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MEMORANDUM 
 
Date:  November 19, 2012 
From:  Haleh Saber, Ph.D. 
  Pharmacology/Toxicology Supervisor 

Division of Hematology Oncology Toxicology (DHOT) 
Office of Hematology Oncology Products (OHOP) 

Re:  Approvability for Pharmacology and Toxicology 
NDA:  203469 
Drug:  ICLUSIG (ponatinib) tablet 
Indication:  Treatment of adult patients with chronic phase, accelerated phase, or blast 

phase chronic myeloid leukemia (CML) or Philadelphia chromosome 
positive acute lymphoblastic leukemia (Ph+ALL), resistant or intolerant to 
prior tyrosine kinase inhibitor therapy 

Applicant: ARIAD Pharmaceuticals, Inc. 
 
 
Ponatinib is a small molecule tyrosine kinase inhibitor developed for the treatment of 
CML.  It has activity against BCR-ABL and multiple mutant forms of BCR-ABL, 
including the T315I mutation.  Ponatinib also inhibits several other kinases, including 
VEGFRs, FGFRs, PDGFRs, RET, KIT, FLT3, and SRC family members.  Ponatinib 
showed anti-tumor activity in mice bearing tumor xenografts expressing native BCR-
ABL or the T315I mutant.  The pharmacologic class assigned to ponatinib is “kinase 
inhibitor” consistent with other drugs of the same class, such as imatinib, dasatinib, 
nilotinib, and bosutinib. 
 
Pharmacology, safety pharmacology, pharmacokinetic/ADME (absorption, distribution, 
metabolism and excretion), and toxicology studies were conducted in in vitro systems 
and/or in animal species.  Animal toxicology studies were conducted in appropriate 
species, using the administration route and dosing regimens that adequately addressed 
safety concerns in humans.  Ponatinib-related toxicities in rats and monkeys included: 
lymphoid depletion, necrosis involving the exocrine pancreas with low incidence lipase 
elevation, and elevated liver enzymes (ALT and AST).  Cardiovascular findings in 
animals included systolic heart murmurs and myocardial necrosis; however, these 
findings were of low incidence and/or non-dose-dependent.  
 
In patients treated with ICLUSIG, serious safety concerns include the findings in the 
cardiovascular, hepatic and pancreatic systems.   
 
Ponatinib was not mutagenic or clastogenic when tested in the battery of genotoxicity 
studies.  At a maternally toxic dose of 3 mg/kg/day, ponatinib was teratogenic when 
administered to pregnant rats during the period of organogenesis.  Systemic exposure in 
animals at this dose was equivalent to that reported for patients treated with the 
recommended ponatinib dose (45 mg/day).  Ponatinib also caused embryofetal toxicities 
in rats at systemic exposures below those observed in patients treated with the 
recommended dose.  A pregnancy category D has been assigned to this drug.  Due to the 
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teratogenicity findings in rats, an embryofetal developmental study in a second species 
was deemed not necessary. 
 
Fertility studies using ponatinib have not been conducted; however, based on findings in 
the reproductive organs in the general toxicology studies, ponatinib may impair male and 
female fertility.  Findings in animals included: degeneration of epithelium of the testes 
and follicular atresia in ovary and associated endometrial atrophy. 
 
The nonclinical studies needed to support product labeling were reviewed by Dr. Stacey 
Ricci and Dr. Pedro Del Valle.  The nonclinical findings are summarized in the 
“Executive Summary” of the NDA review and reflected in the product label.   
 
Recommendation:  I concur with Drs. Ricci and Del Valle that from a nonclinical 
perspective, ICLUSIG may be approved for the proposed indication.  No additional 
nonclinical studies are needed to support approval of ICLUSIG for the proposed 
indication. 
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Disclaimer 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 203469 are owned by ARIAD Pharmaceuticals, Inc. or 
are data for which ARIAD Pharmaceuticals, Inc. has obtained a written right of 
reference.  Any information or data necessary for approval of NDA 203469 that ARIAD 
Pharmaceuticals, Inc. does not own or have a written right to reference constitutes one 
of the following: (1) published literature, or (2) a prior FDA finding of safety or 
effectiveness for a listed drug, as reflected in the drug’s approved labeling.  Any data or 
information described or referenced below from reviews or publicly available summaries 
of a previously approved application is for descriptive purposes only and is not relied 
upon for approval of NDA 203469. 
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Ponatinib pharmacology was evaluated using a series of in vitro, cell based and in vivo 
studies, results of which include: 
 

− Ponatinib inhibits the kinase activity of native BCR-ABL or different mutant BCR-
ABL proteins, including the T315I mutation, as demonstrated in vitro using 
recombinant proteins or cell-based survival assays.   

− Comparative studies were conducted using ponatinib, dasatinib, nilotinib or 
imatinib that demonstrated ponatinib alone has activity towards inhibiting T315I 
mutant activity at sub-micromolar concentrations.    

− Ponatinib was tested against a panel of kinases comprising approximately half of 
the human kinome, and it inhibited 41 kinases (other than BCR-ABL and its 
variants) with IC50 values ≤ 20 nM.  These kinases include RET, FLT3, KIT and 
members of the VEGFR, FGFR, PDGFR, EPH and SRC families of kinases (see 
the Appendix for a full list of kinases tested). 

 
Safety pharmacology studies1 conducted included studies in mice, rats and dogs and 
the hERG assay.  There were no dose-dependent ponatinib-related effects noted on 
pulmonary function in conscious rats, neurologic effects in mice, or cardiac function in 
telemeterized dogs.  A transient increase in QTc was observed in one dog that received 
the highest dose used (10 mg/kg; 200 mg/m2).  Ponatinib inhibited hERG current in a 
dose-dependent manner beginning at the 1000 nM concentration and had an estimated 
IC50 = 2330 nM.  ARIAD estimates that the mean Cmax plasma concentration of a human 
dose of 45 mg ponatinib is 145 nM (77 ng/ml), which is ~20-fold lower than the hERG 
IC50 value.  The potential for ponatinib to block hERG channel activity is low. 
 
Pharmacokinetic parameters were measured in single dose (intravenous or oral) PK 
studies using rats and monkeys and as part of the repeat dose toxicology studies using 
rats and monkeys (oral).  Ponatinib was absorbed slowly with a Tmax of 6 and 4 hours, 
respectively, in the rat and monkey following an oral dose. The oral bioavailability in rats 
and monkeys was 54 % and 21%, respectively. The terminal half-life of ponatinib in 
plasma after an intravenous dose was 9.7 hours in rats and 5.3 hours in monkeys. 
Blood clearance was moderate in rats but was slow in monkeys.   In vitro plasma 
protein binding was high (>99.7%) in all species tested (mouse, rat, monkey and 
human).  Qualitatively, all metabolites observed in human plasma were also detected in 
either rat or monkey.  AP24600 was the major metabolite in plasma of humans and rats 
but not monkeys. AP24600 had no effect on cells expressing native or T315I mutant 
BCR-ABL.  Ponatinib was eliminated predominantly by metabolism in rats, monkeys 
and humans. Tissue distribution studies using [14C]-ponatinib in rats demonstrated that 
ponatinib is widely distributed throughout the body with maximum tissue concentration 
observed by 8h post-dose.  Tissues with the highest relative tissue concentrations were 
small intestine, uveal tract of the eye, brain (meninges), lung, liver, pituitary and adrenal 
glands, white and red pulp of spleen, Harderian gland, kidney cortex and thyroid.   

                                            
1 Note that the Safety Pharmacology, single dose Pharmacokinetic and General Toxicology studies and 
the ADME studies were not reviewed in their entirety; descriptions of these studies results are summaries 
from information provided in the NDA’s Common Technical Documents or from the individual study 
summary sections. 
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Single-dose and repeat-dose general toxicology studies using mice, rats and monkeys 
were conducted.  The repeat dose 28-Day or 6-Month studies administered AP24534 to 
either Sprague-Dawley (SD) rats or cynomolgus monkeys daily.  An embryo-fetal 
development (EFD) toxicology study was conducted using the SD rat, and a 
phototoxicity study was conducted using Long Evans rats.   
 
Single dose studies in rats resulted in mortality or morbidity of 80% of males and 100% 
females that received the high dose of 100 mg/kg.  Histopathology results in these 
animals indicated immunosuppression as the likely cause of death (due to lymphoid 
depletion) and associated bacterial sepsis.  Necrosis involving the exocrine pancreas 
and intestinal crypt epithelial cells was also observed.  No mortalities were observed 
following single dose studies in monkeys administered single doses up to 45 mg/kg.   
Ponatinib-related mortalities were also observed in the repeat-dose studies:  rats 
receiving ≥ 0.75 mg/kg/day (4.5 mg/m2) and in monkeys receiving 5 mg/kg/day (60 
mg/mg2).  A common cause for the moribundity and early mortalities in repeat-dose 
studies was not established, but toxicities common to both rat and monkey repeat-dose 
studies included immunosuppression manifest as lymphoid depletion of the thymus, 
spleen and lymph nodes, increased neutrophils, eosinophils and monocytes and clinical 
signs of weight loss and skin effects.  Hyper- and hypo-plastic changes were noted in 
femoral bone in both rat studies.   
 
Serious clinical safety issues related to ponatinib use include the cardiovascular, 
hepatic and pancreatic systems.  Nonclinical findings relevant to these events include 
the following: 
 

− Physical examination findings in the 28-Day monkey study showed systolic heart 
murmurs in one low dose male (low Grade I/VI), one mid dose female (Grade 
III/VI) and two high dose animals (male:  Grade II/VI;  female:  Grade I/VI).  No 
murmurs were noted pre-study in the animals with these findings or in monkeys 
during the 6 month toxicology study.  Physical exams performed on Day 13 post-
dose on monkeys during the single dose toxicology study revealed systolic heart 
murmurs (Grade II/VI) in one male in the 45 mg/kg dose group and one female in 
the 5 mg/kg group.  These findings combined and evidence of a possible dose-
dependent effect on necrosis of myocardial cells in the 6-month monkey 
toxicology study may be relevant to the clinically observed cardiovascular 
toxicities observed.   

− Pancreatic alterations were observed in high dose males (acinar cell necrosis, 
fibrinous inflammation, fibrosis and acinar atrophy) and lipase was elevated in 
two males from this group.  These were the only pancreatic changes observed in 
the toxicology studies and their relevance to clinically observed cases of 
pancreatitis is unknown.   

− Elevated ALT and AST values occurred in treated monkeys at the end of the 6-
month dosing period at all doses that ranged from 2- to 4.5-fold in ALT and 2- to 
9.2-fold in AST, relative to Day -6 values.  There were no microscopic correlates 
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observed in the affected monkeys and elevations in transaminases were not 
present during the recovery period. 

 
None of these findings demonstrated a clear dose-dependent relationship that 
corresponded with other histopathological or serum chemistry findings. 
 
In the embryo-fetal development study, ponatinib was administered orally to pregnant 
rats at doses of 0, 0.3, 1, and 3 mg/kg.  Systemic exposures (AUC) at 3 mg/kg were 
equivalent to the AUC in patients receiving the recommended human dose.  Soft tissue 
and skeletal alterations and differences in the number of ossification site averages were 
observed in the mid and high dose groups and maternal toxicity, including mortality, was 
observed at the high dose.  Additional fetal toxicities observed at the high dose included 
increased post-implantation loss (early, late and total resorptions); reduced body weight; 
gross external alterations; multiple soft tissue and skeletal alterations, as well as 
differences in the number of ossification site averages.   
 
Ponatinib was not genotoxic when evaluated in three separate assays (Ames assay for 
mutagenicity, in vitro chromosomal aberration assay or in vivo mouse micronucleus 
assay).  Carcinogenicity studies were not completed because of the short life-
expectancy of CML and Ph+ ALL patients that have failed prior TKI therapy.  Results 
from a phototoxicity study indicate that ponatinib does not cause dermal toxicity but 
ocular effects were observed at the mid and high doses used (5 and 10 mg/kg). 

 

1.3 Recommendations 

1.3.1 Approvability 
RECOMMEND APPROVAL:  The submitted pharmacology and toxicology studies using 
ponatinib (Iclusig®) support the safety of its use in chronic phase, accelerated phase, or 
blast phase chronic myeloid leukemia (CML) or Philadelphia chromosome positive 
acute lymphoblastic leukemia (Ph+ALL) patients resistant or intolerant to prior tyrosine 
kinase inhibitor therapy. 
1.3.2 Additional Non Clinical Recommendations 
No additional nonclinical studies using ponatinib are necessary for the proposed 
indication. 
1.3.3 Labeling 
A separate labeling review will be completed if necessary. 
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Table 4 In Vitro Cell Viability of Bcr-Abl Mutants 
(Excerpted from the Applicant’s Submission) 

 
 
 

In the Pharmacology Written Summary section of the NDA, results using imatinib, 
nilotinib and dasatinib in Ba/F3 cell lines expressing the BCR-ABL mutants listed above 
were compiled and compared with the results for ponatinib (Table 5).  A side-by-side 
comparison of ponatinib with the three other TKIs using a subset of these Ba/F3 mutant 
cell lines are reviewed in Study ARP025 below. 
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Table 5 Effect of Ponatinib, Imatinib, Nilotinib or Dasatinib on Cell Viability of 
Native or 14 Mutant Variants of BCR-ABL  

  
 

3. Study ARP027:  Demonstration of Inhibition of BCR-ABL and CrkL 
Signaling by AP24534 in Cells Expressing Wild-type or T315I Mutant BCR-
ABL 

 
Report Date: October 29, 2007 

Conducting Laboratory: Not specified; the source data cited is an 
ARIAD notebook (#1180). 

 
Introduction 
This study examined the effect of AP24534 on BCR-ABL and CrkL phosphorylation 
using quantitative Western blot methodology.   
  
Methods 

− K-562 cells and Ba/F3 cells that expressed either native or BCR-ABL or the 
T315I mutant were treated with AP24534, dasatinib or nilotinib for 3 hours. 

− Antibodies that bind to phosphorylated BCR-ABL (at tyrosine 245) or CrkL (at 
tyrosine 207) were used, 

 
Results 
The phosphorylation of BCR-ABL and CrkL was completely inhibited by AP24534, 
dasatinib and nilotinib in a dose-dependent manner in K562 cells or Ba/F3 cells 
expressing native BCR-ABL (Table 6).  In Ba/F3 cells expressing the T315I mutant, 
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activity than imatinib in all BCR-ABL cell lines except for the T315I mutant in which only 
AP24534 demonstrated cell growth inhibition.   

Table 7 Inhibition of Cell Proliferation In Vitro by AP24534, Dasatinib, 
Nilotinib and Imatinib 

(Excerpted from Applicant’s Submission) 
 

 
 
 

 
6. Study ARP087:  Efficacy study of AP24534 in a Subcutaneous K562 Tumor 

Model Dependent on Native BCR-ABL in Mice 
 

Report Date: May 2, 2012 
Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 

 
Introduction 
This study examined the effect of oral administration of AP24534 to SCID mice 
harboring subcutaneous tumor xenografts of the K562 human CML cell line expressing 
native BCR-ABL.  Mice were treated with AP24534 daily for 18 days. 
 
Methods 

− Tumor volume was measured using calipers at least twice per week and the 
animal body weight was measured daily.  When the average tumor volume 
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reached approximately 200 mm3, animals were randomized to the following 
groups for treatment:  

 
− Following the 18 day treatment cycle, mice were monitored for an additional 8 

week period. 
 
Results 
AP24534 inhibited tumor growth at all doses tested, and demonstrated tumor regression 
at doses ≥ 2.5 mg/kg.  Half of the mice from the vehicle control group were sacrificed 
prior to study termination because their tumors grew greater than permitted (>500 mm3).  
Mean body weight losses were similar to or less than that observed in the vehicle 
control group.  There were no mortalities resulting from AP24534 treatment or any 
clinically observable toxicities.  Similar tumor regression was observed in mice receiving 
30 mg/kg twice a week as in mice that received ≥ 2.5 mg/kg daily, suggesting that 
intermittent scheduling may be as effective as daily dosing (Figure 2).  

Figure 2 K562 Tumor Xenograft Volume Change in SCID Mice 
(Excerpted from Applicant’s Submission) 

 
(The dosing period is indicated with a bar) 
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7. Study ARP282:  The Effect of AP24600, a Primary Metabolite of AP24534, 
on Viability of Cells Expressing Native or T315I Mutant BCR-ABL 

 
Report Date: May 3, 2012 

Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 
 
Summary 
This study examined the cytotoxic effect of AP24534 and its metabolite AP24600 on 
Ba/F3 cells expressing native or T315I mutant BCR-ABL.  Cell viability was measured 
using a colorimetric MTS assay.  The IC50 concentrations of AP24534 were 1.3 and 5.0 
nM for the native and T315I mutant, respectively.  The IC50 for AP24600 was >10,000 
nM for both cell lines.  
 
 

8. Study ARP043:  Induction of Apoptosis of Cells Expressing Wild-type and 
T315I Mutant BCR-ABL by AP24534 

 
Report Date: October 29, 2007 

Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 
 
Summary 
In this study, the apoptotic effects of AP24534, dasatinib, and nilotinib were tested using 
Ba/F3 or K562 cell lines expressing either native or the T315I mutant BCR-ABL.  
Caspase 3/7 activity was measured using a commercially available fluorescent 
substrate (Apo-One Caspase-3/7™; Promega) using a 96-well plate reader.  Values of 
EC50 values were determined after 24 hour treatments in Ba/F3 cells and 48 hour 
treatments in K562 cells.  Only AP24534 treatment resulted in apoptosis of the T315I 
mutant cell line (Table 8).  Dasatinib and AP24534 treatment produced similar EC50 in 
the two cell lines harboring native BCR-ABL. 

Table 8 Apoptosis in Cells Treated with AP24534, Dasatinib or Nilotinib 
(Excerpted from Applicant’s Submission) 
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9. Study ARP033:  Efficacy study of AP24534 in a leukemia model dependent 
on BCR-ABL T315I mutant kinase in mice (II) 

 
Report Date: October 11, 2007 

Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 
 
 
Introduction 
This study examined the effect of AP24534 in a mouse model of CML.  In this model, 
the murine pro-B cell line Ba/F3 containing the BCR-ABL T315I mutant was injected 
intravenously to female SCID mice.   
 
Methods 

− Three days after cell inoculation (106 cells via tail vein injection), mice were 
administered AP24534 by oral gavage at doses of 1.25, 2.5, 5, 15 and 25 
mg/kg/day (n=10/group) for up to 19 days.  Mice were monitored for up to 33 
days after cell inoculation.   

− The test article used was Lot 4 (synthesized at ARIAD Pharmaceuticals, Inc.).  
The salt/purity correction factor of 0.786 was used. 

− Observations were made at least twice daily during weekdays and once daily on 
weekends for clinical signs of tumor burden and general health conditions.  Body 
weights were measured daily and spleens and livers (where leukemia cell 
infiltration was expected) were collected post-mortem and weighed. 

− Median survival times for each group was calculated and the Log-rank test 
method was used to calculate statistical significance (p<0.05). 

 
Results 
An AP24534 dose-dependent increase in median survival occurred.  Tumor regression 
was not observed as no animals survived past Day 33.  Data copied from p.7 of the 
study report is shown in Figure 3.   
 
Body weight loss occurred that was not clearly attributable to either treatment or tumor 
burden in liver and spleen.  Significant losses occurred in animals (~10-18%) regardless 
of treatment immediately prior to the day when <50% of animals survived.  Clinical signs 
manifested ~Day 14 for animals treated with ≤5 mg/kg and lasted 3-5 days preceding 
death.  Clinical signs manifested ~Day 17 for animals treated with ≥15 mg/kg and lasted 
7-10 days prior to death.  Signs included ruffled fur, low level of activity, loose or black 
stool. 
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Figure 3 Survival Data of CML Mouse Model with T351I Mutation following 
AP2435 Treatment 

(Excerpted from Applicant’s Submission) 

 
 

 
 

 
10. Study ARP035:  Oral efficacy study of AP24534 in a subcutaneous tumor 

model dependent on BCR-ABL T315I mutant in mice 
 

Report Date: October 11, 2007 
Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 

 
Summary 
The murine pro-B cell line Ba/F3 harboring the T315I mutant isoform of BCR-ABL was 
subcutaneously injected into nude mice (nu/nu).  Mice were treated with AP24534 at 
doses of 2.5, 5, 10, 30 or 50 mg/kg/day for 19 days.  Tumor volume was measured in 
two dimensions using a caliper at least twice a week (volume= L x W2 x 0.5).   
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Tumor growth inhibition was observed at doses ≥10 mg/kg and tumor stasis and tumor 
regression occurred at dose levels of 30 and 50 mg/kg/day (Figure 4).  Skin rash and 
>10% body weight loss was observed at 50 mg/kg/day but not at lower levels. 
 
 

Figure 4 Tumor Volume Change in Xenografts with T351I Mutation 
(Excerpted from Applicant’s Submission) 

 
 

 
 
 

11. Report ARP036:  Efficacy study of AP24534 in a leukemia model dependent 
on wild-type BCR-ABL kinase in mice 

 
Report Date: October 11, 2007 

Conducting Laboratory: ARIAD Pharmaceuticals, Inc. 
 
Introduction 
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Ba/F3 cells expressing BCR-ABL were injected into the tail vein of female SCID mice.  
Three days later, treatment began with AP24534 by oral gavage (0.5, 1, 2.5, 5, or 10 
mg/kg/day) for 19 days. 
 
Results 
Survival was prolonged in a dose-dependent manner (Figure 5).  Body weight losses 
were ~3-6% in all groups, including the vehicle control. 
 

Figure 5 Survival Data of CML Mouse Model with Native BCR-ABL Following 
AP2435 Treatment  

(Excerpted from Applicant’s Submission) 
 

 
 

4.2 Secondary Pharmacology 
Secondary Pharmacology studies were not reviewed.  The study summaries described 
in the Pharmacology Written Summary section of the NDA state that the in vitro kinase 
assay results further evaluated the ability of ponatinib to inhibit the activity of RET, 
FLT3, KIT and members of the FGFR, PDGFR, VEGFR, EPH and SRC families of 
kinases with IC50s ≤20 nM.  Additional data using cell-based assays confirmed that 
ponatinib inhibits RET, KIT and PDGFR-α and also FLT3 and FGFRs in cell lines and in 
vivo models.  ARIAD states these data are provided in Study Reports ARP281, 
ARP242, ARP087 and in publications containing experimental results using ponatinib.6  
There were no pharmacology studies that specifically examined platelet function. 

                                            
6 Gozgit JM, et al., Mol Cancer Ther, 2012, 11(3):690-9;  Zirm E. Et al., Br J Hematol, 2012. 157(4):483-
92; Gozgit JM et al., Mol Cancer Ther, 2011, 10(6):1028-35. 
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4.3 Safety Pharmacology 
Safety Pharmacology studies were not reviewed but the following summary information 
was compiled from the Pharmacology Written and Tabulated Sections of the NDA.  All 
Safety Pharmacology studies were described as being GLP Compliant; all animals were 
administered one dose of AP24534 by oral gavage. 
 
hERG Channel Activity (Study S07092) 

− Doses used were 0.1, 0.3, 1, 3 and 9 microM 
− Ponatinib inhibited hERG current in a dose dependent manner with an IC50=2.33 

microM.  Percent inhibition at each test concentration (lowest to highest) were:    
-7, 3, 14, 57, and 91%. 

 
Cardiovascular (Hemodynamic) Evaluation (Study 1259DA53.004) 

− Telemeterized Beagle Dogs 
− 2/sex/group  
− 0, 2, 5, 10 mg/kg 
− No effects on cardiac, circulatory functions or ECGs. 

 
CNS Neuropharmacologic Profile (Study 0200MA53.004) 

− 10 Female CD-1 Mice/group  
− 0, 10, 30 or 100 mg/kg 
− No neuropharmacological or toxicological signs observed up to 72-hours post 

dosing. 
 
CNS Motor Activity (Study 1001MA53.006) 

− 10 Female CD-1 Mice/group  
− 0, 10, 30 or 100 mg/kg 
− No effects at 1 hour post-dose; a decrease in spontaneous activity was observed 

in the 100 mg/kg dose group 24 hours post-dose but reverted to control group 
behavior. 

 
CNS Motor Coordination (Study 0225MA53.006) 

− 10 Female CD-1 Mice/group  
− 0, 10, 30 or 100 mg/kg 
− No effect observed up to 72-hours post-dosing. 

 
Pulmonary (Study 1275RA53.001) 

− 4 Male Sprague-Dawley rats per group 
− 0, 3, 10, 30 mg/kg 
− No treatment effects noted on respiratory rate, tidal volume or minute volume in 

conscious rats. 
 
Renal:  Electrolyte Concentrations and Volume Diuresis (Study 0209RA53.006) 

− 10 male Sprague-Dawley rats per group 
− 0, 3, 10, 30 mg/kg  
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− Increased urine volume of 42, 51 and 46% over a 4-hour period following 
administration of 3, 10 and 30 mg/kg, respectively. 

 
Gastrointestinal Propulsion and Gastric Emptying (Study 0239RA53.001) 

− 10 Male Sprague-Dawley rats per group 
− 0, 3, 10, 30 mg/kg 
− No effect on GI motility.  Decrease in gastric emptying at all AP24534 doses. 

 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
The following summary information was compiled from the NDA but the primary data 
were not reviewed: 
 
The absorption, distribution, metabolism and excretion (ADME) of ponatinib were 
studied in mice (CD-1), rats (Sprague Dawley (SD), Long-Evans (LE)), dogs (Beagle), 
monkeys (Cynomolgus) and humans after oral and/or intravenous administration.  All 
ADME studies used ponatinib formulated in an aqueous buffer (25 mM citrate buffer, pH 
2.75) for both oral and intravenous administration. In one monkey study a capsule 
formulation was also used.  Toxicology studies also used the citrate buffer formulation.  
All ADME and toxicology studies were conducted using ponatinib mono-hydrochloride 
salt but the administered doses were calculated on the basis of ponatinib-free-base 
equivalents. 
 
Pharmacokinetic parameters were measured in single dose (intravenous or oral) PK 
studies using rats and monkeys and as part of the repeat dose toxicology studies using 
rats and monkeys (oral).  Ponatinib was absorbed slowly with a Tmax of 6 and 4 hours, 
respectively, in the rat and monkey following an oral dose. The oral bioavailability in rats 
and monkeys was 54.0 % and 20.6%, respectively. The terminal half-life of ponatinib in 
plasma after an intravenous dose was 9.7 hours in rats and 5.3 hours in monkeys. 
Blood clearance was moderate in rats but was slow in monkeys.   In vitro plasma 
protein binding was high (>99.7%) in all species tested (mouse, rat, monkey and 
human).   
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Table 9 Summary of Ponatinib PK Parameters in Rat and Monkey Plasma 
Following a Single Dose 

  
Excerpted from the Pharmacokinetics Written Summary. 
 
Based on results from liver microsome analysis and the plasma samples from rat and 
monkey studies, the ponatinib metabolite, N-desmethyl ponatinib (AP24567) was 
monitored in initial clinical studies.  Later studies using radiolabeled ponatinib identified 
metabolite AP24600 as a major metabolite in rat and human plasma, but only at trace 
levels in monkeys.  Qualitatively, all metabolites observed in human plasma were also 
detected in either rat or monkey.  AP24600 was the major metabolite in plasma of 
humans and rats but not monkeys. AP24600 had no effect on cells expressing native or 
T315I mutant BCR-ABL.  Orally administered ponatinib was eliminated predominantly 
by metabolism in rats, monkeys and humans.  
 
A tissue distribution study (Report No. 280N-1101) using radiolabeled ponatinib 
[14C]AP24534 in pigmented (Long Evans) and albino (Sprague-Dawley) rats 
demonstrated that ponatinib is widely distributed throughout the body with maximum 
tissue concentration observed by 8h post-dose.  Quantitative whole body 
autoradiography was conducted following a single 10 mg/kg oral (PO) administration of 
[14C] AP24534.   Selected sagittal sections were exposed to phosphor image screens, 
and tissue radioactivity concentrations were quantified from the whole-body 
autoradiograms using a validated image analysis system. Concentrations of 
radioactivity were expressed as mcg equivalents of [14C] AP24534 per gram of matrix 
(mcg equiv/g).  The tissues of pigmented and albino rats with the highest relative tissue 
concentrations (range: 10.308 and 691.179 mcg equiv/g) were: small intestine, uveal 
tract of the eye, brain (meninges), lung, liver, pituitary gland, adrenal gland, white pulp 
of spleen, red pulp of spleen, Harderian gland, kidney cortex, and thyroid.  
Concentrations in the central nervous system tissues in male albino and pigmented rats 
were < 1.000 mcg equiv/g for the entire study, except for the brain (meninges) in 
pigmented rats (Cmax of 71.284 mcg equiv/g at 48 h).  Distribution in pigmented vs. 
albino rats was essentially similar but minor differences were observed.  Tissue 
concentrations in the pigmented uveal tract of the eye of the albino rats (Cmax of 86.632 
mcg equiv/g at 96 hours) was notably higher than that observed in the same tissue of 
albino rats (Cmax of 2.099 mcg equiv/g at 24 hours), suggesting a possible association of 
ponatinib-derived radioactivity with melanin. 
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Methods 
Doses: 0, 1.5, 3, and 6.0 mg/kg/day (free base) 

0, 9, 18, and 36 mg/m2/day 
Frequency of dosing: Once daily 

Route of administration: Orogastric gavage 
Dose volume: 5 mL/kg 

Formulation/Vehicle: 25 mM Citrate Buffer, pH 2.75 
Species/Strain: Sprague-Dawley rats 

Number/Sex/Group: 15/sex/group  
Age: 7 to 11 weeks 

Weight: 180.3 to 199.8 g 
Unique study design: 4 rats/sex in control and 8 rats/sex in treatment 

groups for toxicokinetic analysis; 5 
rats/sex/group assigned for a 28-days recovery 
period 

Deviation from study protocol: Initial weight of rats was outside the protocol 
range.  This protocol deviation was reported.  

 
Results 

Mortality 
Early mortality occurred in all AP24534 dose groups and was most severe at the 
highest dose.  At the time of necropsy, many early decedents had dilated 
gastrointestinal tracts without microscopic correlates.  Several 6 mg/kg early decedents 
had moderate cortical necrosis of the adrenal gland and/or mild to marked necrosis of 
the thymus.  A consistent microscopic change was not established as the common 
cause of death.  Dosing of 6 mg/kg was terminated early because of the severe 
toxicity/early mortalities observed.  Early necropsy was performed on remaining main 
study group animals on Day 9 (females) or Day 10 (males), and dosing was terminated 
for remaining recovery animals.   

Table 10 Early Mortality in the 28-Day Rat Study 
(Excerpted from Dr. Lee Ham’s review) 
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Clinical signs 
Prior to early deaths, clinical signs of these rats included rough hair coats, inappetence, 
thinness, lethargy, hunched posture, cold to touch, yellow discolored urine, dry and red 
material on the eye, nose, face, and forepaws, scant feces, urine stain, eye squint and 
labored breathing.  Dry, flaky skin of the forepaws was observed in many of female 
early decedents, and also present in one 6 mg/kg male during the recovery period.  In 
surviving rats, rough hair coat, dry, flaky skin of the fore- and hind limbs were noted at 3 
and 6 mg/kg/day. 
 
Body Weight 
Daily administration of 3 or 6 mg/kg/day AP24534 resulted in reduced body weight gain 
during the dosing phase in comparison to the vehicle control.  Significantly lower mean 
body weights, relative to controls, started on Day 14 in the 3 mg/kg group (Table 11). In 
the 6 mg/kg/day, lower mean body weights occurred on Day 7 (note that dosing was 
terminated for Group 4 animals beginning on Day 9/10).  

Table 11 Body Weight Changes in the 28-Day Rat Study 
(Excerpted from Dr. Lee Ham’s review) 

 
Food Consumption 
Food consumption was decreased in the 6 mg/kg/day males (-15% at week 2) and 
females between days -1 and 7 (-21% week 1). Decreased food consumption was 
observed in the 3 mg/kg/day males between week 2 (-17%) and week 4 (-12%) and in 
females at week 2 (-14%) and corresponded with decreased mean body weight.  
 
Ophthalmic Examinations 
Not remarkable 
 
Hematology 
Sample collection for clinical pathology is shown below (excerpted from the study 
report): 
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Results from the 6 mg/kg main study group animals on Day 9/10 were compared with 
either Day 8 controls or to group baseline values.  Statistically significant increases 
occurred in mean absolute values of neutrophils (4.4-8.5-fold), monocytes (5.6-6.6-fold), 
and eosinophils (2.7-fold) and significant decreases in mean lymphocytes (0.53-0.67-
fold) in this group.  Statistically significant changes in these parameters were also seen 
in the 1.5 and 3 mg/kg treated animals on Days 8, 15 and 29 but were of a lesser 
magnitude.    
 
On Day 29, remaining 6 mg/kg males had reduced mean white blood cells (WBCs) 
(0.63x control) and reduced mean absolute lymphocytes (0.53x-0.71x control).  Mean 
absolute neutrophils and monocytes were significantly elevated in the 3 mg/kg females 
(3.2-fold and 2.3-fold, respectively).  Mean absolute lymphocyte counts were lower 
(0.61x-0.71x) and mean absolute eosinophils were higher (1.6-2.2-fold) than controls in 
the 1.5 and 3.0 mg/kg females. 
 
By the end of the recovery period, mean hematological parameters were similar among 
controls and AP24534-treated males. Significant elevations in mean WBC (1.46x 
control), absolute neutrophils (2.0x control), and absolute lymphocytes (1.38x) were 
present in the 6-mg/kg females on Day 57. 
 
Clinical Chemistry and Coagulation 
Not remarkable 
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Thyroid Hormones 
Histopathological findings in the thyroid were observed in the single dose toxicity study 
in monkeys (QAA00124) and may be the reason for monitoring of hormone levels:  
follicular atrophy of the thyroid gland in one of two females dosed with 15 mg/kg of 
ponatinib and in one of two males and two of two females dosed with 45 mg/kg of 
ponatinib. This change was graded as minimal to mild, with the higher intensity noted in 
females in the 45 mg/kg dose group. 
 
Decreases in T3 and T4 occurred on Day 29 (Table 12).  No histological correlates in the 
thyroid gland observed and these alterations reversed by Day 57.   

Table 12 Changes in Thyroid Hormone Levels (28-Day Rat Study) 
(Excerpted from Dr. Lee Ham’s review) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Urinalysis 
Urine samples were collected at necropsy.  Two of five males on day 10 and 2/5 
females on day 9 at 6 mg/kg/day had urinary blood.  All 6 mg/kg males on Day 10 and 
2/5 females on Day 9 had positive leukocyte esterase activity in their urine which 
appeared AP24534-related.  Minimal chronic progressive nephropathy was noted in one 
6 mg/kg/day female (#111) on day 9; there were no microscopic correlates in the other 
rats. 
 
Gross Pathology 
Gross pathology findings from all study animals were compiled in Table 13.  Many of the 
early decedents had dilated gastrointestinal tracts.  Several of the high dose early 
decedents had moderate cortical necrosis of the adrenal gland and/or mild to marked 
necrosis of the thymus.  Additional findings in early decedents were for one 1.5 mg/kg 
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Organ Weights 
On Day 29, low and mid dose group males had reduced mean liver, spleen, thymus and 
prostate weights compared to controls.  Females had lower thymus and higher ovary 
weights.  Statistically significant changes are shown in bold in the table below. 

Table 14 Organ Weight Changes in the 28-Day Rat Study 
(Excerpted from Dr. Lee Ham’s review) 

 
 

Histopathology 
Microscopic findings were graded by the pathologist on a scale 1 to 4, 
minimal<mild<moderate<marked, according to the intensity and extent of change.  
 
Adequate Battery: Yes 
 
Peer Review: No 
  
The high dose group early decedents had findings in bone marrow, epiphyseal plate of 
the femur, GI and thymus.  Most of the remaining high dose animals from the main 
study exhibited minimal to moderate myeloid hyperplasia of the bone marrow, minimal 
to mild cartilaginous hyperplasia of the epiphyseal plate, and minimal to mild 
hyperkeratosis, edema and/or sporadic necrosis of stomach tissues.  Minimal to marked 
necrosis of the thymus was also observed in most animals.    
 
The only clearly dose-related findings in the recovery groups were: minimal to moderate 
hemorrhage of the mandibular lymph node of males, and minimal to mild inflammation 
of the prostate gland. 
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Table 16 Toxicokinetic Parameters for AP24534 in the 28 Day Rat Study 
(Excerpted from Applicant’s Submission) 

 
 
 
 
  
The metabolite AP24567 Cmax and AUClast appeared to be independent of the duration 
of dosing, as values on Day 15/8 at 3 and 6 mg/kg/day for males and at 6 mg/kg/day for 
females were roughly comparable to those observed on Day 1, and values on Day 28 
for males at 3 mg/kg/day were similar to the those on Day 1.   Cmax and AUClast for 
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AP24534 were substantially higher than corresponding values for AP24567.   Tmax 
occurred most often in the range from 4 to 8 hours at this dose range. 
 
 

Table 17 Toxicokinetic Parameters for the AP24567 Metabolite in the 28 Day 
Rat Study 

(Excerpted from Applicant’s Submission) 
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Methods 
Doses: 0, 0.25, 0.75, and 2 mg/kg/day  

0, 1.5, 4.5, and 12 mg/m2/day 
Frequency of dosing: Once daily for 182 days 

Route of administration: Orogastric gavage 
Dose volume: 5 mL/kg 

Formulation/Vehicle: 25 mM Citrate Buffer, pH 2.75 
Species/Strain: Sprague-Dawley rats 

Number/Sex/Group: 25/sex/group, 10 rats/sex for 2-month recovery 
Age: 7 to 10 weeks 

Weight: 200 to 350 g 
Unique study design: 3 rats/sex in control and 9 rats/sex in groups 2-4 

for toxicokinetic analysis  
 
Results 

Mortality 
A total of 31 unscheduled deaths occurred during the study (Table 18).  The majority of 
these deaths were probably- or possibly-related to AP24534 administration:  20 
occurred in the 2 mg/kg group, 6 in the 0.75 mg/kg group and 1 in the 0.25 mg/kg 
group; the 4 remaining deaths were the result of blood collection procedures or other 
causes unrelated to AP24534 administration.   
 
Clinical signs in early decedents at 2 mg/kg/day  included labored breathing and/or in 
irregular pattern, cold to touch, lethargy, hunched posture, dehydration, rough hair coat, 
thin, and scant or soft feces. AP24534-related macroscopic findings included small 
thymus and/or spleen that corresponded with moderate to marked lymphoid depletion.  
Additional histopathological findings included reduced chondrocytes in the physis with 
and without reduced trabecular bone of the femur, lymphoid depletion in the thymus, 
spleen, and mesenteric and mandibular lymph nodes.   
 
Clinical Signs  
Clinical signs observed in surviving animals were described as sporadic and not 
exhibiting a dose-dependent pattern. 
 
Body Weight 
Statistically significant differences in weight gain occurred in males and females 
receiving 0.75 and 2 mg/kg that persisted through the recovery period (see figures and 
table below).  Male rats receiving AP24534 at 0.25 mg/kg/day had a significant 
reduction in mean body weight during recovery days 189 to 217 with a 12.2% lower 
mean body weight at the end of the recovery period. The lower mean body weight 
(≥10%) resulted from some males having a lower body weight compared to the rest of 
males in this group.  The calculated mean excluding those lower weight males (612.2 g; 
n=7) was comparable to control mean (659.6 g, n=9) on Day 189. 
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Ap24534-related decreases in male and female body weights in all dose groups were 
observed during the dosing phase and persisted throughout the recovery period for both 
sexes at 2 mg/kg and for males at 0.75 mg/kg. 
 
Food Consumption 
See Table 19 for mean food consumption values at the end of the dosing and recovery 
periods.  The AP24534-related effects on mean food consumption in the 0.25 mg/kg 
group did not reach statistical significance at any interval.  Decreases in mean food 
consumption were observed in the 0.75 mg/kg/day males during several intervals 
starting on Day 77, in the 2 mg/kg/day males starting on Day 14, and sporadically in the 
2 mg/kg/day females.  The percent cumulative mean food consumption was ≥10% lower 
than control in the 2 mg/kg/day males at both the end of the dosing period Day 182 and 
recovery period Day 238, and in 0.75 mg/kg/day males at the end of the dosing period  
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Table 18 Summary of Early Mortality in the 6-Month Rat Study 
(Excerpted from Applicant’s submission) 
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Organ Weights 
AP24534-related effects on organ weight at 2 mg/kg/day included decreased mean 
thymus weight in males and increased mean ovarian weights in females (see table 
below).  The decreased mean thymus weight in males correlated with lymphoid 
depletion in the cortex and medulla of the thymus. Similar microscopic findings were 
observed in females at 2 mg/kg/day. At the end of recovery, 0.75 and 2 mg/kg/day 
males had a statistically significant increase in thymus weight relative to body weight 
and a non-statistically significant increase in absolute thymus weight.   
 
The increased mean absolute and relative ovarian weight could be related to a slight 
increase in the number of corpora lutea and follicles but microscopic evaluation 
displayed no appreciable differences. This finding was of uncertain relation to AP24534 
administration.  Increased mean absolute and relative ovarian weight was also seen in 
females at 0.75 mg/kg/day (Table 23) but microscopic evaluation was not conducted.  

Table 23 AP24534-Related Thymus and Ovaries Weight Changes at the end of 
Dosing Period Day 183 

(Excerpted from Applicant’s submission) 

 

 
 
Histopathology 
Microscopic findings for early decedents were reviewed in the mortality section.  
Microscopic findings were graded by the pathologist on a scale 1 to 4, 
minimal<mild<moderate<marked, according to the intensity and extent of change.  
Tissues from the control and high dose groups were evaluated microscopically.  Based 
on pathologic findings considered to be test-article related, the kidneys, thymus, bone 
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Additional findings that were not observed at terminal necropsy included lymphoid 
depletion of the spleen, mesenteric and mandibular lymph nodes and hypocellularity of 
the femoral bone marrow.   
 
Findings in the thymus in male and female rats at 2 mg/kg/day included increased 
incidence of lymphoid depletion.  Although lymphoid depletion was seen in the controls, 
the 2 mg/kg/day rats had decreased lymphocytes in the cortex and medulla, whereas 
the decrease for all control animals was seen in the cortex only.  Also, the dose-
dependency of lymphoid depletion of the thymus was further confirmed by the marked 
findings observed in early decedents and macroscopic correlation of small thymus.  
 
Findings in the femur included reduced number of chondrocytes along the physis 
(growth plate), and in the proliferation and hypertrophy zones.  Islands of residual 
cartilage were present, but also at reduced numbers.  There was reduced trabecular 
bone in several males.  
 
Kidney findings of chronic progressive nephropathy in male and female rats at 2 
mg/kg/day included increased basophilia of tubules in the cortex, thickening of tubule 
basement membranes, variable infiltrates of mononuclear cells in the interstitium, 
occasional interstitial fibrosis, and variable accumulations of hyaline droplets in renal 
tubule epithelium.  These microscopic findings correlated with significantly increased 
creatinine and BUN values in males at 2 mg/kg/day.  
 
At the end of recovery, the findings in the femur and kidneys were still present at 
roughly equivalent incidence and severity.  Kidney findings corresponded with 
statistically significant increases in renal serum chemistry values (BUN and creatinine) 
in the 2 mg/kg/day males. 
 
Toxicokinetics 
Toxicokinetic samples were collected on Days 1, 91 and 182 (predose, and 15 min and 
1, 2, 4, 8, 24 and 48 hours postdose) and both AP24534 and the metabolite, AP24567, 
were measured. 
 
Systemic exposure of AP24534 was greater than dose proportional between 0.25 and 
0.75 mg/kg/day, and was nearly proportional between 0.75 and 2 mg/kg/day (Table 25).  
After 182 days of dosing, a greater than 2-fold increase in exposure compared to Day 1 
was observed in the male rats, suggesting accumulation of the test article in this gender 
only, as a less than 2-fold increase was observed in the female rats.  Accumulation 
ratios decreased in a dose-dependent manner in both genders.  The slight gender 
difference (approximately 1.5- to 2-fold) that was observed in the exposure of AP24534 
after single administration evidently decreased with repeated, multiple dosing.  
Maximum plasma concentrations were generally observed 4 or 8 hours after dosing, 
and the terminal elimination half-life (T1/2) of AP24534 was estimated to be between 
4.91 and 12.1 hours.   
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The plasma concentrations of the AP24567 metabolite were quantifiable only in Group 3 
males and Group 4 males and females; the metabolite exposure in these groups was 
approximately 2% to 7% of the test article exposure.  Due to the limited amount of 
metabolite data, the toxicokinetic parameters of AP24567 were not determined. 
 

 Table 25 Toxicokinetic Parameters for AP24534 (6 Month Rat Study) 
(Excerpted from Applicant’s submission) 

 

 
 
Dose Formulation Analysis 
Samples were analyzed by HPLC with UV detection by a validated method within a 
dynamic range of 0.03 to 5 mg/ml in 25 mM citrate buffer, pH 2.75.  Mean AP24534 
concentrations in the dosing solutions ranged between 97% and 108% of intended, 
which was within acceptable limits (≤10% difference from nominal concentration). 
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Findings of uncertain relation to AP24534 administration included granulomatous 
inflammation involving the lungs present in the female and one male early decedent. 
 
Clinical Signs and Physical Examinations 
Clinical observations were conducted daily; physical exams were conducted within 6 
days before the Day 30 necropsy and within 3 days of the Day 57 necropsy.  In addition 
to the clinical signs observed in early decedents, AP24534-related clinical signs in the 5 
mg/kg/day monkeys included dry flaky skin at different anatomic locations (legs, thorax, 
face, inguinal region, arms, neck, tail, scrotum, axillae, mouth, and/or shoulders), mild to 
moderate or marked skin erythema (shoulders, neck, face, inguinal region, arms, 
axillae, and abdomen), scratching (arms, head, neck, face, and legs), and soft feces.   
 
The time of onset for dry flaky skin started as early as Day 6 and affected all males and 
females at 5 mg/kg/day.  The dry flaky skin clinical sign disappear in the 5 mg/kg/day 
male assigned for recovery on Day 35 and in the female on Day 42. 
 
The time of onset for skin erythema ranged from Day 6 to 18 and affected four of five 
males and four of five females in the 5-mg/kg dose group at diverse anatomical 
locations.  The reversibility of skin erythema could not be assessed because the study 
report lacks information about this clinical sign during the dosing and recovery periods 
in both the male and female monkeys assigned for recovery. 
 
The time of onset for scratching began as early as Day 11 and affected three out of five 
males and two out of five females in the 5 mg/kg dose group.  This clinical signs was 
observed only in one 5 mg/kg/day female during Days 35-36 of the recovery period. 
 
The time of onset for fecal abnormalities ranged from Day 7 to 24 and was present in 
monkeys of all groups including control with limited duration and with no patterns that 
suggested a relationship to AP24534; however, soft feces were attributed to AP24534 
administration in the 5 mg/kg/day group based on the severity, frequency and prolonged 
duration of fecal abnormalities. 
 
In addition to the clinical signs described above, AP24534-related findings during 
physical examinations included systolic heart murmurs, harsh lung sounds, mild 
dehydration and/or abdominal bloat and /or gassy intestines, which were also noted for 
the 1 and 2.5 mg/kg/day monkeys.  These findings were not observed at physical 
examinations during the recovery period.  Heart murmurs were present in one 1 
mg/kg/day male (Grade I/VI), one 2.5 mg/kg/day female (Grade III/VI) and one each 5 
mg/kg/day male (Grade II/VI) and female (Grade I/VI) on Days 24/25 but the relation to 
AP24534 administration was uncertain.  No macroscopic or microscopic correlates were 
found in the heart of these animal euthanized on Day 30.  
 
Body Weights (measured weekly) 
Administration of AP24534 at 1, 2.5 or 5 mg/kg/day resulted in significant decreases in 
body weight at different intervals during the dosing period (Figure 8).  The decrease in 
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observations of normal, low, or scant food consumption divided by the total number of 
observations (Table 27).  
 
During the dosing period, males at 2.5 and 5 and females at 1, 2.5 and 5 mg/kg/day, 
had higher incidence of low and scant food consumption compared to control with the 
greatest incidence in 5 mg/kg/day male and female monkeys that corresponded with 
lower mean body weight.   During the recovery period Days 30 to 56, the incidence of 
normal food consumption was similar across the groups.  

Table 27 Incidence of Food Consumption  
(Excerpted from Applicant’s submission) 

Numerator: # of observations of normal, low or scant food consumption;  
Denominator: Total # observations. Frequency is shown in parenthesis. 

 

Ophthalmic and Cardiology Evaluations 
Ophthalmic exams were performed before treatment, within 6 days of the Day 30 
necropsy and within 3 days of the Day 57 necropsy.  Electrocardiograms were 
measured before Day 1 and on Day 29 (all animals) or Day 56 for recovery animals.  No 
AP24534-related ophthalmic or cardiology abnormalities at the end of the dosing or 
recovery periods. 
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Table 31 Absolute and Relative Thymus Weight on Day 30 
 

(Excerpted from Applicant’s submission) 

 
A dose-dependent trend in decreased absolute and relative ovary and uterus weight in 
AP24534-treated females was evident (Table 32).  Decreased ovary weight was a 
possible AP24534-related effect associated with increased follicular atresia while 
decreased uterine weight was secondary to endometrial atrophy related to the ovarian 
changes of follicular atresia. 

Table 32 Absolute and Relative Ovary and Uterus Weight on Day 30 
(Excerpted from Applicant’s submission) 

 
A few statistically significant differences in mean organ weight occurred for males at 1 
and 2.5 mg/kg/day that had no dose-response patter or microscopic correlates, and 
included: increased adrenal weight in 2.5 mg/kg/day males; decreased brain and 
seminal vesicle weights in 1 and 2.5 mg/kg/day males.  Variations in organ weight of 
male reproductive system, seminal vesicles, testes, epidydimides, and prostate gland 
were attributed to differences in the onset of sexual maturity in individual male monkeys. 
There were no notable AP24534-related organ weight changes at the end of the 
recovery period.   
 
Histopathology 
Microscopic findings for early decedents, 2 males and 1 female at 5 mg/kg/day, were 
reviewed in the mortality section.  Microscopic findings were graded by the pathologist 
on a scale 1 to 4, minimal<mild<moderate<marked, according to the intensity and 
extent of change.  
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Adequate Battery: Yes 
Peer Review: No 
 
Histological Findings at Terminal Euthanasia 
AP24534-related microscopic findings occurred in lymphoid tissues, thyroid glands, 
pancreas, skin and reproductive organs.  Decreased lymphocyte numbers in the 
thymus, spleen, mandibular and mesenteric lymph nodes, and gut-associated lymphoid 
tissues (when present in section) ranged from minimal to moderate.  Lymphoid 
depletion in the thymus was the most prominent and affected both cortical and 
medullary regions; lymphoid depletion in the spleen involved the periarteriolar lymphoid 
sheets with absence of follicles; and lymphoid depletion in the lymph nodes included a 
reduction of cortical and paracortical zones with absence of follicles in the cortex.  
 
Both surviving high dose males had AP24534-related changes in the pancreas.   One 
male had 8 fold increased serum lipase, corresponding with acute changes that 
included diffuse, moderate acinar cell necrosis accompanied by diffuse interstitial 
edema, multifocal acute fibrinous inflammation and diffuse interstitial fibroplasia.  The 
second male presented changes characterized by diffuse interstitial fibrosis and diffuse 
acinar cell atrophy.  One 2.5 mg/kg/day male and both 5 mg/kg/day male and female 
monkeys had single discrete foci of acinar cell regeneration accompanied by minimal 
focal fibrosis and/or chronic inflammation.  
 
AP24534-related changes in the thyroid glands included minimal to moderate follicular 
atrophy noted with greater intensity in males than females at 2.5 and 5 mg/kg/day. 
Follicle atrophy was the most notable change and was multifocal in distribution with 
effects in the lining epithelia and mixed cell infiltrates (neutrophils, eosinophils, 
macrophages and/or lymphocytes) and included stromal condensation rather than 
fibrosis. Less frequent changes were minimal to mild individual follicular cell necrosis, 
presence of pigments in cytoplasm of interstitial macrophages, hemorrhage, edema, 
follicular cell regeneration and interstitial fibroplasia.  
 
A single 5 mg/kg/day male had minimal germ cell degeneration characterized by a slight 
decrease in the number of spermatids in some seminiferous tubules as well as 
infrequent spermatid giant cells.  This male also had evidence of cellular debris in the 
epididymal tubules.  Although ovaries from all females had evidence of follicular 
development, all three 5 mg/kg/day females had evidence of increased atresia 
(degeneration and resorption of an ovarian follicle before it reaches maturity and 
ruptures) along with a paucity of secondary follicles and lack of tertiary follicles 
compared to control females.  The lack of significant follicle development resulted in 
atrophy of uterine endometrium in these 5 mg/kg/day females.  
  
Histological Findings at Recovery Euthanasia 
Multifocal, mild follicular atrophy and presence of pigments in cytoplasm of interstitial 
macrophages of the thyroid gland as well as decreased number of spermatids in some 
seminiferous tubules accompanied by cellular debris within lumens of epididymal 
tubules were present in the single remaining high dose male at recovery euthanasia.  
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parameters of the metabolite AP24567 was based on plasma sample values from 2.5 
and 5 mg/kg/day dose levels. 

Table 34 Summary of Toxicokinetic Parameters Mean Values for AP24534 in 
Cynomolgus Monkeys  

 
(Excerpted from Applicant’s submission) 

 
 

The metabolite, AP24567, was not detected in plasma samples from monkeys dosed at 
1 mg/kg/day except for few plasma samples from Day 15 and 28.  Calculations of TK 
parameters of the metabolite AP24567 was based on plasma sample values from 2.5 
and 5 mg/kg/day dose levels.  AP24567 mean plasma concentration over time was 
similar in male and female monkeys on Days 1, 15 and 28.   In general, increases in 
AUClast were higher on Day 15 or 28 compared to Day 1, indicating accumulation of the 
metabolite AP24567 in monkeys after 15 or 28 days repeated exposure (Table 38).   
Mean terminal half-lives for AP24567 ranged from 5.2 to 18.6 hours.  Tmax occurred 
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most often in the range from 2 to 8 hours.  Cmax and AUClast values for AP24534 were 
~20-fold higher than corresponding values for the metabolite AP24567. 

Table 35 Summary of Toxicokinetic Parameters Mean Values for Metabolite 
AP24567 in Cynomolgus Monkeys  

 
(Excerpted from Applicant’s submission) 

 
 
Dose Formulation Analysis 
Samples were analyzed using a validated HPLC-UV method.  All dose formulations 
from Days 1 and 28 were within the acceptable limits of ±10% error and were stable at 
room temperature for at least 28 days.  
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Results 

Mortality 
No unscheduled deaths occurred. 
 
Clinical Signs and Physical Examinations 
Diarrhea and alopecia requiring veterinary treatment occurred in 3 high dose group 
animals during the recovery period.  No other AP24534-related clinical signs or physical 
examination observations occurred. 
 
Body Weights and Food Consumption 
No AP24534-related effects on body weight or food consumption were observed during 
the dosing or recovery periods.   
 
Ophthalmic and Cardiology Evaluations 
Ophthalmic exams were performed pre-dose and on Days 29, 87 and during final week 
of the dosing or recovery period.  Electrocardiograms were obtained pre-dose, on Days 
29, 91 and during the final week of the dosing or recovery period. 
 
No AP24534-related ophthalmic or cardiology abnormalities at the end of the dosing or 
recovery period.   
 
Hematology and Coagulation 
Samples were collected for hematology and clinical chemistry on Days -35 and -6, 
predose on Day 28 and 91, and on Days 184 and 239 for recovery monkeys 
 
No AP24534-related hematology or coagulation abnormalities were observed. 
 
Clinical Chemistry 
Increased ALT and AST values occurred in treated monkeys at the end of the dosing 
period (Day 184; see table below).  The incidence of these changes was higher at 0.75 
and 2 mg/kg/day but there were no corresponding microscopic findings at terminal 
euthanasia.  Transaminase values were normal at recovery euthanasia for Male 3006 
and Female 3106 at 0.75 mg/kg/day and Male 4005 at 2 mg/kg/day.  There was an 
inconsistent occurrence of the changes among treatment groups and lack of 
corresponding microscopic changes.  
 
Thyroid Hormones and Urinalysis 
No AP24534-related changes in thyroid hormones levels or urinalysis observations at 
the end of the dosing or recovery period. 
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Table 38 Summary of TK Analysis for AP24534 Following Oral Administration 
in Cynomolgus Monkey for 6 Months 
(Excerpted from Applicant’s submission) 
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Figure 11 Comparison of AP24534 Exposure in Cynomolgus Monkey Plasma 
Following Oral Administration of AP24534  

(Excerpted from Applicant’s submission) 
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Methods  (plate incorporation method) 
Strains: Salmonella typhimurium (TA98, TA100, TAI535 and 

TAI537), and Escherichia coli tester strain WP2uvr A 
 Ponatinib used (mcg) in 

definitive study: 
TA98, TA100,  
TA1535, TA1537 

WP2uvrA 

With S9 Without S9 With S9 Without S9
10.0 10.0 - -
33.3 33.3 - -
50.0 50.0 - -
75.0 75.0 - -
100 100 100 100
150 150 333 333
200 200 500 500
333 333 1000 1000
500 500 3330 3330

1000 - 5000 5000
3330 - - -
5000 - - - 

Basis of concentration 
selection: 

A pilot study was conducted on the test article using tester 
strains TA100 and WP2uvrA (one plate per concentration). 
Ten amounts of test article, from 6.67 to 5000 mcg/plate, 
were evaluated with and without S9. Inhibited growth 
(characterized by a reduced background lawn and/or a 
decrease in revertant frequencies) or complete toxicity was 
observed in tester strain TA100 at ≥333 mcg/plate with S9 
and ≥66.7 mcg/plate without S9. Decreases in revertant 
frequencies also were observed in tester strain WP2uvrA 
at ≥3330 mcg/plate with and without S9. In addition, the 
test article precipitated from solution in the aqueous top 
agar at the highest two or three concentrations evaluated 
with and without S9. 

Negative control: 25 mM citrate buffer (pH 2.75) 
Positive control: Table provided in study report (p.11): 

Formulation/Vehicle: 25 mM citrate buffer (pH 2.75) 
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Methods 
Cell line: Primary cultures of human whole blood 

lymphocytes from healthy, adult donors 
(nonsmokers without a history of 
radiotherapy, chemotherapy, or drug usage 
and lacking current viral infections). 

 Concentrations in definitive study: 0.375, 0.750, 1.50, 3.00 mcg/ml 
Basis of concentration selection: An initial assay was conducted using 

concentrations 
Negative control: 25 mM citrate buffer, pH 2.75 
Positive control: Without S9: 1.0 mcg/ml Mitomycin C  

With S9:     40.0 mcg/ml Cyclophosphamide 
Formulation/Vehicle: 25 mM citrate buffer, pH 2.75 

Incubation & sampling time: The definitive study treated cells for 3 
hours, and harvested them ~22h later.  For 
the last two hours of incubation, 0.1 mcg/ml 
Colcemid® was added.  Cells were treated 
for 22 hours for the confirmatory study. 
 
The metabolic activation system consisted 
of commercially available S9 fraction 
prepared from livers obtained from Aroclor 
1254 pretreated male Sprague-Dawley rats.  

 
Study Validity 
The study appears valid based on: 

− The use of appropriate negative and positive controls. 
− An adequate number of cells were evaluated (100/plate) 
− Two replicates of each treatment were evaluated 
− Dose selection was based on toxicity as measured by a reduction in the average 

% mitotic index 
Results 
An initial assay was conducted using concentrations between 17 mcg/ml and 2500 
mcg/ml with and without activation. Because precipitates formed and hemolysis 
occurred at the higher concentrations used, and excessive toxicity was observed at all 
concentrations, the assay was repeated using significantly lower concentrations. 
 
A second experiment (Trial No. B2) used concentrations between 0.375 mcg/ml and 
20.0 mcg/ml.  Data from cultures without excessive toxicity is tabulated below. 
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Methods 
Doses in definitive study: 125, 500, 2000 (reduced to 1000) mg/kg 

Frequency of dosing: Single dose 
Route of administration: Oral gavage 

Dose volume: 20 ml/kg 
Formulation/Vehicle: 25 mM Citrate buffer, pH 2.75 

Species/Strain: CD-1® (ICR)BR mice 
Number/Sex/Group: 5 males/group 

 
The decision to use only males in the 
micronucleus assay was based on results from 
the dose range finding study where no relevant 
differences in toxicity were noted between the 
sexes. 

Basis of dose selection: A dose range finding study identified 2000 
mg/kg as the upper dose limit, but this dose in 
the definitive study resulted in excessive toxicity 
and mortality.  An additional group of 5 males 
was dosed at 1000 mg/kg and used for a 48 
hour time point. 

Negative control: vehicle 
Positive control: 80 mg/kg cyclophosphamide 

 
Tabulated study design from report: 
 

 
 
Study Validity 

− Bone marrow was extracted and at least 2000 polychromatic erythrocytes 
(PCEs) were analyzed for micronuclei.   

− Cytotoxicity was assessed by scoring the number of PCEs and normochromatic 
erythrocytes (NCEs) in at least the first 500 total erythrocytes for each animal.   

− The positive control demonstrated a statistically significant increase in 
micronuclei formation. 
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− The proportion of immature erythrocytes among total erythrocytes was not less 
than 20% of the control value. 

 
Results 
Analysis of the diluted dosing solutions demonstrated all solutions were within 
approximately 6% of the expected drug concentrations. 
 
The dose-range finding study used a single dose of 2000 mg/kg administered once by 
oral gavage to 3 males and 3 females.  Animals were observed 1 hour, 1 day and 2 
days following dosing.  One female was found dead 1 Day post-dosing.  Clinical 
observations included hypoactivity in males and females on Day 1 and hunched posture 
and squinted eyes in 2/3 males on Days 1 and 2.  Results tabulated in the report 
indicate that there may be a gender difference in the toxicities observed but there are 
too few observations for making a clear determination. 
 
For the micronucleus assay, mice treated with 2000 mg/kg had clinical signs of toxicity 
that included squinted eyes, hypoactivity, slight hypoactivity, hunched posture and/or 
irregular respiration.  All the animals in the high dose group were found dead after 1 day 
of dosing.  As a result, an additional group of 5 animals were dosed at 1000 mg/kg and 
used for the 48 hour harvest timepoint.  Animals in this group had clinical signs of 
toxicity that included squinted eyes, hunched posture and/or slight hypoactivity. 
 
AP24534 did not induce statistically significant increases in micronucleated PCEs at any 
test article dose examined (125, 500, 2000 and 1000 mg/kg).  Results from both the 
positive and negative controls trended as expected. 
 
Regarding toxicity evidenced by the PCE:NCE ratio, doses of 2000 and 1000 mg/kg 
resulted in decreased PCE:NCE ratio when compared to the 125 and 500 mg/kg dose.  
However, when compared to the vehicle control, the PCE:NCE ratio was higher for all 
but the 2000 mg/kg dose.  The significance of this finding is unknown. 
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Dose volume: 5 mL/kg 
Route of administration: Gavage 

Formulation/Vehicle: 25 mM Citrate Buffer, pH 2.75 
Species/Strain: female Crl:CD(SD) Sprague Dawley rats 

Number/Sex/Group: 25 female rats/group 
Satellite groups: 3 additional female rats in Group 1 

6 additional female rats in Groups 2 through 4 
for toxicokinetic analysis divided in 2 subgroups 
of 3 females each 

Study design: Female rats mated with male breeder rats, one 
male rat per female rat.  
GD 0 defined as the day that spermatozoa were 
observed in a smear of the vaginal contents 
and/or a copulatory plug observed in situ. 
Twenty five mated females per group were 
dosed GD 7-17 and euthanized on GD 21. 
Toxicokinetic rats were dosed GD 7-17 and 
euthanized on GD18 following the collection of 
blood samples 

Deviation (s) from study 
protocol: 

Documented three deviations none considered 
to have impacted the overall integrity of the 
study or interpretation of study results. 

Results 

Mortality 
One damn at the highest dose level (3 mg/kg/day) was euthanized on GD 19 due to 
AP24534-related adverse clinical sings that included decreased motor activity, ataxia, 
hunched posture, bradypnea, ptosis, pale ears, thin body condition, fecal-, urine- and 
blood-stained fur, chromorhinorrhea, and mild to moderate dehydration. 
 
Clinical Signs 
Clinical observations for general appearance and postdose observations were 
conducted daily during the dosing and postdose period.  AP24534-related adverse 
clinical sings in the highest dose level (3 mg/kg/day) included mild to moderate 
dehydration, soft or liquid feces, urine-stained abdominal fur, red perivaginal substance 
and pale ears. Other adverse clinical signs were previously described for the 
unscheduled euthanasia in the 3 mg/kg/day females. The onset of these clinical signs 
occurred on GD 14 through 16.   
 
Body Weight and Body Weight Changes 
Body weight measurements were conducted daily during the dosing period. Mean body 
weight of 3 mg/kg/day females was significantly lower than control females starting on 
GD 14 through GD 21, Figure 12.  Mean body weight gain was significantly lower 
compared to control during the dosing period GD 7 to18, the post-dose period GD 18 to 

Reference ID: 3218566









NDA # 203,469    Reviewers:  Ricci and Del Valle  
 

97 

Exposure to AP24534, as measured by Cmax and AUC0-t, generally increased more 
than proportional to the dose given in the dose range of 0.3 to 3 mg/kg/day, Table 47.  
The Cmax occurred between 4 and 8 hours, Figure 14, and the estimated half-life ranged 
between 5.94 and 7.48 hours.  Half-life could not be estimated for the metabolite due to 
high variability of the data.  Accumulation of AP24534 or its metabolite was minimal in 
pregnant females after daily administration of AP24534 from GD 7 through 17 at 0.3, 1, 
and 3 mg/kg/day, Figure 14. 
 
Quantifiable conversion of AP24534 to its metabolite, AP24567, occurred only at the 3 
mg/kg/day dose level, where plasma concentrations of AP24567 peaked at 8 and 2 
hours postdose on GD 7 and 17, respectively.  Exposure to metabolite AP24567 at 3 
mg/kg/day was less than 3% on both GD 7 and 17, Table 48. 
 

Table 48 Summary of Toxicokinetic Parameters of Metabolite AP24567 in 
Plasma of Pregnant Rats Following Oral Administration of AP24534 

(Excerpted from Applicant’s submission) 

 
 
Dose Formulation Analysis 
Mean AP24534 concentrations for all dose formulations prepared in 25 mM citrate 
buffer, pH 2.75 and measured using a validated HPLC-UV methods were within 
acceptable limits (± 10% of the nominal concentration), Table 49. 

Table 49 Dose Formulation Analysis of AP24534 
(Excerpted from Applicant’s submission) 
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in the number of ossification site averages were observed at the mid and high doses 
used and maternal toxicity, including mortality, was observed at the high dose.  
Additional fetal toxicities observed at the high dose included increased post-implantation 
loss (early, late and total resorptions); reduced body weight; gross external alterations; 
multiple soft tissue and skeletal alterations, as well as differences in the number of 
ossification site averages.   
 
Ponatinib was not genotoxic when evaluated in three separate assays (Ames assay for 
mutagenicity, in vitro chromosomal aberration assay or in vivo mouse micronucleus 
assay).  Carcinogenicity studies were not completed based on the serious and life-
threatening nature of the proposed clinical indication.  Results from a phototoxicity study 
indicate that ponatinib does not cause dermal toxicity but ocular effects were observed 
at the mid and high doses used (5 and 10 mg/kg) 
 
 
The recommended clinical dose of ponatinib is 45 mg/day (26.5 mg/m2/day based on an 
average 60 kg person), which corresponds to estimated steady state Cmin and Cmax of 
34 and 77 ng/mL and AUC(0-τ) of 1296 ng*h/mL.   
 
Oral doses of ponatinib in rats were tolerated with no adverse effects up to 1.5 
mg/m2/day when administered for 6 months and corresponded to a mean AP24534 
AUClast of 91.9 and 23.9 ng*h/mL and Cmax of 5.7 and 4.3 ng/mL for males and females, 
respectively.  Thus, exposure levels with no toxic effects in male and female rats, when 
as measured AUC, were approximately 13 times lower than the human exposure.  
Exposure levels with no toxic effects as measured by Cmax was approximately 6 and 8 
times lower than the Cmin of human exposure.  Ponatinib was toxic in rats at doses ≥ 9 
mg/m2/day.   
 
Oral doses of ponatinib in monkeys were tolerated with no adverse effects up to 24 
mg/m2/day when administered for 6 months that corresponded to a mean AP24534 
AUC0-24 of 533 and 681 ng*h/mL and Cmax of 56.9 and 87.9 ng/mL for males and 
females, respectively.  Thus, exposure in male monkeys as measured by AUC was 
approximately half of the human exposure in both male and female monkeys. Exposure 
as measured by Cmax was within the range of Cmin and Cmax of human exposure while 
exposure in female monkeys was slightly higher than the Cmax of human exposure. 
Ponatinib was toxic at oral doses ≥ 30 mg/m2/day in monkeys when administered daily 
for 28 days. 
 
Ponatinib was tolerated in pregnant rats up to 6 mg/m2/day and corresponded to a 
AUC0-t of 314 ng*h/mL and Cmax of 23.6 ng/mL. Thus, exposure levels with no toxic 
effects in pregnant rats as measured by AUC were approximately 4 times lower than the 
human exposure. Ponatinib produced maternal toxicity at ≥ 18 mg/m2/day (AUC0-t 1275 
ng*h/mL) and it was fetotoxic at doses ≥ 6 mg/m2/day (AUC0-t 314 ng*h/mL).  Exposure 
levels with no toxic effects as measured by Cmax were approximately 1.4 times lower 
than the Cmin of human exposure.   
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The above table was submitted on November 8 and replaces the original version 
submitted in Study Report ARP280. 
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Monkeys 

 
 
 
 

Oral 
28 days 

 
Recovery 
28 days 

 
 
 
 
 

5/sex 
2/sex recovery 

 
 
 
 
 

1 (12) 
2.5 (30) 
5 (60) 

 
30 mg/m2/day: moderate dry flaky skin, skin 
erythema, scratching, soft feces, ↓ BW/FC.  
Systolic heart murmurs (Grade III/VI) and harsh 
lung sounds.   
↓ MCH ♀; ↑ T4 ♂♀; small thymus ♀; lymphoid 
depletion mesenteric/mandibular ♀; pancreas 
chronic inflammation ♀, pancreas regeneration 
acinar cell ♂,  lymphoid depletion thymus, spleen 
♀, thyroid atrophy ♂♀, thyroid necrosis ♂, thyroid 
infiltration mononuclear ♂♀, thyroid infiltration 
mixed cells ♀, lungs granulomatous inflammation 
♀. Day 28 AUClast ♂ 1430 ♀1920 ng*h/mL 
 
60 mg/m2/day: mortality 2/5 males, 1/5 females. 
Dehydration, ocular discharge, marked soft feces, 
cold to touch, lethargy, scratching, dry, flaky skin, 
moderate to marked skin erythema, pale mucous 
membrane, thinness and weight loss in early 
decedents; dry flaky skin, skin erythema, 
scratching, soft feces, ↓ BW/FC.  
Systolic heart murmurs (Grade I/VI and II/VI) and 
harsh lung sounds. 
↓ hemoglobin, hematocrit, MCV and MCH, ↑ lipase 
♂;  ↑ TSH ♀, ↓ T3 ♂, ↑ T4 ♂♀; thickened pancreas 
♂, skin crusts ♂♀, small thymus ♂♀; ↓ thymus 
weight ♂♀, ↓ ovaries and uterus weight; abnormal 
microscopic findings in the pancreas, thymus and 
thyroid glands; lymphoid depletion 
mesenteric/mandibular ♂♀,  necrosis pancreas 
acinar cells ♂, pancreas regeneration acinar cell 
♂♀, pancreas chronic inflammation ♀, lymphoid 
depletion thymus, spleen ♂♀, thyroid atrophy ♂♀, 
thyroid infiltration mononuclear ♂♀, thyroid 
infiltration mixed cells ♂♀, lungs granulomatous 
inflammation ♂♀, ovary atresia ♀, testis 
degeneration germinal epithelium ♂. Day 28 
AUClast ♂ 5660 ♀8040 ng*h/mL. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NOAEL  0.25 mg/kg/day (1.5 mg/m2/day) 
corresponded to mean AP24534 Cmax of 5.7 and 
4.3 ng/mL and AUClast of 91.9 and 23.9 ng*h/mL 
in male and female rats, respectively. 
 
1.5 mg/m2/day: No AP24534-related findings. 
 
4.5 mg/m2/day: Mortality 6/68.  Dose-related 
clinical signs of labored breathing and/or in 
irregular pattern, cold to touch, lethargy, hunched 
posture, dehydration, rough hair coat, thin, and 
scant or soft feces; ↓ BW/FC ♂♀; ↑ ANEU, AMNO 
and/or AEOS, reversible at recovery ♂♀; skin 
crusts ♂♀ and accumulation of firm nodules 
inguinal skin ↑ incidence ♀; ↓ thymus weight ♂ 
non-reversible microscopic findings femoral bone 
included ↓ number of chondrocytes along the 
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Rats 
 
 

 
 
 
 
 
 
 

Oral 
6 months 

 
Recovery 
2 months 

 
 
 
 
 
 
 

25/sex (MS) 
3 or 9/sex 

(TK) 
 

 
 
 
 
 
 

0.25 
(1.5) 
0.75 
(4.5) 
2 (12) 

growth plate, ↓ numbers of chondrocytes in the 
proliferation and hypertrophy zones, islands of 
residual cartilage were present, but also at ↓ 
numbers and ↓ trabecular bone in several males. 
Non-reversible microscopic findings kidney ♂♀ 
included ↑ basophilia of tubules in the cortex, 
thickening of tubule basement membranes, 
variable infiltrates of mononuclear cells in the 
interstitium, occasional interstitial fibrosis, and 
variable accumulations of hyaline droplets in renal 
tubule epithelium. Day 182 AUClast ♂ 559 ♀374 
ng*h/mL. 
 
12 mg/m2/day: mortality 20/68. Similar dose-related 
clinical signs than in 4.5 mg/m2/day; ↓ BW/FC ♂♀; 
abnormal ↑ ANEU, AMNO and/or AEOS, reversible 
at recovery ♂♀; abnormal ↑ in FIB ♂♀ correlated 
with ↑ ANEU and AMNO; skin crusts ♂♀ and 
accumulation of firm nodules inguinal skin ↑ 
incidence ♀;  ↓ thymus weight ♂, ↑ ovarian weight 
♀;  
non-reversible microscopic findings femoral bone 
similar to finding at 4.5 mg/m2/day; 
non-reversible microscopic findings kidney ♂♀ 
included ↑ basophilia of tubules in the cortex, 
thickening of tubule basement membranes, 
variable infiltrates of mononuclear cells in the 
interstitium, occasional interstitial fibrosis, and 
variable accumulations of hyaline droplets in renal 
tubule epithelium.  Microscopic findings correlated 
with significantly ↑ CRE and BUN values in ♂ at 2.0 
mg/kg/day;   
reversible microscopic findings thymus included ↑ 
incidence of lymphoid depletion with decreases in 
cortex and medulla. Day 182 AUClast ♂ 1924 
♀1375 ng*h/mL. 

Monkeys 

Oral 
6 months 

 
Recovery 
2 months 

6/sex 
2/sex recovery 

0.25 (3) 
0.75 (9) 
2 (24) 

NOAEL 2 mg/kg/day (24 mg/m2/day) corresponded 
to mean AP24534 Cmax of 56.9 and 87.9 ng/mL 
and AUC0-24 of 533 and 681 ng*h/mL in male and 
female monkeys, respectively. Plasma levels of the 
metabolite AP24567 was between 3.75 and 7.25% 
of the parent compound at 0.75 and 2 mg/kg/day, 
respectively.  
↑ALT, AST in few animals. Myocardial necrosis 
1/8. Mild thymus lymphoid depletion. 
 
0.75 mg/kg/day (9 mg/m2/day). ↑ALT, AST in few 
animals. Myocardial necrosis 4/8. Mild thymus 
lymphoid depletion. Day 182 AUClast ♂ 138 ♀75.6 
ng*h/mL. 
 
0.25 mg/kg/day (3 mg/m2/day). ↑ALT, AST in few 
animals.  Myocardial necrosis 2/8. Mild thymus 
lymphoid depletion. Day 182 AUClast ♂ 9.1 ♀8.9 
ng*h/mL. 
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transposed, persistent truncus arteriosus, aorta descending to the right, 
pulmonary aorta descending to the right or passing dorsal to aorta, ductus 
arteriosus patent, semilunar valves absent, lung right lobe apical absent, liver 
with white areas, kidneys absent, small or high set, genitalia absent or 
undescended testes, uterus absent or reduced to a ligament, ovary absent, 
ureters absent, constricted, elongated, or with marked or extreme dilation.  
 

Fetal Skeletal 
Alterations 

Control: cervical vertebrae arch incompletely ossified litter (4.5%) fetal (1.3%); 
wavy ribs litter (4.5) fetal (0.6%); sternal centra incompletely ossified litter 
(4.5%) fetal (0.6%);   
 
1.8 mg/m2/day: cervical vertebrae arch incompletely ossified litter (8%) fetal 
(1.6%); thoracic vertebrae centrum bifid litter (4%) fetal (0.5%); lumbar 
vertebrae hemivertebrae litter (4%) fetal (0.5%); short ribs litter (4%) fetal 
(0.5%); pelvis pubis incompletely ossified litter (4%) fetal (0.5%).   
 
6 mg/m2/day: cervical vertebrae arch 6th with appearance of the 7th litter (25%) 
fetal (4.1%); cervical vertebrae arch incompletely ossified litter (16.7%) fetal 
(2.4%); thoracic vertebrae centrum bifid litter (8.3%) fetal (1.2%); lumbar 
vertebrae hemivertebrae litter (4.2%) fetal (0.6%); sternal centra incompletely 
ossified litter (4.2%) fetal (0.6%); sternal centra asymetric litter (12.5%) fetal 
(2.4%); pelvis pubis incompletely ossified litter (12.5%) fetal (2.9%**). 
 
18 mg/m2/day:  
cervical vertebrae arch 6th with appearance of the 7th litter (65.2%**) fetal 
(22.6%**); cervical vertebrae arch incompletely ossified litter (60.9%**) fetal 
(26.9%**); cervical vertebrae arch irregular shaped litter (8.7%) fetal (2.2%**); 
thoracic vertebrae centrum bifid litter (52.2%**) fetal (18.3%**); thoracic 
vertebrae centrum unilateral ossification litter (13.0%**) fetal (3.2%**); thoracic 
vertebrae arches fused litter (8.7%) fetal (2.2%**); thoracic vertebrae 
hemivertebrae litter (8.7%) fetal (2.2%**); thoracic vertebrae 15 vertebrae 
present litter (4.3%) fetal (1.1%); lumbar vertebrae centrum bifid litter (17.4%) 
fetal (4.3%); lumbar vertebrae hemivertebrae litter (4.3%) fetal (1.1%); lumbar 
vertebrae 6 present litter (4.3%) fetal (1.1%); sacral vertebrae arch small litter 
(4.3%) fetal (1.1%); caudal vertebrae 4 present litter (4.3%) fetal (8.7%); caudal 
vertebrae 3 present litter (2.2%**) fetal (1.3%); ribs fused litter (47.8%**) fetal 
(14%**); ribs short litter (34.8%**) fetal (9.7%**); ribs proximate litter (52.2%**) 
fetal (15%**); ribs wavy (26.1%**) fetal (7.5%**); ribs irregular shape litter 
(13.0%**) fetal (3.2%); ribs bowed (8.7%) fetal (2.2%**); manubrium fused litter 
(82.6%**) fetal (48.4%**); manubrium irregular shaped litter (26.1%**) fetal 
(7.5%**); manubrium small litter (13.0%**) fetal (4.3%**); sternal centra 
incompletely ossified litter (17.4%) fetal (4.3%**); sternal centra asymetric litter 
(26.1%**) fetal (11.8%**); sternal centra fused litter (56.5%**) fetal (31.2%**); 
sternal centra duplicated litter (4.3%) fetal (1.1%); sternal centra irregular 
shaped litter (13.0%**) fetal (4.3%**); xiphoid duplicated litter (4.3%) fetal 
(1.1%); pelvis pubis incompletely ossified litter (21.7%) fetal (6.4%**).  
 

Fetal Ossification Sites 

6 mg/m2/day: mean caudal vertebrae 6.62** 
 
18 mg/m2/day: mean thoracic (13.38**), lumbar (5.62**), and caudal (5.30**) 
vertebrae; pair ribs 13.28**; sternum sternal centers 3.82**; forelimb phalanges 
6.79**; hindlimb metatarsals (4.41**) and phalanges (5.0**).  

** Statistically significant 
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On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X 
 

 
 

 
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X 
 

 
 

 
All toxicology studies used oral 
administration. 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

 
X 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X 
 

 
 

 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

   X  
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Content Parameter 

 
Yes

 
No

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

X  

 
 
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

 X 
Impurity issues will be addressed, as 
needed, during the review. 
 

11 Has the applicant addressed any abuse 
potential issues in the submission?  X 

 
Not applicable. 
 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

 X 

 
Not applicable 
 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ____Yes____ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
 
 
 
 
 
M. Stacey Ricci, M.Eng., ScD and Pedro L. DelValle, Ph.D.   
Reviewing Toxicologist/Pharmacologist      Date 
 
Haleh Saber, Ph.D. 
Team Leader/Supervisor      Date 
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