observed with this finding died prior to study completion. 

Table 18.  Incidence values for potential LY3009104-related clinical observations in TgRasH2 mice in a 

26 week carcinogenicity study. 

 Males Females 

LY3009104 dose 

(mg/kg) 
0 15 40 300 MNU 0 10 30 150 MNU 

number of animals 25 25 25 25 10 25 25 25 25 20 

Appearance           

Hunched 0 0 0 1 5 1 2 1 1 5 

 

 

Visible masses 

Visible masses were observed mainly in MNU treated animals.  1/25 females in the HD 

LY3009104 group had a visible mass in the right lumbar region (Table 19).  Visible masses were 

observed in up to 6/10 MNU-treated males (left scrotum) and up to 3/10 MNU-treated females 

(perineal area). 

Table 19.  Visible masses observed in TgRasH2 mice in a 26 week carcinogenicity study with 

LY3009104. 

 Males Females 

LY3009104 dose 

(mg/kg) 
0 15 40 300 MNU 0 10 30 150 MNU 

number of animals 25 25 25 25 10 25 25 25 25 10 

Right lumbar 0 0 0 0 0 0 0 0 1 1 

Left lumbar 0 1 0 0 1 0 0 0 0 2 
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 Males Females 

LY3009104 dose 

(mg/kg) 
0 15 40 300 MNU 0 10 30 150 MNU 

number of animals 25 25 25 25 10 25 25 25 25 10 

Right ventral 

cervical 
0 0 0 0 1 0 0 0 0 0 

Perineal area 0 0 0 0 0 0 0 0 0 3 

Right scrotum 0 0 0 0 1 NA NA NA NA NA 

Left scrotum 0 0 0 0 6 NA NA NA NA NA 

Vagina NA NA NA NA NA 0 0 0 0 2 
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Body Weights 

Body weights were recorded once during the predose phase, before dosing on Day 1, 

twice weekly for 4 weeks (based on Day 1) throughout the dosing phase, and weekly 

thereafter (based on Day 29) during the dosing phase. 

 

There were no physiologically relevant effects of LY3009104 on mean body weight at any dose 

tested in males or females.  MNU treated males and females had apparent increases in mean 

body weight vs. vehicle control mice that became apparent at day 29 and persisted through the 

remainder of the study (Figure 7; Table 20).

Figure 7.  Mean body weight values over time in TgRasH2 mice during 26 week 

treatment period with LY3009104. 

Males 

Females 
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Table 20.  Changes in mean absolute body weight and body weight gains during the treatment period of 

the 26 week TgRasH2 mouse carcinogenicity study.   

 Males Females 

LY3009104 dose 

(mg/kg) 
0 15 40 300 MNU 0 10 30 150 MNU 

Week 1            

n 25 25 25 25 10 25 25 25 25 10 

Body weight (g) 22.1 22.3 22.0 21.0 22.3 19.4 18.5 18.6 18.8 18.8 

Week 13            

n 25 25 25 25 9 25 25 25 25 8 

Body weight (g) 26.9 26.4 25.3 25.7 28.4 20.4 19.8 20.0 19.4 21.8 

Absolute BW  

(% control) 
100% 98% 94% 96% 106% 100% 97% 98% 95% 107% 

 from week 1 (g) 4.8 4.1 3.3 4.7 6.1 1.0 1.3 1.4 0.6 3.0 

BW Gain (% Initial) 22% 18% 15% 22% 27% 5% 7% 8% 3% 16% 

BW Gain (% control) 100% 85% 69% 98% 127% 100% 130% 140% 60% 300% 

Week 27           

n 24 24 24 24 3 22 23 22 23 6 

Body weight (g) 28.2 28.4 27.6 27.2 28.2 20.9 20.2 20.2 19.7* 22.5 

Absolute BW  

(% control) 
100% 101% 98% 96% 100% 100% 97% 97% 94% 108% 

 from week 1 (g) 6.1 6.1 5.6 6.2 5.9 1.5 1.7 1.6 0.9 3.7 

BW Gain (% Initial) 28% 27% 25% 30% 26% 8% 9% 9% 5% 20% 

BW Gain (% control) 100% 100% 92% 102% 97% 100% 113% 107% 60% 247% 

*p ≤ 0.05 vs. vehicle (ANOVA with Dunnett’s post test)  
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Feed Consumption 

Quantitative food consumption for carcinogenicity animals was recorded weekly during 

the dosing phase.  Consumption was calculated as g/animal/week. Wet, spilled, and/or 

contaminated food was recorded. 

 

There was no effect of LY3009104 treatment on mean food consumption at any dose tested 

(Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Males 

Females 

Figure 8.  Mean food consumption values in male (upper panel) and 

female (lower panel) TgRasH2 mice treated with LY3009104 for 26 

weeks. 
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Clinical Pathology 

Blood samples for hematology and clinical chemistry were collected from unfasted, anesthetized 

Carcinogenicity animals on day 184, the day of scheduled sacrifice.   

 

The following parameters were measured: 

 

Hematology 

 

 

Clinical chemistry 

 

Results 

LY3009104 treatment resulted in multiple changes in mean hematology parameters at all doses 

in male and female mice (Table 21).  Total red blood cells, hemoglobin, and hematocrit 

percentage were all decreased in a dose dependent manner in males and females.  The magnitude 

of the effect size was relatively small (~10 to -12% vs. controls at the high dose).  These effects 

are expected consequences of JAK2 inhibition given the established role of this enzyme in 

erythropoiesis. 

 

Total white blood cells were dose-dependently decreased in male and female mice.  This 

decrease was largely driven by dose-dependent decreases in total lymphocytes.  These findings 

are expected consequences of JAK1 inhibition given the involvement of this enzyme in 

lymphopoiesis and B and T cell development.
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Table 21.  LY3009104 related changes in mean hematology parameters in 26 week TgRasH2 mouse carcinogenicity study. 

 Males Females 

LY3009104 dose (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

n 19 21 21 22 3 20 22 19 17 2 

RED BLOOD CELLS 

(x10
6
/µl) 

10.99 94%* 94%* 86%* 90% 10.82 98% 96%* 90%* 94% 

HEMOGLOBIN (g/dL) 16.0 96%* 95%* 89%* 89% 15.7 97%* 95%* 88%* 96% 

HEMATOCRIT (%) 54.8 95%* 95% 89%* 90% 54.5 98% 96%* 88%* 98% 

PLATELETS (x10
3
/µl) 1031 114% 115% 134%* 45% 1136 104% 110%* 131%* 86% 

WHITE BLOOD CELLS 

(x10
3
/µl)  

1.46 78% 77%* 60%* 888% 1.84 70%* 54%* 51%* 101% 

LYMPHOCYTES 

(x10
3
/µl)  

0.94 65%* 56%* 35%* 616% 1.37 63%* 42%* 27%* 93% 

*p ≤ 0.05; ANOVA with Dunnett’s post test 
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Anatomic Pathology 

On Day 184 of the dosing phase, all surviving carcinogenicity animals were anesthetized 

with sodium pentobarbital, exsanguinated, and necropsied.  Terminal body weights were 

recorded. An examination of the external features of the carcass; external body orifices; 

abdominal, thoracic, and cranial cavities; organs; and tissues was performed. 

 

A complete battery of tissue samples from each carcinogenicity animal were preserved in 10% 

neutral-buffered formalin (Table 22).  Organs that were weighed are noted with a ‘W’.  Organs 

processed and examined microscopically are noted with a ‘P, E’. 

 

 

 

 

Table 22.  List of tissues collected in carcinogenicity animals in 26 week carcinogenicity study in Tg 

(HRas2)Jic mice. 
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Gross Pathology 

There was no evidence for LY3009104-related macroscopic findings.  Macroscopic findings 

identified in male and female MNU-treated positive control animals (Table 23) included 

enlarged lymph nodes and spleen along with raised areas in the skin/subcutis and stomach.   

Table 23.  Macroscopic findings observed in TgRasH2 mice in 26 week carcinogenicity study. 

 

 

 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

LYMPH NODE, OTHER  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Large 0 0 0 0 3 0 0 0 0 4 

SKIN/SUBCUTIS  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Raised area 0 0 0 0 3 0 0 0 0 1 

SPLEEN (# examined) 25 25 25 25 10 25 25 25 25 10 

Large 0 0 0 0 1 0 0 0 0 3 

STOMACH (# examined) 25 25 25 25 10 25 25 25 25 10 

Raised area 2 0 0 0 10 1 0 0 0 6 
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Organ weights 

Apparent dose-related decreases in mean kidney weight (HD:  -15 to -20% vs. control) and liver 

weight (HD:  -10 to -20% vs. control) were observed in males and females treated with 

LY3009104.  The absence of histologic or clinical chemistry correlates mitigates the concern 

over these findings. 

 

Dose-related decreases in mean spleen weight were observed in males and females at all doses 

(Table 24).  These observations are consistent with the observed decreases in total lymphocytes 

at all doses.  There were no microscopic correlates to the observed decreased mean spleen 

weights.
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Table 24.   Mean spleen weight in male and female TgRasH2 at the conclusion of 26 weeks of treatment with LY3009104. 

  Males Females 

LY3009104 dose 

(mg/kg) 
0 15 40 300 MNU 0 10 30 150 MNU 

SPLEEN  

(# examined) 
24 24 24 24 3 22 23 22 23 2 

Organ weight 0.0673 0.0575* 0.0531* 0.0445* 0.2729 0.076 0.0639* 0.0538* 0.041* 0.1288 

% control 100.0% 85.4% 78.9% 66.1% 405.5% 100.0% 84.1% 70.8% 53.9% 169.5% 

% Body weight 0.2596 0.2161* 0.2099* 0.1763* 1.1183 0.3975 0.3499* 0.2921* 0.2299* 0.6166 

% control 100.0% 83.2% 80.9% 67.9% 430.8% 100.0% 88.0% 73.5% 57.8% 155.1% 

% Brain weight 14.2087 12.0465* 11.2288* 9.5094* 57.68 15.1621 12.8186* 10.7333* 8.7187* 25.0448 

% control 100.0% 84.8% 79.0% 66.9% 405.9% 100.0% 84.5% 70.8% 57.5% 165.2% 

P ≤ 0.05 vs. control.  ANOVA and Dunnett’s post-test 
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Histopathology 

 

Peer Review 

A pathology peer review was performed by the sponsor, and documentation of animals 

and tissues examined were retained with the raw data. After completion of the pathology 

peer review, all tissue slides were returned  for archiving. 

 

Neoplastic Lesions 

A slight increase in the incidence of neoplastic lesions was observed in the thymus of HD males 

relative to concurrent controls (Table 25).  However incidence levels were very low and there 

was no evidence for statistically significant trend effects of LY3009104 dose or effects between 

specific dose groups and controls (Poly-k method, k =3; see Appendices 5 & 6) 

 

There was evidence for multiple neoplastic lesions in MNU-treated positive control animals, 

confirming that the study could detect an expected characteristic tumorigenic response to a 

known carcinogen.  Neoplastic lesions in MNU-treated mice were detected in the vasculature 

(malignant hemangiosarcoma), hematopoietic system (malignant lymphosarcoma), skin, 

epididymis, nonglandular stomach, and lung.  These target organs are consistent with established 

results in MNU-treated TgHras2 mice
1
.  Appendices 5 and 6 contain the FDA Biostatistics 

Reviewer’s (Dr. Feng Zhou) tumor incidence tables with significance levels.  Appendix 7 

contains the sponsor’s complete summary table of neoplastic + non-neoplastic lesions. 

 

Reference ID: 3953267

(b) (4)



NDA #207924   Matthew Whittaker, Ph.D. 

 

58 

Table 25.  Summary of apparent treatment-related neoplastic lesions in TgRasH2 mice treated with LY3009104 or MNU. 

 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

BODY, WHOLE/CAVITY  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Benign hemangioma (vascular) 1 0 0 0 0 3 1 1 0 0 

Malignant hemangiosarcoma 

(vascular) 
0 0 1 1 4 0 1 0 2 1 

Hemangioma + hemangiosarcoma 1 0 1 1 4 3 2 1 2 1 

Malignant lymphosarcoma 

(hematopoietic) 
0 0 0 0 6 0 0 0 1 8 

SKIN (# examined) 25 25 25 25 10 25 25 25 25 10 

Benign adenoma, sebaceous 1 0 0 0 3 0 0 0 0 0 

Benign papilloma, squamous cell 0 0 0 0 5 0 0 0 0 2 

STOMACH, NONGLANDULAR 

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Benign squamous cell papilloma 0 0 0 0 5 0 0 0 0 6 
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 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

EPIDIDYMIS (# examined) 25 25 25 25 10 25 25 25 25 10 

Sperm granuloma 0 1 0 1 3 - - - - - 

LUNG (# examined) 25 25 25 25 10 25 25 25 25 10 

Benign adenoma, broncheoalveolar 2 1 4 0 3 1 3 1 0 2 

THYMUS (# examined) 25 25 25 25 10 25 25 25 25 10 

Benign thymoma 1 1 0 1 0 1 0 0 0 0 

Malignant thymoma 0 0 0 1 0 1 0 1 0 0 

Benign + Malignant thymoma 1 1 0 2 0 2 0 1 0 0 
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Non-neoplastic Lesions 

LY3009104-evoked non-neoplastic lesions (Table 26) included decreased lymphocytes in lymph 

nodes (high dose males and females) and thymus (high dose males, mid-dose and high dose 

females).  Increased adipocytes were observed in the bone marrow in high dose males and 

females.  This finding is consistent with the minimal – moderate hypocellularity observed in the 

bone marrow in high dose females.  That is, bone marrow adipocyte numbers correlate inversely 

with hematopoietic activity of the marrow
6
.  The non-neoplastic lesions observed in male and 

female mice in this study are expected pharmacodynamic effects of JAK1 and JAK2 inhibition 

 

MNU-treated animals also had evidence for non-neoplastic lesions in epididymis, testis, axillary 

lymph node, and lung tissue.  These findings are all consistent with spontaneous observations in 

studies conducted in TgRasH2 mice
1

                                                 
6
 Naveiras, O. et al. (2009)  Bone-marrow adipocytes as negative regulators of the hematopoietic 

environment.  Nature.  460, 259 – 263.   
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Table 26.  Treatment related non-neoplastic lesions in TgRasH2 mice at the conclusion of the 26 week carcinogenicity study with LY3009104. 

 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

EPIDIDYMIS (# examined) 25 25 25 25 10 25 25 25 25 10 

Duct ectasia           

Slight 0 0 0 0 2 NA NA NA NA NA 

 LIVER (# examined) 25 25 25 25 10 25 25 25 25 10 

Necrosis           

minimal 1 1 4 4 0 6 3 0 1 0 

slight 0 1 1 3 0 0 0 0 0 0 

Total 1 2 5 7 0 6 3 0 1 0 

LUNG (#examined) 25 25 25 25 10 25 25 25 25 10 

Hyperplasia, epithelium, alveolar           

minimal 0 0 0 0 1 0 0 0 0 1 

LYMPH NODE, AXILLARY  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Hyperplasia, lymphocytes           

slight 0 0 0 0 1 0 0 0 0 0 
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 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

LYMPH NODE, MESENTERIC  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Decreased lymphocytes           

minimal 0 0 0 1 0 0 0 0 0 0 

slight 0 0 0 2 0 0 0 0 0 0 

Total 0 0 0 3 0 0 0 0 0 0 

MAMMARY GLAND 

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Hyperplasia/hypertrophy           

moderate - - - - - 0 0 0 0 2 

MARROW, FEMUR (#examined) 25 25 25 25 10 25 25 25 25 10 

Increased adipocytes           

minimal 0 0 0 11 0 0 1 0 11 0 

slight 0 0 0 3 0 0 0 0 5 0 

moderate 0 0 0 0 0 0 0 0 2 0 

Total 0 0 0 14 0 0 1 0 19 0 
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 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

Hypocellular           

minimal 0 0 0 0 0 0 0 0 2 0 

slight 0 0 0 0 0 0 0 0 1 0 

moderate 0 0 0 0 0 0 0 0 2 0 

Total 0 0 0 0 0 0 0 0 5 0 

MARROW, STERNUM 

(#examined) 
25 25 25 25 10 25 25 25 25 10 

Increased adipocytes           

minimal 0 0 0 0 0 0 0 0 2 0 

slight 0 0 0 0 0 0 0 0 1 0 

Total 0 0 0 0 0 0 0 0 3 0 

SPLEEN (# examined) 25 25 25 25 10 25 25 25 25 10 

Increased pigment           

minimal 2 0 2 4 0 0 0 1 0 0 

TESTIS (# examined) 25 25 25 25 10 25 25 25 25 10 
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 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

Atrophy/degeneration           

slight 0 0 0 0 2 - - - - - 

Ectasia, seminiferous tubule           

slight 0 0 0 0 1 - - - - - 

Hypospermatogenesis           

moderate 0 0 0 0 1 - - - - - 

THYMUS (# examined) 25 25 25 25 10 25 25 25 25 10 

Decreased lymphocytes, cortex           

minimal 0 0 0 0 0 0 0 1 0 0 

slight 1 0 1 1 0 0 1 0 1 0 

moderate 0 0 0 2 0 0 0 1 2 0 

Total 1 0 1 3 0 0 1 2 3 0 

URINARY BLADDER  

(# examined) 
25 25 25 25 10 25 25 25 25 10 

Hyperplasia, transitional cell           
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 Males Females 

LY3009104 (mg/kg) 0 15 40 300 MNU 0 10 30 150 MNU 

slight 0 0 0 0 0 1 0 0 2 0 

Inflammation, subacute           

minimal 0 0 0 0 0 0 0 0 2 0 
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Toxicokinetics 

A total of 48 wild-type TgrasH2 mice per sex per LY3009104 treatment group were included as 

toxicokinetic animals (Table 15).  Blood samples were collected into tubes containing potassium 

(K3) EDTA from three animals/group/sex/time point on Days 1 and 176.  The time points were 

as follows:  0.5, 1, 2, 44, 8, 12, and 24 h post-dose.  9 animals per sex were included for the 

control groups.  Blood samples were collected from 3 animals per sex on days 1 and 176 at 

approximately 1 hour post dose.  Samples were processed to plasma by centrifugation and stored 

at -60ºC to -80ºC, until shipped frozen  for analysis. 

 

Concentrations of LY3009104 were determined using a LC/MS/MS method 

(LY3MPP)  The lower limit of quantitation was 

0.350 ng/mL and the upper limit of quantitation was 875 ng/mL. Plasma samples with 

concentrations of LY3009104 above the upper limit of quantitation were diluted and 

re-assayed. 

 

Toxicokinetic parameters were calculated using Phoenix WinNonlin (Version 6.2.1).  Plasma 

concentrations of LY3009104 below the lower limit of quantitation (0.350 ng/mL) were assigned 

a value of zero for calculation purposes. 

 

 

Results 

Mean AUC0-24 increased approximately proportionally with dose in both males and females at 

the conclusion of the treatment period (Table 27).  Mean Cmax was decreased in males by a factor 

of 2 – 10x at all doses on day 176 relative to day 1.  Mean AUC0-24 values were also decreased in 

low dose and mid dose males by ~ 3 to 5-fold at day 176.  Mean AUC0-24 values were 

comparable at both time points in high dose males.  In females, mean Cmax and AUC0-24 values 

were generally consistent between both time points.  

 

Overall, the toxicokinetic parameters in the current study are consistent with the expected values 

based on the results of the 4 week pilot study conducted in WT of the rasH2 background (Study 

8268827) 
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Table 27.  Sponsor’s summary of toxicokinetic parameters at day 1 and at the conclusion of the dosing 

period in 26 week carcinogenicity study in TgRasH2 mice. 

Males 

Females 

Reference ID: 3953267



NDA #207924   Matthew Whittaker, Ph.D. 

 

68 

Dosing Solution Analysis 

Concentration verification 

LY3009104 dosing solutions were analyzed using HPLC with ultraviolet detection.  Duplicate 

samples were taken from vehicle control and each test article formulation prepared on day 1, 

week 13 and week 26 of the dosing phase.  Four samples (1.00 mL each) were taken from the 

middle of the positive control article formulation prepared for administration on Day 1 of the 

dosing phase (males only).  Two of these samples were analyzed. 

 

Stability   

Stability of the LY3009104 solution has been evaluated between 5 and 9 mg/ml in a previous 

study.  Stability of the 30.0 mg/ml solution was evaluated at 15 days (refrigerated and frozen), 

 

Homogeneity 

Duplicate samples (1.00 mL each) were taken from the top, middle, and bottom strata of 

the stirring formulations from Groups 2 through 4 prepared for administration on Day 1 of the 

dosing phase (based on the male inlife start date).  

 

The MNU formulation was considered a solution.  No homogeneity testing was performed. 

 

Results 

Samples were analyzed  for LY3009104 content and uniformity of 

mixing.  Mean concentration values for LY3009104 and MNU solutions were all within ±10% of 

the theoretical concentration and mean relative standard deviations were all less than 6.0%.  The 

evidence showed that LY3009104 dosing solutions were stable and homogeneous.   
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11 Integrated Summary and Safety Evaluation 

LY3009104 was not tumorigenic in rats or mice at any of the doses tested in their respective 

carcinogenicity studies.  Both studies were conducted in accordance with ECAC guidelines.  

Non-neoplastic findings in rats and mice were characteristic of immune suppression, an expected 

pharmacodynamic effect of JAK inhibition. 

 

Rat Carcinogenicity Study 

The Sponsor had prior ECAC concurrence for doses used in the 2-year carcinogenicity study 

with rats (see meeting minutes dated December 1, 2011). LY3009104 treatment dose-

dependently increased survival in male and female rats.  These observations are likely due to 

decreased food consumption and body weight gain in animals that were treated with increasing 

LY3009104 doses. 

 

LY3009104 was not tumorigenic in rats at doses up to 8 mg/kg in males and 25 mg/kg in 

females.  The systemic exposure at these doses provides safety margins of 6.0 (males) and 27.1 

(females) vs. the exposure at the maximum clinical dose of 4 mg/day (Table 28). 

Table 28.  Exposure margin calculation for LY3009104 at the tumorigenicity NOAEL in the rat based on 

systemic exposure values at the latest time point of TK sample collection (day 176). 

Species LY3009104 Dose Sex 
LY3009104 AUC0-24 

(ng*hr/ml) 

Exposure 

margin 

Human 
4 mg (maximum 

proposed human dose) 
M & F 477.6

a
 - 

Rat 8 mg/kg Male 2874 6.0 

 25 mg/kg Female 12964 27.1 

a
 Mean clinical AUC0-24 value for the 4 mg/day dose calculated by the sponsor from studies 

JADC, JADA, JADN, JADV, JADZ, JADW, and JADX (Population PK report of Phase 

2/3 studies; 2403 patients, study duration:  24 – 64 weeks) 

 

 

Immune suppression was the main non-neoplastic toxicity observed in male and female rats in 

the current study.  This was evidenced by decreased lymphocytes in the spleen and GALT as 

well as decreased cellularity in bone marrow.  The findings in these organs were generally 

consistent with evidence in the previously conducted chronic (6 month) toxicology study in SD 

rats (Study T08-04-05). Additional target organs of toxicity included the liver (focal cellular 

alteration, a pre-neoplastic lesion) and lung (alveolar lipoproteinosis, females only).  The lung 

findings are likely a consequence of JAK inhibition as comparable observations were made in 

rats in a 2 year carcinogenicity study with the approved pan-JAK inhibitor tofacitinib. 
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Mouse Carcinogenicity Study 

The Sponsor had prior ECAC concurrence for doses that were used in the 26-week 

carcinogenicity study with TgrasH2 mice (see meeting minutes dated July 11, 2013). There were 

no treatment-related effects on survival in the 26 week TgRasH2 mouse study with oral 

LY3009104.  LY3009104 was not tumorigenic in male TgRasH2 mice at doses up to 300 

mg/kg/day and female TgRasH2 mice at doses up to 150 mg/kg/day.  The assay serves for 

hazard identification only (yes/no response). 

 

There was evidence for multiple neoplastic lesions in MNU-treated positive control animals, 

confirming the expected, characteristic tumorigenic response to a known carcinogen.  Neoplastic 

lesions in MNU-treated mice were detected in the vasculature (malignant hemangiosarcoma), 

hematopoietic system (malignant lymphosarcoma), skin, epididymis, nonglandular stomach, and 

lung (Table 25).  These target organs are consistent with established results in MNU-treated 

TgHras2 mice
1
.  Appendices 1 and 2 contain the FDA Biostatistics Reviewer’s (Dr. Feng Zhou) 

tumor incidence tables with significance levels. 

 

The observed LY3009104-evoked non-neoplastic lesions (Table 26) reflected the immune-

suppressive effects of JAK1 and JAK2 inhibition.  Specific target organs included lymph nodes, 

thymus, and bone marrow. 

 

Collectively, the data in the 26 week carcinogenicity study in TgrasH2 mice suggests that 

LY3009104, at up to 300 mg/kg/day in males and 150 mg/kg/day in females, has no effect on 

survival or tumor formation. 
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12 Appendix/Attachments 

Appendix 1: Statistical evaluation of survival percentage in male and female rats 

 

Intercurrent Mortality – Male Rats 

 0 mg/kg/day  
(n=60) 

1 mg/kg/day 
 (n=60) 

3 mg/kg/day  
(n=60) 

8 mg/kg/day 
 (n=60) 

Week No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

0 - 52 6 10.00 8 13.33 5 8.33 1 1.67 

53 - 78 20 43.33 9 28.33 10 25.00 7 13.33 

79 - 90 8 56.67 18 58.33 15 50.00 19 45.00 

91 - 94 7 68.33 2 61.67 2 53.33 1 46.67 

Ter. Sac. 19 31.67 23 38.33 28 46.67 32 53.33 

  # Cum. %: Cumulative percentage except for Ter. Sac. 

 
 
 
 
 
 

Intercurrent Mortality Comparison – Male Rats 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test Statistic Compared with Vehicle Controls 
P-Value 

Dose-Response Likelihood Ratio 0.0104 

Homogeneity Log-Rank 0.0489 

Control vs. High dose  

Dose-Response Likelihood Ratio 0.0077 

Homogeneity Log-Rank 0.0066 
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Intercurrent Mortality - Female Rats 

 0 mg/kg/day  
(n=60) 

3 mg/kg/day 
 (n=60) 

8 mg/kg/day  
(n=60) 

25 mg/kg/day 
 (n=60) 

Week No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

No.  
of Death 

Cum.  
% 

0 - 52 5 8.33 4 6.67 5 8.33 9 15.00 

53 - 78 20 41.67 11 25.00 15 33.33 6 25.00 

79 - 90 12 61.67 20 58.33 14 56.67 12 45.00 

Ter. Sac. 23 38.33 25 41.67 26 43.33 34 56.67 

  # Cum. %: Cumulative percentage except for Ter. Sac. 

 

 

Intercurrent Mortality Comparison – Female Rats 

 

Test Statistic Compared with Vehicle Controls 
P-Value 

Dose-Response Likelihood Ratio 0.0378 

Homogeneity Log-Rank 0.1642 

Control vs. High dose  

Dose-Response Likelihood Ratio 0.0274 

Homogeneity Log-Rank 0.0254 
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Appendix 2: Statistical evaluation of neoplastic findings in male rats 

 

Note that the Poly-k method with k = 3 was used in the tumor analysis for evaluation of dose-

response relationship tests and pairwise comparisons (see Statistics review, Dr. Feng Zhou). 

 

Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 

with Vehicle Control – Male Rats 
Organ Name Tumor Name 0 mg 

VC 
N=60 

1 mkd 
LD 

N=60 

3 mkd 
MD 

N=60 

8 mkd 
HD 

N=60 

P-Value 

Dos-Resp C vs. LD C vs. MD C vs. HD 

Adrenal, Cortex B-Adenoma 0 0 0 1 0.2775 . . 0.5517 

  M-Carcinoma 1 0 0 0 0.7746 0.5185 0.5301 0.5517 

Adrenal, Medull B-Pheochromocytoma 5 7 5 3 0.9002 0.3782 0.4146 0.7156 

  M-Malignant pheochro 1 1 1 1 0.4781 0.2657 0.2780 0.3015 

Body, Whole/Cav B-Benign mesotheliom 1 0 0 0 0.7701 0.5122 0.5238 0.5455 

  B-Hemangioma 1 2 0 2 0.4156 0.5281 0.5301 0.5782 

  M-Hemangiosarcoma 3 1 0 0 0.9863 0.7105 0.8963 0.9100 

  M-Histiocytic Sarcom 3 1 0 1 0.8225 0.7105 0.8963 0.7574 

  M-Lymphosarcoma 3 3 1 0 0.9814 0.3493 0.7176 0.9023 

Bone, Other M-Osteosarcoma 1 0 0 0 0.7746 0.5185 0.5301 0.5517 

Brain B-Astrocytoma 0 0 0 1 0.2775 . . 0.5517 

  B-Meningioma 1 0 0 0 0.7701 0.5122 0.5238 0.5455 

  M-Malignant astrocyt 0 0 1 0 0.2759 . 0.5357 . 

  M-Malignant meningio 0 0 0 2 0.0781 . . 0.3072 

  M-Malignant mixed gl 0 0 1 0 0.2759 . 0.5357 . 

  M-Malignant oligoden 0 1 0 0 0.5318 0.5185 . . 

Kidney M-Carcinoma, tubule 1 0 0 0 0.7701 0.5122 0.5238 0.5455 

Liver B-Adenoma, hepatocel 0 0 0 1 0.2775 . . 0.5517 

  M-Carcinoma, hepatoc 1 0 0 0 0.7701 0.5122 0.5238 0.5455 

Lung B-Adenoma, bronchiol 0 1 0 0 0.5318 0.5185 . . 

Muscle, Biceps B-Granular cell tumo 0 1 0 0 0.5318 0.5185 . . 

Muscle, Other M-Fibrosarcoma 0 1 0 0 0.5318 0.5185 . . 

Muscle, Skeleta M-Rhabdomyosarcoma 0 0 1 0 0.2759 . 0.5357 . 

Pancreas B-Adenoma, acinar Ce 0 0 1 0 0.2775 . 0.5301 . 

  B-Adenoma, islet cel 3 2 1 3 0.5033 0.5234 0.7273 0.4291 

  M-Carcinoma, acinar 0 1 0 0 0.5318 0.5185 . . 

  M-Carcinoma, islet c 1 2 1 4 0.1166 0.5281 0.2840 0.2517 

  C_IsletCell_M+B 4 4 2 7 0.1866 0.3842 0.7166 0.3765 

Parathyroid B-Adenoma 1 0 1 0 0.6669 0.5185 0.2780 0.5517 

Pituitary B-Adenoma, pars dist 22 27 28 29 0.3396 0.3073 0.3474 0.3148 

  M-Carcinoma, pars di 1 0 2 0 0.6838 0.5122 0.5446 0.5455 

Skin/Subcutis B-Adenoma, sebaceous 0 0 2 2 0.0943 . 0.2899 0.3015 

  B-Amelanotic melanom 0 1 1 0 0.5427 0.5185 0.5301 . 

  B-Basal cell tumor 0 2 1 1 0.4781 0.2657 0.5301 0.5517 

  B-Fibroma 2 0 0 3 0.1414 0.7651 0.7762 0.5868 

  B-Keratoacan homa 3 0 2 3 0.3224 0.8884 0.5457 0.4291 

  B-Leiomyoma 2 0 0 0 0.9502 0.7713 0.7823 0.8019 

  B-Lipoma 2 1 0 1 0.6967 0.5281 0.7823 0.5782 

Reference ID: 3953267



NDA #207924   Matthew Whittaker, Ph.D. 

 

74 

Organ Name Tumor Name 0 mg 
VC 
N=60 

1 mkd 
LD 

N=60 

3 mkd 
MD 

N=60 

8 mkd 
HD 

N=60 

P-Value 

Dos-Resp C vs. LD C vs. MD C vs. HD 

  B-Papilloma, squamou 0 2 0 1 0.4907 0.2657 . 0.5517 

  M-Carcinoma, Zymbal' 0 0 1 0 0.2759 . 0.5357 . 

  M-Carcinoma, basal c 0 1 0 2 0.1348 0.5185 . 0.3015 

  M-Fibrosarcoma 0 3 1 2 0.3712 0.1441 0.5357 0.3072 

  M-Osteosarcoma 0 0 0 1 0.2775 . . 0.5517 

  M-Sarcoma 0 0 1 0 0.2775 . 0.5301 . 

Spinal Cord B-Astrocytoma 0 2 1 0 0.7322 0.2657 0.5357 . 

Testis B-Interstitial cell 0 0 2 2 0.0950 . 0.2780 0.3015 

Thymus B-Thymoma 1 1 1 1 0.4781 0.2657 0.2780 0.3015 

Thyroid B-Adenoma, C-cell 7 6 6 3 0.9422 0.5377 0.5557 0.8988 

  B-Adenoma, follicula 0 1 1 3 0.0610 0.5185 0.5301 0.1632 

  M-Carcinoma, C-cell 2 2 1 0 0.9400 0.3364 0.5541 0.8019 

  M-Carcinoma, follicu 1 0 1 0 0.6624 0.5122 0.2714 0.5455 

 C_FollicularCell_M+B 1 1 2 3 0.1679 0.2593 0.5361 0.3801 
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Appendix 3: Statistical evaluation of neoplastic findings in female rats 

 

Note that the Poly-k method with k = 3 was used in the tumor analysis for evaluation of dose-

response relationship tests and pairwise comparisons (see Statistics review, Dr. Feng Zhou). 

 

Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 

with Vehicle Control – Female Rats 

Organ Name Tumor Name 0 mg 
VC 
N=60 

3 
mkd 
LD 

N=60 

8 
mkd 
MD 

N=60 

25 
mkd 
HD 

N=60 

P-Value 

 Dos-
Resp 

C vs. 
LD 

C vs. 
MD 

C vs. 
HD 

Adrenal, Medull B-Complex 
pheochromo 

0 0 1 0 0.2640 . 0.5059 . 

  B-Pheochromocytoma 0 1 2 1 0.3466 0.5227 0.2588 0.5281 

Body, 
Whole/Cav 

B-Hemangioma 0 1 0 0 0.5056 0.5227 . . 

  M-Leukemia, myelogen 0 0 0 1 0.2640 . . 0.5281 

  M-Lymphosarcoma 0 0 1 1 0.1977 . 0.5116 0.5281 

Brain B-Astrocytoma 1 0 1 1 0.4100 0.5227 0.2588 0.2760 

  B-Granular cell tumo 0 0 0 1 0.2640 . . 0.5281 

Cecum B-Adenoma 1 0 0 0 0.7640 0.5227 0.5059 0.5281 

Cervix M-Sarcoma, stromal 0 0 0 1 0.2640 . . 0.5281 

Femur M-Osteosarcoma 0 0 1 0 0.2640 . 0.5059 . 

Gingiva M-Carcinoma, squamou 0 0 0 1 0.2682 . . 0.5333 

Jejunum M-Leiomyosarcoma 0 0 0 1 0.2640 . . 0.5281 

Liver B-Adenoma, hepatocel 3 0 2 0 0.9153 0.8913 0.5000 0.8950 

Lung M-Carcinoma, bronchi 1 0 0 0 0.7598 0.5169 0.5000 0.5222 

Mammary Gland B-Adenoma 0 1 1 0 0.5167 0.5227 0.5116 . 

  B-F broadenoma 17 16 9 3 1.0000 0.5914 0.9550 0.9998 

  B-F broma 0 2 0 0 0.7570 0.2704 . . 

  M-Carcinoma 13 12 8 5 0.9888 0.5246 0.8104 0.9710 

Ovary M-Pericytoma 0 1 0 0 0.5056 0.5227 . . 

Pancreas B-Adenoma, islet cel 2 0 2 0 0.8225 0.7751 0.3169 0.7801 

Parathyroid B-Adenoma 0 0 1 0 0.2640 . 0.5059 . 

Pituitary B-Adenoma, pars dist 31 40 36 33 0.5053 0.1399 0.2103 0.3739 

  B-Adenoma, pars inte 0 1 0 0 0.5056 0.5227 . . 

  M-Carcinoma, pars di 1 2 1 2 0.3810 0.5345 0.2588 0.5426 

Skin/Subcutis B-Amelanotic melanom 1 0 0 0 0.7640 0.5227 0.5059 0.5281 

  B-Keratoacanthoma 1 0 0 1 0.4595 0.5227 0.5059 0.2760 

  B-Leiomyoma 0 1 0 0 0.5056 0.5227 . . 

  B-Lipoma 0 0 2 0 0.4573 . 0.2588 . 

  M-Carcinoma, basal c 0 1 0 0 0.5056 0.5227 . . 

  M-Carcinoma, squamou 1 0 0 1 0.4573 0.5169 0.5000 0.2699 

  M-Fibrosarcoma 1 0 1 0 0.6424 0.5227 0.2529 0.5281 

  M-Sarcoma 1 0 0 0 0.7640 0.5227 0.5059 0.5281 

Thymus B-Thymoma 3 1 0 1 0.7773 0.7084 0.8751 0.7163 
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Organ Name Tumor Name 0 mg 
VC 
N=60 

3 
mkd 
LD 

N=60 

8 
mkd 
MD 

N=60 

25 
mkd 
HD 

N=60 

P-Value 

 Dos-
Resp 

C vs. 
LD 

C vs. 
MD 

C vs. 
HD 

Thyroid B-Adenoma, C-cell 2 2 1 2 0.4853 0.3434 0.5089 0.3520 

  B-Adenoma, follicula 0 1 0 1 0.3342 0.5227 . 0.5281 

  M-Carcinoma, C-cell 1 0 1 1 0.4091 0.5227 0.2529 0.2760 

  M-Carcinoma, follicu 1 0 1 1 0.4100 0.5227 0.2588 0.2760 

 C_FollicularCell_M+B 1 1 1 2 0.2837 0.2704 0.2588 0.5426 

Tongue M-Carcinoma, squamou 0 0 1 0 0.2626 . 0.5116 . 

Uterus B-Polyp, endometrial 1 1 0 0 0.8227 0.2704 0.5059 0.5281 

Vagina B-Granular cell tumo 3 0 0 0 0.9876 0.8954 0.8838 0.8989 

  M-Sarcoma, stromal 0 0 2 0 0.4573 . 0.2588 . 
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Appendix 4: Sponsor’s summary table of neoplastic + non-neoplastic lesions in male and 

female rats 

Reference ID: 3953267



 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
 

- 101 - 

Table 5.6: Incidence of Microscopic Observations - All Animals 

 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Adipose, Other Number Examined:   2   0   1   0   0   0   0   0 
 Unremarkable:   1   0   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Necrosis   0   0   1   0   0   0   0   0 
 
 Adrenal, Cortex Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  45  44  51  46  11  16  21  33 
 Atrophy   0   0   0   0   0   0   1   0 
 B-Adenoma   0   0   0   1   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   0   1   0   0   1   0 
 Degeneration, 
 cystic/hemorrhagic/vacuolar   6   7   6   7  47  44  33  21 
 Hyperplasia, focal/multifocal   4   8   3   5   9   3   9   7 
 M-Carcinoma   1   0   0   0   0   0   0   0 
 Necrosis   0   0   1   0   0   0   0   2 
 Pigment   0   1   0   0   0   0   0   0 
 Vacuolation, increased   5   0   2   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 

 

 

 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 

              - 1537 -
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(b) (4)

(b) (4)



 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
 

- 102 - 

 
 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Adrenal, Medulla Number Examined:  60  60  60  60  59  60  60  60 
 Unremarkable:  48  47  48  52  58  59  57  57 
 B-Complex pheochromocytoma   0   0   0   0   0   0   1   0 
 B-Pheochromocytoma   5   7   5   3   0   1   2   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Hyperplasia, focal/multifocal   4   5   5   5   0   0   0   1 
 Infiltrate, mononuclear cell   0   0   0   0   1   0   0   0 
 M-Malignant pheochromocytoma   1   1   1   1   0   0   0   0 
 Necrosis   0   0   1   0   0   0   0   1 
 
 Aorta Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  59  60  60  60  59  60  60  60 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Degeneration   0   0   0   0   1   0   0   0 
 
 Bile Duct Number Examined:   1   0   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 Dilatation   1   0   0   0   0   0   0   0 
 Inflammation   1   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 

 

 

 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
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(b) (4)

(b) (4)



 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Body, Whole/Cavity Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  49  53  59  57  60  59  59  58 
 B-Benign mesothelioma   1   0   0   0   0   0   0   0 
 B-Hemangioma   1   2   0   2   0   1   0   0 
 M-Hemangiosarcoma   3   1   0   0   0   0   0   0 
 M-Histiocytic Sarcoma   3   1   0   1   0   0   0   0 
 M-Leukemia, myelogenous   0   0   0   0   0   0   0   1 
 M-Lymphosarcoma   3   3   1   0   0   0   1   1 
 
 Bone, Other Number Examined:   3   1   0   1   1   1   3   0 
 Unremarkable:   1   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Fracture   0   0   0   0   1   1   3   0 
 I-Malignant meningioma   0   0   0   1   0   0   0   0 
 M-Osteosarcoma   1   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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Compound:  LY3009104 (Compound 3009104) 
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(b) (4)

(b) (4)



 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
 

- 104 - 

 
 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Brain Number Examined:  59  60  60  59  59  59  60  60 
 Unremarkable:  40  43  40  41  29  23  26  33 
 B-Astrocytoma   0   0   0   1   1   0   1   1 
 B-Granular cell tumor   0   0   0   0   0   0   0   1 
 B-Meningioma   1   0   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Compression, ventral  15  15  18  14  27  36  32  25 
 Degeneration, axon   0   0   0   1   1   0   0   0 
 Degeneration, optic tract   0   0   0   0   0   1   0   0 
 Dilatation, ventricles   9   3  10   3   5  12  13   4 
 Gliosis   1   1   0   0   0   0   1   0 
 Hemorrhage   0   1   0   0   0   3   0   1 
 I-Carcinoma, pituitary   0   0   2   0   1   1   1   1 
 Infarct   0   0   0   0   1   0   0   0 
 Infiltrate, neutrophils   0   0   0   0   1   0   0   0 
 M-Malignant astrocytoma   0   0   1   0   0   0   0   0 
 M-Malignant meningioma   0   0   0   2   0   0   0   0 
 M-Malignant mixed glioma   0   0   1   0   0   0   0   0 
 M-Malignant oligodendroglioma   0   1   0   0   0   0   0   0 
 Vacuoles, neuron   0   0   0   0   0   0   1   0 
 Vacuoles, white matter   0   0   0   0   0   0   0   1 
----------------------------------------------------------------------------------------------------------- 
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Compound:  LY3009104 (Compound 3009104) 
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(b) (4)

(b) (4)



 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Cecum Number Examined:  56  56  57  60  60  60  60  57 
 Unremarkable:  51  56  56  59  58  58  60  56 
 B-Adenoma   0   0   0   0   1   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   0   0   0   0   0   0   0 
 Degeneration, vessel   0   0   0   0   1   0   0   0 
 Erosion/ulcer   2   0   0   0   0   0   0   0 
 Fibrosis   1   0   0   0   0   0   0   0 
 Parasite   0   0   1   1   0   2   0   1 
 
 Cervix Number Examined:   0   0   0   0  60  60  60  60 
 Unremarkable:   0   0   0   0  59  60  58  58 
 Hyperplasia, cystic endometrial   0   0   0   0   1   0   0   0 
 Hyperplasia, granular cells   0   0   0   0   0   0   0   1 
 I-Sarcoma, stromal   0   0   0   0   0   0   2   0 
 M-Sarcoma, stromal   0   0   0   0   0   0   0   1 
 
 Colon Number Examined:  59  58  59  60  59  60  60  60 
 Unremarkable:  55  58  53  59  55  59  58  58 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   1   0   0   0   0   0 
 Degeneration, vessel   0   0   0   0   1   0   0   0 
 Inflammation   1   0   0   0   0   0   1   0 
 Inflammation, granulomatous   0   0   0   0   1   0   0   0 
 Parasite   2   0   5   1   2   1   1   2 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Duodenum Number Examined:  58  58  59  60  60  59  60  59 
 Unremarkable:  56  57  58  60  59  59  59  58 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Degeneration, Brunner's glands   0   0   0   0   1   0   0   0 
 Degeneration, vessel   0   0   0   0   1   0   0   0 
 Pancreas, ectopic   0   1   1   0   0   0   1   1 
 
 Ear Number Examined:   1   0   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 Hemorrhage/degeneration/fibrosis, 
 subcutis   1   0   0   0   0   0   0   0 
 
 Epididymis Number Examined:  60  60  60  60   0   0   0   0 
 Unremarkable:  47  51  50  51   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   1   0   0   0   0   0   0 
 C-Mesothelioma, see body, whole   1   0   0   0   0   0   0   0 
 Debris, cellular, lumen   3   4   3   3   0   0   0   0 
 Fibrosis   1   0   0   0   0   0   0   0 
 Hypospermia   3   5   7   5   0   0   0   0 
 Infiltrate, mononuclear cell   3   1   1   2   0   0   0   0 
 Inflammation   1   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Esophagus Number Examined:  60  59  60  60  60  60  60  60 
 Unremarkable:  58  59  60  60  60  60  60  59 
 Bacterial colonies   0   0   0   0   0   0   0   1 
 Inflammation   2   0   0   0   0   0   0   1 
 Perforation   1   0   0   0   0   0   0   0 
 
 Eye Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  53  55  50  53  56  58  55  53 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   0   0   0   0   0   0 
 Degeneration, lens fiber   1   3   3   1   1   1   0   0 
 Degeneration/Atrophy, retina   3   0   5   2   1   1   4   7 
 I-Malignant meningioma   0   0   0   1   0   0   0   0 
 Inflammation   1   1   1   3   1   0   1   0 
 Neovascularization, cornea   0   1   0   0   0   0   0   0 
 Rosette/fold, retina   0   0   0   0   1   0   0   0 
 Ulceration, cornea   0   1   2   0   1   0   0   0 
 
 Femur Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  57  60  60  59  60  60  59  59 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Hyperostosis   0   0   0   0   0   0   0   1 
 Increase, trabecular bone   0   0   0   1   0   0   0   0 
 Inflammation   1   0   0   0   0   0   0   0 
 M-Osteosarcoma   0   0   0   0   0   0   1   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Foot/Footpad Number Examined:  15  18  15  22  11  10  12  19 
 Unremarkable:   0   0   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   1   0   0   0   0   0   0 
 Inflammation/ulceration  15  17  15  22  11  10  12  19 
 
 GALT/Peyer's Patch Number Examined:  57  56  57  56  59  57  58  54 
 Unremarkable:  50  48  42  52  55  53  49  38 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   1   0   0   0   1   1 
 Infiltrate, macrophages   0   0   0   0   0   0   0   1 
 Lymphocytes, decreased   5   7  14   4   4   4   8  14 
 Necrosis, lymphocytes   0   0   1   0   0   0   0   0 
 
 Gingiva Number Examined:   0   0   0   0   0   0   0   1 
 Unremarkable:   0   0   0   0   0   0   0   0 
 M-Carcinoma, squamous cell   0   0   0   0   0   0   0   1 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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- 109 - 

 
 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Harderian Gland Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  43  49  51  47  54  46  53  52 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Cyst   0   0   1   0   0   0   0   0 
 Hyperplasia/hypertrophy   2   0   0   2   0   0   0   0 
 I-Malignant meningioma   0   0   0   1   0   0   0   0 
 Increased pigment   0   1   1   1   0   0   0   0 
 Infiltrate, mononuclear cell   9   8   5   2   2   0   1   1 
 Inflammation   4   2   2   7   4  14   6   7 
 
 Heart Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  11  10  14  10  29  41  37  36 
 Bacterial Colonies   0   0   0   0   0   0   0   4 
 Cardiomyopathy  47  50  46  50  30  18  22  18 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   1   0   1   0   0 
 Cyst, valve   2   0   2   0   0   0   1   2 
 Inflammation, epicardium   1   0   0   0   0   0   0   4 
 Mineralization   0   0   1   0   1   0   0   0 
 Perforation, aortic root   1   2   1   0   2   0   0   1 
 Thrombus   0   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Ileum Number Examined:  58  57  59  60  60  60  60  59 
 Unremarkable:  56  57  58  60  59  60  60  59 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   1   0   0   0   0   0 
 Degeneration, vessel   0   0   0   0   1   0   0   0 
 
 Jejunum Number Examined:  57  56  58  60  60  59  60  57 
 Unremarkable:  55  56  58  60  60  59  60  56 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 M-Leiomyosarcoma   0   0   0   0   0   0   0   1 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Kidney Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  20  20  18  17  32  44  45  46 
 Adipocytes, interstitium   0   0   0   0   1   0   0   0 
 Anomaly, congenital   0   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   4   2   0   0   0   0   1   2 
 Cyst   2   1   1   2   3   3   2   1 
 Degeneration/necrosis, tubular 
 cell   0   0   0   1   1   1   2   1 
 Dilatation, pelvis   4   0   0   1   0   1   3   2 
 Fibrosis, capsule   0   0   0   1   0   0   0   0 
 Hemorrhage   1   1   0   0   0   0   0   0 
 Hyaline droplet, tubule cell   2   1   0   1   0   1   0   0 
 Hyperplasia/hypertrophy, tubule 
 cell   0   0   0   1   0   0   0   0 
 Infiltrate, mononuclear cell   1   1   1   0   0   0   0   0 
 Infiltrate, neutrophils   2   0   0   1   1   0   0   0 
 Inflammation, papilla   0   0   0   0   0   1   0   0 
 Inflammation, pelvis   8   2   1   3   9   3   2   1 
 Karyomegaly   0   0   1   0   0   0   0   0 
 M-Carcinoma, tubule cell   1   0   0   0   0   0   0   0 
 Mineralization, cortex/medulla   0   0   0   0   1   0   0   0 
 Mineralization, pelvis   0   0   0   0   0   2   1   0 
 Nephropathy, chronic progressive  29  35  41  41  15   6   6   9 
 Pigment, tubular epithelium   1   0   0   0   0   2   0   0 
 Thrombus   0   0   0   0   1   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Kidney Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  20  20  18  17  32  44  45  46 
 Vacuolation, tubule cell   0   0   0   0   1   0   0   0 
 
 Lacrimal Gland Number Examined:   0   1   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 Harderian Gland Alteration   0   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Liver Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  21  27  21  19  14  14  14  14 
 Angiectasis   1   0   1   2   0   1   1   0 
 Atrophy   0   1   1   0   0   0   0   0 
 B-Adenoma, hepatocellular   0   0   0   1   3   0   2   0 
 Barbiturate lysis   0   0   0   1   0   0   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   5   2   1   1   0   0   1   2 
 Congestion   0   1   0   1   0   0   0   0 
 Cyst   1   0   0   0   1   0   0   0 
 Degeneration, cystic  10  15  12  15   0   0   2   2 
 Fibrosis, capsule   0   0   0   0   0   0   0   1 
 Focus, cellular alteration, 
 basophilic   4   6   3   4  39  35  34  20 
 Focus, cellular alteration, clear   3   8   7   8   6   4  18  26 
 Focus, cellular alteration, 
 eosinophilic   7   5  12  10   1   3   5   8 
 Hematopoiesis, extramedullary   0   0   0   0   1   2   0   0 
 Hyperplasia, bile duct  16   6   4   0   6   0   0   0 
 Infiltrate, macrophages, pigmented   1   0   1   1   0   1   0   0 
 Inflammation   3   0   0   0   1   0   0   0 
 Karyomegaly, hepatocyte   1   0   1   0   0   0   0   0 
 M-Carcinoma, hepatocellular   1   0   0   0   0   0   0   0 
 Multinucleated hepatocytes   0   0   0   0   0   0   1   0 
 Necrosis, coagulative  10   5   3   2   3   4   2   2 
 N-Malignant pheochromocytoma   0   0   0   1   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Liver Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  21  27  21  19  14  14  14  14 
 Pigment, Kupffer cell   0   0   0   0   0   1   0   0 
 Vacuolation, hepatocyte, 
 centrilobular   1   4   4   2   5   2   1   4 
 Vacuolation, hepatocyte, 
 periportal   0   1   0   1   2   1   3   0 
 Vacuolation, hepatocyte, random   8   3  10   8   8   6   5   9 
 X-Carcinoma, metastatic, primary 
 unknown   0   0   0   1   0   0   0   1 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Lung Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  34  47  44  47  52  55  49  35 
 Alveolar lipoproteinosis   0   0   0   2   0   1   6  19 
 Bacterial Colonies   1   0   0   0   0   0   0   4 
 B-Adenoma, bronchiolo-alveolar   0   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   4   1   0   1   0   0   0   0 
 Fibrosis, pleural/subpleural   0   0   0   0   0   1   0   0 
 Hemorrhage   5   1   2   1   2   0   0   2 
 Hyperplasia, alveolar epithelium   0   1   2   0   0   0   1   0 
 Increased alveolar macrophages  12   9   9   9   3   1   2   1 
 Infiltrate, macrophages, pigmented   6   1   2   1   1   0   3   0 
 Inflammation   3   1   1   1   1   1   0   4 
 M-Carcinoma, bronchiolo-alveolar   0   0   0   0   1   0   0   0 
 Metaplasia, osseous   0   0   1   0   0   0   0   0 
 N-Carcinoma   0   0   1   0   0   0   0   0 
 N-Osteosarcoma   1   0   0   0   0   0   0   0 
 Thrombus/embolus   0   0   0   1   0   1   0   1 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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- 116 - 

 
 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Lymph Node, 
 Mandibular Number Examined:  60  60  60  59  60  59  60  59 
 Unremarkable:  55  56  59  58  60  58  58  55 
 C-Hematopoietic neoplasm, see 
 body, whole for type   4   2   0   1   0   0   1   0 
 Hyperplasia, sinusoidal/stromal 
 cells   1   0   0   0   0   0   0   0 
 Infiltrate, macrophages, cortex   0   0   0   0   0   0   0   1 
 Lymphocytes, decreased   0   0   0   0   0   1   1   3 
 Necrosis, lymphocytes   0   2   1   0   0   0   0   0 
 
 Lymph Node, 
 Mesenteric Number Examined:  60  60  60  59  60  60  60  57 
 Unremarkable:  32  27  33  30  31  23  19  18 
 C-Hematopoietic neoplasm, see 
 body, whole for type   4   1   0   0   0   0   1   1 
 C-Vascular neoplasm, see body, 
 whole for type   3   3   0   1   0   0   0   0 
 Hyperplasia, sinusoidal/stromal 
 cell   3   7   4   7   1   0   2   1 
 Inflammation   1   0   0   0   1   0   0   0 
 Lymphocytes, decreased  21  30  22  24  28  37  40  38 
 Necrosis, lymphocytes   0   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 

 

 

 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 

              - 1552 -

Reference ID: 3953267

(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Lymph Node, Other Number Examined:   2   1   0   0   0   0   0   2 
 Unremarkable:   0   0   0   0   0   0   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   0   0   0   0   0   1 
 Hemorrhage   0   1   0   0   0   0   0   0 
 
 Mammary Gland Number Examined:  55  48  55  52  60  60  60  60 
 Unremarkable:  53  48  54  52  32  30  36  49 
 B-Adenoma   0   0   0   0   0   1   1   0 
 B-Fibroadenoma   0   0   0   0  17  16   9   3 
 B-Fibroma   0   0   0   0   0   2   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Cyst   0   0   1   0   3   2   4   2 
 Ectasia, duct   0   0   0   0   1   3   0   0 
 Hyperplasia, epithelial   0   0   0   0  11   4   8   3 
 Inflammation   1   0   0   0   1   1   0   0 
 M-Carcinoma   0   0   0   0  13  12   8   5 
 
 Mandibular 
 Salivary Gland Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  59  58  59  60  59  60  60  60 
 Atrophy   0   1   1   0   1   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Marrow, Femur Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  52  53  49  48  55  53  51  43 
 Cellularity, decreased   4   6  10  11   5   7   8  15 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   1   1   1   0   0   1   2 
 Necrosis   0   0   0   0   0   0   0   1 
 N-Osteosarcoma   1   0   0   0   0   0   0   0 
 
 Marrow, Sternum Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  50  54  55  56  58  56  54  50 
 Cellularity, Decreased   6   5   4   3   2   4   5   8 
 C-Hematopoietic neoplasm, see 
 body, whole for type   4   1   1   1   0   0   1   2 
 Necrosis   0   0   0   0   0   0   0   1 
 
 Muscle, Biceps 
 Femoris Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  55  54  59  58  59  60  58  59 
 Atrophy   1   2   0   0   0   0   0   0 
 B-Granular cell tumor   0   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   0   0   0   0   0   0   0 
 Degeneration   1   2   1   2   1   0   0   1 
 Inflammation   0   1   0   0   0   0   2   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Muscle, Other Number Examined:   0   1   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 M-Fibrosarcoma   0   1   0   0   0   0   0   0 
 
 Muscle, Skeletal, 
 Other Number Examined:   0   0   1   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 M-Rhabdomyosarcoma   0   0   1   0   0   0   0   0 
 
 Nerve, Optic Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  60  59  60  59  59  59  60  60 
 Atrophy   0   1   0   0   1   1   0   0 
 I-Malignant meningioma   0   0   0   1   0   0   0   0 
 
 Nerve, Sciatic Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  33  36  32  26  49  41  43  47 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   0   0   0   0   0   0   0 
 Degeneration, axon  25  22  26  34  11  19  17  12 
 Infiltrate, granular cells   0   0   0   0   0   0   0   1 
 Mineralization   1   2   2   1   0   0   0   0 
 N-Carcinoma   0   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Ovary Number Examined:   0   0   0   0  60  60  60  60 
 Unremarkable:   0   0   0   0  47  50  53  49 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   1   0 
 Cyst   0   0   0   0   6   9   5  11 
 Hyperplasia, interstitial cell   0   0   0   0   6   0   0   0 
 Inflammation/fibrosis   0   0   0   0   1   0   0   0 
 M-Pericytoma   0   0   0   0   0   1   0   0 
 Sertoliform change   0   0   0   0   0   1   1   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Pancreas Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  19  19  23  13  40  48  43  47 
 Alteration, basophilic  13  11  12  20  10   4   6   5 
 Atrophy, lobular   8   6   5   7   6   5   3   5 
 B-Adenoma, acinar Cell   0   0   1   0   0   0   0   0 
 B-Adenoma, islet cell   3   2   1   3   2   0   2   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   1   0   0   0   0   0   0 
 Degeneration/necrosis   0   0   0   0   1   0   0   0 
 Ectasia, duct   1   0   0   1   0   0   0   0 
 Fibrosis/pigment, islet  21  30  27  26   7   4   7   4 
 Hyperplasia, acinar cell   2   0   0   3   0   0   0   0 
 Hyperplasia, islet cell   1   0   1   0   0   0   0   0 
 Infiltrate, mononuclear cell   2   0   0   0   0   0   0   0 
 Inflammation   3   0   0   1   1   0   0   0 
 Inflammation, vessel   0   1   0   0   0   0   0   0 
 M-Carcinoma, acinar Cell   0   1   0   0   0   0   0   0 
 M-Carcinoma, islet cell   1   2   1   4   0   0   0   0 
 Zymogen granules, decreased   1   1   0   1   1   1   0   1 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)



 
 Study Number 8253534 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Parathyroid Number Examined:  58  57  57  60  58  54  58  55 
 Unremarkable:  54  56  53  57  58  52  55  54 
 B-Adenoma   1   0   1   0   0   0   1   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Hyperplasia, focal/multifocal   2   0   4   3   0   2   3   1 
 I-Carcinoma, C-cell   0   1   0   0   0   0   0   0 
 
 Penis Number Examined:   1   1   1   0   0   0   0   0 
 Unremarkable:   0   0   1   0   0   0   0   0 
 Inflammation   1   1   0   0   0   0   0   0 
 
 Pituitary Number Examined:  60  59  60  60  60  60  60  60 
 Unremarkable:  22  28  25  21  12  11  17  19 
 B-Adenoma, pars distalis  22  27  28  29  31  40  36  33 
 B-Adenoma, pars intermedia   0   0   0   0   0   1   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Cyst   1   1   1   0   0   1   0   0 
 Hemorrhage   0   0   0   1   0   0   0   0 
 Hypertrophy/hyperplasia, pars 
 distalis  14   4   4   9  16   5   6   6 
 Infiltrate, macrophages, pigmented   1   0   0   0   1   0   0   0 
 M-Carcinoma, pars distalis   1   0   2   0   1   2   1   2 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Prostate Number Examined:  60  60  60  60   0   0   0   0 
 Unremarkable:  17  26  37  35   0   0   0   0 
 Atrophy   0   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   0   0   0   0   0   0   0 
 Hyperplasia, focal/multifocal   0   1   0   0   0   0   0   0 
 Infiltrate, mononuclear cell   6   4   3   1   0   0   0   0 
 Inflammation  38  31  22  25   0   0   0   0 
 Necrosis   0   1   0   0   0   0   0   0 
 
 Seminal Vesicle Number Examined:  60  60  60  60   0   0   0   0 
 Unremarkable:  54  56  57  56   0   0   0   0 
 Atrophy   0   1   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   0   0   0   0   0   0 
 Hypertrophy   2   0   0   0   0   0   0   0 
 Inflammation   2   2   3   4   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Skin/Subcutis Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  44  48  50  45  51  56  56  58 
 Acanthosis/hyperkeratosis   1   0   0   0   0   1   0   0 
 B-Adenoma, sebaceous   0   0   2   2   0   0   0   0 
 B-Amelanotic melanoma   0   1   1   0   1   0   0   0 
 B-Basal cell tumor   0   2   1   1   0   0   0   0 
 B-Fibroma   2   0   0   3   0   0   0   0 
 B-Keratoacanthoma   3   0   2   3   1   0   0   1 
 B-Leiomyoma   2   0   0   0   0   1   0   0 
 B-Lipoma   2   1   0   1   0   0   2   0 
 B-Papilloma, squamous cell   0   2   0   1   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   2   0   1   0   0   0   0 
 C-Vascular neoplasm, see body, 
 whole for type   1   0   0   0   0   0   0   0 
 Cyst, squamous   3   0   0   0   0   1   1   0 
 Hyperplasia, epidermis   2   0   0   1   0   0   0   0 
 Inflammation   4   3   1   0   3   0   0   0 
 Inflammation, lipogranulomatous   0   0   0   0   1   0   0   0 
 M-Carcinoma, basal cell   0   1   0   2   0   1   0   0 
 M-Carcinoma, squamous cell   0   0   0   0   1   0   0   1 
 M-Carcinoma, Zymbal's gland   0   0   1   0   0   0   0   0 
 M-Fibrosarcoma   0   3   1   2   1   0   1   0 
 M-Osteosarcoma   0   0   0   1   0   0   0   0 
 M-Sarcoma   0   0   1   0   1   0   0   0 
 Ulcer   1   0   0   0   1   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Spinal Cord Number Examined:  60  59  60  60  60  60  60  60 
 Unremarkable:  19  15  18  13  30  32  26  31 
 B-Astrocytoma   0   2   1   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Degeneration, axon  40  43  42  46  30  28  33  28 
 Gliosis   1   0   0   1   0   0   0   0 
 Hemorrhage   1   0   1   0   0   0   0   1 
 Metaplasia, osseous, meningeal   0   1   0   0   0   0   0   0 
 Necrosis   1   1   1   0   0   0   3   1 
 Vacuoles, neuron   0   0   0   0   0   0   1   0 
 
 Spleen Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  43  54  53  51  48  48  50  30 
 C-Hematopoietic neoplasm, see 
 body, whole for type   5   2   1   0   0   0   1   2 
 Cyst, capsule   1   0   0   0   0   0   0   0 
 Fibrosis, capsule   1   0   0   0   0   0   0   0 
 Hematopoiesis, extramedullary, 
 decreased   0   0   1   2   1   0   4  22 
 Hematopoiesis, extramedullary, 
 increased   9   3   3   7  10  11   5   2 
 Hyperplasia, stroma   1   0   0   0   0   0   0   0 
 Lymphocytes, decreased   0   1   2   0   1   1   0  11 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Sternum Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  57  60  59  58  60  60  60  59 
 Degeneration, cortical bone   2   0   1   0   0   0   0   0 
 Hyperostosis   1   0   0   1   0   0   0   1 
 Increase, trabecular bone   0   0   0   1   0   0   0   0 
 
 Stomach, Glandular Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  46  56  56  59  55  59  58  58 
 C-Hematopoietic neoplasm, see 
 body, whole for type   3   1   0   0   0   0   0   0 
 Cyst   1   0   0   0   1   0   0   0 
 Erosion/ulcer   9   2   2   1   2   1   1   2 
 Hemorrhage   0   0   0   0   1   0   0   0 
 Hyperplasia, epithelium   0   0   1   0   0   0   0   0 
 Hyperplasia, mesothelium   0   0   0   0   1   0   0   0 
 Inflammation   3   1   0   0   0   0   1   0 
 Mineralization   1   0   0   0   1   0   0   0 
 N-Carcinoma   0   0   1   0   0   0   0   0 
 
 Stomach, 
 Nonglandular Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  58  56  59  60  59  60  60  60 
 Erosion/ulcer   1   3   1   0   0   0   0   0 
 Hyperplasia, epithelium   1   0   0   0   1   0   0   0 
 Inflammation   0   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Testis Number Examined:  60  60  60  60   0   0   0   0 
 Unremarkable:  52  49  49  51   0   0   0   0 
 B-Interstitial cell tumor   0   0   2   2   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   1   0   0   0   0 
 C-Mesothelioma, see body, whole   1   0   0   0   0   0   0   0 
 Degeneration/atrophy, tubular 
 epithelium   5   9   8   8   0   0   0   0 
 Hyperplasia, interstitial cell   2   3   5   2   0   0   0   0 
 Hyperplasia, mesothelium   1   0   0   0   0   0   0   0 
 Necrosis   0   1   0   0   0   0   0   0 
 
 Thymus Number Examined:  60  58  58  58  59  60  60  60 
 Unremarkable:   2   1   2   0   1   1   4   0 
 Bacterial colonies   0   0   0   0   0   0   0   4 
 B-Thymoma   1   1   1   1   3   1   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   2   0   0   0   0   1   1 
 Ectopic parathyroid   4   0   2   3   1   1   1   3 
 Hemorrhage   0   1   1   1   0   0   0   2 
 Hyperplasia, medulla/epithelium, 
 focal   0   0   0   1   1   0   1   1 
 Infiltrate, pigmented macrophages   0   0   0   0   0   1   0   0 
 Inflammation   2   0   1   0   2   0   0   4 
 Lymphocytes, decreased  57  57  54  58  55  59  55  58 
 Necrosis, lymphocytes   0   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 

 

 

 
 Study Number 8253534 

Compound:  LY3009104 (Compound 3009104) 

              - 1563 -

Reference ID: 3953267

(b) (4)

(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Thyroid Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  16  14  19  13  16  11   8  21 
 B-Adenoma, C-cell   7   6   6   3   2   2   1   2 
 B-Adenoma, follicular cell   0   1   1   3   0   1   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   2   1   0   0   0   0   0   0 
 Cyst, follicle   2   1   2   2   0   0   0   0 
 Cystic change, focal, follicles   0   0   0   0   0   0   2   0 
 Hyperplasia/hypertrophy, C-cell, 
 diffuse  38  37  39  44  42  44  47  31 
 Hyperplasia/hypertrophy, C-cell, 
 focal/multifocal   3  10   5   7   3  11   4   8 
 Hyperplasia/hypertrophy, 
 follicular cell   1   2   1   5   0   1   0   0 
 M-Carcinoma, C-cell   2   2   1   0   1   0   1   1 
 M-Carcinoma, follicular cell   1   0   1   0   1   0   1   1 
 
 Tongue Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  59  59  60  60  59  60  59  60 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   1   0   0   0   0   0   0 
 M-Carcinoma, squamous cell   0   0   0   0   0   0   1   0 
 Thrombus   0   0   0   0   1   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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(b) (4)
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Tooth, Other Number Examined:   0   0   0   0   0   0   1   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 I-Carcinoma, squamous cell   0   0   0   0   0   0   1   0 
 
 Trachea Number Examined:  60  60  60  60  60  60  60  60 
 Unremarkable:  56  57  60  59  60  58  60  59 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Ectasia, submucosal gland   1   1   0   0   0   0   0   0 
 Infiltrate, mononuclear cell   0   0   0   1   0   2   0   0 
 Inflammation   2   2   0   0   0   0   0   1 
 
 Urinary Bladder Number Examined:  60  60  60  60  60  59  59  59 
 Unremarkable:  55  59  60  59  60  58  58  57 
 C-Hematopoietic neoplasm, see 
 body, whole for type   1   0   0   0   0   0   0   0 
 Hemorrhage   0   1   0   1   0   0   0   1 
 Hyperplasia, transitional cell   1   0   0   0   0   1   0   0 
 Infiltrate, mononuclear cell   1   0   0   0   0   1   0   1 
 Inflammation   3   0   0   0   0   0   1   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article  (dosage)  1M  2M  3M  4M  1F  2F  3F  4F   
 ------------  --------  --  --  --  --  --  --  --  --   
 LY3009104      mg/kg     0   1   3   8   0   3   8  25   
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 1/1/F 2/1/F 3/1/F 4/1/F 
 Observation Number of Animals:  60  60  60  60  60  60  60  60 
------------------------------------------------------------------------------------------------------------ 
 Uterus Number Examined:   0   0   0   0  60  60  60  60 
 Unremarkable:   0   0   0   0  34  42  50  50 
 B-Polyp, endometrial stromal   0   0   0   0   1   1   0   0 
 Dilatation   0   0   0   0  12  10   3   3 
 Hyperplasia, cystic endometrial   0   0   0   0   9   6   4   3 
 Hyperplasia, endometrium   0   0   0   0   0   0   0   1 
 Infiltrate, neutrophils   0   0   0   0   1   1   1   0 
 Metaplasia, squamous cell   0   0   0   0   4   0   3   3 
 
 Vagina Number Examined:   0   0   0   0  60  60  60  60 
 Unremarkable:   0   0   0   0  51  58  57  57 
 B-Granular cell tumor   0   0   0   0   3   0   0   0 
 Cyst   0   0   0   0   1   0   0   0 
 Hyperplasia, epithelium   0   0   0   0   0   1   0   0 
 Hyperplasia, granular cell   0   0   0   0   1   0   0   0 
 Hyperplasia, stromal cell   0   0   0   0   1   0   0   0 
 Infiltrate, mononuclear cell   0   0   0   0   0   1   0   2 
 Infiltrate, neutrophils   0   0   0   0   2   0   1   0 
 I-Sarcoma, stromal   0   0   0   0   0   0   0   1 
 M-Sarcoma, stromal   0   0   0   0   0   0   2   0 
 Ulcer   0   0   0   0   1   0   0   0 
 
 Zymbal Gland Number Examined:   0   1   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0 
 Inflammation   0   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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Appendix 5:  Statistical evaluation of neoplastic findings in male TgRasH2 mice 

Note that the Poly-k method with k = 3 was used in the tumor analysis for evaluation of dose-

response relationship tests and pairwise comparisons (see Statistics review, Dr. Feng Zhou). 

 

Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons 

with Vehicle Control – Male Mice 

Organ Name Tumor Name 0 mkd 
VC 

N=25 

10 mkd 
LD 

N=25 

40 mkd 
MD 

N=25 

300 mkd 
HD 

N=25 

P-Value 

Dos 
Response 

C vs. LD C vs. 
MD 

C vs. HD 

Body, Whole/Cav B-Hemangioma 1 0 0 0 0.7449 0.5000 0.4898 0.4898 

  M-Hemangiosarcoma 0 0 1 1 0.1830 . 0.5000 0.5000 

Lung B-Adenoma, bronchiol 2 1 4 0 0.8859 0.5156 0.3535 0.7553 

Muscle, Skeleta M-Rhabdomyosarcoma 0 1 0 0 0.4948 0.5102 . . 

Skin/Subcutis B-Adenoma, sebaceous 1 0 0 0 0.7526 0.5102 0.5000 0.5000 

  B-Keratoacanthoma 0 1 0 0 0.4948 0.5102 . . 

Stomach, Nongla M-Carcinoma 1 0 0 0 0.7526 0.5102 0.5000 0.5000 

Thymus B-Thymoma 1 1 0 1 0.5332 0.2551 0.5000 0.7553 

  M-Malignant thymoma 0 0 0 1 0.2551 . . 0.5102 

 C_Thymoma_B+M 1 1 0 2 0.2453 0.2551 0.5000 0.5156 

 
 

Tumor Rates and P-Values for Comparisons between Vehicle control and Positive 

Control– Male Mice 

Organ Name Tumor Name 0 mg/kg/day 
VC (N=25) 

75 mg/kg 
  PC (N=10) 

P-Value 
VC vs. PC 

Body, Whole/Cav B-Hemangioma 1 0 0.1667 

  M-Hemangiosarcoma 0 4 0.0019* 

  M-Lymphosarcoma 0 6 <0.001* 

Lung B-Adenoma, bronchiol 2 3 0.0619 

Muscle, Skeleta M-Rhabdomyosarcoma 0 0 . 

Skin/Subcutis B-Adenoma, sebaceous 1 3 0.0278 

  B-Keratoacanthoma 0 0 . 

  B-Papilloma, squamou 0 5 <0.001* 

Stomach, Nongla B-Papilloma, squamou 0 5 <0.001* 

  M-Carcinoma 1 0 0.1724 

Thymus B-Thymoma 1 0 0.1724 

*Indicted the significant at 0.001 alpha levels. PC=75 mg/kg of N-methyl-N-nitrosourea. 
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Appendix 6:  Statistical evaluation of neoplastic findings in female TgRasH2 mice 

Note that the Poly-k method with k = 3 was used in the tumor analysis for evaluation of dose-

response relationship tests and pairwise comparisons (see Statistics review, Dr. Feng Zhou). 

 

 
Tumor Rates and P-Values for Dose Response Relationship and Pairwise Comparisons with 

Vehicle Control – Female Mice 

Organ Name Tumor Name 0 mkd  
VC 

N=25 

10 mkd 
LD 

N=25 

30 mkd 
MD 

N=25 

150 mkd 
HD 

N=25 

P-Value 

Dose 
Response 

C vs. 
LD 

C vs. 
MD 

C vs. 
HD 

Adrenal, 
Cortex 

B-Adenoma, 
subcapsul 

0 1 0 0 0.5000 0.5106 . . 

Body, 
Whole/Cav 

B-Hemangioma 3 1 1 0 0.9513 0.7121 0.6961 0.8908 

  M-Hemangiosarcoma 0 1 0 2 0.1185 0.5106 . 0.2660 

  M-Lymphosarcoma 0 0 0 1 0.2632 . . 0.5208 

Cervix M-Sarcoma, stromal 0 1 0 0 0.5000 0.5106 . . 

Harderian 
Gland 

B-Adenoma 1 0 0 0 0.7553 0.5106 0.5000 0.5106 

Lung B-Adenoma, 
bronchiol 

1 3 1 0 0.8936 0.3206 0.7556 0.5106 

Thymus B-Thymoma 1 0 0 0 0.7553 0.5106 0.5000 0.5106 

  M-Malignant 
thymoma 

1 0 1 0 0.6263 0.5000 0.7553 0.5000 

 C_Thymoma_B+M 2 0 1 0 0.8326 0.7553 0.5000 0.7553 

Uterus B-Polyp, endometrial 0 1 0 0 0.5000 0.5106 . . 

 

 

 
Tumor Types with P-Values ≤ 0.05 for Pairwise Comparisons of VC and PC in Female Mice 

 

Organ Name Tumor Name 0 mg/kg/day 
VC (N=25) 

75 mg/kg 
  PC (N=10) 

P-Value 
VC vs. PC 

Body, Whole/Cav M-Lymphosarcoma 0 8 <0.001* 

Harderian Gland B-Adenoma 1 3 0.0307 

Skin/Subcutis B-Papilloma, squamou 0 2 0.0369* 

Stomach, Nongla B-Papilloma, squamou 0 6 <0.001* 

Reference ID: 3953267
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Appendix 7:  Sponsor’s summary table of neoplastic + non-neoplastic lesions in male 

and female TgRasH2 mice 

 

Reference ID: 3953267

APPEARS THIS WAY ON ORIGINAL



 
Study Number 8291245 

Compound:  LY3009104 (Compound 3009104) 
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Table 5.7: Incidence of Microscopic Observations - All Animals 

 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Adipose, Other Number Examined:   0   0   0   0   0   0   0   1   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0   0   0 
 Infarction   0   0   0   0   0   0   0   1   0   0 
 
 Adrenal, Cortex Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  19  19  21  23   8   3   3   1   0   0 
 Angiectasis   0   0   0   0   0   1   0   0   0   0 
 B-Adenoma, subcapsular cell   0   0   0   0   0   0   1   0   0   0 
 Cyst   0   0   1   0   0   0   0   0   0   0 
 Hyperplasia   0   0   0   0   0   0   1   0   0   0 
 Hyperplasia, subcapsular cell   6   6   3   2   2  22  21  24  25  10 
 
 Aorta Number Examined:  25  25  25  25  10  24  25  25  25  10 
 Unremarkable:  25  25  25  25   7  24  25  24  25   6 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   4 
 N-Carcinoma   0   0   0   0   0   0   0   1   0   0 
 
 Body, Whole/Cavity Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  24  25  24  24   2  22  23  24  23   1 
 B-Hemangioma   1   0   0   0   0   3   1   1   0   0 
 M-Hemangiosarcoma   0   0   1   1   4   0   1   0   2   1 
 M-Lymphosarcoma   0   0   0   0   6   0   0   0   1   8 
----------------------------------------------------------------------------------------------------------- 

 
 Study Number 8291245 

Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Brain Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  25   9  25  25  25  25  10 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   0 
 
 Cervix Number Examined:   0   0   0   0   0  25  25  25  25  10 
 Unremarkable:   0   0   0   0   0  25  24  24  25   7 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   3 
 Cyst   0   0   0   0   0   0   0   1   0   0 
 M-Sarcoma, stromal   0   0   0   0   0   0   1   0   0   0 
 
 Death Comment Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:   0   0   0   0   0   0   0   0   0   0 
 Hemangiosarcoma   0   0   0   0   3   0   1   0   1   1 
 Lymphosarcoma   0   0   0   0   3   0   0   0   1   6 
 Muscle tumor   0   1   0   0   0   0   0   0   0   0 
 Terminal sacrifice  24  24  24  24   3  22  23  22  23   2 
 Thymoma, malignant   0   0   0   1   0   1   0   1   0   0 
 Undetermined   1   0   1   0   1   2   1   2   0   1 
----------------------------------------------------------------------------------------------------------- 

 
 Study Number 8291245 

Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Epididymis Number Examined:  25  25  25  25  10   0   0   0   0   0 
 Unremarkable:  24  24  25  23   6   0   0   0   0   0 
 Ectasia, duct   0   0   0   0   2   0   0   0   0   0 
 Inflammation, chronic-active   1   0   0   1   0   0   0   0   0   0 
 Sperm granuloma   0   1   0   1   3   0   0   0   0   0 
 
 Eye Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  24  25  25  24   9  24  25  25  25  10 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   0 
 Degeneration/atrophy, skeletal 
 muscle   1   0   0   1   0   0   0   0   0   0 
 Transudate   0   0   0   0   0   1   0   0   0   0 
 
 Gall Bladder Number Examined:  25  25  23  25   9  25  25  25  25  10 
 Unremarkable:  25  25  23  25   9  25  25  25  24  10 
 Hyperplasia, epithelium   0   0   0   0   0   0   0   0   1   0 
 
 GALT/Peyer's Patch Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  25   9  24  23  25  25  10 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   0 
 Hyperplasia, lymphocytes   0   0   0   0   0   1   2   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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Compound:  LY3009104 (Compound 3009104) 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Harderian Gland Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  24  25  25   8  23  24  25  25   6 
 B-Adenoma   0   0   0   0   0   1   0   0   0   3 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   1 
 Ectasia, duct   0   0   0   0   1   0   0   0   0   0 
 Infiltrate, lymphocytes   0   1   0   0   0   1   1   0   0   0 
 
 Heart Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  24  25  24  24   7  21  22  24  24   6 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   4 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   0   0   0   1   0   0   0 
 Infiltrate, lymphohistiocytic   0   0   0   0   0   2   2   1   0   0 
 Inflammation, subacute   1   0   1   1   0   2   0   0   0   0 
 Thrombus   0   0   0   0   0   0   0   0   1   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Kidney Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  19  22  25  25   7  24  25  23  21   6 
 Atrophy, tubule   0   0   0   0   0   0   0   0   2   0 
 Basophilic tubule   1   2   0   0   1   0   0   1   1   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   2   0   0   0   0   3 
 Cyst   0   0   0   0   0   0   0   0   1   0 
 Dilatation, pelvis   0   0   0   0   0   0   0   0   2   0 
 Fibrosis   0   0   0   0   0   0   0   0   1   0 
 Infarct   0   0   0   0   0   0   0   2   1   0 
 Infiltrate, lymphocytes   0   1   0   0   0   1   0   0   0   0 
 Inflammation, chronic-active, 
 pelvis   0   0   0   0   0   0   0   0   1   0 
 Vacuolation, increased, tubule 
 cell   5   0   0   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Liver Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  19  20  18  18   6  15  19  25  24   7 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   2   0   0   0   0   3 
 Cyst   0   1   0   0   0   0   0   0   0   0 
 Focus, cellular alteration, clear   1   0   0   0   0   0   0   0   0   0 
 Infarct   0   0   0   0   0   1   0   0   0   0 
 Infiltrate, mononuclear cell   0   0   0   0   0   2   4   0   0   0 
 Inflammation, capsule, 
 chronic-active   0   0   0   0   1   0   0   0   0   0 
 Inflammation, chronic   0   0   0   0   0   4   0   0   0   0 
 Necrosis   1   2   5   7   0   6   3   0   1   0 
 Telangiectasis   0   1   0   0   0   0   0   0   0   0 
 Vacuolation, hepatocyte   5   2   2   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Lung Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  22  24  20  25   3  23  22  21  25   3 
 B-Adenoma, bronchiolo-alveolar   2   1   4   0   3   1   3   1   0   2 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   4 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   0   1   0   0   0   0   0 
 Hyperplasia, epithelium, alveolar   0   0   0   0   1   0   0   0   0   1 
 Infiltrate, lymphocytes   0   0   1   0   0   0   0   0   0   0 
 Infiltrate, macrophages, 
 vacuolated   1   0   0   0   0   0   0   0   0   0 
 Inflammation, chronic   0   0   0   0   0   0   0   2   0   1 
 N-Carcinoma   0   0   0   0   0   1   0   1   0   0 
 
 Lymph Node, 
 Axillary Number Examined:  22  21  19  15   7  21  21  22  17  10 
 Unremarkable:  22  21  18  14   3  21  21  22  17   7 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   3 
 Decreased, lymphocytes   0   0   1   1   0   0   0   0   0   0 
 Hyperplasia, lymphocytes   0   0   0   0   1   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Lymph Node, 
 Mesenteric Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  24  22   4  20  24  25  24   7 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   2   0   0   0   1   3 
 Decreased, lymphocytes   0   0   0   3   0   0   0   0   0   0 
 Hyperplasia, lymphocytes   0   0   1   0   4   5   1   0   0   0 
 
 Lymph Node, Other Number Examined:   0   0   0   0   3   0   0   0   0   4 
 Unremarkable:   0   0   0   0   0   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   4 
 
 Mammary Gland, 
 Female Number Examined:   0   0   0   0   0  25  25  25  23  10 
 Unremarkable:   0   0   0   0   0  24  25  25  23   6 
 B-Adenoma   0   0   0   0   0   0   0   0   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   1 
 Hyperplasia/hypertrophy   0   0   0   0   0   0   0   0   0   2 
 Inflammation, subacute   0   0   0   0   0   1   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Mandibular 
 Salivary Gland Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  25   9  14  24  23  24  10 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   0   1   0   0   0   0   0 
 Infiltrate, lymphocytes   0   0   0   0   0  11   1   2   1   0 
 
 Marrow, Femur Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  11   8  25  24  25   6   8 
 Adipocytes, increased   0   0   0  14   0   0   1   0  19   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   2   0   0   0   0   2 
 Hypocellular   0   0   0   0   0   0   0   0   5   0 
 
 Marrow, Sternum Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  24  25   7  25  25  25  22   8 
 Adipocytes, increased   0   0   0   0   0   0   0   0   3   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   2 
 Hyperplasia, lymphoid   0   0   1   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Muscle, Biceps 
 Femoris Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  10   4  11   7   2   7   4   8   7   3 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   1 
 Degeneration/atrophy  15  21  14  18   8  17  21  17  18   6 
 Hemorrhage   0   0   0   0   0   0   0   1   0   0 
 Inflammation, chronic-active   0   0   0   0   0   0   0   1   0   0 
 Inflammation, subacute   0   0   0   0   0   2   0   0   0   0 
 
 Muscle, Skeletal, 
 Other Number Examined:   0   1   0   0   0   0   0   0   0   0 
 Unremarkable:   0   0   0   0   0   0   0   0   0   0 
 M-Rhabdomyosarcoma   0   1   0   0   0   0   0   0   0   0 
 
 Nerve, Sciatic Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  25  10  24  25  25  25  10 
 Inflammation, acute   0   0   0   0   0   1   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Ovary Number Examined:   0   0   0   0   0  25  25  25  25  10 
 Unremarkable:   0   0   0   0   0  25  25  23  25   7 
 Anomaly, vascular   0   0   0   0   0   0   0   1   0   0 
 Atrophy   0   0   0   0   0   0   0   1   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   3 
 
 Parathyroid Number Examined:  22  20  19  23   9  22  19  19  20   6 
 Unremarkable:  21  19  19  23   9  20  19  19  20   6 
 Cyst   1   1   0   0   0   2   0   0   0   0 
 
 Prostate Number Examined:  25  25  25  25  10   0   0   0   0   0 
 Unremarkable:  24  25  25  24   9   0   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   0 
 Hyperplasia   1   0   0   1   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Skin/Subcutis Number Examined:  25  25  25  24  10  25  25  25  25  10 
 Unremarkable:  23  24  25  24   2  25  24  24  24   7 
 B-Adenoma, sebaceous   1   0   0   0   3   0   0   0   0   0 
 B-Keratoacanthoma   0   1   0   0   0   0   0   0   0   0 
 B-Papilloma, squamous cell   0   0   0   0   5   0   0   0   0   2 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   1 
 Congestion/hemorrhage   0   0   0   0   0   0   0   1   0   0 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   0   1   0   0   0   1   0 
 Edema   0   0   0   0   0   0   1   1   0   0 
 Inflammation, chronic-active   0   0   0   0   0   0   1   0   0   0 
 Ulcer   1   0   0   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Spleen Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  22  22  20  19   1  16  20  19  20   5 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   4   0   0   0   0   4 
 C-Vascular neoplasm, see body, 
 whole for type   1   0   1   1   2   3   1   1   1   1 
 Decreased, Lymphocytes   0   0   1   1   0   0   0   1   0   0 
 Fibrosis   0   1   1   0   0   0   0   0   1   0 
 Hematopoiesis, extramedullary, 
 increased   1   1   2   1   3   6   4   3   4   0 
 Hyperplasia, lymphocytes   0   0   1   0   0   0   0   0   0   0 
 Pigment, increased   2   0   2   4   0   0   0   1   0   0 
 Pigment, melanin   0   1   0   0   0   0   1   0   0   0 
 
 Sternum Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  25  25  25  25   7  24  25  25  25   9 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   3   0   0   0   0   1 
 N-Carcinoma   0   0   0   0   0   1   0   0   0   0 
 
 Stomach, Glandular Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  24  25  25  25  10  24  25  25  25   9 
 Erosion   1   0   0   0   0   0   0   0   0   0 
 Hyperplasia, epithelium   0   0   0   0   0   1   0   0   0   1 
 Inflammation, chronic-active   1   0   0   0   0   0   0   0   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Stomach, 
 Nonglandular Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  24  25  25  25   1  25  25  25  24   2 
 B-Papilloma, squamous cell   0   0   0   0   5   0   0   0   0   6 
 C-Vascular neoplasm, see body, 
 whole for type   0   0   0   0   1   0   0   0   0   0 
 Cyst   0   0   0   0   0   0   0   0   1   0 
 Hyperplasia/hyperkeratosis   0   0   0   0   4   0   0   0   0   2 
 M-Carcinoma   1   0   0   0   0   0   0   0   0   0 
 
 Testis Number Examined:  25  25  25  25  10   0   0   0   0   0 
 Unremarkable:  25  25  25  25   8   0   0   0   0   0 
 Atrophy/degeneration   0   0   0   0   2   0   0   0   0   0 
 Ectasia, seminiferous tubule   0   0   0   0   1   0   0   0   0   0 
 Hypospermatogenesis   0   0   0   0   1   0   0   0   0   0 
 
 Thymus Number Examined:  25  25  25  23  10  23  24  20  20  10 
 Unremarkable:  21  23  24  18   4  20  23  17  16   2 
 B-Thymoma   1   1   0   1   0   1   0   0   0   0 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   6   0   0   0   1   8 
 Cyst   1   0   0   2   0   0   0   0   0   0 
 Hyperplasia, epithelium   1   1   0   0   0   1   0   0   0   0 
 Lymphocytes, decreased, cortex   1   0   1   3   0   0   1   2   3   0 
 M-Malignant thymoma   0   0   0   1   0   1   0   1   0   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Thyroid Number Examined:  25  25  25  25  10  25  23  24  25  10 
 Unremarkable:  25  25  25  25  10  25  23  24  25   9 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   1 
 
 Tongue Number Examined:  25  25  25  25  10  25  25  25  25  10 
 Unremarkable:  18  21  21  17  10  22  21  23  25   9 
 Degeneration/atrophy   7   4   4   8   0   3   4   2   0   1 
 
 Trachea Number Examined:  25  25  25  25  10  25  25  25  25   9 
 Unremarkable:  25  25  25  25   9  25  25  25  25   8 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   1   0   0   0   0   1 
 
 Urinary Bladder Number Examined:  25  24  25  25   9  25  25  25  25  10 
 Unremarkable:  25  24  25  25   9  23  24  25  21   6 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   4 
 Dilatation   0   0   0   0   0   1   0   0   0   0 
 Edema   0   0   0   0   0   0   1   0   2   0 
 Erosion/ulcer   0   0   0   0   0   0   0   0   1   0 
 Hyperplasia, transitional cell   0   0   0   0   0   1   0   0   2   0 
 Inflammation, chronic-active   0   0   0   0   0   0   1   0   1   0 
 Inflammation, subacute   0   0   0   0   0   0   0   0   2   0 
----------------------------------------------------------------------------------------------------------- 
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 Table 
 Incidence of Microscopic Observations 
 All Animals 
 Test Article       (dosage)   1M   1F   2M   2F   3M   3F   4M    4F    5M   5F 
 ----------------   --------   --   --   --   --   --   --   ---   ---   --   -- 
 LY3009104           mg/kg     0    0    15   10   40   30   300   150   -    -  
 Positive Control    mg/kg     -    -    -    -    -    -     -     -    75   75 
------------------------------------------------------------------------------------------------------------ 
 Tissue/ Group/Subgroup/Sex:1/1/M 2/1/M 3/1/M 4/1/M 5/1/M 1/1/F 2/1/F 3/1/F 4/1/F 5/1/F 
 Observation Number of Animals:  25  25  25  25  10  25  25  25  25  10 
------------------------------------------------------------------------------------------------------------ 
 Uterus Number Examined:   0   0   0   0   0  25  25  25  25  10 
 Unremarkable:   0   0   0   0   0  18  18  23  17   4 
 B-Polyp, endometrial stromal   0   0   0   0   0   0   1   0   0   1 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   3 
 Hyperplasia, cystic endometrial   0   0   0   0   0   7   6   2   8   2 
 
 Vagina Number Examined:   0   0   0   0   0  25  25  25  25  10 
 Unremarkable:   0   0   0   0   0  25  25  25  25   7 
 C-Hematopoietic neoplasm, see 
 body, whole for type   0   0   0   0   0   0   0   0   0   3 
----------------------------------------------------------------------------------------------------------- 
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1 Executive Summary 

1.1 Introduction 

Eli Lilly and Co. submitted NDA 207924 on January 15, 2016 in support of marketing approval 

for Baricitinib (LY3009104, previously INCB028050).   LY3009104 is being developed as an 

oral treatment for moderately to severely active rheumatoid arthritis (RA).  This molecule is a 

reversible ATP competitive Janus kinase inhibitor that has selectivity for Janus kinase 1 and 2 

(JAK1 and JAK2). 

 

The current review evaluates the results of the genetic toxicology battery conducted with 

INCB028050, submitted under IND 102204.    

1.2 Brief Discussion of Nonclinical Findings 

INCB028050 was tested in a Bacterial Reverse Mutation Assay (Study T08-01-02), In Vitro 

Chromosome Aberration Assay (Study T08-01-01), and In Vivo Micronucleus Assay (Study 

T08-01-05).  All studies were conducted   The studies were 

completed in 2007 - 2008 and were conducted in accordance with the relevant genotoxicity 

guidance documents at the time (ICH S2A: Specific Aspects for Regulatory Genotoxicity Tests 

of Pharmaceuticals, ICH S2B:  A Standard Battery for Genotoxicity Testing of Pharmaceuticals).  

All studies were considered to be valid.   

 

INCB028050 was found to be negative in the Bacterial Reverse Mutation Assay in the presence 

or absence of rat liver S9 metabolic activation.  INCB028050 was also negative in the In Vitro 

Chromosome Aberration Assay conducted in human peripheral blood lymphocytes in the 

presence or absence of rat liver S9 metabolic activation.  In the rat In Vivo Micronucleus Assay, 

there were increased micronucleated polychromatic erythrocytes (MNPCEs) in bone marrow of 

male and female rats treated with a single dose of 800 mg/kg INCB028050 relative to controls at 

48 hours after treatment.  Observed incidences of MNPCEs for male drug-treated groups were 

within the historical control range for the testing laboratory; however, incidences for female 

drug-treated groups were slightly outside the upper end of the historical control range. These 

findings were considered to be likely due to the bone marrow cytotoxic effects of high dose 

INCB02850 treatment rather than an intrinsic genotoxic mechanism of action. 

 

Based on the results of the genotoxicity battery, INCB028050 is judged to be non-genotoxic.
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2 Drug Information 

2.1  Drug 

Generic Name:  Baricitinib 
 

Code Name:  LY3009104 or INCB028050 
 

Chemical Name:  2-(3-(4-(7H-pyrrolo[2,3-d]pyrimidin-4-yl)-1H-pyrazol-1-yl)-1-

(ethylsulfonyl)azetidin-3-yl)acetonitrile 
 

Molecular Formula/Molecular Weight:  C16H17N7O2S: 371.42 g/mol 
 

Structure or Biochemical Description 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pharmacologic Class: Janus kinase (JAK) inhibitor 
 

2.2  Relevant INDs, NDAs, BLAs and DMFs 

 IND  

(Review Division:  Division of Dermatology & Dental Products, Submitted ) 

2.3  Drug Formulation 

The baricitinib drug product will be prepared as oblong (2 mg) and round (4 mg) immediate 

release, film-coated oral tablets.  The unit compositions for the 2 mg and 4 mg tablets are seen in 

Table 1. 

 

 

 

 

 

 

 

 

Figure 1.  Chemical structure of LY3009104 free base. 
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Table 1.  LY3009104 drug product composition. 
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2.4  Comments on Novel Excipients 

There are no novel excipients in the current drug product formulation. 

2.5  Comments on Impurities/Degradants of Concern 

Several potential impurities and degradation products have been identified in the LY3009104 

DS.  The LY3009104 DS specification controls the limit of Any Unspecified Impurity to not 

more than %, consistent with ICH Q3A(R2). 

 

Impurities with structural alerts have been identified by CMC reviewer Xiaoben Shen, Ph.D. that 

 and are therefore judged to be qualified 

per the ICH M7 Guidance (May 2015).  Two  structures,  

 are potential genotoxic impurities  

(Table 2).   

Table 2.  Potential genotoxic impurities in LY3009104 drug substance. 

Name Structure Description Specification Limit 

 structural alert for 

mutagenicity. 
 ppm 

 structural alert for 

mutagenicity. 
 ppm 

 

Both impurities are controlled at a specification limit of  ppm. 

 

  content in final drug substance:   ppm 

 ppm 

  µg/day 

 

  content in final drug substance:   

 ppm 

 µg/day 

 

An additional 6 potential genotoxic impurities identified  are listed by the 

sponsor and are also controlled at the  ppm level. 

 

At the 4 mg/day dose of LY3009104, the specification limit for these impurities is within the 

limits for intake of an individual genotoxic impurity (1.5 µg/day for treatment duration >10 

years) according to the ICH M7 Guidance. 
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2.6 Proposed Clinical Population and Dosing Regimen 

The proposed clinical population is adults with moderately to severely active rheumatoid arthritis 

(RA).  Baricitinib is an oral tablet to be administered at 2 mg or 4 mg, once per day. 

 

2.7 Regulatory Background 

 INCB028050 was initially developed by Incyte, Corp.  Incyte established a collaboration 

with Eli Lilly for the development of this compound.  The compound was renamed 

LY3009104.   

 

 The initial IND for LY3009104 (IND 102204) was submitted by Eli Lilly on 5/6/2008. 

 

 NDA 207924 for LY3009104 was submitted by Eli Lilly on 1/15/2016.
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3 Studies Submitted 

3.1 Studies Reviewed  

STUDY STUDY NUMBER 

Bacterial reverse mutation assay [INCB028050] T08-01-02 

In vitro Mammalian Chromosome Aberration Test [INCB028050] T08-01-01 

Rat bone marrow erythrocyte micronucleus test following oral 

administration of INCB028050 
T08-01-05 

 

 

4 Pharmacology 

4.1 Primary Pharmacology 

4.1.1  Selectivity 

Fridman et al. (2010) publication 

LY3009104 is reported to be selective for JAK1 and JAK2 vs. JAK3 and tyrosine kinase 2.  The 

in vitro inhibitory potency of LY3009104 at JAK enzymes was characterized in the publication 

by Fridman et al. (2010)
1
.  Kinase assays were performed using a homogeneous time-resolved 

fluorescence assay with recombinant epitope tagged kinase domains and peptide substrate.  

Experiments were carried out at ATP concentrations equivalent to the Km for each specific 

kinase. 

 

The potency of LY3009104 inhibition of JAK activity is seen in Table 3.  LY3009104 is 

approximately 70-fold more selective for JAK1/2 vs. JAK3.  Further, LY3009104 is 

approximately 10-fold more selective for JAK1/2 vs. Tyk2.   

Table 3.  In vitro potency of LY3009104 for inhibition of enzyme activity as described in Fridman et al. 

(2010).  IC50 values are listed in nM. 

 

                                                 
1
 Fridman J et al. (2010)  Selective inhibition of JAK1 and JAK2 is efficacious in rodent models 

of arthritis: Preclinical characterization of INCB028050.  J Immunology.  184, 5298 -5307. 
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The original study report containing the data from this study was not submitted with NDA 

207924.  This study report was requested of the sponsor in the 74 day letter dated 3/24/16.   

 

Study LOB07 

Study LOB07 also tested the in vitro potency of LY3009104 for inhibition of 4 different 

members of the human JAK family.  Potency was determined in enzymatic assays using a 

recombinant truncated form of each family member containing the catalytic domain.  In these 

assays, phosphorylation of a fluorogenic peptide substrate was measured in the presence of 

varying concentrations of LY3009104.  All assays were conducted at an ATP concentration 

equivalent to the Km for the enzyme. 

 

The results of this experiment show enhanced selectivity of LY3009104 for JAK1 and JAK2 

over JAK3 and TYK2.  However the degree of selectivity over JAK3 (8 – 28 fold) and TYK2 (3 

– 11 fold) is less than that reported in the Fridman et al. (2010) publication.  

 

 

 

 

 

 

Table 4.  Summary of in vitro potency of INCB028050 inhibition of human JAK enzyme 

function in study LOB07.   
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7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

Study title:  Bacterial reverse mutation assay [INCB028050] 

Study no.: T08-01-02 

 Study No. AC05DJ  

Study report location: NDA 207924 

Module 4 

Conducting laboratory and location: 

Date of study initiation: July 12, 2007 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB029050 

BPR-07-93-B1-12 

99.9% 

 

Key Study Findings 

 The assay was conducted using the plate incorporation method with a maximum 

INCB028050 dose of 5000 µg/plate 

 No positive mutagenic responses were observed with any of the tester strains in 

either the presence or absence of S9 activation. 
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Methods 

Strains: Salmonella typhimurium:  TA98, TA100, TA1535, TA1537 

Escherichia coli:  WP2uvrA 

 

All strains tested ± Aroclor-induced rat liver S9 

 Concentrations in definitive 

study: 

Plate incorporation method:  50, 150, 500, 1500, 5000 µg/plate 

  

Basis of concentration 

selection: 

In the initial assay, no positive mutagenic response was 

observed.  Precipitate was observed at 5000 µg/plate.  There 

was also a decrease in revertant counts in strain TA 1535 in the 

absence of S9 activation at the 5000 µg/plate level.  Based on 

these findings, the maximum dose in the confirmatory assay 

was 5000 µg/plate. 

Negative control: DMSO 

Positive control: 
 

Strain S9 Positive control 

Concentration 

(µg/plate) 

TA98 - 2-nitrofluorene 1.0 

TA100, 

TA1535 

- 
sodium azide 1.0 

TA1537 - 9-aminoacridine 75 

WP2uvrA - 
methyl 

methanesulfonate 
1,000 

TA98 

TA100 

TA1535 

TA1537 

+ 
2-

aminoanthracene 
1.0 

WP2uvrA + 
2-

aminoanthracene 
10 

Formulation/Vehicle: DMSO 

Incubation & sampling time:  All dose levels of test article, vehicle control and positive 

controls were plated in triplicate 

 0.5 ml  S9 (10% S9, 5 mM glucose-6-phosphate, 4 mM β 

NADP, 8 mM MgCl2 and 33 mM KCl in 100 mM 

phosphate buffer) or Sham mix, 100 μL of tester strain and 

50 μL of vehicle or test article dilution were added to 2.0 

mL of molten selective top agar at 45±2°C. After vortexing, 

the mixture was overlaid onto the surface of 25 mL of 

minimal bottom agar. When plating the positive controls, 

the test article aliquot was replaced by a 50 μL aliquot of 

appropriate positive control. After the overlay had 

solidified, the plates were inverted and incubated for 

approximately 48 to 72 hours at 37±2°C. 
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 Revertant colonies for a given tester strain and activation 

condition, except for positive controls, were counted either 

entirely by automated colony counter or entirely by hand 

unless the plate exhibited toxicity. 

 

 

Study Validity 

The selection of bacterial tester strains was adequate based upon Guideline for Industry: Specific 

Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals (ICH S2A, April 1996).  Positive 

controls produced expected results.   

 

Negative control values were within the historical control range.  The maximum dose of 5000 

µg/plate was adequate for the plate incorporation method based on the observed precipitate at 

5000 µg/plate and the decrease in revertant counts in strain TA 1535 in the absence of S9 

activation at the 5000 µg/plate level. 

 

Results 

Criteria for a positive response 
 For the test article to be evaluated positive, it must cause a dose-related increase in the mean 

revertants per plate of at least one tester strain over a minimum of two increasing 

concentrations of test article. 

 Data sets for tester strains TA1535 and TA1537 were judged positive if the increase in mean 

revertants at the peak of the dose response was equal to or greater than 3.0-times the mean 

vehicle control value.  

 Data sets for tester strains TA98, TA100 and WP2 uvrA were judged positive if the increase 

in mean revertants at the peak of the dose response was equal to or greater than 2.0-times the 

mean vehicle control value. 

 

Test article concentration analysis 
Formulation samples were collected  and shipped overnight on ice to  

 on January 8, 2008 and January 23, 2008. 

 

INCB028050 concentration was quantified using a validated HPLC with UV absorbance 

detection at  nm wavelength method.  Calculated sample concentrations were within 

% of the theoretical concentration at all doses.   

 

Mutation assay results 

Initial Assay 
In the initial mutation assay, precipitate was observed at 5000 µg/plate.  There was no 

background lawn toxicity.  A decrease in revertant counts was observed at 5000 µg/plate in tester 

strain TA1535 in the absence of S9 activation.   

 

No positive mutagenic responses were observed with any of the tester strains in either the 

presence or absence of S9 activation. 
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Confirmatory Assay 
In the confirmatory mutation assay, precipitate was observed at beginning at 1500 µg per plate.  

No toxicity was observed  

 

No positive mutagenic responses were observed with any of the tester strains in either the 

presence or absence of S9 activation
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7.2 In Vitro Assays in Mammalian Cells 

Study title:  In vitro Mammalian Chromosome Aberration Test [INCB028050] 

Study no.: T08-01-01 

Study report location: NDA 207924 

Module 4.2.3.3.1 

Conducting laboratory and location: 

Date of study initiation: January 2, 2008 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB028050 

BPR-07-93-B1-12 

99.9% 

 

Key Study Findings 

 The study was conducted in human peripheral blood lymphocytes in accordance with the 

relevant guidelines at the time of study conduct 

 INCB028050 showed no significant increase in structural or numerical chromosome 

aberrations relative to DMSO control treated groups in the presence or absence of 

metabolic activation. 

 

General Methods 

Cell line: Human peripheral blood lymphocytes 

 Concentrations in definitive 

study: 

4 hour treatment (µg/ml) 

-S9:  75, 150, 300, 600, 800, 1000, 1200 

+S9:  75, 150, 300, 600, 800, 1000, 1200 

 

20 hour treatment (µg/ml) 

-S9:  5, 10, 25, 35, 50, 65, 75 

 

S9 activation system:  2% S9 in RPMI 1640 serum-free 

medium + 100 U penicillin/ml, 100 µg streptomycin/ml, 2 

mM glutamine + cofactor pool (2 mM MgCl2, 6 mM KCl, 1 

mM Glucose-6-phosphate, 1 mM NADP)  

Basis of concentration 

selection: 

The selected concentrations were based on the results of a 

preliminary toxicity study.  Maximum doses are expected 

to cause a ≥50% decrease in mitotic index relative to 

controls  

Negative control: DMSO 

Positive control: - S9:  Mitomycin C (0.3 and 0.6 µg/ml) 

+ S9: Cyclophosphamide (20 and 40 µg/ml) 
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Formulation/Vehicle: DMSO 

Incubation & sampling time: 
 

Treatment 

Condition 

Treatment 

Time 

Recovery 

Time 

LY3009104 

Concentration 

(µg/ml) 

Non 

activated 

(-S9) 

4 hr 16 hr 
75, 150, 300, 600, 

800, 1000, 1200 

20 hrs 0 hr 
5, 10, 25, 35, 50, 

65, 75 

Activated 

(+S9) 
4 hr 16 hr 

75, 150, 300, 600, 

800, 1000, 1200 

 

Preliminary toxicity assay 
Methods 

The preliminary toxicity assay was conducted with the following INCB028050 doses (µg/ml) to 

evaluate reduction in mitotic index:  0, 0.4694, 1.4082, 4.694, 14.082, 46.94, 140.82, 469.4, 

1408.2, 4694.  Aroclor 1254-induced rat liver S9 was used as the metabolic activation system. 

 

Approximately 0.6 mL heparinized blood was inoculated into centrifuge tubes containing 9.4 mL 

RPMI-1640 complete medium supplemented with 1% phytohemagglutinin (PHA). The tubes 

were incubated at 37±1°C in a humidified atmosphere of 5±1% CO2 in air for 44-48 hours. At 

the time of test article treatment the culture tubes were centrifuged, the supernatant was 

aspirated, and the cells were resuspended in either 10 mL of fresh RPMI-1640 complete medium 

for the non-activated study or 10 mL S9 reaction mixture (8 mL serum free medium + 2 mL of 

S9 cofactor pool), to which was added 0.1 mL test article dosing solution in solvent or solvent 

alone. The osmolality in treatment medium of the solvent, the highest test article concentration, 

the lowest precipitating test article concentration and the highest soluble test article concentration 

were measured. 

 

The cells were exposed to solvent alone and to nine concentrations of the test article for 

4 hours in both the presence and absence of S9 activation, and for 20 hours continuously in 

the absence of Aroclor-induced S9 activation. The cells were incubated at 37±1°C in a 

humidified atmosphere of 5±1% CO2 in air. At the completion of the 4-hour exposure period, the 

treatment medium was removed, the cells washed with calcium and magnesium-free 

phosphate buffered saline (CMF-PBS), refed with RPMI-1640 complete medium and 

returned to the incubator for an additional 16 hours. Two hours prior to the scheduled cell 

harvest, Colcemid® was added to the cultures at a final concentration of 0.1 μg/mL and the 

cultures were returned to the incubator until cell collection.  Cells were collected by 

centrifugation, treated with hypotonic potassium chloride (0.075M KCl), fixed, stained and the 

number of cells in mitosis per 500 cells scored was determined in order to evaluate test article 

effect on mitotic index. 
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Results 

INCB028050 concentrations ≤ 140.82 mg/ml were soluble in DMSO.  Visible precipitate was 

observed when solutions were dissolved in treatment medium at final concentrations of  ≥1408.2 

µg/ml.   INCB028050 solutions ≤469.4 µg/ml were soluble in treatment medium at the beginning 

of the treatment period. 

 

At the conclusion of the treatment period in all –S9 treatment groups:  visible precipitate was 

observed at 4694 µg/ml only.  In +S9 treatment groups:  visible precipitate was observed at doses 

≥ 1408.2 µg/ml. 

 

The osmolality of the test article concentrations in treatment medium (400 – 410 mmol/kg) are 

acceptable because they did not exceed the osmolality of the solvent (416 mmol/kg) by more 

than 20%.  The pH of the highest concentration of test article in treatment medium was 

approximately 7.0. 

 

Substantial toxicity was observed (at least 50% reduction in mitotic index relative to solvent 

control) under the conditions outlined in Table 5. 

 

Table 5.  Summary of INCB028050 induced toxicity in human peripheral blood lymphocytes. 

Treatment 

Condition 

Treatment 

Time 
Recovery Time >50% reduction in mitotic index 

Non activated 

(-S9) 

4 hr 16 hr ≥ 1408.2 µg/ml 

20 hrs 0 hr ≥ 46.94 µg/ml 

Activated (+S9) 4 hr 16 hr ≥ 1408.2 µg/ml 

 

 

The complete dataset for the preliminary toxicity assay is shown in Table 6.
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  Table 6.  INCB028050 induced change in mitotic index in human peripheral blood lymphocytes in the preliminary toxicity assay. 
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Chromosome aberration assay 
Methods 

The chromosome aberration assay was performed using standard procedures by exposing 

duplicate cultures of human peripheral blood lymphocytes (HPBL) to seven concentrations of the 

test article as well as positive and solvent controls. The dividing cells were harvested at 

approximately 20 hours from the initiation of treatment. 

 

For the chromosome aberration assays, 0.6 mL heparinized blood was inoculated into 

centrifuge tubes containing 9.4 mL complete medium supplemented with 1% PHA. The 

tubes were incubated at 37±1°C in a humidified atmosphere of 5±1% CO2 in air for 44-48 

hours. Treatment was carried out by refeeding with approximately 10 mL fresh RPMI-1640 

complete medium or S9 reaction mixture to which was added 0.1 mL of dosing solution of 

test or control article in solvent or solvent alone. The pH of the highest concentration of 

dosing solution in the treatment medium was measured using test tape. 

 

Based on the results of the preliminary toxicity study, the following dose levels were used in the 

chromosome aberration assay: 

 

Treatment 

Condition 

Treatment 

Time 
Recovery Time LY3009104 Concentration (µg/ml) 

Non activated 

(-S9) 

4 hr 16 hr 75, 150, 300, 600, 800, 1000, 1200 

20 hrs 0 hr 5, 10, 25, 35, 50, 65, 75 

Activated (+S9) 4 hr 16 hr 75, 150, 300, 600, 800, 1000, 1200 

 

 

In the non-activated study, the cells were exposed for 4 or 20 hours at 37±1°C in a 

humidified atmosphere of 5±1% CO2 in air. In the 4-hour exposure group, after the exposure 

period, the treatment medium was removed, the cells washed with CMF-PBS, refed with 

complete medium and returned to the incubator for an additional 16 hours. Two hours prior 

to the scheduled cell harvest at 20 hours after treatment initiation, Colcemid® was added to 

the cultures at a final concentration of 0.1 μg/mL. In the 20-hour exposure group, treatment 

was continuous until the time of cell collection. Two hours prior to the scheduled cell 

harvest at 20 hours after treatment initiation, Colcemid® was added to the cultures at a final 

concentration of 0.1 μg/mL. 

 

In the S9-activated study, the cells were exposed for 4 hours at 37±1°C in a humidified 

atmosphere of 5±1% CO2 in air. After the exposure period, the treatment medium was 

removed, the cells washed with CMF-PBS, refed with complete medium and returned to the 

incubator for an additional 16 hours. Two hours prior to the scheduled cell harvest at 

20 hours after treatment initiation, Colcemid® was added to the cultures at a final 

concentration of 0.1 μg/mL. 

 

Two hours after the addition of Colcemid®, metaphase cells were harvested for both the 

activated and non-activated studies by centrifugation. The cells were collected by 

Reference ID: 3919398



NDA 207924  Matthew Whittaker, Ph.D. 

 

21 

centrifugation at approximately 1200 rpm for about 5 minutes. The cell pellet was 

resuspended in 5 mL 0.075 M KCl and incubated at 37±1°C for 20 minutes. At the end of 

the KCl treatment and immediately prior to centrifuging, the cells were gently mixed and 

approximately 0.5 mL of fixative (methanol:glacial acetic acid, 3:1 v/v) was added to each 

tube. The cells were collected by centrifugation, the supernatant aspirated, and the cells were 

fixed with two washes with approximately 3-5 mL of fixative and stored in fixative overnight 

or longer at approximately 2-8°C. 

 

To prepare slides, the fixed cells in 15 mL centrifuge tubes were centrifuged for about 

5 minutes at approximately 1200 rpm. The supernatant was aspirated, leaving approximately 

0.2 mL fixative above the cell pellet, and 1 mL cold fresh Carnoy’s fixative was added to 

each tube. The cells were collected by centrifugation and the supernatant was aspirated, 

leaving 0.1 to 0.3 mL fixative above the cell pellet (volume depended upon size of the cell 

pellet). One to two drops of the cell suspension were dropped from an appropriate distance 

by means of a Pasteur pipet on clean microscope slides and were allowed to air dry at room 

temperature.  The dried slides were stained with 5% Giemsa, air dried and permanently mounted. 

 

Evaluation of metaphase cells 

The mitotic index was recorded as the percentage of cells in mitosis per 500 cells counted. 

Slides were coded using random numbers by an individual not involved with the scoring 

process. Metaphase cells with 46 centromeres were examined under oil immersion without 

prior knowledge of treatment groups.  A minimum of 200 metaphase spreads (100 per duplicate 

treatment condition) were examined and scored for chromatid type and chromosome-type 

aberrations.  Chromatid-type aberrations include chromatid and isochromatid breaks and 

exchange figures such as quadriradials (symmetrical and asymmetrical interchanges), triradials, 

and complex rearrangements. Chromosome-type aberrations include chromosome breaks and 

exchange figures such as dicentrics and rings. Fragments (chromatid or acentric) observed in the 

absence of any exchange figure were scored as a break (chromatid or chromosome). 

Fragments observed with an exchange figure were not scored as an aberration but instead 

were considered part of the incomplete exchange. Pulverized chromosome(s), pulverized 

cells and severely damaged cells (≥ 10 aberrations) also were recorded. Chromatid and 

isochromatid gaps were recorded but not included in the analysis. The XY coordinates for 

each cell with chromosomal aberrations were recorded using the microscope stage. The 

percent polyploid and endoreduplicated cells was evaluated per 100 cells. 

 

 

Study Validity 

The study appears to be valid for the following reasons:   

 

1.  The appropriate number of cells was evaluated and two replicates of each test 

concentration were tested which is in accordance with the current practice.  

 

2. Metaphase cells with 46 centromeres were examined under oil immersion.  Whenever 

possible, a minimum of 200 metaphase spreads (100 per duplicate treatment condition) 

were examined and scored for chromatid-type and chromosome-type aberrations.  The 
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counting method was in compliance with the currently accepted procedure and therefore 

considered valid.  

 

3. The criteria for the evaluation of positive results were considered valid.  
 

4. The conditions of the assays were appropriate given the use of the limit dose for 4 hr 

incubations and toxicity measured in the 20 hr incubation.  The dose selection based upon 

toxicity observed by measurement of mitotic index was acceptable. 

 

5. The frequency of cells with structural chromosome aberrations in vehicle controls were 

within the historical control range 

 

6. The appropriate positive controls were employed.  The percentage of cells with 

chromosome aberrations in positive control groups was statistically increased (p≤0.05, 

Fisher's Exact test) relative to the solvent control.  
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Results 

4 hr incubation, -S9 

In the 4 h treatment study in the absence of S9, the doses evaluated were 75, 150, and 300 

µg/ml.  At 300 µg/ml in the absence of S9, mitotic index was reduced by 61% relative to solvent 

control (6.4% vs. 16.5%).  1 structural aberration (chromatid breakage) was noted out of 200 

cells examined at 300 µg/ml in the 4 hr –S9 group.   This represents 0.5% of cells with structural 

aberrations.  This value is within the historical control range of 0 – 0.5% 

 

Treatment with positive control mitomycin C (0.6 µg/ml) resulted in a statistically significant 

increase in cells with structural damage (17%).  This value is within the historical control range 

of 5.5 – 40%. 

 

4 hr incubation, +S9 

In the 4 h treatment study in the presence of S9, the doses evaluated were 75, 150, and 300 

µg/ml.  At 300 µg/ml in the presence of S9, mitotic index was reduced by 51% relative to 

solvent control (5.3% vs. 10.8%).  There were no numerical or structural aberrations observed in 

cells from any of the treatment groups examined.  

 

Treatment with positive control cyclophosphamide (20 µg/ml) resulted in a statistically 

significant increase in cells with structural damage (14%).  This value is within the historical 

control range of 9.0 – 24.0%. 

 

20 hr incubation, -S9 

In the 20 hr (-S9) treatment study, doses of 5, 10, and 25 µg/ml were evaluated.  At 25 µg/ml, 

mitotic index was reduced by 56% relative to solvent control (5.4% vs. 12.3%).  There were no 

numerical or structural aberrations observed in cells from any of the treatment groups examined.  

 

Treatment with positive control mitomycin C (0.3 µg/ml) resulted in a statistically significant 

increase in cells with structural damage (17%).  This value is within the historical control range 

of 5.5 – 40%. 

 

Summary 

INCB028050 showed no significant increase in structural or numerical chromosome 

aberrations relative to DMSO control treated groups in the presence or absence of metabolic 

activation. 
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

Study title:  Rat bone marrow erythrocyte micronucleus test following oral 

administration of INCB028050 

Study no: T08-01-05 

Study report location: NDA 207924 

Module 4.2.3.3.1 

Conducting laboratory and location: 

Date of study initiation: January 2, 2008 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: INCB028050 

BPR-07-93-B1-12 

99.9% 

 

Key Study Findings 

 The study was considered to be valid.  The overall design was consistent with the 

recommendations in the relevant guidance documents at the time of study conduct.   

 Male and female CD Rats received a single oral dose of INCB028050 at 200, 400, or 800 

mg/kg.  5 rats/sex/group were sacrificed at 24 hours post dose.  An additional 5 

rats/sex/group in the 0 and 800 mg/kg dose groups only, were sacrificed at 48 hours post 

dose. 

 At 24 hours post-dose, there was a dose-dependent increase in micronucleated 

polychromatic erythrocytes at all doses tested relative to controls in males and females; 

however, statistical significance vs. the concurrent control was not achieved at any dose. 

o MNPCE values were all within the historical control range.  These findings were 

not considered to be physiologically relevant 

 At 48 hours post-dose, MNPCE values in males and females were statistically 

significantly increased vs. controls 

o The MNPCE value for males was within the historical control range 

o The MNPCE value for females exceeded the historical control range 

 The observation was considered to be a consequence of bone marrow 

cytotoxicity rather than the intrinsic genotoxicity of INCB028050. 

 INCB028050 is considered to be non-genotoxic in the rat in vivo micronucleus assay 
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General Methods 

Doses in definitive study: 24 hr sacrifice:  0, 200, 400, 800 mg/kg 

48 hr sacrifice:  0, 800 mg/kg 

Frequency of dosing: Single dose 

Route of administration: Oral 

Dose volume: 10 ml/kg 

Formulation/Vehicle: 0.5% methylcellulose 

Species/Strain: CD rats (Crl:CD) 

Number/Sex/Group: 5/sex/group 

Satellite groups:  Replacement animals (in event of mortality in HD 

animals):  800 mg/kg; 5 M & 5 F 

 Toxicokinetic animals:  3/sex/group:  200, 400, 

800 mg/kg 

Basis of dose selection:  Single dose, dose-range finding study  

 5 rats /sex/group were treated with a single oral 

dose of INCB028050 at 500, 1000, or 1500 mg/kg.   

 Mortality was observed at the 1000 and 1500 

mg/kg doses 

 Sponsor established maximum tolerated dose at 

800 mg/kg. 

Negative control: 0.5% methylcellulose 

Positive control: Cyclophosphamide monohydrate (CP, 40 mg/kg) 

 

 

 

Study Validity 

The study was considered to be valid.  The overall design was consistent with the 

recommendations in Guidance for Industry: S2(R1) Genotoxicity Testing and Data Interpretation 

for Pharmaceuticals Intended for Human Use (June, 2012).  Positive and negative controls 

produced expected results based on historical control data from the testing laboratory (see Table 

9).   

 

Dose Formulation Analysis 

Samples from INCB028050 dose formulations (Lot BPR-07-93-B1-12; 20 mg/ml, 40 mg/ml, 80 

mg/ml) used in the in vivo micronucleus assay were tested for homogeneity and concentration.   

These samples were collected at the time of preparation for use in the definitive in vivo 

micronucleus assay.  Samples were shipped refrigerated (2 - 8C)  

 for analysis. 

 

In the homogeneity assessment, 2 samples were taken from the top, middle, and bottom of each 

dose solution and analyzed using HPLC with UV detection. All samples were found to be within 

an acceptable range of ±20% of target.  In addition, duplicate samples were taken from the 
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middle of each dosing solution to confirm the accuracy of each preparation.  These samples were 

found to be between % of the nominal concentration.  All INCB028050 preparations 

were within an acceptable range of the nominal concentration. 

 

 

Detailed Methods 

The study was conducted generally in accordance with the recommendations outlined in 

Guidance for Industry: S2(R1) Genotoxicity testing and data interpretation for pharmaceuticals 

intended for human use (June, 2012).   

 

Single dose dose-range finding study 
5 rats /sex/group were treated with a single oral dose of INCB028050 at 500, 1000, or 1500 

mg/kg.  Rats were observed daily for 3 days for clinical signs of toxicity.  Body weights were 

measured at the following time points:  Before dosing on day 0, day 1, and day 3.  Animals were 

euthanized following the last observation on day 3.  

 

Definitive micronucleus study 
In the definitive study, rats were treated with a single oral gavage dose of 0, 200, 400, or 800 

mg/kg INCB028050.  Positive control rats received a single oral 40 mg/kg dose of 

cyclophosphamide.   

 

Main study animals 

5 rats/sex/group were sacrificed at 24 hours post dose.  Satellite groups included 3 

rats/sex/group in the 200, 400, and 800 mg/kg cohorts for the toxicokinetic study (Table 7).  An 

additional 5 rats/sex/group received the 800 mg/kg dose and were included as potential 

replacement animals in the event of mortality in main study animals at this dose.  Finally, an 

additional 5 rats/sex/group in the 0 and 800 mg/kg dose groups only, were sacrificed at 48 hours 

post dose. The positive control group was sacrificed at 24 hr postdose. 
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Bone marrow collection & slide preparation 

Rats were observed after dose administration and throughout the course of the study 

for clinical signs of toxicity.  Immediately following euthanasia, the femurs were exposed, cut 

just above the knee, and the bone marrow was aspirated into a syringe containing fetal bovine 

serum. The bone marrow cells were transferred to a labeled centrifuge tube containing 

approximately 3 mL fetal bovine serum. The bone marrow cells were pelleted by centrifugation 

at approximately 100 x g for five minutes and the supernatant was drawn off, leaving a small 

amount of serum with the remaining cell pellet. The cells were re suspended and a small drop of 

bone marrow suspension was spread onto a clean glass slide. Two slides were prepared from 

each rat. The slides were air dried and fixed in methanol. One set of slides was stained with a 

nucleic acid-specific stain, acridine orange, and was used in microscopic evaluation. 

 

Micronuclei scoring 

Bone marrow slides were examined using via fluorescent microscopy using oil immersion.  The 

following cell populations were counted: 

 

 Polychromatic erythrocytes (PCEs):   

These cells stain orange-red.  PCEs are the young erythrocytes (early stage of 

erythropoiesis) and represent the target cells for evaluation of test article 

clastogenicity.  2,000 PCEs per animal were examined for the presence of 

micronuclei.  Given that n = 5/group, 10,000 PCEs were evaluated per treatment 

group.  

 

 Normochromatic erythrocytes (NCEs):   

These cells stain light green.  These cells represent mature red blood cells 

(erythrocytes, ECs).  The number of NCEs and micronucleated NCEs (MNNCEs) in a 

field of 1000 total ECs was determined for each animal in order to establish the 

proportion of PCEs to total ECs.  The incidence of MNNCEs per 2,000 PCEs was 

Table 7.  Summary of definitive in vivo micronucleus study design in rats with INCB028050. 
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calculated per animal.  These results were not reported as the primary target cells are 

PCEs. 

 

 Micronuclei (MN) 

Micronuclei are round, fluorescent green-stained nuclear (chromosome) fragments 

with a sharp contour and diameters usually from 1/20 to 1/5 of an erythrocyte. 

Micronuclei may occur in PCEs (MNPCEs) or NCEs (MNNCEs) 

 

The incidence of micronucleated polychromatic erythrocytes per 2000 polychromatic 

erythrocytes for each rat was determined.  Given that n = 5/group, 10,000 PCEs were evaluated 

for the presence of MNPCEs per treatment group.  Statistical significance of differences between 

values in treated groups vs. controls was determined using the Kastenbaum-Bowman tables 

which are based on the binomial distribution 

 

As an indicator of bone marrow toxicity, the proportion of polychromatic erythrocytes to 

total erythrocytes was determined for each rat and treatment group (PCE/NCE ratio). The 

proportion of polychromatic erythrocytes to total erythrocytes in test article-treated animals 

should not be less than 20% of the control value. 

 

Toxicokinetic study animals 
Blood samples were taken from TK animals at 1, 4, and 24 h post-dose.  Samples were processed 

to plasma and stored at -60 C.  INCB028050 was quantified using LC/MS/MS methodologies.     

 

Results 

Single dose dose-range finding study 
There was increased mortality at the 1000 and 1500 mg/kg doses (Table 8).   Decreased mean 

body weight at 3 days post dose was also observed at these doses in males and females.  Based 

on these findings, the maximum tolerated dose for the definitive in vivo micronucleus study was 

established by the sponsor at 800 mg/kg. 
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Definitive micronucleus study 
There was no mortality in the definitive micronucleus study at either the 24 or 48 h time point.   

 

24 hour time point 

An apparent dose-dependent increase in total micronucleated PCEs in bone marrow of male and 

female rats was observed at the 24 hour time point (Table 9).   The increase in total MNPCEs did 

not achieve statistical significance relative to vehicle control at any dose.  At all doses, the 

number of MNPCEs in males and females were within the historical control range (studies 

conducted  from 2003 – 2006).  Therefore, INCB028050 was considered to be 

negative in this assay at the 24 hour time point. 

 

It is also noted that the number of MNPCEs observed in vehicle treated (negative control) and 

cyclophosphamide treated (positive control) animals were within their respective historical 

control ranges, supporting the validity of the study. 

 

Table 8.  Summary of mean body weight and mortality data in rats treated with a single dose of 

INCB028050 in the dose-range finding in vivo micronucleus study.  
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48 hour time point 

The number of MPCEs observed in 800 mg/kg males (10/10,000) and females (12/10,000) was 

statistically significantly increased relative to vehicle controls (Table 9; p < 0.05, Kastenbaum-

Bowman Tables).   

 

In males, the number of MNPCEs is within the historical control range, and is therefore not 

considered to be biologically significant.  In females, the MPCE value slightly exceeds the 

historical control range (12/10,000 vs. 0 – 9/10,000).  It is noted that there was evidence for 

reduction in PCE/NCE ratio in these samples, indicative of bone marrow cytotoxicity.   
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Table 9.  Summary of micronucleus formation in PCEs in the in the rat vivo micronucleus assay with INCB028050.  The 

lower 2 tables represent the historical negative and positive control data  
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11 Integrated Summary and Safety Evaluation 

The three studies comprising the genotoxicity battery for LY3009104 were all conducted in 

accordance with relevant guidelines at the time of study completion.   

 

Bacterial Reverse Mutation Assay 

No positive mutagenic responses were observed with any of the tester strains in either the 

presence or absence of S9 activation in the Bacterial Reverse Mutation Assay at LY3009104 

concentrations of up to 5,000 µg/plate. 

 

In vitro Mammalian Chromosome Aberration Test 

LY3009104 caused no significant increase in structural or numerical chromosome aberrations 

relative to DMSO control treated groups in human peripheral blood lymphocytes in the presence 

or absence of metabolic activation.  Cells treated ± rat liver S9 for 4 hours with up to 300 µg/ml 

LY3009104 produced acceptable levels of cytotoxicity and no evidence of structural or 

numerical chromosome aberrations.  In the 20 hour assay, cells treated without metabolic 

activation at up to 25 µg/ml LY3009104 produced acceptable levels of cytotoxicity and no 

evidence of structural or numerical chromosome aberrations. 

 

Rat bone marrow erythrocyte micronucleus test following oral administration of INCB028050 

Male and female rats received a single oral dose of LY3009104 at 200, 400, or 800 mg/kg.  An 

apparent dose-dependent increase in total micronucleated PCEs in bone marrow of male and 

female rats was observed at the 24 hour time point.  However, the difference in MNPCEs vs. 

concurrent controls did not achieve statistical significance at any dose.  Furthermore, at all doses,  

the numbers of MNPCEs in males and females were within the historical control range (studies 

conducted  from 2003 – 2006).  For this reason, LY3009104 was considered to be 

negative with respect to micronucleus induction at the 24 hour time point. 

 

At the 48 hour time point, the number of MNPCEs observed in 800 mg/kg males (10/10,000) and 

females (12/10,000) was statistically significantly increased relative to vehicle controls.  It is 

noted that there was evidence for reduction in PCE/NCE ratio in these samples, indicative of 

bone marrow cytotoxicity.  In males, the number of MNPCEs is within the historical control 

range, and is therefore not considered to be physiologically significant.  In females, the MNPCE 

value slightly exceeds the historical control range (12/10,000 vs. 0 – 9/10,000).  The results of 

this study are considered to be equivocal.   

 

In a survey conducted by the International Workshop on Genotoxicity Testing (IWGT), several 

compounds were identified that produced apparent positive genotoxic responses in the in vivo 

micronucleus assay
2
.  Compound-related disturbances in the physiology of the animals used in 

the assay can produce increases in micronucleated cells in bone marrow that are not related to the 

intrinsic genotoxicity of the compound.   

 

                                                 
2
 Tweats et al. (2007).  Reports of the IWGT working group on strategy/interpretation for 

regulatory in vivo tests II.  Identification of in vivo-only positive compounds in the bone marrow 

micronucleus test.  Mutation Research.  627, 92 – 105.   
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A previously conducted short-term rat toxicology study with INCB028050 (Study T07-10-10) 

was examined for evidence of treatment-related increases in erythropoiesis or other overt toxicity 

that might support a non-genotoxic mechanism for the observed increases in MNPCEs in 

females in the current study.  Study T07-10-10 was a 10 day toxicology study conducted in male 

and female SD rats treated orally with up to 300 mg/kg/day INCB028050.  The 300 mg/kg/day 

dose was lethal in males (1/6) and females (4/6).  INCB028050 was toxic to cells of both 

lymphopoietic and hematopoietic origin in surviving animals.  Microscopic examination of 

males and females in the 10 day toxicology study showed widespread evidence of lymphoid 

depletion (decreased cellularity in spleen, thymus, mesenteric lymph node, bone marrow) that 

increased in incidence and severity with dose.  Decreased cellularity of the bone marrow (mild – 

marked) was observed in males and females at all doses tested. 

 

All doses tested in the in vivo micronucleus study exceed the cytotoxic dose of INCB028050 in 

rats.  Furthermore, the middle (400 mg/kg) and high (800 mg/kg) doses exceed the lethal dose of 

INCB028050 in the 10 day study discussed above.  The increased MNPCEs observed in the in 

vivo micronucleus study appear likely to be a consequence of bone marrow cytotoxicity rather 

than an intrinsic genotoxic effect of INCB028050. 

 

Safety Evaluation 

The totality of the evidence from the genotoxicity battery conducted by the sponsor suggests that 

INCB028050 (LY3009104) is not a genotoxic molecule. 
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