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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDAs #209939 and 209940 are owned by Merck & Co., Inc., 
or are data for which Merck & Co., Inc., has obtained a written right of reference.  Any 
information or data necessary for approval of NDAs #209939 and 209940 that Merck & 
Co., 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 NDAs #209939 and 209940.
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1 Executive Summary
1.1 Introduction

Merck & Co., Inc., has submitted two new drug applications for letermovir, a viral 
terminase inhibitor for the prophylaxis of cytomegalovirus (CMV) infection or disease in 
adult CMV-seropositive recipients of an allogeneic hematopoietic stem cell transplant.  
Letermovir is a new molecular entity and is being formulated for both oral and 
intravenous administration.  The proposed clinical regimen is either 480 mg/day by 
itself, or 240 mg/day when in combination with cyclosporine.

1.2 Brief Discussion of Nonclinical Findings
Letermovir was associated with male reproductive system toxicities consisting of 

decreased testis/epididymis weights, gross and histopathology findings, decreased 
sperm count/motility, and increased pre-implantation loss (attributed to the testicular 
effects).  Testicular toxicities were observed in the all repeat-dose and fertility studies in 
rats with the exception of the pivotal 26-week oral study in which the animals appeared 
to recover during treatment.  The exposure multiple at the male NOAEL in the rat fertility 
studies was 0.5-fold.  No adverse findings were observed in a 13-week fertility study in 
male monkeys (exposure multiple = 3.4-fold), and no female toxicities were observed in 
the rat fertility studies (exposure multiple = 8.0-fold), up to the highest doses tested.  A 
serum hormone analysis in male patients receiving letermovir yielded no meaningful 
differences in testosterone, Inhibin B, FSH and LH levels between letermovir and 
placebo arms, though a definitive clinical assessment of sperm count and motility has 
not been performed.  

In addition to male reproductive system toxicities, adverse liver effects were 
observed in the rat repeat-dose studies except for the 26-week study.  Exposure 
multiples at the NOAELs in rats were 2.7-, 1.6-, and 10.8-fold in the 4-, 13-, and 26-
week oral studies, respectively, and 1.3-fold in the 4-week IV study.  Adverse kidney 
effects attributed to the vehicle, hydroxypropyl β-cyclodextrin, were also observed in all 
animals including controls in the IV rat studies.  

In the monkey repeat-dose studies, adverse clinical signs (reduced health status, 
emesis, diarrhea, etc.) and decreased body weight were observed, and several animals 
were euthanized in extremis after exceeding the maximum tolerated dose.  Cause of 
death was either undetermined or attributed to renal insufficiency.  Kidney toxicities 
were also observed at the high dose in the 39-week monkey study, and injection site 
reactions were present in the 4-week IV study.  Exposure multiples at the NOAELs in 
monkeys were 0.3-, 1.0-, and 0.8-fold in the 4-, 13-, and 39-week oral studies, 
respectively, and 1.0-fold in the 4-week IV study.

Maternal and fetal toxicities were present in the embryo-fetal studies in rats and 
rabbits, and included euthanasia in extremis, spontaneous abortions, adverse clinical 
signs (reddish vaginal discharge, cold to touch, etc.), decreased maternal and fetal 
weights, decreased food consumption, necropsy findings, umbilical cord shortening, and 
fetal skeletal variations/malformations (retarded ossification of many bones, pelvic shift 
with and without lumbar vertebrae fusion, supernumerary ribs and vertebrae).  Exposure 
multiples at the maternal and fetal NOAELs in the embryo-fetal studies are 0.3- and 4.3-
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fold in rats, and 0.8-fold for both in rabbits.  In the rat pre-/postnatal study, adverse 
findings included total litter loss in five F0 animals, and decreased body weight gain and 
slight delays in pinna unfolding, visual placing of forepaws, and vaginal opening in the 
F1 generation (exposure multiples at the maternal and fetal/neonatal NOAELs in the 
pre-/postnatal study are both 1.5-fold).  

All safety pharmacology (cardiovascular, respiratory, neurological, renal and 
gastrointestinal) and all genotoxicity studies were negative.  Carcinogenicity studies 
were not conducted given the 100-day treatment duration (<6 months).  Letermovir was 
not associated with phototoxicity or skin irritation/sensitization, but demonstrated slight 
local intolerance when administered intravenously, intra-arterially and intramuscularly.  

1.3 Recommendations
1.3.1 Approvability
The nonclinical data are sufficient to support marketplace approval.
1.3.2 Additional Nonclinical Recommendations
None.
1.3.3 Labeling
Label is under review.

2 Drug Information
2.1 Drug
CAS Registry Number 917389-32-3

Generic Name Letermovir

Code Names L-005225800-000B, MK-8228, AIC090027, 
AIC246, AIC001-DS, AIC001 N, and BAY 
73-6327

Chemical Name (4S)-8-Fluoro-3,4-dihydro-2-[4-(3-methoxy 
phenyl)-1-piperazinyl]-3-[2-methoxy-5-(trifluoro 
methyl)phenyl]-4-quinazolineacetic acid

Molecular Formula/Molecular Weight C29H28F4N4O4 (572.55 g/mol)

Structure or Biochemical Description

Pharmacologic Class HCMV viral terminase inhibitor
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2.4 Comments on Novel Excipients
All excipient exposures fall below maximum potencies listed for approved products in 
the FDA Inactive Ingredient Database.

2.5 Comments on Impurities/Degradants of Concern
Proposed specifications, or lack of specifications, are considered acceptable from a 
pharmacology/toxicology perspective.  See impurity review in the appendix.

2.6 Proposed Clinical Population and Dosing Regimen
480 mg/day, or 240 mg/day with cyclosporine, for 100 days in adult CMV-seropositive 
recipients [R+] of an allogeneic hematopoietic stem cell transplant.

2.7 Regulatory Background
The oral form of letermovir was reviewed under IND 104706.  The intravenous form was 
reviewed under IND 118361.  Both oral and intravenous forms are reviewed herein.

3 Studies Submitted
3.1 Studies Reviewed 
Secondary Pharmacology:
1) LeadProfilingScreen data report (PD016)
2) AdverseEventProfiling in vivo® data report (PD017)

Safety Pharmacology:
1) Effects of BAY 73-6327 on the hERG K+ current in stably transfected HEK293 

cells (TT #03-5594)
2) Electrophysiological evaluation of hERG channel current in CHO cells (TT 

#16-4701)
3) BAY 73-6327: Influence on blood pressure, heart rate and ECG in conscious 

dogs after single oral administration (TT #03-5593)
4) Influence on haemodynamics, ECG and respiration in anaesthetized dogs after 

single intraduodenal administration (TT #06-5561)
5) Effect of a single oral administration of BAY 73-6327 on the behavioral and 

physiological state, open-field behavior, and body temperature of rats (TT 
#05-7833)

6) BAY 73-6327: Effects of a single oral administration on the convulsive threshold 
dose of pentylenetetrazole, on the nocifensive responsiveness to heat, and on 
the duration of hexobarbital-induced anesthesia in rats (TT #05-7834)

7) BAY 73-6327: Effect of a single oral administration on renal function, blood 
pharmacology and lipid metabolism of rats (TT #05-7835)

8) BAY 73-6327: Effect of a single oral administration on blood glucose of fasted 
and fed rats (TT #05-7836)

9) Effect of a single oral administration of BAY 7306327 on blood glucose of fasted 
and fed rats (TT #05-7839)
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10) BAY 73-6327: Effects of a single oral administration on gastrointestinal motility in 
rats (TT #05-7837)

11) BAY 73-6327: Effects on the contractility of the isolated guinea pig ileum (TT 
#05-7838)

Pharmacokinetics (Absorption):
1) BAY 73-6327: Pharmacokinetics of unchanged compound and total radioactivity 

in male Wistar rats after single intravenous and oral administration of BAY 73-
6327 or [14C]BAY 73-6327 (PK005)

2) BAY 73-6327: Pharmacokinetics of unchanged compound and total radioactivity 
in female rhesus monkeys after single intravenous and oral administration of 
BAY 73-6327 or [14C]BAY 73-6327 (PK006)

Pharmacokinetics (Distribution):
1) BAY 73-6327: Exploratory investigation on cell permeability of BAY 73-6327 in 

Caco-2 cells (PK007)
2) In vitro studies of AIC090027 in Caco-2 cell monolayers to assess compound 

permeability and the impact of ABCB1 and ABCG2 on compound permeability 
(PK008)

3) BAY 73-6327: Whole-body autoradiography in Wistar rats after single 
intravenous and oral administration of [14C]BAY 73-6327 (PK009)

4) AIC246: The tissue distribution and placental transfer of total radioactivity in the 
rat following oral administration of [14C]-AIC246 (quantitative whole-body 
autoradiography) (PK010)

5) BAY 73-6327: Investigation of the stability in plasma, binding to plasma proteins, 
reversibility of binding, and erythrocyte/plasma partitioning of [14C]BAY 73-6327 
in vitro (PK011)

6) Determination of membrane affinity and AGP- & HAS-binding for AIC090027 
(PK012)

7) In vitro plasma protein binding of MK-8228 in cynomolgus monkeys (PK032)

Pharmacokinetics (Metabolism):
1) Identification of in vitro metabolites after incubations of [14C]MK-8228 in plated 

hepatocytes derived from mouse, rat, rabbit, dog, cynomolgus monkey, and 
human (PK004)

2) Confirmation of the identity of an unknown metabolite of AIC090027 by means of 
LC-MS/MS (PK013)

3) [14C]BAY 73-6327: Biotransformation in rats (PK014)
4) [14C]BAY 73-6327: Incubation with liver microsomes and hepatocyte sandwich 

cultures of different species including man – elucidation of the most human-like 
animal (PK015)

Pharmacokinetics (Excretion):
1) BAY 73-6327: Absorption and excretion of the radioactivity in male Wistar rats 

after single administration of [14C]BAY 73-6327 (PK016)
2) AIC090027 lacteal secretion study to support compound development (PK017)
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3) Determination of AIC090027 in rat milk samples from a lacteal secretion study to 
support compound development (PK034)

Pharmacokinetics (Pharmacokinetic Drug Interactions):
1) Evaluation of MK-8228 as an inducer of CYP3A64 using cryopreserved 

cynomolgus monkey hepatocytes (PK035)

Toxicokinetics:
1) MK-8228: Exploratory single-dose oral toxicokinetic study in Long Evans female 

rats (TT #14-1010)
2) AIC090027 (AIC246): Single dose pharmacokinetic intravenous (bolus) 

administration toxicity study in the rat (TT #10-7840)
3) AIC090027: Single dose oral pharmacokinetic/toxicity studies in the Beagle dog, 

non-GLP (TT #05-7831)
4) MK-8228: Exploratory single-dose intravenous tolerability study in cynomolgus 

monkeys (TT #13-1135)

Single-Dose Toxicology:
1) Acute toxicity in the rat and mouse after oral administration and in the rat and 

mouse after intravenous administration (TT #05-7826)

Repeat-Dose Toxicology:
1) AIC090027: Subacute toxicity study for 2 weeks in Wistar rats (administration by 

gavage) (TT #10-7841)
2) BAY 73-6327: Subacute toxicity study in Wistar rats (4 weeks administration by 

gavage) (TT #05-7817)
3) BAY 73-6327: Subchronic oral toxicity study in rats (13-weeks administration by 

gavage with a recovery period for 4 weeks) (TT #05-7818)
4) AIC090027: 26 week oral (gavage) administration toxicity study in the rat 

followed by a 4 week treatment-free period (TT #11-7855)
5) AIC090027 (AIC246): 14 day intravenous (bolus) administration range-finding 

study in the rat (TT #11-7856)
6) AIC090027 (AIC246): 28 day intravenous (bolus) administration toxicity study in 

the rat followed by a 2 week treatment-free period (TT #11-7858)
7) AIC-001: A 14-day dose range finding oral toxicity study in monkeys (TT 

#08-7908)
8) BAY 73-6327: Subacute oral toxicity study in rhesus monkeys (4 weeks 

administration by gavage) (TT #05-7819)
9) AIC-001: A 13-week oral toxicity study in monkeys with a 4-week recovery period 

(TT #05-7821)
10) AIC090027: 39 week oral (gavage) administration toxicity study in the monkey 

followed by a 6 week treatment-free period (TT #11-7853)
11) AIC090027 (AIC246): Maximum tolerated dose (MTD) followed by a 14 day fixed 

dose intravenous (bolus) administration toxicity study in the monkey (TT 
#11-7857)
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12) AIC090027 (AIC246): 28 day intravenous (bolus) administration toxicity study in 
the monkey followed by a 2 week treatment-free period (TT #11-7859)

13) AIC090027: 13 week oral (gavage) administration toxicity study in the mouse 
(TT# 11-7854)

14) AIC090027: A 14-day oral gavage toxicity study in the Beagle dog, non-GLP (TT 
#05-7832) 

Genotoxicology:
1) BAY 73-6327: Special study Ames-test screening (TT #03-5595)
2) BAY 73-6327: Salmonella/microsome test plate incorporation and preincubation 

method (TT# 05-7822)
3) BAY 73-6327: Cytogenetic screening with Chinese hamster V79 cells (TT 

#03-5596)
4) BAY 73-6327: In vitro chromosome aberration test with Chinese hamster V79 

cells (TT #05-7823)
5) BAY 73-6327: Micronucleus test on the male mouse (TT #05-7824)

Reproductive Toxicology (Fertility and Early Embryonic Development):
1) BAY 73-6327: Toxicokinetic study in rats after 14 days oral administration (240 

mg/kg/day dose) (TT-05-7829)
2) BAY 73-6327: Study of fertility and early embryonic development in rats after oral 

administration (TT #05-7828)
3) AIC090027: Oral (gavage) study of fertility and early embryonic development in 

the male rat (TT #11-7852)
4) MK-8228: Oral fertility and toxicokinetic study in male rats (TT #16-7150)
5) AIC090027: 13-week oral (gavage) administration male fertility study in the 

cynomolgus monkey with an 8 week recovery phase (TT #11-7863)

Reproductive Toxicology (Embryonic Fetal Development):
1) BAY 73-6327: Pilot developmental toxicity study in rats after oral administration 

(TT #05-7840)
2) MK-8228: Non-GLP compatibility study of embryonic toxicity in rats (TT 

#06-5564)
3) BAY 73-6327: Developmental Toxicity Study in Rats after Oral Administration (TT 

#05-7825)
4) BAY 73-6327: Pilot developmental toxicity study in rabbits after oral 

administration (TT #05-7841)
5) BAY 73-6327: Additional pilot developmental toxicity study in rabbits after oral 

administration (TT #05-7842)
6) BAY 73-6327: Additional pilot developmental toxicity study in rabbits after oral 

administration (TT #06-5562)
7) BAY 73-6327: Additional pilot developmental toxicity study in rabbits after oral 

administration (TT #06-5563)
8) BAY 73-6327: Developmental toxicity study in rabbits after oral administration 

(TT #05-7830)
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Reproductive Toxicology (Prenatal and Postnatal Development):
1) AIC090027: Oral (gavage) study of pre- and postnatal development in the rat (TT 

#11-7860)

Juvenile Toxicology:
1) AIC090027: 2 week oral (gavage) administration toxicity study in the juvenile rat 

(TT #10-7838)

Special Toxicology Studies:
1) Bovine Corneal Opacity and Permeability Test (BCOP) (TT #14-7826)
2) MatTek EpiDerm™ MTT viability assay (TT #14-7827)
3) Local lymph node assay in mice (LLNA) (TT #14-7828)
4) MK-8228: Exploratory single-dose intravenous local tolerability study in rats (TT 

#15-1154)
5) AIC090027: Local tolerance (intravenous, subcutaneous, intramuscular and intra-

arterial administration) study in the rabbit (TT #11-7862)
6) Local tolerance study of letermovir (AIC090027) in New Zealand white rabbits 

after single intra-arterial, intramuscular, intravenous and subcutaneous 
administration (TT #12-7804)

7) Histopathological examination of gross and microscopic changes at injection site 
from MK-8228 local tolerance study in rabbits (TT #13-3843)

8) Three day oral (gavage) phototoxicity and bioanalysis evaluation in female 
pigmented rats (TT #14-9001)

Impurities:
1)  Exploratory microbial mutagenesis assay (TT #08-8018)
2)  Exploratory microbial mutagenesis assay (TT #13-8000 and TT 

#13-8011)
3)  Exploratory microbial mutagenesis assay (TT #14-8004)
4)  Exploratory microbial mutagenesis assay (TT #14-8006)
5)  Exploratory microbial mutagenesis assay (TT #14-8008)

3.2 Studies Not Reviewed 
Studies considered irrelevant for the nonclinical safety assessment were not reviewed.

3.3 Previous Reviews Referenced
The nonclinical safety studies were reviewed by Dr. Christopher Ellis and are 
summarized, as appropriate, in the following sections of this review.  

Note: All tables in this review are excerpted from the sponsor’s reports.

4 Pharmacology
4.1 Primary Pharmacology
See virology review.
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4.2 Secondary Pharmacology
Study Title: LeadProfilingScreen data report (PD016)
Potential off-target effects of letermovir were analyzed in a panel of radioligand binding 
assays to assess potential interactions with mammalian receptors and enzymes.  No 
significant findings were observed up to 10 µM.  

Study Title: AdverseEventProfiling in vivo® data report (PD017)
An exploratory in vivo screen was conducted in ICR mice, Wistar and Long Evans rats, 
and Duncan Hartley-derived guinea pigs to identify potential adverse effects of 
letermovir in animals.  A significant increase in serum glucose (139%) was observed in 
fasted mice at 30 mg/kg 90 minutes after dosing.  No other significant changes were 
observed in cardiac, respiratory, behavioral, gastrointestinal or other serum chemistry 
parameters in any species in this study.

4.3 Safety Pharmacology

4.3.1 Cardiovascular/Respiratory
Study Title: Electrophysiological evaluation of hERG channel current in CHO cells 
(TT #16-4701; GLP)
hERG potassium channel current was evaluated in stably-transfected CHO cells at 
concentrations of 10, 30 and 90 µM of letermovir.  Minimal inhibition of hERG current 
was observed (IC50 = 67 µM and IC20 = 27 µM).  The assay was properly validated.

Study Title: Influence on haemodynamics, ECG and respiration in anaesthetized 
dogs after single intraduodenal administration (TT #06-5561; GLP)
Parameters of hemodynamics (heart rate, blood pressure, cardiac output, stroke 
volume, and total peripheral resistance), ECG (RR, PQ, QT, QTc and QRS intervals, 
and T-wave height), respiration (respiration rate, tidal and minute volumes, blood gases, 
resistance, and dynamic compliance), and pharmacokinetics were evaluated in 
anesthetized Beagle dogs following single intraduodenal doses of letermovir (5, 15 and 
45 mg/kg).  No drug-related effects were observed up to the maximum dose tested.  
The study was properly validated.

4.3.2 Neurological
Study Title: Effect of a single oral administration of BAY 73-6327 on the 
behavioral and physiological state, open-field behavior, and body temperature of 
rats (TT #05-7833; GLP)
Open-field behavior (traveled distance, resting time and rearing), body temperature and 
general symptoms) were evaluated in male HsdCpb:WU rats following single oral doses 
of letermovir (5, 15 and 45 mg/kg).  Stereotypic chewing was observed in 1 of 6 high 
dose animals 1.5 to 2 hours post-dose.  Otherwise, no drug-related effects were 
observed up to the maximum dose tested.  The study was properly validated.
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Study Title: BAY 73-6327: Effects of a single oral administration on the convulsive 
threshold dose of pentylenetetrazole, on the nocifensive responsiveness to heat, 
and on the duration of hexobarbital-induced anesthesia in rats (TT #05-7834;GLP)
The convulsive threshold dose of pentylenetetrazole, the nocifensive reactions to heat, 
and the duration of hexobarbital-induced anesthesia were evaluated in male 
HsdCpb:WU rats following single oral doses of letermovir (5, 15 and 45 mg/kg).  No 
drug-related effects were observed up to the maximum dose tested.  The study was 
properly validated.

Note: an FOB was conducted as part of the 13-week repeat-dose toxicology study in 
rats (TT #05-7818).

4.3.3 Renal
Study Title: BAY 73-6327: Effect of a single oral administration on renal function, 
blood pharmacology and lipid metabolism of rats (TT #05-7835; GLP)
Parameters of renal function (urine volume and electrolyte excretion), hematology 
(blood counts, hematocrit and hemoglobin), coagulation, and lipid metabolism 
(triglyceride and cholesterol levels) were evaluated in male HsdCpb:WU rats following 
single oral doses of letermovir (5, 15 and 45 mg/kg).  A roughly 2-fold increase in 
sodium excretion was observed at 15 mg/kg.  No other drug-related effects were 
observed up to the maximum dose tested.  The study was properly validated.

Study Title: Effect of a single oral administration of BAY 7306327 on blood 
glucose of fasted and fed rats (TT #05-7839; GLP)
Blood glucose levels were evaluated in both fed and fasted male HsdCpb:WU rats 
following single oral doses of letermovir (5, 15 and 45 mg/kg).  No significant effects 
were observed up to 180 minutes post-dose and the maximum concentration tested.  
The study was properly validated.

4.3.4 Gastrointestinal
Study Title: BAY 73-6327: Effects of a single oral administration on 
gastrointestinal motility in rats (TT #05-7837; GLP)
Gastrointestinal motility was evaluated in male HsdCpb:WU rats following single oral 
doses of letermovir (5, 15 and 45 mg/kg).  No significant effect on intestinal transport 
distance of barium sulfate was observed up to 1 hour post-dose, but inhibition of gastric 
emptying and an increase in liquid intestinal contents were observed in 1/5 low-dose, 
4/5 mid-dose and 5/5 high-dose animals.  The study was properly validated.

Study Title: BAY 73-6327: Effects on the contractility of the isolated guinea pig 
ileum (TT #05-7838; GLP)
The contractility of isolated guinea pig ileum, either intrinsic or induced by acetylcholine, 
barium chloride, serotonin or histamine, was evaluated following in vitro exposure to 
letermovir (100 and 1000 ng/mL).  No significant effects were observed up to the 
maximum concentration tested.  The study was properly validated.
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5 Pharmacokinetics/Toxicokinetics
5.1 Pharmacokinetics

5.2.1 Absorption
Study Title: BAY 73-6327: Pharmacokinetics of unchanged compound and total 
radioactivity in male Wistar rats after single intravenous and oral administration 
of BAY 73-6327 or [14C]BAY 73-6327 (PK005)
Pharmacokinetics were evaluated in fasted male Wistar (HsdCpb:WU) rats following 
single oral or intravenous doses of drug (0.3 or 1 mg/kg IV and 1, 3 or 10 mg/kg oral; 
3/group).  Pharmacokinetic parameters for the unchanged compound are located in 
Table 4.  Increased doses resulted in dose-proportional increases in exposure in the IV 
groups, but were greater than dose-proportional in the oral groups.  Radiolabeled drug 
([14C]BAY 73-6327) was also administered at the 1 mg/kg IV and 3 mg/kg oral doses.  
The AUC of unchanged drug accounted for 55-56% of that of the radiolabeled drug with 
the remainder attributed to formation of radioactive metabolites.  The absolute oral 
bioavailability ranged from 54.8-77.0% at the low and mid-doses (average 65.9%).

Table 4: PK parameters from the single-dose rat PK study

# Bioavailability calculated with the 0.3 mg/kg IV AUCnorm value
## Bioavailability calculated with the 1.0 mg/kg IV AUCnorm value

Study Title: BAY 73-6327: Pharmacokinetics of unchanged compound and total 
radioactivity in female rhesus monkeys after single intravenous and oral 
administration of BAY 73-6327 or [14C]BAY 73-6327 (PK006)
Pharmacokinetics were evaluated in fasted female rhesus monkeys following single oral 
or intravenous doses of drug (0.1 or 1 mg/kg IV, and 1 or 10 mg/kg oral; 3/group).  
Pharmacokinetic parameters for the unchanged compound are located in Table 5.  
Increased doses resulted in greater than dose-proportional increases in exposure in 
both IV and oral groups.  Radiolabeled drug ([14C]BAY 73-6327) was also administered 
at the 1 mg/kg IV dose.  The AUC of unchanged drug accounted for 58% of that of the 
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radiolabeled drug, with the remainder attributed to metabolite formation.  87% and 4% 
of the administered radioactivity were excreted in the feces and urine, respectively.  The 
absolute oral bioavailability ranged from 14.3-29.9% (average 22.1%).

Table 5: PK parameters from the single-dose monkey PK study

n.c. = Not calculated, * Used for regression to determine t1/2, F = Absolute bioavailability was calculated 
with the AUCnorm after 0.1 mg/kg IV administration

5.2.2 Distribution
Study Title: BAY 73-6327: Exploratory investigation on cell permeability of BAY 
73-6327 in Caco-2 cells (PK007)
Cell permeability was evaluated in Caco-2 cells in vitro.  Letermovir demonstrated a 
moderate to high permeability within the concentration range tested (0.2 to 10 µM).  
Efflux was blocked by Ivermectin, indicating that letermovir is a weak P-gp substrate.

Study Title: In vitro Studies of AIC090027 in Caco-2 cell monolayers to assess 
compound permeability and the impact of ABCB1 and ABCG2 on compound 
permeability (PK008)
Cell permeability was evaluated in Caco-2 cells in vitro.  Letermovir demonstrated low 
permeability at the concentration tested (10 µM).  Addition of verapamil and zosuquidar 
(ABCB1 inhibitors) or Ko134 (ABCG2 inhibitor) increased permeability, indicating that 
ABCB1 and ABCG2 have limiting effects on letermovir permeability.

Study Title: BAY 73-6327: Whole-body autoradiography in Wistar rats after single 
intravenous and oral administration of [14C]BAY 73-6327 (PK009)
Tissue distribution of letermovir was evaluated in both male and female Wistar and 
pigmented Long Evans rats following single intravenous and oral doses of radiolabeled 
drug ([14C]BAY 73-6327; 3 mg/kg/dose).  Highest concentrations of drug were observed 
in the gastrointestinal tract, liver and bile ducts up to 7 days post-dose, and it was 
rapidly eliminated from all other tissues, in which low to moderate concentrations were 
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detected, within the first 24 hours.  However, letermovir was not detected in the brain, 
spinal cord, cartilaginous tissue, compact bone, connective tissues, seminal vesicles 
(contents), vitreous body and eye lens, and did not cross the blood-brain barrier.  There 
was no increased affinity for pigmented tissues, or retention in any specific organs or 
tissues, and no differences were observed between sexes or routes of administration.  
Letermovir was excreted predominantly via the fecal/biliary route.

Study Title: AIC246: The tissue distribution and placental transfer of total 
radioactivity in the rat following oral administration of [14C]-AIC246 (quantitative 
whole-body autoradiography) (PK010)
Tissue distribution of letermovir was evaluated in pregnant Sprague-Dawley rats 
following single oral doses of radiolabeled drug ([14C]-AIC246; 3 mg/kg/dose at 
gestational day 18).  Rapid and widespread distribution of drug into both fetal and 
maternal tissues was observed within 4 hours post-dose.  Placenta to maternal plasma 
radioactivity ratios at 1, 4 and 8 hours post-dose were 49%, 90% and 95%, while fetal 
blood to maternal plasma ratios at these timepoints were 7%, 15% and 51%, 
respectively, indicating significant placental and fetal exposure to drug.  Highest 
maternal exposures were observed in the liver, bile ducts, gastrointestinal tract, uterus 
and clitoris, while low concentrations were present in the brain, spinal cord, white fat 
and lens of the eye.  Although at a low level, letermovir may cross the blood-brain 
barrier.  Drug was also detected in the kidneys and bladder, suggesting that letermovir 
is excreted predominantly via the urinary and fecal/biliary routes in pregnant rats.  
Letermovir was not detectable 48 hours post-dose.

Study Title: BAY 73-6327: Investigation of the stability in plasma, binding to 
plasma proteins, reversibility of binding, and erythrocyte/plasma partitioning of 
[14C]BAY 73-6327 in vitro (PK011)
The stability of letermovir in plasma, the extent of plasma protein binding, and the 
dependence of pH on binding were evaluated in plasma and blood from mouse, rat, 
rabbit, dog, rhesus monkey and human in vitro.  Letermovir was stable in plasma for at 
least 3 hours at 37oC, and was >96% protein-bound up to the highest concentration 
tested, in all species tested (>98% protein-bound in humans).  Drug was mostly bound 
to human serum albumin (HSA) and was moderately bound to α1-acid glycoprotein 
(AGP), and was fully reversible.  Changes in pH from 7.2 to 7.8 did not affect binding 
affinity.  In whole blood, letermovir was mostly present in the plasma at comparable 
concentration ratios in all species tested (human plasma to blood ratio = 1.8).  

Study Title: Determination of membrane affinity and AGP- & HAS-binding for 
AIC090027 (PK012)
The membrane affinity and binding affinity to HSA and AGP were evaluated using the 
TRANSIL® assay.  The dissociation constants (KD) for HSA and AGP are 29 and 23 
µmol/L, respectively.  Membrane binding of letermovir was negligible.
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Study Title: In vitro plasma protein binding of MK-8228 in cynomolgus monkeys 
(PK032)
Protein binding was evaluated in plasma from cynomolgus monkeys.  Letermovir was 
highly protein-bound  (>95%) at the concentrations tested (1 to 10 µM).

5.2.3 Metabolism
Study Title: Identification of in vitro metabolites after incubations of [14C]MK-8228 
in plated hepatocytes derived from mouse, rat, rabbit, dog, cynomolgus monkey, 
and human (PK004)
The metabolic profile of letermovir was evaluated in mouse, rat, rabbit, dog, monkey 
and human hepatocytes treated with radiolabeled drug ([14C]MK-8228).  Three 
glucuronidated products were observed in all species, including human.  Several 
additional metabolites resulting either from oxidation or a combination of oxidation and 
glucuronidation or methylation were found in various species.  All human metabolites 
were also observed in hepatocytes from both rats and monkeys, the species selected 
for the nonclinical safety studies.

Study Title: [14C]BAY 73-6327: Biotransformation in rats (PK014)
The metabolic profile of letermovir was evaluated in bile, urine and feces from male 
Wistar rats, either intact or bile duct cannulated, following single oral or intravenous 
doses of radiolabeled drug ([14C]BAY 73-6327; 3 mg/kg/dose).  The parent compound 
accounted for 60% and 68%, respectively, of total radioactivity for both oral and IV 
routes, and decreased from 96-98% after 15 minutes to 11-14% after 2 hours.  Major 
metabolites included products of glucuronidation (M7), O-demethylation (M4, M5) and 
hydroxylation (M1).  M5 accounted for ~25% of plasma exposure regardless of route of 
administration with a half-life of ~6-7 hours.  In intact animals, the parent compound and 
M1 accounted for ~16% and ~26%, respectively, following IV administration, and ~13% 
and ~22%, respectively, for oral administration, of the total radioactivity present in feces.  
In bile duct cannulated animals, the parent compound, M1 and M7 accounted for ~17%, 
~24% and ~23%, respectively, following IV administration, and ~11%, ~10% and ~46%, 
respectively, following oral administration, of the total radioactivity present in bile.  About 
89% of drug was excreted via the feces within 48 hours for both IV and oral routes.  

Study Title: [14C]BAY 73-6327: Incubation with liver microsomes and hepatocyte 
sandwich cultures of different species including man – elucidation of the most 
human-like animal (PK015)
The metabolic profile of letermovir was evaluated in mouse, rat, rabbit, dog, monkey 
and human liver microsomes, and in rat and human hepatocyte sandwich cultures, 
following incubation with radiolabeled drug ([14C]BAY 73-6327).  The primary 
metabolites, products of glucuronidation and hydroxylation, were observed in both 
hepatocytes and liver microsomes from all species tested, including human.  All 
metabolites formed in human microsomes and hepatocytes were also observed in rats 
and monkeys, the species selected for nonclinical safety assessment.  The proposed 
structures and species distribution of all metabolites are presented in Figure 1 and 
Table 6, respectively.
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Figure 1: Proposed structures of metabolites observed in all species tested

Table 6: Species distribution of letermovir metabolites in liver preparations

a Plated hepatocytes; b Sandwich cultured plated hepatocytes

Note: All metabolites detected in the human PK studies were below 10% of the 
concentration of the parent molecule.
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5.2.4 Excretion
Study Title: BAY 73-6327: Absorption and excretion of the radioactivity in male 
Wistar rats after single administration of [14C]BAY 73-6327 (PK016)
Excretion of letermovir were evaluated in male Wistar rats, either intact or bile duct 
cannulated, following single oral and intravenous doses of radiolabeled drug ([14C]BAY 
73-6327; 3 mg/kg/dose).  In both orally- and IV-treated intact animals, letermovir was 
mostly excreted in the feces (~92%), with trace amounts excreted in urine (~0.7%).  In 
orally-treated cannulated animals, drug was mostly in the bile (77%) and feces (15%), 
with small amounts in the GI tract (~4%) and urine (0.1%).  In IV-treated cannulated 
animals, drug was mostly in the bile (92%), with small amounts in feces (~2%), GI tract 
(0.5%) and urine (0.2%).  

Study Title: Determination of AIC090027 in rat milk samples from a lacteal 
secretion study to support compound development (PK034)
Lacteal secretion of letermovir was evaluated in lactating Wistar rats following a single 
oral dose of drug (10 mg/kg) on postnatal day 10.  Milk samples were collected in study 
PK017.  Letermovir was detected in the milk 2 hours post-dose (549-816 ng/mL), and 
remained detectable up to at least 12 hours post-dose (2.68-5.74 ng/mL).  

5.2.5 Drug Interactions
Study Title: Evaluation of MK-8228 as an inducer of CYP3A64 using 
cryopreserved cynomolgus monkey hepatocytes (PK035)
Production of CYP3A64 mRNA was evaluated in cynomolgus monkey hepatocytes 
following exposure to letermovir in vitro.  Concentration-dependent increases in 
CYP3A64 mRNA levels were observed, with an 18-fold increase noted at the highest 
concentration tested (30 μM).

5.2 Toxicokinetics 
Study Title: MK-8228: Exploratory single-dose oral toxicokinetic study in Long 
Evans female rats (TT #14-1010)
Mortality and toxicokinetics were evaluated in female Long Evans (Crl:LE) rats following 
single oral doses of drug (100, 200, 500, 1000 or 2000 mg/kg/dose; 4 females/group).  
There were no unscheduled deaths.  Higher doses resulted in generally less than dose-
proportional increases in exposure (1.0- to 1.9-fold increases in AUC0-24hr and 0.9- to 
1.9-fold increases in Cmax with 2- to 2.5-fold increases in dose).  Tmax also increased 
with dose, from 5.3 to 24 hours.  Toxicokinetic parameters are presented in Table 7.

Table 7: TK parameters from the single-dose oral rat TK study
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Study Title: AIC090027 (AIC246): Single dose pharmacokinetic intravenous 
(bolus) administration toxicity study in the rat (TT #10-7840)
Mortality, clinical signs, body weight and toxicokinetics were evaluated in Wistar 
(HsdHan™:WIST) rats following single intravenous doses of either vehicle (30% 
hydroxypropyl β-cyclodextrin) or drug (30, 50 or 100 mg/kg/dose; 3/sex/control group 
and 6/sex/treatment groups).  There were no unscheduled deaths or changes in body 
weight.  Decreased activity and tachypnea were observed in some high-dose animals.  
Higher doses resulted in greater than dose-proportional increases in exposure (1.9- to 
6.3-fold increases in AUC0-last and 1.48- to 4.6-fold increases in C0 with 1.7- to 3.3-fold 
increases in dose), and exposures were generally higher in females.  Toxicokinetic 
parameters for males and females are located in Tables 8 & 9, respectively.  

Table 8: TK parameters from the single-dose IV rat TK study (males)

Table 9: TK parameters from the single-dose IV rat TK study (females)

* Only 2 points used for calculation of t1/2, # Accurate determination not possible
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Study Title: AIC090027: Single dose oral pharmacokinetic/toxicity studies in the 
Beagle dog, non-GLP (TT #05-7831)
Mortality, clinical signs, body weight and toxicokinetics were evaluated across three 
separate experiments in Beagle dogs following single oral doses of drug (80, 150 or 250 
mg/kg/dose).  The low and high doses were administered by gavage (1/sex/group), 
while the mid-dose was administered orally by capsule (3 males/group).  There were no 
unscheduled deaths or changes in body weights.  Drug-related clinical signs included 
emesis, soft/liquid/mucoid/yellow feces and/or white diarrhea.  Toxicokinetic parameters 
are presented in Table 10.  Dose comparisons are limited due to adverse clinical signs 
(emesis), formulation differences, variations in group number and sex, and their having 
been conducted as separate studies.

Table 10: TK parameters from the single-dose oral dog TK study

Study Title: MK-8228: Exploratory single-dose intravenous tolerability study in 
cynomolgus monkeys (TT #13-1135)
Mortality, clinical signs and toxicokinetics were evaluated in cynomolgus monkeys 
following single intravenous doses of drug (30 or 100 mg/kg/dose; 2 males/low dose 
and 2 females/high dose).  There were no unscheduled deaths or adverse clinical signs.  
An increased dose resulted in a greater than dose-proportional increase in exposure (a 
7.3-fold increase in AUC0-24hr and a 4.3-fold increase in Cmax with a 3.3-fold increase in 
dose).  Toxicokinetic parameters are located in Table 11.

Table 11: TK parameters from the single-dose IV monkey TK study
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6 General Toxicology
6.1 Single-Dose Toxicity
Study Title: Acute toxicity in the rat and mouse after oral administration and in 
the rat and mouse after intravenous administration (TT #05-7826)
Mortality, clinical signs, body weights and gross pathology findings were evaluated in 
female Hsd WIN:NMRI mice and female Hsd Cpb:WU rats following either single oral 
doses (2000 mg/kg), or single IV doses (30 or 200 mg/kg).  For oral studies with 2000 
mg/kg, 1 of 6 rats died for unknown reasons and without gross pathology findings.  
Clinical signs included piloerection, increased water intake and diarrhea in rats and 
piloerection, narrowed palpebral fissure and diarrhea in mice in the absence of body 
weight or gross pathology findings.  For intravenous studies with 200 mg/kg (formulated 
in PEG400), the cause of death of all rats and mice was undetermined but was 
associated with clinical signs including convulsions and labored breathing without gross 
pathology findings.  Clinical signs in rats and mice administered 30 mg/kg included 
tremor, decreased motility, narrowed palpebral fissure and local tissue effects (blue-
colored, lost or necrotic tails). 

6.2 Repeat-Dose Toxicity

6.2.1 Rats
Study Title:  AIC090027: Subacute toxicity study for 2 weeks in Wistar rats 
(administration by gavage)

Study no.: TT #10-7841
Study report location:

Conducting laboratory and location:

Date of study initiation: August 15th, 2003
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: AIC090027 (lot # and purity unavailable, purity 

assumed to be 100%)
Summary
Mortality, clinical signs, body weights, food consumption, hematology, clinical chemistry, 
gross pathology, organ weights, histopathology, and liver enzyme activity were 
assessed in Wistar (Hsd CpB:WU) rats following daily oral doses of either vehicle (0.5% 
aqueous Tylose®) or drug (10, 30 or 100 mg/kg/day; 5/sex/main group and 
3/sex/satellite group) for 2 weeks.  There were no drug-related deaths.  Liver weight 
was increased by 20% in high-dose females, and the activity of key liver enzymes 
(glutathione S-transferase, UDP-glucuronyl transferase, aldrin epoxidase and epoxide 
hydrolase) was increased by ~30-50% in mid- and high-dose animals, while 
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7-ethoxyresorufin deethylase and CYP2A, 2B and 3A activity were decreased in high-
dose females.  Minimal to slight bilateral tubular basophilia in the kidneys was also 
observed in many animals at all doses, including some controls, but the incidence and 
severity increased at the high dose, particularly in females.  An increased incidence of 
vacuolization in the germinal epithelium of the testes was also observed in high-dose 
males, though no difference was observed in germ cell exfoliation or degeneration.  

NOAEL = 30 mg/kg/day due to adverse liver and male reproductive system findings.

Study Title:  AIC090027 (AIC246): 14 day intravenous (bolus) administration 
range-finding study in the rat

Study no.: TT #11-7856
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: May 27th, 2010
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: AIC090027 (lot #40474374, purity = 100.2%)

Summary
Mortality, clinical signs, body weights, food consumption, hematology, coagulation, 
clinical chemistry, gross pathology, organ weights, histopathology, and toxicokinetics 
were assessed in Wistar (HsdHan™:WIST) rats following daily intravenous (bolus) 
doses of either vehicle (30% hydroxypropyl β-cyclodextrin in 5% glucose) or drug (3, 10 
or 30 mg/kg/day; 5/sex/main group and 3-9/sex/satellite group) for 2 weeks.  There 
were no drug-related deaths.  Body weight gain was increased 30% in high-dose 
females.  Minimal to mild proximal tubule vacuolization in the kidney was observed in all 
animals, including controls.  This finding appears to be the result of the vehicle, 
hydroxypropyl β-cyclodextrin, and is well-characterized and reversible (see Stella, et al., 
“Cyclodextrins.” Toxicol Pathol. Jan 2008;36(1):30-42).  Seminal vesicle weight was 
decreased by 19-28% in all treated males and minimal tubular cell vacuolization was 
observed in the testes in 2 high-dose males (also one control).  Increased lymphocytes 
(57%), reticulocytes (19-40%) and phosphate (29-35%) were also present in high-dose 
animals, though these were also not considered adverse.

NOAEL = 30 mg/kg/day (AUC0-last = 93.2 µg•hr/mL, C0 = 32.2 µg/mL at Day 14).
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Study Title:  BAY 73-6327: Subacute toxicity study in Wistar rats (4 weeks 
administration by gavage)

Study no.: TT #05-7817
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: August 27th, 2004
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2PF8, purity = 93.9%)

Key Study Findings
NOAEL = 60 mg/kg/day (AUC0-24hr = 164.8 µg•hr/mL, Cmax = 28.6 µg/mL at Day 29/30) 
due to adverse findings in the liver (increased liver weight, histopathology findings, 
variations in liver enzyme activity, and clinical chemistry and urinalysis findings) and 
male reproductive system (histopathology findings) at the high dose.
Methods

Doses: 0, 20, 60 & 180 mg/kg/dose
Frequency of dosing: Once daily

Route of administration: Oral gavage
Dose volume: 10 mL/kg

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Wistar (Hsd Cpb:WU) rats
Number/Sex/Group: 10/sex/group

Age: 6 weeks
Weight: Males = 165-195 g; Females = 121-146 g

Satellite groups: 9/sex/group
Unique study design: None

Deviation from study protocol: None reported
Observations and Results
Mortality
Morbidity and mortality were assessed at least once daily.  One low-dose and one high-
dose females died following a bleeding procedure on Day 26.  No drug-related 
mortalities were observed.
Clinical Signs
Detailed clinical exams were performed once weekly.  General exams were performed 
daily.  No drug-related clinical signs were observed.
Body Weights
Body weights were recorded once daily.  No drug-related changes were observed.
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Food Consumption
Food and water consumption were recorded once weekly.  Mean water intake was 
increased by ~18% in high-dose females through Day 22.  
Hematology
Blood samples were collected on Day 26 in females and Day 27 in males.  The 
following were observed: 

 Increased platelets (~13%) high-dose males and females.
 Increased reticulocytes (~29%) in high-dose females.

Clinical Chemistry
Blood samples were analyzed on Day 26 in females and Day 27 in males.  The 
following were observed: 

 Increased ALP (26-31%) in high-dose males and females.
 Decreased glutamate dehydrogenase (17-27%) in low-, mid- and high-dose 

males, and in mid- and high-dose females.
 Increased glucose (6%) in mid- and high-dose males.
 Decreased cholesterol (11%) in high-dose males.
 Decreased triglycerides (33%) in high-dose females.
 Increased total bilirubin (50%) in high-dose females.
 Decreased albumin (5%) in high-dose females.
 Increased potassium (8%) in high-dose males.
 Increased calcium (10%) in mid- and high-dose females.
 Increased TSH (20%) in high-dose females.

Urinalysis
Urine samples were analyzed on Day 21 in females and Day 22 in males.  Bilirubin was 
present in 1 low-dose, 3 mid-dose and 7 high-dose females.  
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Day 28 in males and Day 29 
in females.  No drug-related findings were observed.
Organ Weights
Organ weights were recorded at the time of necropsy on Day 28 in males and Day 29 in 
females.  Liver weight was increased in mid- and high-dose groups (19% in males, 16-
18% in females). 
Histopathology
Adequate Battery Yes

Peer Review Yes

Histological Findings Histopathology was evaluated at the time of necropsy on 
Day 28 in males and Day 29 in females.  The following were observed:
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 Minimal to slight spermatic exfoliation and increased vacuolization in testes in all 
high-dose males.  Minimal spermatic retention in testes in 2 high-dose males.

 Minimal to slight spermatic debris in epididymis in all high-dose males.  Minimal 
oligospermia in epididymis in 3 high-dose males.  Sperm granuloma in 
epididymis in 1 low-dose and 1 high-dose males.

 Increased centrilobular fat deposition in liver in 1 mid-dose and 3 high-dose 
males.

Immunotoxicity
Splenic cell counts and total antibody titers (IgG, IgM and IgA) were obtained from 5 
animals per group during necropsy.  Decreased CD8+ T cells (37%), and increased B 
cells and antigen-presenting cells (55-56%), were present in high-dose females.  
Evaluation of Liver Enzymes
Liver samples were obtained from 5-10 animals per group at the time of necropsy, and 
enzyme activity was evaluated following homogenization.  The following were observed:

 Increased p-nitroanisole-O-demethylase activity (33%) in high-dose females.
 Decreased aldrin epoxidase activity (28%) in high-dose males.
 Increased epoxide hydrolase activity in mid-dose groups (55% in males, 40% in 

females), and in high-dose groups (83% in males, 77% in females).
 Increased glutathione S-transferase activity in mid-dose groups (36% in males, 

26% in females), and in high-dose groups (68% in males, 36% in females).
Toxicokinetics
Blood samples from satellite animals were collected on Days 1 and 30 for males, and 
Days 1 and 29 for females, 0.5, 1, 2, 4, 7 and 24 hours post-dose.  Samples from 
control groups were collected only after 2 hours.  Day 29/30 toxicokinetic parameters 
are presented in Table 12.  

Table 12: TK parameters from the 4-week oral rat study, Day 29/30

RA1 = ratio of Cmax from Day 29 to Day 1, RA3 = ratio of AUC0-24hr from Day 29 to Day 1

Dosing Solution Analysis
The test article formulations were within acceptable limits of concentration and 
homogeneity.  No test article was detected in the control formulation.  
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Study Title:  AIC090027 (AIC246): 28 day intravenous (bolus) administration 
toxicity study in the rat followed by a 2 week treatment-free period

Study no.: TT #11-7858
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: November 11th, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #40474374, purity = 99.9%)

Key Study Findings
NOAEL = 30 mg/kg/dose (AUC0-last = 133.7 µg•hr/mL, C0 = 58.6 µg/mL at Day 28) due 
to adverse liver (increased liver weight, clinical chemistry findings) and male 
reproductive system findings (decreased organ weight, gross and histopathology 
findings), and adverse clinical signs (labored breathing) at the high dose.  
Methods

Doses: 0, 10, 30 & 100 mg/kg/dose
Frequency of dosing: Once daily

Route of administration: Intravenous (bolus)
Dose volume: 5 mL/kg (~3 mL/min)

Formulation/Vehicle: 30% hydroxypropyl β-cyclodextrin (Kleptose HPB 
parenteral grade) in a 5% glucose solution

Species/Strain: Wistar (HsdHan™:WIST) rats
Number/Sex/Group: 10/sex/group for primary group (all doses)

5/sex/group for recovery (control and high dose only)
Age: 8-9 weeks

Weight: Males = 211.9-276.4 g; Females = 168.5-212.0 g
Satellite groups: 9/sex/group (3/sex/group for controls)

Unique study design: None
Deviation from study protocol: None which affected the integrity of the study
Observations and Results
Mortality
Morbidity and mortality were assessed twice daily.  There were no unscheduled deaths.
Clinical Signs
Detailed clinical exams were performed once weekly.  General exams were performed 
daily.  Post-dose observations were performed 0.5, 1, 2 and 4 hours after treatment up 
to Day 11, and only 0.5 hours after beyond Day 11.  The following were observed:

 Decreased activity right after dosing in many high-dose animals over all 4 weeks.
 Labored breathing immediately after dosing in almost all high-dose animals every 

day for 4 weeks.  Also observed occasionally in some mid-dose animals.
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 Mouth rubbing right after dosing in many high-dose animals starting at Week 2.
 Limb paddling right after dosing in 3 high-dose females during Week 3.

All findings subsided within 1 hour post-dose and were not considered adverse.  
Body Weights
Body weights were recorded once daily.  No drug-related changes were observed.
Food Consumption
Food consumption was recorded once weekly.  No drug-related changes were 
observed.
Ophthalmoscopy
Ophthalmic exams were performed pretreatment and in control and high-dose animals 
only on Week 4.  No drug-related findings were observed.
Hematology
Blood samples were collected on Weeks 4 and 6.  The following were observed:

 Decreased hemoglobin (4%) and total RBCs (3%) in mid-dose females and high-
dose males and females at Week 4.

 Increased reticulocytes (33-35%) in high-dose males and females at Week 4.
 Decreased platelets (~30%) and platelet crit (25-29%) in high-dose males and 

females at Week 4.  Increased platelet distribution width (~12-15%) in mid-dose 
males and high-dose males and females.

There were no findings at Week 6.
Coagulation
Blood was collected on Weeks 4 and 6.  No drug-related changes were observed.
Clinical Chemistry
Blood was collected on Weeks 4 and 6.  The following were observed at Week 4:

 Increased AST (16%), ALT (44%) and ALP (34%) in high-dose females.
 Increased total bilirubin (94%) in high-dose females (not significant).

There were no findings at Week 6.
Urinalysis
Urine samples were collected on Weeks 4 and 6.  The following were observed:

 Increased urine volume (79%) and decreased specific gravity (0.8%) in high-
dose females at Week 4.

 Increased urobilinogen (~5-fold) in 3 high-dose males at Week 4.
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Weeks 4 and 6.  The 
following were observed at Week 4:

 Pale, mottled and/or soft kidneys in almost all animals, including controls.
 Pale testis in one high-dose male.  Red seminal vesicles in 1 mid-dose and 2 

high-dose males.  Small seminal vesicles in 1 low-dose, 1 mid-dose and 1 high-
dose males.
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 Pale and/or dark lungs in many animals, including controls.
 Large and/or red popliteal lymph node in most animals, including controls.

The following were observed at Week 6:
 Pale, mottled and/or soft kidneys in almost all animals, including controls.
 Small testis in 2 high-dose males.  Soft testis in 1 high-dose male.  Small 

epididymis in 1 high-dose male.  Red seminal vesicle in 1 high-dose male.
 Pale and/or dark lungs in many animals, including controls.

The kidney findings correspond to the histopathology and organ weight findings, and 
were also seen in the 14-day IV study in rats.  This appears to be a vehicle effect 
related to hydroxypropyl β-cyclodextrin, and is well characterized and reversible (see 
Stella, et al., “Cyclodextrins.” Toxicol Pathol. Jan 2008;36(1):30-42).  
Organ Weights
Organ weights were recorded at the time of necropsy on Weeks 4 and 6.  The following 
were observed:

 Increased liver weight (13%) in high-dose males at Week 4.
 Decreased kidney weight (14-19%) in low- and mid-dose males and females at 

Week 4.  Decreased kidney weight (7%) in high-dose females at Week 6.
 Decreased testis/epididymis weights (25%) in high-dose males at Week 6.

The kidney findings correspond to the gross pathology and histopathology findings and 
appear to be a vehicle effect related to hydroxypropyl β-cyclodextrin.  See gross 
pathology section for more information.  
Histopathology
Adequate Battery Yes

Peer Review No

Histological Findings Histopathology was evaluated at the time of necropsy on 
Weeks 4 and 6.  Only tissues from control and high-dose animals were evaluated in 
most cases.  The following were observed at Week 4:

 Slight to moderate tubular vacuolization in kidneys in all animals, including 
controls.  Hydronephrosis, agonal congestion/hemorrhage, and/or inflammatory 
cell foci in kidneys in many animals, including controls.  Corticomedullary 
mineralization in kidneys in many treated females, including controls (not present 
in males).

 Minimal to slight germ cell degeneration in testes in all high-dose males.  Minimal 
spermatid retention in testes in 8 high-dose males.  Minimal to slight tubular cell 
vacuolization in most males, including controls, though severity increased in 
high-dose males.  Minimal to slight oligospermia and cellular debris in epididymis 
in all high-dose males.  

 Minimal to moderate foamy macrophages in lungs in almost all animals, including 
controls. 

The following were observed at Week 6:
 Slight to moderate tubular vacuolization in kidneys in all animals, including 

controls.  Agonal congestion/hemorrhage in kidneys in 2 high-dose males (also 1 
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female control).  Corticomedullary mineralization in kidneys in 3 high-dose 
females, including controls (not present in males).

 Minimal germ cell degeneration in testes in 1 high-dose male.  Minimal to slight 
tubular cell vacuolization in testes in 3 high-dose males (also 3 controls, but 
severity increased with treatment).  Moderately severe tubular atrophy in testes 
in 2 high-dose males.  Minimal to severe oligospermia and minimal to slight 
cellular debris in epididymis in all high-dose males.  

The kidney findings correspond to the gross pathology and organ weight findings and 
appear to be vehicle effects.  See gross pathology section for more information.  
Toxicokinetics
Blood samples from satellite animals were collected on Day 1 and Week 4 pre-dose and 
0.5, 4, 8 and 24 hours post-dose.  Day 1 and Week 4 toxicokinetic parameters are 
presented in Table 15.  

Table 13: TK parameters from the 4-week intravenous rat study

# Accurate determination not possible, * Only 2 points used for calculation of t1/2

Dosing Solution Analysis
The low-dose formulation on Day 1 was 74% of the nominal concentration.  All other 
formulations were within acceptable limits of concentration and homogeneity.  No test 
article was detected in the control formulation.  
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Study Title:  BAY 73-6327: Subchronic oral toxicity study in rats (13-weeks 
administration by gavage with a recovery period for 4 weeks)

Study no.: TT #05-7818
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 19th, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)

Summary
Mortality, clinical signs, body weights, food consumption, ophthalmoscopy, hematology, 
coagulation, clinical chemistry, urinalysis, gross pathology, organ weights, 
histopathology, immunotoxicology, liver enzyme activity, a functional observational 
battery, and toxicokinetics were assessed in Wistar (Hsd CpB:WU) rats following daily 
oral doses of either vehicle (0.5% aqueous Tylose®) or drug (20, 60 or 180 mg/kg/day; 
10-15/sex/main group and 3-8/sex/satellite group) for 13 weeks with a 4-week recovery 
period.  There were no drug-related deaths.  Body weight was decreased 6-10% in 
high-dose males and did not recover.  Increased relative liver weight (17-34%) with 
associated minimal to moderate centrilobular fat deposition and hypertrophy in the liver 
were present in high-dose males and females.  Increases in ALP (~40%), p-nitroanisole-
O-demethylase (~25%), total bilirubin (50-260%), urine bilirubin and urobilinogen were 
also observed in high-dose animals.  Cholesterol and triglycerides were decreased by 
37-60% in high-dose animals, hematocrit was decreased by 6-7% in high-dose females, 
and monocytes and lymphocytes were increased by 22-67% in high-dose males.  
Decreased epididymis weights (14%) with associated minimal to massive 
histopathology findings (spermatic debris and oligospermia in epididymis, and germinal 
epithelium degeneration in the testes) were also observed in high-dose males and were 
diminished, though still present, after recovery.  

NOAEL = 60 mg/kg/day (AUC0-24hr = 99.3 µg•hr/mL, Cmax = 13.4 µg/mL at Day 89) due 
to adverse liver and male reproductive system findings.  
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Study Title:  AIC090027: 26 week oral (gavage) administration toxicity study in 
the rat followed by a 4 week treatment-free period

Study no.: TT #11-7855
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: February 15th, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #BXR3GBL and 40474374, 

purity = 99.0 and 100.2%, respectively)
Key Study Findings
NOAEL = 150 mg/kg/dose (AUC0-24hr = 657.8 µg•hr/mL, Cmax = 53.3 µg/mL at Week 26).  
Findings in the liver (increased liver weight, clinical chemistry findings) and male 
reproductive system (gross and histopathology findings) were considered non-adverse.  
Methods

Doses: 0, 17, 50 & 150 mg/kg/dose
Frequency of dosing: Once daily

Route of administration: Oral gavage
Dose volume: 10 mL/kg

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Wistar (HsdHan™:WIST) rats
Number/Sex/Group: 15/sex/group for primary group (all doses)

10/sex/group for recovery (control and high dose only)
Age: 7-8 weeks

Weight: Males = 187.7-285.1 g; Females = 152.6-212.8 g
Satellite groups: 9/sex/group (6/sex/group for controls)

Unique study design: None
Deviation from study protocol: None which affected the integrity of the study
Observations and Results
Mortality
Morbidity and mortality were assessed twice daily.  One high-dose male was euthanized 
on Week 4 due to accidental left forelimb injury.  One mid-dose female died during 
Week 21 from a thoracic cavity abscess (clinical signs included a thin, cold and pale 
body).  No drug-related mortalities were observed.
Clinical Signs
Detailed clinical exams were performed once weekly.  General exams were performed 
daily.  Post-dose observations were performed 0.5, 1, 2 and 4 hours after treatment 
daily to Week 2, and weekly from Week 2 to the end of the dosing period.  The following 
were observed:
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 Mouth rubbing right after dosing in many high-dose animals starting at Week 1.
 Salivation immediately after dosing for up to 1 hour in some mid-dose and many 

high-dose animals starting at Week 1.
 Limb paddling immediately after dosing in some high-dose animals starting at 

Week 3.  Also observed in some mid-dose animals by Week 12.  
The significance of these findings is unclear and they are not considered to be adverse.  
Body Weights
Body weights were recorded once daily.  Mean body weight change was decreased in 
high-dose males by 11% from pre-dose through Week 26.  
Food Consumption
Food consumption was recorded once weekly.  Food consumption was decreased in 
mid- and high-dose males by 5-6% from pre-dose through Week 26.  
Ophthalmoscopy
Ophthalmic exams were performed pretreatment and on Weeks 13 and 26.  No drug-
related findings were observed.
Hematology
Blood was collected on Weeks 13, 26 and 31. The following were observed at Week 13:

 Increased hemoglobin distribution width (16-23%) in all treatment groups.
 Increased platelet count (13%) in high-dose females, increased platelet crit (11-

30%) and mean platelet volume (11-15%) in all treatment groups.
 Increased total WBCs (27-38%) in mid- and high-dose females, and increased 

lymphocytes (20-48%) in mid-dose females and high-dose males and females.
The following were observed at Week 26:

 Decreased MCH (4-6%) in mid- and high-dose females at Week 26.
 Increased total WBCs (28%), increased lymphocytes (37%), and decreased 

neutrophils (28%; percentage only) in high-dose females at Week 26.
There were no findings at Week 31.
Coagulation
Blood was collected on Weeks 13, 26 and 31.  No drug-related changes were observed.
Clinical Chemistry
Blood was collected on Weeks 13, 26 and 31. The following were observed at Week 13:

 Increased total bilirubin (18-147%) in all treated females (not significant).
 Decreased AST (21%) in high-dose males.
 Increased ALP (19-50%) in mid- and high-dose females, and high-dose males.
 Increased potassium (~10%) in low-dose females and high-dose males.
 Increased inorganic phosphorus (25-80%) in mid- and high-dose females, and 

high-dose males.
 Decreased total protein (6-9%) and albumin (9-11%) in mid- and high-dose 

females.
 Decreased glucose (12-30%) in all treatment groups.
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The following were observed at Week 26:
 Increased total bilirubin (19-71%) in mid- and high-dose females (not significant).
 Decreased AST (11-15%) and ALT (22-25%) in high-dose males and females.
 Increased ALP (9-56%) in high-dose males and females.
 Increased inorganic phosphorus (21-40%) in high-dose males and females.

The following were observed at Week 31:
 Decreased AST (19%) in high-dose males.

Urinalysis
Urine samples were collected on Weeks 12 and 25.  The following were observed:

 Increased urine volume (88% in males, 169% in females) and decreased specific 
gravity (~1-2%) in high-dose animals at Week 12.  

 Decreased urine volume (38%) and increased specific gravity (~1%) in high-dose 
males at Week 25.

These findings were not considered adverse.  
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Weeks 26 and 31.  The 
following were observed at Week 26:

 Large liver in 1 high-dose male and 1 high-dose female.
 Moderately severe small testis and epididymis in 1 high-dose male (unilateral).  

This animal also had severe tubular atrophy in testis and oligospermia in 
epididymis (unilateral).

The following were observed at Week 31:
 Small testes in 1 high-dose male (also 1 male control).  Minimal to slight tubular 

atrophy in testes was also observed in these animals.
The testicular findings at Week 26 were limited to one animal and were unilateral, and 
the Week 31 findings, while present in 1 high-dose male, were also present in 1 control.  
Organ Weights
Organ weights were recorded at the time of necropsy on Weeks 26 and 31.  Liver 
weight was increased relative to body weight (~10-22%) in mid- and high-dose groups 
at Week 26.  This increase is partially attributed to an overall decrease in total body 
weight in high-dose males.  Relative liver weight is also increased (5-6%) in high-dose 
groups at Week 31.
Histopathology
Adequate Battery Yes

Peer Review No

Histological Findings Histopathology was evaluated at the time of necropsy on 
Weeks 26 and 31.  Only tissues from control and high-dose animals were evaluated in 
most cases.  The following were observed at Week 26:

 Minimal tubular cell vacuolization in testes in 5 high-dose males (also 3 controls).  
Minimal to severe tubular atrophy in testes in 2 high-dose males.  

 Severe oligospermia in epididymis in 1 high-dose male.
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The following were observed at Week 31:
 Minimal to slight tubular atrophy in testes in one high-dose male (also 1 control).

A single high-dose male at Week 26 had severe unilateral tubular atrophy in the testes 
and severe unilateral oligospermia in the epididymis, and also had a moderately severe 
small left testis and epididymis (see gross pathology section for more details).  The 
high-dose male at Week 31 with tubular atrophy in the testes also had small testes at 
this time point.  All other testicular findings were minimal and appeared in control 
animals.  
Toxicokinetics
Blood samples from satellite animals were collected on Day 1 and Week 26 pre-dose 
and 1, 2, 4, 8 and 24 hours post-dose.  Day 1 and Week 26 toxicokinetic parameters 
are presented in Tables 13 & 14, respectively.  

Table 14: TK parameters from the 26-week oral rat study, Day 1

Table 15: TK parameters from the 26-week oral rat study, Week 26

τ = 24 hours, NC = Not calculable

Dosing Solution Analysis
The test article formulations were within acceptable limits of concentration and 
homogeneity.  No test article was detected in the control formulation.  
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6.2.2 Monkeys
Study Title:  AIC-001: A 14-day dose range finding oral toxicity study in monkeys

Study no.: TT #08-7908
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 9th, 2007
GLP compliance: Yes (dose formulation analysis not performed)

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)

Summary
Mortality, clinical signs, body weights, food consumption, electrocardiography, 
hematology, coagulation, clinical chemistry, urinalysis, gross pathology, organ weights, 
histopathology, and toxicokinetics were assessed in cynomolgus monkeys following 
daily oral doses of either vehicle (0.5% aqueous Tylose®) or drug (25, 75, 125, 150, 250 
or 500 mg/kg/day; 1/sex/group) for 2 weeks.  Both animals administered 500 mg/kg/day 
were euthanized in extremis (male on Day 12, female on Day 14) due to decreased 
body weight, food consumption, and severe adverse clinical signs (emesis, 
inappetence, hunched posture, prostration and/or cold to touch).  Edema of the subcutis 
over the lumbar area was observed in the female receiving 500 mg/kg/day.  Microscopic 
findings in the 500 mg/kg/day group were observed in the kidneys (moderate bilateral 
transitional cell degeneration/necrosis, multifocal tubular degeneration/regeneration and 
neutrophilia), ureters and bladder (minimal to moderate bilateral transitional cell 
degeneration/necrosis, minimal bilateral subacute inflammation), heart (mild 
subepicardial myofiber necrosis and neutrophilia at junction of left and right ventricles), 
bone marrow, spleen and thymus (minimal to moderate lymphoid depletion), and 
adrenal glands (minimal to moderate bilateral congestion and diffuse cortical 
hypertrophy).  Death was attributed to renal insufficiency, and the adrenal and lymphoid 
findings were attributed to stress and inanition rather than direct toxicity. 

MTD = 250 mg/kg/day (AUC0-24hr = 236.6 µg•hr/mL, Cmax = 36.5 µg/mL at Day 13) due 
to deaths at the high dose.  
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Study Title:  AIC090027 (AIC246): Maximum tolerated dose (MTD) followed by a 
14 day fixed dose intravenous (bolus) administration toxicity study in the 
monkey

Study no.: TT #11-7857
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: July 15th, 2010
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: AIC090027 (lot #40474374 and 40474464, 

purity = 99.9% for both lots)
Summary
Mortality, clinical signs, body weights, food consumption, hematology, coagulation, 
clinical chemistry, gross pathology, organ weights, histopathology, and toxicokinetics 
were assessed in cynomolgus monkeys following daily intravenous (bolus) doses of 
either vehicle (10-30% hydroxypropyl β-cyclodextrin in 5% glucose) or drug 
(2/sex/group) for 2 weeks.  The study was divided into two MTD phases and a fixed-
dose phase.  Animals in MTD phase I were dosed daily for three days starting at 1 
mg/kg, after which the doses were increased sequentially every three days (1, 5, 10, 20 
and 40 mg/kg/day) up to Day 14.  Animals in MTD phase II were dosed daily for three 
days with 60 mg/kg/day, four days with 100 mg/kg/day, one day with 200 mg/kg/day, 
and one day with 150 mg/kg/day, up to Day 9.  Animals in the fixed-dose phase were 
dosed once daily for 14 days at 100 mg/kg/day.  There were no drug-related deaths.  
Clinical signs included hunched posture, subdued behavior, lying down, closed eyes, 
vomiting, salivation and soft feces.  AST, ALT, and total bilirubin were increased by up 
to 6-fold in MTD phase II and fixed-dose animals.  Minor to slight tubular nephropathy in 
the kidneys was observed in the MTD phase II and fixed-dose group females.  

MTD = 200 mg/kg/day due to adverse clinical signs and liver findings.
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Study Title:  BAY 73-6327: Subacute oral toxicity study in rhesus monkeys (4 
weeks administration by gavage)

Study no.: TT #05-7819
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: March 21st, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2UAZ, purity = 96.9%)

Key Study Findings
NOAEL = 30 mg/kg/dose (AUC0-24hr = 16.9 µg•hr/mL, Cmax = 3.4 µg/mL at Week 4) due 
to adverse drug-related clinical observations (mushy/liquid feces and decreased health 
status) and weight loss at the high dose.
Methods

Doses: 0, 10, 30 & 100 mg/kg/dose
Frequency of dosing: Once daily

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

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Rhesus monkeys
Number/Sex/Group: 3/sex/group

Age: 248-555 weeks
Weight: 3.5-7.65 kg

Satellite groups: None
Unique study design: None

Deviation from study protocol: None reported.

Observations and Results
Mortality
Morbidity and mortality were assessed daily.  There were no unscheduled deaths.
Clinical Signs
Appearance and behavior were assessed daily.  The following were observed:

 Mushy feces in 1 mid-dose male (twice), and in all high-dose males and females 
(17 and 19 times, respectively).

 Liquid feces in all high-dose males and 2 high-dose females (3 and 5 times, 
respectively).

 Salivation in all high-dose males and females (50 and 51 times, respectively).
 Reduced health status in 1 high-dose male (14 times).
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Body Weights
Body weights were recorded once weekly.  A slight, statistically insignificant decrease in 
body weights (~7%) was observed in high-dose animals on Weeks 2 and 4.
Food Consumption
Food and water consumption were recorded once weekly.  No drug-related changes 
were observed.
Ophthalmoscopy
Ophthalmic exams were performed pretreatment and on Week 4.  No visible lesions 
were observed.
Hemodynamics
Blood pressure and heart rate were recorded pretreatment and on Weeks 1 and 4 pre-
dose and 2 hours post-dose.  No drug-related changes were observed.
Hematology
Blood samples were collected pretreatment and on Weeks 2 and 4.  The following were 
observed:

 Decreased RBCs, hematocrit and hemoglobin (~6-8%) at Weeks 2 and 4 in high-
dose animals.

 Increased reticulocytes (31-42%) at Week 4 in high-dose animals.
 Decreased % lymphocytes (23-38%) at Weeks 2 and 4 in high-dose animals.

Coagulation
Blood samples were collected pretreatment and on Weeks 2 and 4.  No drug-related 
changes were observed.
Clinical Chemistry
Blood samples were collected pretreatment and on Weeks 2 and 4.  The following were 
observed at Week 2:

 Increased glutamate dehydrogenase (~10-fold) in 2 high-dose males.
 Increased ALP in 1 high-dose male (5.6-fold), and all high-dose females (70%).
 Increased T4 (63%) in high-dose females.

There were no findings at Week 4.
Urinalysis
Urine samples were collected pretreatment and on Weeks 2 and 4.  No drug-related 
changes were observed.
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Day 28.  Small thymus was 
observed in 1 mid-dose and 2 high-dose males (also 1 male control).  These findings 
correspond to the histopathology and organ weight findings, and to the decreased % 
lymphocytes in high-dose animals.  
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Organ Weights
Organ weights were recorded at the time of necropsy on Day 28.  Thymus weight was 
decreased by 61% in high-dose males.  This was not statistically significant and was not 
present in females, though it does correspond to the gross and histopathology findings, 
and to the decreased % lymphocytes seen in high-dose animals.  
Histopathology
Adequate Battery Yes

Peer Review Yes

Histological Findings Histopathology was evaluated at the time of necropsy on 
Day 28.  Slight to severe thymic depletion was observed in almost all animals, including 
some controls, and increased slightly in severity with higher doses.  This finding 
corresponds to the gross pathology and organ weight findings, and to the decreased % 
lymphocytes in high-dose animals.  
Evaluation of Liver Enzymes
Liver samples were obtained from all animals at the time of necropsy, and enzyme 
activity was evaluated following homogenization.  The following were observed:

 Increased p-nitroanisole-O-demethylase (~62%) in high-dose animals.
 Increased 7-ethoxycoumarin deethylase (21-30%) in mid-dose females, and 

high-dose males and females.
 Increased aldrin epoxidase (43-73%) in mid-dose females, and high-dose males 

and females.
Toxicokinetics
Blood samples from satellite animals were collected on Day 1 and Week 4 pre-dose and 
1, 3, 5, 7, 8, 10 and 24 hours post-dose (pre-dose and 1, 7 and 24 hours post-dose for 
controls only).  Week 4 toxicokinetic parameters are presented in Table 16.  

Table 16: TK parameters from the 4-week oral monkey study

RA1 = ratio of Cmax from Week 4 to Day 1, RA3 = ratio of AUC0-24hr from Week 4 to Day 1

Dosing Solution Analysis
The test article formulations were within acceptable limits of concentration and 
homogeneity.  No test article was detected in the control formulation.  
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Study Title:  AIC090027 (AIC246): 28 day intravenous (bolus) administration 
toxicity study in the monkey followed by a 2 week treatment-free period

Study no.: TT #11-7859
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: November 8th, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #40474464, purity = 99.9%)

Key Study Findings
NOAEL = 30 mg/kg/dose (AUC0-last = 98.8 µg•hr/mL, C0 = 139.3 µg/mL at Week 4) due 
to adverse findings at the injection site (myopathy/myositis, phlebitis/periphlebitis, 
cellulitis and hemorrhage).  Myopathy/myositis was also present in mid-dose animals, 
but at a lower incidence and severity.  
Methods

Doses: 0, 10, 30 & 100 mg/kg/dose
Frequency of dosing: Once daily

Route of administration: Intravenous (bolus)
Dose volume: 3-5 mL/kg (~8 mL/min)

Formulation/Vehicle: 30% hydroxypropyl β-cyclodextrin (Kleptose HPB 
parenteral grade) in a 5% glucose solution

Species/Strain: Cynomolgus monkeys (Mauritius)
Number/Sex/Group: 3/sex/group for primary group (all doses)

2/sex/group for recovery (control and high dose only)
Age: 123-285 weeks

Weight: 2.78-6.02 kg
Satellite groups: None

Unique study design: None
Deviation from study protocol: None which affected the integrity of the study
Observations and Results
Mortality
Morbidity and mortality were assessed twice daily.  There were no unscheduled deaths.
Clinical Signs
Detailed clinical exams were performed once weekly.  General exams were performed 
daily.  Post-dose observations were performed 0.5, 1, 2 and 4 hours after treatment 
daily to Week 2, and weekly from Week 2 to the end of the dosing period.  The following 
were observed:

 One high-dose male was treated with Betadine spray and Synulox drops once or 
twice daily for 11 days for an injured toe.
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 One high-dose female was treated with Zithromax, Ensure and Lectade once or 
twice daily for 7-8 days for weight loss, diarrhea, skin ulcers on tail, abdominal 
skin tenting and very thin appearance.  

 Salivation and vomiting immediately after dosing in high-dose animals.  
Body Weights
Body weights were recorded once weekly.  No drug-related changes were observed.
Food Consumption
Food consumption was visually monitored daily.  No drug-related changes were 
observed.
Ophthalmoscopy
Ophthalmic exams were performed pretreatment and in Week 4.  No drug-related 
findings were observed.
Electrocardiography
ECGs were performed pretreatment and in Week 4 about 0.5-1 hour post-dose.  The 
following were observed:

 2 PVCs in one high-dose male at Week 4 ~2-3 seconds into the recording period.  
Frequent premature contractions, both ventricular and junctional, were also 
observed in one control male both pre-treatment and at Week 4.  

 Decreased heart rate (~10%) in high-dose groups at Week 4.
These findings may be drug-related, but were considered non-adverse.  
Hematology
Blood samples were collected pretreatment and on Weeks 4 and 6.  Decreased RBCs 
and hemoglobin (5-9%), and increased reticulocytes (53-65%), were observed in high-
dose animals at Weeks 4.  No differences were seen in the recovery groups.  
Coagulation
Blood samples were collected pretreatment and on Weeks 4 and 6.  No drug-related 
changes were observed.
Clinical Chemistry
Blood samples were collected pretreatment and on Weeks 4 and 6.  Increased AST 
(66% to 3.4-fold) was observed in high-dose males, and increased ALT (2.4- to 3.5-fold) 
was observed in mid- and high-dose males, at Week 4.  No differences were seen in the 
recovery groups.  
Urinalysis
Urine samples were collected pretreatment and on Weeks 4 and 6.  No drug-related 
changes were observed.
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Weeks 4 and 6.  No drug-
related findings were observed.
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Organ Weights
Organ weights were recorded at the time of necropsy on Weeks 4 and 6.  The following 
were observed:

 Increased liver weight (22-26%) in mid- and high-dose males at Week 4.
 Increased heart weight (53%) in high-dose males at Week 4.
 Increased testes/epididymis weights (2- to 2.4-fold) in all treated males at Week 

4.  However, testes/epididymis weights were decreased by 74% at Week 6.  
The liver and heart weight changes were not significant and were not present in the 
recovery groups.  The changes in testes/epididymis weights were likely due to variability 
in sexual maturity and therefore not drug-related.  
Histopathology
Adequate Battery Yes

Peer Review No

Histological Findings Histopathology was evaluated at the time of necropsy on 
Weeks 4 and 6.  The following were observed:

 Minimal to moderate phlebitis/periphlebitis, hemorrhage and cellulitis, and 
minimal to moderately severe myopathy/myositis, at the injection sites (right and 
left saphenous and cephalic veins) in all groups, including controls.  The 
incidence and severity of myopathy/myositis were increased in mid- and high-
dose animals, including 2 high-dose animals with moderately severe findings at a 
single injection site.  

 Minimal to slight dermatitis in 2 high-dose males.  Body location not documented.
 Sore on tail with moderate dermatitis/folliculitis in one high-dose male and one 

high-dose female.  Likely due to injury (male missing tip of tail).  
 Minimal segmental hypoplasia of mature testis in one high-dose male.  No other 

information provided.  
The incidence of myopathy/myositis was still present in the recovery groups, but the 
severity was significantly improved at Week 6.  The testicular finding was likely sporadic 
and not drug-related.  The tail findings were also not drug-related.  
Toxicokinetics
Blood samples from satellite animals were collected on Day 1 and Week 4 pre-dose, 5, 
15 and 30 minutes, and 4, 8 and 24 hours post-dose.  Day 1 and Week 4 toxicokinetic 
parameters are presented in Table 20.  
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Table 17: TK parameters from the 4-week intravenous monkey study

a Results are reported as mean unless stated otherwise
# Accurate determination not possible

Dosing Solution Analysis
The low- and high-dose formulations on Day 1 were 113% and 111% of the nominal 
concentration, respectively.  All other formulations were within acceptable limits of 
concentration and homogeneity.  No test article was detected in the control formulation.  
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Study Title:  AIC-001: A 13-week oral toxicity study in monkeys with a 4-week 
recovery period

Study no.: TT #05-7821
Study report location:

Conducting laboratory and location:

Date of study initiation: April 27th, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)

Summary
Mortality, clinical signs, body weights, food consumption, ophthalmoscopy, 
electrocardiography, hematology, coagulation, clinical chemistry, urinalysis, gross 
pathology, organ weights, histopathology, and toxicokinetics were assessed in 
cynomolgus monkeys following daily oral doses of either vehicle (0.5% aqueous 
Tylose®) or drug (30, 100 or 300/250 mg/kg/day; 4/sex/group) for 13 weeks with a 4-
week recovery period.  The high dose was lowered to 250 mg/kg/day on Day 11 due to 
adverse clinical signs (emesis, inappetence, soft/watery feces, decreased activity and 
hunched posture), which subsided completely during the recovery period.  However, 
one high-dose female was euthanized in extremis on Day 21 due to severe 
aforementioned clinical signs and convulsions despite the dose being lowered on Day 
11 and a drug holiday starting on Day 18.  Pathology findings in this animal included 
mild body fat depletion, moderate red discoloration and minimal hemorrhage in lungs, 
white fluid in trachea, minimal to mild myofiber degeneration/vacuolization in heart, 
minimal to mild bilateral tubular degeneration/necrosis and mineralization in kidneys, 
mild to severe lymphoid depletion in spleen, thymus and bone marrow, and mild 
abrasions on skin.  The cause of death was not determined.  All other findings were 
considered incidental and unrelated to treatment.

NOAEL = 100 mg/kg/day (AUC24hr = 57.9 µg•hr/mL, Cmax = 13.5 µg/mL at Day 90) due 
to death and adverse clinical signs at the high dose.
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Study Title:  AIC090027: 39 week oral (gavage) administration toxicity study in 
the monkey followed by a 6 week treatment-free period

Study no.: TT #11-7853
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: February 15th, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #40474374 and 40474464, 

purity = 99.9% for both lots)
Key Study Findings
NOAEL = 100 mg/kg/day (AUC0-24hr = 46.4 µg•hr/mL, Cmax = 10.2 µg/mL at Week 39) 
due to adverse kidney findings and clinical signs (dehydration, thin, hunched or sluggish 
body) at the high dose, necessitating electrolyte/glucose and/or nutritional 
supplementation.  The high dose appeared to exceed the MTD and was lowered from 
250 to 200 mg/kg/day on Week 9.  One high-dose female was thin with intermittent 
diarrhea, sluggishness and weight loss, and was taken off treatment at Week 20.  
Methods

Doses: 0, 25, 100 & 250/200 mg/kg/dose (250 mg/kg lowered 
to 200 mg/kg at Week 9 due to general deterioration in 
condition of animals)

Frequency of dosing: Once daily
Route of administration: Oral gavage

Dose volume: 5 mL/kg
Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Cynomolgus monkeys (Mauritius)
Number/Sex/Group: 4/sex/group for primary group (all doses)

2/sex/group for recovery (control and high dose only)
Age: 117-161 weeks

Weight: Males = 3.20-3.97 kg; Females = 2.80-3.32 kg
Satellite groups: None

Unique study design: None
Deviation from study protocol: None which affected the integrity of the study
Observations and Results
Mortality
Morbidity and mortality were assessed twice daily.  There were no unscheduled deaths.
Clinical Signs
Detailed clinical exams were performed once weekly.  General exams were performed 
daily.  Post-dose observations were performed 0.5, 1, 2 and 4 hours after treatment.  
The following were observed:
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 Dehydration with skin tenting in 5 high-dose males and all high-dose females 
within the first 8 weeks of treatment.  All animals were offered an 
electrolyte/glucose solution to combat this starting in Week 3.  This finding mostly 
subsided following reduction of the high dose to 200 mg/kg starting at Week 9.

 Thin, hunched or sluggish body in most high-dose females up to Week 8.
 Salivation and occasional vomitus/dose reflux immediately post-dose particularly 

in mid- and high-dose animals.
 Thin body with intermittent bouts of diarrhea, sluggishness and weight loss in one 

high-dose female between Weeks 6 and 23.  This animal was taken off treatment 
on Day 137 and allowed to recover for 6 weeks.

Body Weights
Body weights were recorded once weekly.  Body weight gain was decreased in high-
dose animals through Week 8 (73% in males, 88% in females), and from Week 8 to 
Week 39 (6% in males, 55% in females) following the reduction in dose.  Overall, high-
dose males and females gained 22% and 60% less weight, respectively, over the 
course of the study.  No drug-related changes were observed after recovery.
Food Consumption
Food consumption was monitored daily.  No drug-related changes were observed.
Ophthalmoscopy
Ophthalmic exams were performed pretreatment and on Weeks 13, 26 and 39.  
Bilateral “slight pale colouration peripapillary” was observed in one high-dose female at 
Week 39 and was regarded as a variation in myelination.  This was not present prior to 
treatment or at Weeks 13 or 26.  No pathology findings in the eye were noted in this 
animal.  The significance of this finding is unclear.
Hemodynamics
Blood pressure and heart rate were recorded pretreatment and on Weeks 13, 26 and 39 
pre-dose and 1 hour post-dose.  No drug-related changes were observed.
Hematology
Blood samples were collected pretreatment and on Weeks 13, 26, 39 and 45.  The 
following were observed:

 Decreased RBCs and hemoglobin in high-dose females (5-11%) at all time 
points, and in high-dose males (5-7%) on Weeks 26 and 39.  These minor 
reductions were not reduced further with longer duration exposures.

 Decreased platelets (22%) in high-dose males at Week 39.
Coagulation
Blood samples were collected pretreatment and on Weeks 13, 26, 39 and 45.  APTT 
was increased by 17-24% in high-dose males at Week 13.  
Clinical Chemistry
Blood samples were collected pretreatment and on Weeks 13, 26, 39 and 45.  
Cholesterol was decreased 7-11% in high-dose females at Weeks 13, 26 and 39.  ALT 
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was increased ~2.6-fold in one high-dose male at Weeks 13 and 39, and one high-dose 
female at Week 39.  ALT (~2.3-fold) was increased in one mid-dose male at Weeks 13, 
26 and 39, and AST was increased ~80% in this animal at Week 26.  Increased ALT 
(8.5-fold) and AST (~24-fold) were observed in one mid-dose female at Week 39.
Urinalysis
Urine samples were collected pretreatment and on Weeks 12, 25 and 39.  The following 
were observed:

 Increased specific gravity (~0.8%) with a corresponding decrease in urine volume 
(36-73%) in mid-dose and high-dose animals at Week 12.  

 Increased specific gravity (~0.8%) with a corresponding decrease in urine volume 
(66-70%) in mid- and high-dose males, and high-dose females at Week 25.

 Hematuria (~80-200x106 RBCs/L) in 1 mid-dose male at Week 12 and 2 mid-
dose males at Week 25, and in 2 high-dose males at Week 12, 1 high-dose male 
at Week 25, and 1 high-dose male at Week 39.  

The urine volume/specific gravity changes correspond to the dehydration observed in 
these animals.  These findings were not present in the recovery animals.  The cause of 
hematuria is unclear.  No histopathology findings in the kidneys, bacteria or signs of 
crystallization (changes in phosphates, urates, uric acid or calcium oxalate) were noted 
in males, so it is not likely due to infection or stone formation.  It may be attributed to 
severe dehydration, though dehydration appeared to subside prior to hematuria onset.  
Gross Pathology
Gross pathology was evaluated at the time of necropsy on Weeks 39 and 45.  Moderate 
gaseous distention of the jejunum, ileum, colon and cecum with hemorrhage at the ileo-
cecal junction were present in one high-dose male.
Organ Weights
Organ weights were recorded at the time of necropsy on Weeks 39 and 45.  No drug-
related changes were observed.
Histopathology
Adequate Battery Yes

Peer Review Yes

Histological Findings Histopathology was evaluated at the time of necropsy on 
Weeks 39 and 45.  The following were observed:

 Minimal glycogen depletion in liver in 1 mid-dose and 3 high-dose males.
 Minimal to slight pigment in mesenteric lymph node in 2 high-dose females.
 Slight tubular vacuolization and minimal nephropathy in the kidney in 1 high-dose 

female.
Toxicokinetics
Blood samples from satellite animals were collected on Day 1, Week 13 and Week 39 
pre-dose and 1, 3, 6, 9 and 24 hours post-dose (pre-dose and 1, 7 and 24 hours post-
dose for controls only).  Additional samples were collected 1 hour post-dose during 
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Week 8 from all animals given 250 mg/kg/day, prior to level reduction to 200 mg/kg/day 
during Week 9.  Day 1, Week 13 and Week 39 toxicokinetic parameters are presented 
in Tables 17-19, respectively.  The mean apparent terminal elimination half-life was 
approximately 2.44 to 7.23 hours and tended to decrease with higher doses.

Table 18: TK parameters from the 39-week oral monkey study, Day 1

Table 19: TK parameters from the 39-week oral monkey study, Week 13

Table 20: TK parameters from the 39-week oral monkey study, Week 39

τ = 24 hours, * = Dose was reduced from 250 to 200 mg/kg/dose from Week 9

Dosing Solution Analysis
The test article formulations were within acceptable limits of concentration and 
homogeneity.  No test article was detected in the control formulation.  
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6.2.3 Mice
Study Title:  AIC090027: 13 week oral (gavage) administration toxicity study in 
the mouse

Study no.: TT #11-7854
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 22nd, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #BXR3GBL, purity = 99%)

Summary
This study was conducted to identify an appropriate MTD for 2-year carcinogenicity 
study dose selection, if needed.  Mortality, clinical signs, body weights, food 
consumption, ophthalmoscopy, hematology, clinical chemistry, urinalysis, gross 
pathology, organ weights, histopathology, and toxicokinetics were assessed in CD-1 
(Hsd:ICR) mice following daily oral doses of either vehicle (0.5% aqueous Tylose®) or 
drug (40, 100 or 250 mg/kg/day; 12/sex/main group and 3-18/sex/satellite group) for 13 
weeks.  There were no drug-related deaths, though 3 main study animals died 
prematurely due to gavage-related injuries, and 5 satellite animals were either found 
dead or euthanized in extremis due to adverse clinical signs (hunched, raised hair, 
semi-closed eyes, staining of urogenital area, noisy respiration, and colored tears) 
between Days 6 and 53.  Adverse liver toxicity was observed in high-dose animals 
consisting of increased liver weights (>50%) associated with pale/mottled appearance, 
slight to moderately severe centrilobular hypertrophy, minimal to slight hepatocyte 
vacuolization, decreased cholesterol (~50%; males only), and/or increases in AST, ALT 
and/or bilirubin (1.4-3.7-fold).  Findings in low- and mid-dose animals were limited to 
increased liver weights (12-30%) associated with pale/mottled appearance and minimal 
to moderate centrilobular hypertrophy.  Additionally, minimal adrenal cortex hypertrophy 
characterized by enlarged cortical cells in the zona fasciculata and increased cortical 
thickness was observed in females at all dose levels.  

The MTD is between 40 and 100 mg/kg/day in males, and between 100 and 250 
mg/kg/day in females due to adverse liver findings and clinical signs leading to 
euthanasia.
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6.2.4 Dogs
Study Title:  AIC090027: A 14-day oral gavage toxicity study in the Beagle dog, 
non-GLP

Study no.: TT #05-7832
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 9th, 2003
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: AIC090027 (lot #YFO 6534-5-1, purity 

unavailable, assumed to be 100%)
Summary
This study was conducted to identify an appropriate non-rodent species for use in the 
nonclinical safety studies.  Due to emesis and a lack of increase in exposure with 
increasing doses in a concurrent single-dose toxicokinetic study in dogs (TT #05-7831), 
monkeys were selected for all subsequent non-rodent safety studies.  Mortality, clinical 
signs, body weights, food consumption, hemodynamics, electrocardiography, 
hematology, clinical chemistry, urinalysis, gross pathology, organ weights, 
histopathology, liver enzyme activity, and toxicokinetics (high dose only) were assessed 
in Beagle dogs following daily oral doses of either vehicle (0.5% aqueous Tylose®) or 
drug (5, 15 or 45 mg/kg; 1/sex/group) for 14 days.  There were no unscheduled deaths.  
Drug-related clinical signs consisted of excessive salivation and vomiting at the mid- 
and high doses.  Mild chronic inflammation in the kidney and moderate vacuolization in 
the gall bladder were seen in the high-dose male, though minimal vacuolization was 
also seen in the gall bladder of the control male.  Mild vacuolization of the testes was 
observed in the mid-dose, but not the high-dose, male.  O-demethylase activity was 
decreased 11-59% in the mid- and high-dose animals.  N-demethylase activity was 
decreased 19-45% in the mid- and high-dose males, but was increased 57% in the 
high-dose female.  Cytochrome P450 activity was decreased 74% in the high-dose 
male.  The significance of these findings is unclear given the limited number of animals 
per group.  

A NOAEL was not defined due to adverse clinical signs, histopathology findings, 
changes in liver enzyme activity, and the limited number of animals per group.
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7 Genetic Toxicology
7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)
Study Title:  BAY 73-6327: Salmonella/microsome test plate incorporation and 
preincubation method

Study no.: TT #05-7822
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: December 20th, 2004
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2UAZ; purity = 96.9%)

Methods
Strains: TA98, TA100, TA102, TA1535 and TA1537

 Concentrations in definitive study: 16, 50, 158, 500, 1581 and 5000 µg/plate
Basis of concentration selection: At least 3 doses up to 5000 µg/plate which did not 

result in cytotoxicity or precipitation
Negative control: DMSO
Positive controls: Control (µg/plate) S9 Strain

Sodium azide (10) - TA1535
Nitrofurantoin (0.2) - TA100
4-nitro-1,2-phenylene diamine (10) - TA98
4-NPDA (0.5) - TA1537
Mitomycin C (0.2) - TA102
Cumene hydroperoxide (50) - TA102
2-aminoanthracene (3) + All strains

Formulation/Vehicle: DMSO
Incubation & sampling time: Plates were incubated at 37oC for 48 hours with 

and without S9-induced metabolic activation
Key Study Findings
BAY 73-6327 is not mutagenic in the Ames (salmonella/microsome) test.  Cytotoxicity 
was observed at concentrations greater than 158 µg/plate.  No precipitation was 
observed.  The study was properly validated and performed with appropriate controls.
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7.2 In Vitro Assays in Mammalian Cells
Study Title:  BAY 73-6327: In vitro chromosome aberration test with Chinese 
hamster V79 cells

Study no.: TT #05-7823
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 17th, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2UAZ; purity = 96.9%)

Methods
Cell line: Chinese hamster V79 cells

 Concentrations in definitive study: Time (hr) S9 Concentration (µg/mL)
4 - 5, 10, 20, 40 & 60
4 + 30, 60, 120, 150 & 180
18 - 8, 16, 24, 32 & 40

Basis of concentration selection: The highest dose at which ~50% cytotoxicity was 
observed, as determined by a preliminary screen

Negative control: DMSO
Positive control: Mitomycin C (0.1 or 0.03 µg/mL) in the absence 

of S9.  Cyclophosphamide (2 µg/mL) in the 
presence of S9.

Formulation/Vehicle: DMSO
Incubation & sampling time: Cells were incubated at 37oC for either 4 or 18 

hours with and without S9-induced metabolic 
activation

Key Study Findings
BAY 73-6327 is not clastogenic in the in vitro chromosome aberration assay.  No 
precipitation was observed.  The study was properly validated and performed with 
appropriate controls.
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)
Study Title:  BAY 73-6327: Micronucleus test on the male mouse

Study no: TT #05-7824
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 28th, 2005
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2UAZ; purity = 96.9%)

Methods
Doses in definitive study: 12, 24 & 48 mg/kg/dose

Frequency of dosing: Two doses spaced 24 hours apart
Route of administration: Intraperitoneal

Dose volume: 10 mL/kg
Formulation/Vehicle: 0.5% aqueous Cremophor emulsion

Species/Strain: Hsd/Win:NMRI mice
Number/Sex/Group: 5 males/group

Satellite groups: None
Basis of dose selection: Doses were selected based on a preliminary dose-range 

finding study, in which deaths occurred at doses greater 
than 100 mg/kg.  No sex differences were observed, so 
only males were used in the definitive study.

Negative control: 0.5% aqueous Cremophor emulsion
Positive control: Cyclophosphamide (single 20 mg/kg dose)

Key Study Findings
BAY 73-6327 is not clastogenic in the in vivo micronucleus test in mice.  The study was 
properly validated and performed with appropriate controls.

8 Carcinogenicity
Carcinogenicity studies with letermovir have not been conducted due to the 100-day 
treatment duration (less than 6 months).
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9 Reproductive and Developmental Toxicology
9.1 Fertility and Early Embryonic Development

9.1.1 Rats
Study Title:  Study of Fertility and Early Embryonic Development in Rats after 
Oral Administration

Study no.: TT #05-7828
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 9th, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)

Key Study Findings
NOAEL = 240 mg/kg/dose in females (AUC0-24hr = 488241 μg•hr/mL at Day 14).  
NOAEL = 15 mg/kg/dose in males (TK data unavailable) due to adverse pathology 
findings, decreased testis weight, decreased sperm count and motility, abnormal sperm 
morphology, decreased fertility index, cesarean section findings, decreased body weight 
and food consumption, and adverse clinical signs.  
Methods

Doses: 0, 15, 60 & 240 mg/kg/day
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral gavage

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Wistar (Hsd Cpb:WU) rats
Number/Sex/Group: 24/sex/group

Satellite groups: None
Study design: Males were treated for 10 weeks prior to mating and 

throughout mating, and were euthanized on Weeks 15-
16.  Females were treated for 2 weeks prior to mating 
and up to Gestational Day (GD) 7, and were 
euthanized on GD 14-16.  

Deviation from study protocol: None which affected interpretation of the study.
Observations and Results
Mortality
Mortality was assessed at least once daily.  There were no unscheduled deaths.
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Clinical Signs
Clinical examinations were performed at least once daily.  Increased salivation was 
observed in most mid-dose and high-dose animals.  Respiratory sounds were observed 
in 2 high-dose animals.
Body Weight
Body weights were measured twice weekly in all animals, and daily in pregnant females.  
Decreased body weight (~11%) and body weight gain (~16%) were observed in high-
dose males.
Food Consumption
Food consumption was measured weekly.  Food consumption was decreased 5-11% in 
high-dose males throughout the study.  Consumption was decreased 11% during Week 
1, though was increased 11% during GD 7-14, in high-dose females.
Gross Pathology
Gross pathology was evaluated in all animals at the time of necropsy.  No drug-related 
findings were observed.
Organ Weights
Testis and ovary weights were measured at the time of necropsy.  Combined testis 
weight was decreased 25% (16% relative to body weight) in high-dose males.
Histopathology
Histopathology of the testes and epididymis only were evaluated at the time of 
necropsy.  Minimal to massive tubular degeneration was observed in the testes in 2 
mid-dose and all high-dose males.  Minimal to marked spermatic debris and 
oligospermia was present in the epididymis in 1 mid-dose and all high-dose males.
Spermatological Parameters
Sperm count, motility and morphology were assessed at the time of necropsy.  
Decreased sperm count (~50-70%) and motility (~84%) were observed at the high dose, 
and the percentage of abnormal sperm was 2.85% and 54.94% at the mid- and high 
doses, respectively (abnormal morphology at the mid-dose was due to one animal).  
Estrus Determination
Evaluation of the estrus cycle was performed 1 week prior to dosing and daily during the 
2-week premating treatment period.  No drug-related findings were observed.
Fertility Parameters
Mating, fertility and fecundity indices, and time to insemination were evaluated.  The 
fertility index was decreased 30% at the high dose.
Cesarean Section
Cesarean sections were performed at the time of necropsy.  Endpoints included 
pregnancy status, number of corpora lutea and implantation sites, pre-/post-implantation 
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loss and early/late resorptions.  Pre-implantation loss was increased 65%, and the 
number of implantation sites was decreased 15%, at the high dose.  
Toxicokinetic Analysis
Toxicokinetic analyses were performed following a two-week daily treatment at the high-
dose only as part of a parallel study (TT #05-7829).  Males and non-pregnant females 
(6/sex/group) were treated once daily by oral gavage for up to 14 days.  Blood samples 
were collected 0.5, 1, 2, 4, 7 and 24 hours post-dose, and toxicokinetic parameters are 
presented in Table 21.  AUC0-24hr values for males and females at Day 14 are 480410 
and 488241 μg•hr/mL, respectively.  Since TK data are only available for up to 14 days, 
the same duration as in females in the definitive fertility study prior to mating, these data 
cannot be applied to the male animals in this study.

Table 21: TK parameters from the fertility study in rats

Dosing Solution Analysis
All formulations were within acceptable limits of concentration and homogeneity.  No 
test article was detected in the control formulation.  

Study Title:  AIC090027: Oral (Gavage) Study of Fertility and Early Embryonic 
Development in the Male Rat

Study no.: TT #11-7852
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: September 29th, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #BXR3GBL; purity = 98.8%)

Summary
This study was conducted to further investigate the male reproductive system toxicities 
reported in the pivotal fertility study.  Mortality, clinical signs, body weights, food 
consumption, gross pathology, organ weights, histopathology with electron microscopy, 
testis size measurement, hormone analysis (Inhibin B only), fertility parameters, estrus 
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cycle determination, cesarean sections, and toxicokinetics were performed in Wistar 
(Crl:WI(Han)) rats following daily oral treatment with either vehicle (0.5% aqueous 
Tylose®) or drug (30, 60 or 180 mg/kg/day; 22/sex for both primary and recovery 
groups).  Males were treated for 15 weeks prior to mating, and throughout mating for 19 
weeks total.  Recovery males were mated following 15 weeks of treatment and a 15-
week recovery period.  Females were left untreated.  One high-dose and one low-dose 
males died due to gavage/operational errors.  One mid-dose male was found dead on 
Day 50 (cause of death unclear).  One low-dose male was found dead on Day 38, and 
one mid-dose and one high-dose males were euthanized on Days 87-88, following 
convulsive episodes (causes of death also unclear).  Mouth rubbing, salivation and limb 
paddling often immediately post-dose were present at the high dose.  Decreased body 
weight gain (21-26%) and food consumption (~5%) were observed at the high dose in 
both primary and recovery groups.  Decreased testis (13-15%) and epididymis weights 
(6-20%), slight to moderate bilateral small testes, dark and/or soft testes, and small 
epididymis were also observed at the high dose in both primary and recovery groups.  
Histopathology findings include minimal to severe tubular cell vacuolization and atrophy, 
multinucleate cells, and germinal epithelial cell exfoliation in the testes with disruption of 
the blood-testis barrier in the most severe cases, and oligospermia and cellular debris in 
the epididymis at all doses (similar, generally less severe findings in high-dose recovery 
animals).  Decreased sperm count (63%) and motility (38%), and increased abnormal 
sperm (6-fold) were present at the high dose with similar, less severe trends after 
recovery.  Inhibin B was decreased 34-40% in primary and recovery high-dose groups, 
and correlated mostly with moderate to severe testicular toxicity.  The fertility index was 
also decreased 20% in high-dose recovery animals.  Pre- and post-implantation loss 
and early uterine deaths were increased 2.3- to 2.6-fold, and the number of implantation 
sites and viable embryos were decreased ~20%, at the high dose.

A NOAEL was not defined due to severe male reproductive system findings at all doses.

Study Title:  AIC090027: Oral (gavage) study of fertility and early embryonic 
development in the male rat

Study no.: TT #16-7150
Study report location: EDR

Conducting laboratory and location: Merck Research Laboratories
West Point, PA 19486
USA

Date of study initiation: August 5th, 2016
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: MK-8228 (lot# L-005225800-000B021, purity = 

98.8%)
Summary
This study was conducted due to inconsistencies reported in the collection of 
histopathology and toxicokinetic data in the previous male fertility study in rats (TT #11-
7852).  Mortality, clinical signs, body weights, food consumption, gross pathology, organ 
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weights, histopathology, spermatological parameters (sperm count and motility), fertility 
parameters (mating, fertility and fecundity indices), cesarean sections and toxicokinetics 
were evaluated in Wistar (Crl:WI(Han)) rats following daily oral doses of either vehicle 
(0.5% aqueous Tylose®) or drug (30, 60 or 180 mg/kg/dose; 22/sex/group).  Males were 
treated for 15 weeks prior to cohabitation, during cohabitation, and up to one day prior 
to euthanasia in Week 18.  Females were left untreated and were euthanized between 
GD 15 and 17.  There were no unscheduled deaths.  Findings include audible 
respiratory sounds in 1 high-dose male, decreased body weight (5-8%) and decreased 
body weight gain (9-23%) in mid- and high-dose males, and decreased food 
consumption (1-12%) in mid- and high-dose males.  Absolute testis weight was 
decreased 8-23% (3-16% relative to body weight) in mid- and high-dose males.  Small 
epididymis was observed in 7 high-dose males, and small/flaccid/discolored testes were 
observed in 1 mid-dose and 12 high-dose males.  Very slight to severe bilateral 
seminiferous tubule degeneration and inflammation were present in the testes in 1 mid-
dose and 17 high-dose males.  Slight to severe bilateral oligospermia in the epididymis 
was observed in 1 mid-dose and 11 high-dose males.  Sperm count was decreased 8-
58%, and motility was decreased 6-26%, in mid- and high-dose males.  The mid-dose 
pathology and spermatological findings were attributed to a single animal, though a drug 
effect cannot be ruled out.  Decreased fertility and fecundity indices (33%), corpora 
lutea (33%), total implants (37%), total resorptions (50%), and total live fetuses (36%) 
were also present at the high dose, while peri-implantation loss was increased by 31%.

NOAEL = 30 mg/kg/dose (AUC0-24hr = 33.2 µg•hr/mL, Cmax = 7.67 µg/mL at Week 12) 
due to decreased body and testis weights, pathology findings, decreased sperm count 
and motility, and decreased fertility and fecundity indices.

9.1.2 Monkeys
Study Title:  AIC090027: 13-week oral (gavage) administration male fertility study 
in the cynomolgus monkey with an 8 week recovery phase

Study no.: TT #11-7863
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: October 2nd, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #BXR3GBL and 40474353, purity 

= 98.8% and 99.7%, respectively)
Summary
This study was conducted to evaluate the effects of letermovir on the male reproductive 
system toxicity in an additional species.  Mortality, clinical signs, body weights, food 
consumption, gross pathology, organ weights, histopathology, toxicokinetics, and 
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parameters of male fertility (semen analysis, spermatogenesis staging, testicular size, 
flow cytometric analysis of testicular tissue, and hormone analysis including 
testosterone, FSH and inhibin B) were assessed in male cynomolgus monkeys following 
daily oral doses of either vehicle (0.5% aqueous Tylose®) or drug (60, 120 or 240 
mg/kg/day; 4/sex/primary group and 2/sex/recovery group) for 13 weeks with an 8-week 
recovery period.  There were no drug-related deaths.  Soft/liquid feces and excessive 
salivation were observed at all doses, and decreased mean body weight gain was 
observed in high-dose animals at Week 13.  No drug-related changes in male fertility 
parameters were observed.  

NOAEL = 240 mg/kg/dose (AUC0-τ,ss = 211 µg•hr/mL, Css,max = 26.2 µg/mL at Week 13).

9.2 Embryonic Fetal Development

9.2.1 Rats
Study Title:  BAY 73-6327: Pilot developmental toxicity study in rats after oral 
administration

Study no.: TT #05-7840
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: April 5th, 2005
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR2PF8, purity = 93.9%)

Summary
Mortality, clinical signs, body weights, food consumption, gross pathology, organ 
weights, and cesarean sections were performed/evaluated on Wistar (Hsd Cpb:WU) 
rats following daily oral dosing with either vehicle (0.5% aqueous Tylose®) or drug (10, 
50 or 250 mg/kg/day; 7 females/group).  Mated females were treated from GD 6 to 17, 
and were euthanized on GD 20.  There were no unscheduled deaths.  Adverse findings 
include increased urination and light-colored feces, and decreased body weight and 
food consumption in high dose animals.  Placental and fetal weights were also 
decreased, and the total number of malformed fetuses and litters were increased (4.8% 
and 50%, respectively) at the high dose.  Fetal skeletal variations included retarded 
ossification of sternal and vertebral bones and an increased number of supernumerary 
14th ribs (79%) at the high dose.  Malformations included folded retinas, diaphragmatic 
hernia and liver protrusion into the thoracic cavity, or asymmetric or fused vertebrae 
with additional lumbar vertebrae and lack of vertebral ossification centers in 4 high dose 
fetuses (3 litters total).  Additional malformations were observed at the low and mid-
doses (hydrocephalus, malformed vertebrae or ribs, additional lumbar vertebrae and 
supernumerary ribs, pelvic shift, and a ventricular septal defect in the heart) in a total of 
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1 mid-dose and 2 low-dose fetuses from the same litter.  The low- and mid-dose 
findings may be incidental.  

NOAEL = 50 mg/kg/day for both maternal and fetal toxicity due to adverse clinical signs, 
decreased body weight and food consumption, decreased placental and fetal weights, 
and fetal variations and malformations at the high dose.

Study Title:  MK-8228: Non-GLP compatibility study of embryonic toxicity in rats
Study no.: TT #06-5564

Study report location: EDR
Conducting laboratory and location:

Date of study initiation: August 2nd, 2006
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR323C, purity = 98.1%)

Summary
Mortality, clinical signs, body weights, food consumption, and fetal examinations 
(skeletal malformations only) were measured on Wistar (Hsd Cpb:WU) rats following 
daily oral dosing with drug (250 mg/kg/day only; 3 females total) from GD 6 to 17, and 
were euthanized on GD 20.  There were no unscheduled deaths.  Findings include light-
colored feces and decreased body weight/food consumption in one female.  Decreased 
fetal weight and several slightly edematous fetuses were also observed.  

Maternal and fetal NOAELs were not defined due to decreased maternal/fetal weights 
and necropsy findings (edematous fetuses).

Study Title:  BAY 73-6327: Developmental Toxicity Study in Rats after Oral 
Administration

Study no.: TT #05-7825
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: October 16th, 2006
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)
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Key Study Findings
NOAEL = 10 mg/kg/dose for maternal toxicity (AUC24hr = 20.1 µg•hr/mL, Cmax = 3.4 
µg/mL at GD 17), and 50 mg/kg/dose for fetal toxicity (AUC24hr = 258.7 µg•hr/mL, Cmax = 
26.5 µg/mL at GD 17).  Maternal toxicities include adverse clinical signs and reductions 
in body weight and food consumption.  Fetal toxicities include decreased fetal weight, 
skeletal variations (retarded ossification of many bones), skeletal malformations (pelvic 
shift with and without fusion of lumbar vertebrae and 14th ribs, missing head of 1st rib), 
and umbilical cord shortening.  The fetal weight changes and skeletal variations may be 
due to maternal toxicity, while the malformations and umbilical cord shortening are more 
likely due to direct embryo-fetal toxicity.
Methods

Doses: 0, 10, 50 & 250 mg/kg/day
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral gavage

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Wistar (Hsd Cpb:WU) rats
Number/Sex/Group: 22 females/group

Satellite groups: 5 females/group
Study design: Pregnant females were treated daily on GD 6-17 and 

were euthanized on either GD 18 (satellite animals) or 
20 (main study animals).

Deviation from study protocol: None which affected interpretation of the study.
Observations and Results
Mortality
Mortality was assessed at least once daily.  There were no unscheduled deaths.
Clinical Signs
Clinical examinations were performed at least once daily.  Increased salivation, 
piloerection, increased urination, light-colored feces, and reddish vaginal discharge 
were observed in about half of the high-dose group.  Reddish vaginal discharge was 
also noted in 5 mid-dose animals.  All had viable litters at the time of cesarean section.  
Decreased feces excretion, cold to touch and high-stepping gait with associated gross 
pathology findings were also present in one high-dose female.
Body Weight
Body weights were measured pretreatment and daily from GD 6 to the date of 
euthanasia.  Total body weight gain was decreased by 30-53% at the high dose.
Food Consumption
Food consumption was measured over 3-day periods on GD 6-20 (main study animals 
only).  Food consumption was decreased 27-39% over GD 6-18 at the high dose.
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Toxicokinetics
Blood samples were collected 1, 3, 7 and 24 hours post-dose on GD 17.  Toxicokinetic 
parameters are presented in Table 22.

Table 22: TK parameters from the embryo-fetal development study in rats

Dosing Solution Analysis
All formulations were within acceptable limits of concentration and homogeneity.  No 
test article was detected in the control formulation.  
Necropsy
Gross pathology was evaluated in all animals at the time of necropsy.  Histopathology 
was evaluated only in tissues with gross findings.  Black spots in gastric mucosa, empty 
small intestines, black/brown cecum contents, enlarged adrenals and small spleen were 
observed in one high-dose female.  Small spleen was also observed in a second high-
dose animal.  Adverse clinical signs were observed in these animals (see above). 
Cesarean Sections
Cesarean sections were performed at the time of necropsy.  Endpoints included 
pregnancy status, number of corpora lutea and implantation sites, pre-/post-implantation 
loss and early/late resorptions.  No drug-related changes were observed.  
Offspring
Fetal endpoints included viability, sex ratio, body weight and external/visceral/skeletal 
variations and malformations.  The following were observed:

 Fetal weight was significantly decreased 14% at the high dose.  
 Increased incidence of retarded ossification of distal and proximal phalanges, 

metacarpals and tarsals, sternum, vertebrae (cervical, thoracal, sacral and 
caudal), pelvic girdle, and skull (maxilla, mandible, nasal, frontal, supraoccipital, 
sphenoid and enlarged fontanelle) at the high dose.  

 Increased incidence of supernumerary 14th ribs in 18.5% of fetuses and 57.9% of 
litters at the mid-dose, and in 53.4% of fetuses and 86.4% of litters at the high 
dose.  The mid-dose changes are within recent historical control ranges provided 
by the sponsor.

 Increased number of fetuses with malformations (34 high-dose fetuses vs. 6 
controls, or 12 high-dose litters vs. 2 control litters).  Skeletal malformations 
include pelvic shift with and without fusion of lumbar vertebrae and 14th ribs in 26 
high-dose fetuses (10 litters), and missing head of 1st rib in 6 fetuses (2 litters).  
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Additional malformations include microphthalmia and/or reduced eyehole size in 
2 low-dose, 4 mid-dose and 5 high-dose fetuses (1, 2 and 4 litters, respectively) 
versus 1 control fetus.  The eye findings were not statistically significant, and 
were within historical background ranges at the low and mid-doses, though a 
relation to treatment at the high dose cannot be ruled out.

 Umbilical cord shortening in 20 high-dose fetuses (2 litters).  
 Slightly edematous fetuses in 4 high-dose fetuses (1 litter).

9.2.2 Rabbits
Study Title:  BAY 73-6327: Pilot developmental toxicity study in rabbits after oral 
administration

Study no.: TT #05-7841
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: October 18th, 2005
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR323C, purity = 98.1%)

Summary
Mortality, clinical signs, body weights, food consumption, gross pathology, organ 
weights, and cesarean sections were performed/evaluated on Himalayan 
(CRL:CHBB:HM) rabbits following daily oral dosing with either vehicle (0.5% aqueous 
Tylose®) or drug (5, 20 or 80 mg/kg/day; 3 females/group).  Mated females were treated 
from GD 6 to 20, and were euthanized on GD 29.  There were no unscheduled deaths.  
One high-dose female experienced decreased to nearly no food consumption with 
corresponding decreased body weight, decreased water consumption with 
decreased/discolored urine, and reddish excretion, and delivered early on GD 29.  
Necropsy revealed hardened/mottled liver, enlarged/tightly-filled gall bladder, and 
oviduct cysts in this animal.  Decreased water consumption and urination were also 
observed in other high-dose animals.  Uterine findings were limited to the high dose and 
included increased pre-implantation and post-implantation loss, a low number of fetuses 
(2 per dam) with an incidental shift in sex distribution to 75% male, coarse grained 
placentas, a slight decrease in fetal weight, and malformations in 2 fetuses (malposition 
of forelimb and a multiple malformation).  No adverse findings were observed at the low 
and mid-doses.  

NOAEL = 20 mg/kg/dose for both maternal and fetal toxicity due to adverse clinical 
signs, decreases in body weight and food/water consumption, necropsy findings, uterine 
findings, and an early delivery in one animal at the high dose.

Reference ID: 4132553

(b) (4)



NDA #209939/209940 Reviewer: David McMillan, Ph.D.

67

Study Title:  BAY 73-6327: Additional pilot developmental toxicity study in rabbits 
after oral administration

Study no.: TT #05-7842
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: December 13th, 2005
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR323C, purity = 98.1%)

Summary
Mortality, clinical signs, body weights, food consumption, gross pathology, organ 
weights, and cesarean sections were performed/evaluated on Himalayan 
(CRL:CHBB:HM) rabbits following daily oral dosing with drug (30 or 60 mg/kg/day; 3 
females/group).  The control group from study TT #05-7841 was used herein.  Mated 
females were treated from GD 6 to 20, and were euthanized on GD 29.  There were no 
unscheduled deaths.  Decreased body weight of 80 grams (~3%) was observed in one 
high-dose animal, which the sponsor considered drug-related.  No other adverse effects 
were observed at either dose level.  

NOAEL = 30 mg/kg/dose for both maternal and fetal toxicity due to decreased body 
weight at the high dose.

Study Title:  BAY 73-6327: Additional pilot developmental toxicity study in rabbits 
after oral administration

Study no.: TT #06-5563
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: August 29th, 2006
GLP compliance: No

QA statement: No
Drug, lot #, and % purity: BAY 73-6327 (lot #BERW 1600-7, purity = 

98.8%)
Summary
Mortality, clinical signs, body weights, food consumption, gross pathology, organ 
weights, and cesarean sections were performed/evaluated on Himalayan 
(CRL:CHBB:HM) rabbits following daily oral dosing with drug (200 or 250 mg/kg/day; 3 
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females/group).  Mated females were treated from GD 6 to 20, and were euthanized on 
GD 29.  There were no unscheduled deaths.  Decreased/soft feces, decreased to nearly 
no food consumption with severe body weight loss (~16%), decreased water 
consumption and urination, and reddish excretion were observed in one high-dose 
female, which resulted in an abortion on GD 19.  Decreased food consumption and 
body weight (~20%), decreased water consumption and urination, greenish/reddish 
excretion, and necropsy findings (enlarged cecum, empty gall bladder, pale kidney and 
light green discolored small intestine), and total resorptions were observed in both other 
high-dose animals.  One low-dose female was euthanized due to purulent vaginitis, and 
necropsy findings revealed a tightly-filled bladder and reddish hardening/thickening of 
the vulva.  No adverse findings were observed in the other two low-dose animals.  

A NOAEL was not defined due to euthanasia, spontaneous abortion, total resorptions, 
decreased body weight/food consumption, and necropsy findings at both dose levels.

Study Title:  BAY 73-6327: Developmental toxicity study in rabbits after oral 
administration

Study no.: TT #05-7830
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: January 22nd, 2007
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: BAY 73-6327 (lot #BXR3EKV, purity = 98.5%)

Key Study Findings
NOAEL = 75 mg/kg/dose for both maternal and fetal toxicity (AUC0-24hr = 47.4 µg•hr/mL, 
Cmax = 15.5 µg/mL at GD 20) due to adverse clinical signs resulting in the euthanasia of 
one animal, decreased food/water consumption and body weight gain, gross pathology 
findings, spontaneous abortions in 3 animals, increased post-implantation loss and late 
resorptions, coarse grained placentas, and skeletal variations and malformations 
(supernumerary presacral vertebrae and either partial or fully-formed 13th ribs) in the 
fetuses at the high dose.  The developmental effects, including malformations, were 
observed at a low incidence and may be incidental or secondary to maternal toxicity.
Methods

Doses: 25, 75 & 225 mg/kg/dose
Frequency of dosing: Once daily

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

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Himalayan (CHBB:HM) rabbits
Number/Sex/Group: 20 females/group
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Satellite groups: 3 females/group
Study design: All females were treated from GD 6 to 20, and were 

euthanized on either GD 21 (satellite animals) or 29 
(main study animals).

Deviation from study protocol: None which affected interpretation of the study.
Observations and Results
Mortality
Morbidity and mortality were assessed at least once daily.  One high-dose female was 
euthanized in extremis on GD 18 due to cold ears, severely decreased to no food 
intake, decreased water consumption, decreased/discolored urine, decreased feces, 
reddish excretion and severe weight loss.  
Clinical Signs
Clinical examinations were performed at least once daily.  Decreased/discolored urine 
with decreased water consumption, decreased feces and cold to touch were observed 
in many high-dose animals.  Reddish excretion was also present in 1 mid-dose and 2 
high-dose animals.  All females that aborted (see below) had decreased feces for 3-12 
days prior to abortion.  
Body Weight
Body weights were measured pretreatment and daily from GD 6 to the date of 
euthanasia.  Body weight gain was decreased 77% from GD 6 to 20 at the high dose.
Food Consumption
Food consumption was measured over 3-day periods from GD 0 to the date of 
euthanasia.  Food consumption was decreased 17-34% from GD 6 to 20, and increased 
29-40% from GD 21 to 29, at the high dose.  Decreased consumption was largely due 
to the 3 animals that aborted (see below).
Toxicokinetics
Blood samples were collected 1, 2, 4, 7 and 24 hours post-dose on GD 6 and 20.  
Toxicokinetic parameters are presented in Table 23.

Table 23: TK parameters from the embryo-fetal development study in rabbits

RA1 = ratio of Cmax from GD 20 to GD 6, RA3 = ratio of AUC0-24hr from GD 20 to GD 6
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Dosing Solution Analysis
All formulations were within acceptable limits of concentration and homogeneity.  No 
test article was detected in the control formulation.  
Necropsy
Gross pathology was evaluated at the time of necropsy.  The following were observed:

 Gaseous/hardened contents in cecum or large intestine in 3 high-dose animals.
 Hardened liver in 1 high-dose animal.  Dilated/tightly-filled gall bladder in 2 high-

dose animals.
 Enlarged stomach in 1 high-dose animal.

The liver and gall bladder findings were present in the animal euthanized on GD 18.  
The stomach finding was present in one of the animals that aborted.  
Cesarean Sections
Cesarean sections were performed at the time of necropsy.  Endpoints included 
pregnancy status, gravid uterine weight, number of corpora lutea and implantation sites, 
pre-/post-implantation loss and early/late resorptions.  The following were observed:

 One abortion at GD 22, and two abortions at GD 24.  All females showed signs of 
toxicity similar, though less severe, to the animal euthanized on GD 18, and were 
consistent with maternal toxicity.

 Increased post-implantation loss and late resorptions (~2-fold) at the high dose.
Offspring
Fetal endpoints included viability, sex ratio, body weight and external/visceral/skeletal 
variations and malformations.  The following were observed:

 Malformations include supernumerary presacral vertebra with 13th ribs present in 
2 fetuses from 1 litter at the high dose.

 13th ribs (floating and comma-shaped or present fully) in 3 fetuses from 3 litters at 
the high dose.

 Coarse grained placentas in 7 fetuses from 1 litter at the high dose.

9.3 Prenatal and Postnatal Development
Study Title:  AIC090027: Oral (gavage) study of pre- and postnatal development in 
the rat

Study no.: TT #11-7860
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: August 18th, 2010
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #40474464, purity = 99.9%)
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Key Study Findings
NOAEL = 45 mg/kg/dose for both maternal and fetal/neonatal toxicity (AUClast = 92.8 
µg•hr/mL, Cmax = 16.0 µg/mL in F0 dams at Postnatal Day (PND) 1 with blood 
concentrations of about 1.7 ng/mL in F1 animals) due to total litter loss in the F0 
generation (5 of 23 high-dose animals), and decreased body weight gain during post-
weaning period and slight delays in pinna unfolding, visual placing and vaginal opening 
in the F1 generation.
Methods

Doses: 0, 10, 45 & 180 mg/kg/dose
Frequency of dosing: Once daily

Dose volume: 10 mL/kg
Route of administration: Oral gavage

Formulation/Vehicle: 0.5% aqueous Tylose®

Species/Strain: Wistar (Crl:WI(Han)) rat
Number/Sex/Group: F0 = 24 females/group

F1 = 20/sex/group
Satellite groups: None

Study design: F0 dams were dosed from GD 6 to PND 22, and were 
euthanized after weaning.  F1 animals were untreated 
for at least 12 weeks post-weaning before being paired 
for up to 15 days.  Mated F1 females were euthanized 
on GD 13.

Deviation from study protocol: Milk could not be obtained from the F0 generation for 
TK analysis.  

Observations and Results
F0 Generation
Mortality
Morbidity and mortality were assessed twice daily.  There were no unscheduled deaths.
Clinical Signs
Clinical examinations were performed at least once daily.  Mouth rubbing, salivation and 
limb paddling, likely due to taste aversion, were observed immediately post-dose in 
many mid-dose and high-dose animals.
Body Weight
Body weights were recorded on GD 4, 6, 7, 8, 9, 12, 15, 17 and 20, and PNDs 1, 4, 7, 
14 and 21.  Mean body weight gain was significantly decreased at the high dose on the 
first day of dosing (GD 6).
Food Consumption
Food consumption was measured on GD 4-5, 6, 7, 8, 9-11, 12-14, 15-16 and 17-19, 
and PNDs 1-3, 4-6, 7-13 and 14-20.  There were no drug-related changes.
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Pregnancy Status
Parameters of pregnancy were evaluated for each litter up to PND 21.  Total litter loss 
was observed in 5 of 23 high-dose animals by PND 4.  
Necropsy Observations
Gross pathology was evaluated at the time of necropsy.  There were no drug-related 
changes.
Toxicokinetics
Blood samples were obtained from dams 1, 2, 4 and 8 hours post-dose on the first day 
of dosing (GD 6).  Milk samples could not be collected (see Deviations).  Toxicokinetic 
parameters are presented in Table 24.

Table 24: TK parameters from the pre-/postnatal development study in rats

# Accurate determination not possible, * Only 2 points used for determination of t1/2

Dosing Solution Analysis
All formulations were within acceptable limits of concentration and homogeneity.  No 
test article was detected in the control formulation.  
F1 Generation
Mortality
Morbidity and mortality were assessed twice daily.  There were no unscheduled deaths.
Clinical Signs
Clinical examinations were performed at least once daily.  There were no drug-related 
observations.
Body Weight
Body weights were recorded weekly for all pups until pairing, and on GD 0, 3, 6, 10 and 
13 in females.  Decreased body weight gain (9-13%) was observed in high-dose 
animals from PND 7 to PND 21.  Body weights at the high dose were also slightly less 
than that of control animals throughout the entire post-weaning period, though these 
differences were not statistically significant.  Body weight gain was also decreased 
(36%) in pregnant high-dose females from GD 0-3.
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Food Consumption
Food consumption was recorded weekly prior to pairing for all pups, and on GD 0-2, 3-
5, 6-9 and 10-12 in females.  There were no drug-related changes.
Necropsy Observations
Gross pathology was evaluated in males and non-mated females following euthanasia 
13 days post-pairing.  Histopathology was evaluated only on the male reproductive 
organs (testes, epididymis, seminal vesicles and prostate).  There were no drug-related 
changes.
Developmental Parameters
Endpoints included pinna unfolding, incisor eruption, eye opening, surface righting reflex 
(PND 1), air righting reflex (PND 17), grip strength, pupillary reflex, auditory response 
and visual placing response (PND 21).  Pinna unfolding was slightly delayed in high-
dose pups on PND 3 (44% in high-dose pups versus 83% in controls).  A slight delay in 
visual placing of forepaws was also observed at the high dose.  
Physical Development
Endpoints included onset of vaginal opening in females, and balano-preputial 
separation in males.  Vaginal opening was slightly delayed at the high dose (36.7 days 
in high-dose animals versus 34.5 days in controls).
Learning Ability
A water maze test was performed at Weeks 4 and 5 in control and high-dose animals 
only.  Escape time and percent of error-free escapes were recorded.  There were no 
clear drug-related changes.
Motor Activity
Motor activity was assessed in an automated photocell activity recorder for 30 minutes.  
There were no clear drug-related changes.
Fertility Parameters
Mating, fertility and fecundity indices were calculated following pairing on Week 13.  
There were no drug-related changes.
Cesarean Sections
Cesarean sections were performed on all mated females on GD 13.  There were no 
drug-related changes.
Toxicokinetics
Blood samples (blood spots) were obtained from F1 animals 2 hours post-dose on PND 
21.  Drug exposure was observed in 12 low-dose, 31 mid-dose and all (40) high-dose 
animals.  Concentrations ranged from 3.13 to 67.2 ng/mL at the high dose, with mean 
values of 21.6 ng/mL in males, and 12.7 ng/mL in females.  At the mid-dose, mean 
concentrations in males and females were 1.56 and 1.86 ng/mL, respectively, with peak 
concentrations of 4.84 ng/mL.
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9.4 Juvenile Toxicology
Study Title:  AIC090027: 2 Week Oral (Gavage) Administration Toxicity Study in 
the Juvenile Rat

Study no.: TT #10-7838
Study report location: EDR

Conducting laboratory and location:

Date of study initiation: October 6th, 2009
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: AIC090027 (lot #BXR3GBL, purity = 99.0%)

Key Study Findings
Summary
The purpose of this study was to determine whether letermovir affects development of 
the blood-testis barrier (BTB).  Mortality, clinical signs, body weight, gross pathology, 
organ weights and histopathology were evaluated in juvenile Wistar (Crl:WI(Han)) rats 
via daily oral dosing with either vehicle (0.5% aqueous Tylose®) or drug (60 or 180 
mg/kg/dose; 5 males/group) for 14 days (PND 14 to 27).  There were no unscheduled 
deaths.  Mouth rubbing and salivation were observed immediately post-dose on PNDs 
24 and 25 at the high dose, and one high-dose animal appeared thin at PND 24.  Body 
weight gain was decreased 20% at the high dose, and increased 20% at the low dose.  
Slight to moderate hematopoiesis, characterized by an increase in hematopoietic tissue 
from all three cell lines in the red pulp, was observed in the spleen in all treated animals, 
though minimal hematopoiesis in the spleen was also observed in 4 of 5 controls.  No 
drug-related effects were noted in the testes, epididymis or seminal vesicles and the 
sponsor concluded that the drug does not affect BTB formation, but the histopathology 
analyses were limited to H&E staining at PND 27 only.  Sertoli cells are thought to stop 
proliferating by roughly PND 15 and are mature (tight junction formation complete and 
BTB established) by PND 19 in rats (Bergmann, et al., “Postnatal formation of the 
Blood-Testis Barrier in the rat with special reference to the initiation of meiosis.” Anat 
Embryol (Berl). 1983;168(2):269-75).  Sertoli cell proliferation was not measured 
directly, the BTB was not examined with more sensitive methods at multiple time points, 
and the age of the rats (PND 14) was not appropriate for this analysis.  It is therefore 
unclear what effect letermovir has on establishment of the BTB in rats.

A NOAEL was not defined in this study.
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10 Special Toxicology Studies
Study Title: Bovine corneal opacity and permeability test (TT #14-7826; GLP)
The ocular irritation potential of letermovir was evaluated in isolated bovine corneas 
exposed to drug (20% w/v).  Positive and negative controls were not utilized.  Based on 
an in vitro irritancy score of 23.24, letermovir was classified as a mild irritant.

Study Title: MatTek EpiDerm™ MTT viability assay (TT #14-7827; GLP)
The dermal irritation potential of letermovir was evaluated with a MatTek EpiDerm™ 
MTT viability assay.  Positive (1% Triton® X-100) and negative controls (untreated 
tissues) produced appropriate responses.  Based on the absence of an effect on 
viability, letermovir was classified as non-irritating.

Study Title: Local lymph node assay in mice (LLNA) (TT #14-7828; GLP)
The dermal sensitization potential of letermovir was evaluated in female CBA/J mice 
following daily topical administration of drug (5, 10 and 25% w/v) for three days followed 
by injection of 5-bromo-2’-deoxy-uridine (BrdU) 5 hours prior to euthanasia.  Positive 
(25% α-hexylcinnamaldehyde) and negative controls (N,N-dimethylformamide) induced 
appropriate responses.  Based on a stimulation index of 1.0-1.6, letermovir was 
classified as a non-sensitizer.

Study Title: MK-8228: Exploratory single-dose intravenous local tolerability study 
in rats (TT #15-1154)
The local tolerance of letermovir was evaluated in male Crl:WI(HAN) rats following 
single intravenous doses of drug (9.6 mg/kg) formulated in either 0.072% or 0.12% 
polysorbate 80, or drug (8.1 mg/kg) formulated in a 0.339% arginine solution.  The 
negative control (0.12% polysorbate 80) induced appropriate responses.  No 
unscheduled deaths or drug-related pathology findings were observed.

Study Title: Local tolerance (intravenous, subcutaneous, intramuscular and intra-
arterial administration) study in the rabbit (TT #11-7862; GLP)
The local tolerance of letermovir was evaluated in male New Zealand White rabbits 
following single doses of drug (5 mg/mL) or control (water for injection) via either 
intravenous (bolus or infusion), intra-arterial (bolus or infusion), intramuscular or 
subcutaneous administration.  The animals were treated in a left/right comparison (drug/ 
control), and clinical signs, body weights, gross/histopathology and local tolerance were 
evaluated 24 and 96 hours post-dose.  Injection site findings (very slight erythema, 
edema, bruising and scabbing), macroscopic findings (large, thick, and dark/red 
discoloration), and microscopic findings (minimal hemorrhage, phlebitis/periphlebitis, 
cellulitis, dermatitis, edema and diffuse inflammation) were observed in most treated 
animals 24 hours post-dose in the intravenous, intra-arterial and intramuscular groups.  
These findings were less severe 96 hours post-dose with signs of recovery (minimal to 
slight myofiber regeneration in the intramuscular groups), and similar, generally less 
severe findings were observed in control sites/tissues.  No adverse findings were 
observed in the subcutaneous groups.  Letermovir therefore showed slight local 
intolerance relative to controls when administered intravenously, intra-arterially and 
intramuscularly.
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Study Title: Local tolerance study of letermovir (AIC090027) in New Zealand white 
rabbits after single intra-arterial, intramuscular, intravenous and subcutaneous 
administration (TT #12-7804; GLP)
The local tolerance of letermovir was evaluated in male New Zealand White rabbits 
following single doses of drug (2.5 or 5 mg/mL) or control (20% hydroxypropyl β-
cyclodextrin) via either intravenous (infusion), intra-arterial (bolus), intramuscular or 
subcutaneous administration.  The animals were treated in a left/right comparison 
(drug/control), and clinical signs, body weights, gross/histopathology and local tolerance 
were evaluated up to 96 hours post-dose.  Adverse, drug-related findings included 
minimal to moderate necrosis, lympho-histiocytic infiltration, and intermuscular edema in 
the intramuscular groups 24 hours post-dose.  Intermuscular edema in the 
intramuscular groups, and minimal to mild perivascular hemorrhage and thrombi in the 
intravenous groups, are also present, though generally less severe, in some controls 
and may be due to the dosing procedure.  Signs of recovery 96 hours post-dose 
included granulation tissue in the intravenous groups and increased perivascular 
collagen fibrils in the intra-arterial groups.  Letermovir therefore showed slight local 
intolerance relative to controls when administered intramuscularly.  

Study Title: Histopathological examination of gross and microscopic changes at 
injection site from MK-8228 local tolerance study in rabbits (TT #13-3843)
The local tolerance of letermovir was evaluated in male New Zealand White rabbits 
following single intravenous doses of drug (20 mg/mL) formulated in either Tween 
80/PEG 400, hydroxypropyl β-cyclodextrin, or arginine solutions into the left ear of each 
animal.  The negative control (0.9% saline), injected into the right ear of each animal, 
induced appropriate responses.  No drug-related pathology changes were observed.

Study Title: Three day oral (gavage) phototoxicity and bioanalysis evaluation in 
female pigmented rats (TT #14-9001; GLP)
The phototoxicity of letermovir was evaluated in female Long-Evans (Crl:LE) rats 
following daily oral doses of either control (0.5% aqueous Tylose®) or drug (100 or 500 
mg/kg) for three days and 4 hours of ultraviolet radiation immediately after the last dose.  
Clinical signs, body weights, skin and ophthalmic reactions, and histopathology were 
evaluated up to Day 6 (96 hours post-final dose).  No adverse, drug-related skin or 
ophthalmic reactions were observed.  Letermovir was classified as non-phototoxic.

11 Integrated Summary and Safety Evaluation
New drug applications 209939 and 209940 were submitted in support of 

letermovir, a viral terminase inhibitor for the prophylaxis of cytomegalovirus (CMV) 
infection or disease in adult CMV-seropositive recipients of an allogeneic hematopoietic 
stem cell transplant.  Letermovir is a new molecular entity and will be marketed in both 
oral and intravenous formulations.  Patients will receive the intravenous form of 
letermovir only when they are unable to tolerate oral administration due to concomitant 
conditions.  The proposed clinical regimen is either 480 mg/day by itself, or 240 mg/day 
when in combination with cyclosporine.  The nonclinical findings for letermovir are 
summarized in the following sections.
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Pharmacokinetics:
Increasing doses of letermovir generally resulted in dose-proportional to greater-

than dose-proportional increases in exposure (AUC and Cmax) for both routes of 
administration in both rats and monkeys.  Absolute oral bioavailability of letermovir was 
about 66% in rats and 22% in monkeys, and serum half-life ranged between 1.28 and 
3.12 hours.  Letermovir was largely protein-bound (>96%) in the serum in all species 
tested, and was >98% protein-bound in humans.  Letermovir was widely distributed 
within the first 24 hours post-dose via either route of administration, though highest 
concentrations were found within the gastrointestinal tract, liver and gall bladder in non-
pregnant rats.  No drug was detected in the brain, spinal cord, cartilaginous tissue, 
compact bone, connective tissue, seminal vesicle contents, vitreous body or eye lens, 
and it does not cross the blood-brain barrier.  In pregnant rats, distribution to fetal blood 
and placenta were about 51% and 95%, respectively, 8 hours post-dose, and drug was 
also detected in the maternal brain and spinal cord, suggesting that it may permeate the 
blood-brain barrier at low levels.  Letermovir metabolites included primarily products of 
glucuronidation and hydroxylation in hepatocytes and liver microsomes obtained from 
six species, including human.  All metabolites formed in humans were below 10% of the 
concentration of the parent compound and were also formed in rats and monkeys, the 
species selected for the nonclinical safety studies.  Letermovir was primarily excreted 
via the biliary/fecal route following both oral and intravenous administration, and was 
detectable in milk from lactating rats up to at least 12 hours post-dose.  

Safety Pharmacology:
Cardiovascular and respiratory parameters were evaluated in a hERG assay and 

in Beagle dogs.  Neurological and renal assessments were performed in rats.  
Gastrointestinal assessments were conducted in rats and isolated guinea pig ileum.  No 
adverse effects of letermovir were observed in these studies.  

Repeat-Dose Toxicology:
General repeat-dose toxicology evaluations consisted of oral studies up to 26 

weeks duration in rats and 39 weeks duration in monkeys, and intravenous studies up 
to 28 days duration in both rats and monkeys.  One 14-day study in dogs and one 13-
week study in mice were also conducted.  

In rats receiving oral letermovir, target organs consisted of the liver and male 
reproductive system.  Adverse liver findings included increased liver weight (up to 34%), 
increased enzyme activity (up to 50% increases in ALP, AST, p-nitroanisole-O-
demethylase, glutathione S-transferase, UDP-glucuronyl transferase, aldrin epoxidase 
and epoxide hydrolase), increased bilirubin (2- to 3-fold increases), and histopathology 
findings (minimal to moderate centrilobular fat deposition and hypertrophy).  Adverse 
male reproductive system findings included decreased testis, epididymis and seminal 
vesicle weights (up to 28%), and histopathology findings (minimal to massive spermatic 
debris and oligospermia, and germinal epithelium degeneration/vacuolization in the 
testes and epididymis) which were still present after recovery and were consistent with 
signs of Sertoli cell toxicity.  The liver and testicular findings were generally observed at 
the high doses, and generally increased in severity with increased duration with the 
exception of the pivotal 26-week study in which only minor liver findings (increased liver 
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weight only) and no male reproductive system toxicities were observed.  It is possible 
that these animals experienced more severe liver and testicular toxicities, but recovered 
sufficiently while on drug by the end of the treatment period.  Exposure multiples at the 
NOAELs for hepatic and testicular effects in rats were 2.7- and 1.6-fold in the 4- and 13-
week oral studies, respectively, and 1.3-fold in the 4-week IV study.  Exposure multiples 
at the LOAELs for the liver and testicular effects were 9.8- and 8.1-fold in the 4- and 13-
week oral studies, respectively, and 6.8-fold in the 4-week IV study.  The exposure 
multiple at the NOAEL in the 26-week oral study was 10.8-fold.  Adverse liver effects 
have not been observed in clinical trials with letermovir.  Likewise, a hormone analysis 
in male patients receiving letermovir yielded no meaningful differences in testosterone, 
Inhibin B, FSH and LH levels between the letermovir and placebo arms, though a 
definitive clinical assessment of sperm count and motility has not been performed.  Rats 
receiving IV letermovir also experienced adverse kidney findings (decreased organ 
weight and pathology findings consisting of minimal to moderate tubular vacuolization), 
which were present in all animals including all controls.  These findings were attributed 
to the vehicle, hydroxypropyl β-cyclodextrin, which has well-characterized and 
reversible renal effects, particularly in rats (Stella, et al., “Cyclodextrins.” Toxicol Pathol. 
Jan 2008;36(1):30-42).  

In monkeys receiving oral letermovir, no clear target organs were identified and 
findings were generally limited to the high dose.  The high dose in most oral studies 
appeared to exceed the maximum tolerated dose, necessitating in some cases a 
lowering of the high dose mid-study, electrolyte or nutritional supplementation, a drug 
holiday or early discontinuation of treatment, or in extreme cases, euthanasia in 
extremis.  Adverse findings included severe clinical signs (reduced health status, 
convulsions, emesis, soft/watery feces or diarrhea, salivation, inappetence, dehydration, 
decreased activity, thin/hunched body, prostration, cold to touch), and decreased body 
weight (up to 7%).  Adverse necropsy findings in the euthanized animals included 
findings in the kidney (minimal to moderate bilateral tubular degeneration/regeneration 
and necrosis, mineralization and neutrophilia), heart (mild subepicardial myofiber 
necrosis and neutrophilia at junction of left and right ventricles, minimal to mild myofiber 
degeneration/vacuolization), lung (moderate red discoloration, minimal hemorrhage, 
white fluid in trachea), lymphoid tissue (minimal to severe lymphoid depletion), 
ureters/bladder (minimal to moderate bilateral transitional cell degeneration/necrosis, 
minimal bilateral subacute inflammation), and adrenal gland (minimal to moderate 
bilateral congestion and diffuse cortical hypertrophy).  Cause of morbidity in the 
euthanized animals was either renal insufficiency or undetermined.  Adverse kidney 
findings were also observed in the 39-week oral study.  Exposure multiples at the 
NOAELs for adverse clinical signs, weight loss and deaths in monkeys were 0.3- and 
1.0-fold in the 4- and 13-week oral studies, respectively, relative to the proposed clinical 
dose.  Exposure multiples at the LOAELs for these effects were 1.1- and 3.0-fold in the 
4- and 13-week oral studies, respectively.  The exposure multiples at the NOAEL and 
LOAEL for kidney effects and adverse clinical signs in the 39-week oral study were 0.8-
fold and 2.9-fold, respectively.  In monkeys receiving IV letermovir, adverse findings 
consisted of similar clinical signs, increased ALT, AST and bilirubin (up to 6-fold), kidney 
effects (minor to slight tubular nephropathy), and injection site reactions (minimal to 
moderate phlebitis/periphlebitis and myopathy/myositis).  The exposure multiples were 
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1.0-fold at the NOAEL, and 4.2-fold at the LOAEL, in the 4-week IV study.  Decreased 
heart rate (~10%), increased heart weight (~50%; not significant), and two PVCs (in one 
high-dose animal; also one control animal) were observed in the 4-week IV study, 
though these findings were considered non-adverse.  Patients receiving either IV or oral 
letermovir have experienced adverse kidney effects consisting of increased creatinine 
levels.  Likewise, an increase in adverse cardiac events, particularly tachyarrhythmias, 
has also been noted with both oral and IV letermovir in clinical trials.  However, the 
clinical significance of the cardiac findings in monkeys remains unclear.

Genotoxicology and Carcinogenicity:
Letermovir was negative for mutagenesis and clastogenesis as determined by an 

Ames test, an in vitro chromosome aberration test, and an in vivo micronucleus test in 
mice.  Carcinogenicity studies with letermovir have not been conducted due to the 100-
day treatment duration (less than 6 months).  

Reproductive and Developmental Toxicology:
Assessments of fertility and early embryonic development were conducted in rats 

and monkeys.  In the pivotal rat study (TT #05-7828), no effects on female fertility 
parameters were observed up to the highest dose tested (exposure multiple at the 
NOAEL in female rats was 8.0-fold).  The effects of letermovir on male fertility 
parameters were assessed in the pivotal study (TT #05-7828), as well as three 
additional studies in which only the males were treated (rat studies TT #11-7852 and TT 
#16-7150, and monkey study TT #11-7863).  Due to the lack of male exposure data in 
the first study (TT #05-7828) and procedure-related errors in the second (TT #11-7852), 
the third study (TT #16-7150) was used for calculating exposure multiples in males.  
Male toxicities in the third study include decreased body weight gain (9-23%), food 
consumption (1-12%), and testis weight (8-23%) at the mid- and high doses.  Gross 
findings included small epididymis in 7 high-dose males, and small/flaccid/discolored 
testes in 1 mid-dose and 12 high-dose males.  Very slight to severe bilateral 
seminiferous tubule degeneration and inflammation were present in the testes in 1 mid-
dose and 17 high-dose males, and slight to severe bilateral oligospermia in the 
epididymis were present in 1 mid-dose and 11 high-dose males.  Sperm count and 
motility were decreased up to 58% and 26%, respectively, at the mid- and high doses.  
Decreased fertility and fecundity indices (33%), corpora lutea (33%), total implants 
(37%), total resorptions (50%) and total live fetuses (36%), and increased peri-
implantation loss (31%) were also observed.  The mid-dose findings were attributed to a 
single animal, but a drug-related effect cannot be ruled out.  The male findings across 
all three rat fertility studies were similar and correlated to the testicular findings in the 
repeat-dose rat studies, and were consistent with signs of Sertoli cell toxicity.  The 
NOAEL and LOAEL for testicular effects in the male rat fertility studies were 0.5-fold 
and 2.7-fold, respectively.  No adverse drug-related findings were observed in a 13-
week fertility study in male monkeys up to the highest dose tested (exposure multiple at 
the NOAEL in male monkeys was 3.4-fold).  As previously mentioned, no meaningful 
differences in testosterone, Inhibin B, FSH and LH levels were observed in a hormone 
analysis in male letermovir patients relative to controls, though a definitive clinical 
assessment of sperm count and motility has not been performed.  
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Embryo-fetal development studies were conducted in rats and rabbits.  In the 
pivotal rat study, maternal toxicities included adverse clinical signs (reddish vaginal 
discharge, cold to touch, high-stepping gait, salivation, piloerection, increased urination, 
light-colored/decreased feces), decreased body weight (30-53%) and food consumption 
(27-39%), and necropsy findings (black spots in gastric mucosa, empty small intestines, 
black/brown cecum contents, small spleen).  Fetal toxicities included decreased fetal 
weight (14%), skeletal variations (retarded ossification of many bones), skeletal 
malformations (pelvic shift with and without lumbar vertebrae fusion, supernumerary 
ribs), and umbilical cord shortening.  The fetal weight changes and skeletal variations 
were likely due to maternal toxicity, while the malformations and umbilical cord 
shortening may be attributed to direct embryo-fetal toxicity.  Exposure multiples at the 
maternal and fetal NOAELs in the pivotal rat embryo-fetal study were 0.3-fold and 4.3-
fold, respectively.  Exposure multiples at the LOAELs for maternal and fetal toxicity 
were 4.3-fold and 18-fold, respectively.  In the pivotal rabbit study, adverse findings 
included euthanasia in extremis of one high-dose female, spontaneous abortions in 3 
animals, increased post-implantation loss and late resorptions (~2-fold over controls), 
severe clinical signs (decreased/discolored urine and feces, decreased water 
consumption, cold to touch), decreased body weight gain (77%) and food consumption 
(up to 40%), necropsy findings (gaseous/hardened contents in cecum/large intestine, 
hardened liver, dilated/tightly-filled gall bladder, enlarged stomach), and skeletal 
variations and malformations (supernumerary ribs and vertebrae, coarse grained 
placentas).  The developmental findings in rabbits occurred at a low incidence and may 
have been either incidental or secondary to maternal toxicity.  Exposure multiples at the 
maternal and fetal NOAEL in the pivotal rabbit embryo-fetal study was 0.8-fold.  The 
exposure multiple at the LOAEL for maternal and fetal toxicity was 2.8-fold.

One pre-/postnatal development study was conducted in rats.  Adverse findings 
included total litter loss in 5 high-dose F0 animals, decreased body weight gain during 
post-weaning (up to 13%), and slight delays in pinna unfolding, visual placing of 
forepaws, and vaginal opening in the F1 generation.  The exposure multiple at the 
maternal and fetal/neonatal NOAEL in the rat pre-/postnatal development study was 
1.5-fold.  The exposure multiple at the LOAEL for maternal and fetal/neonatal toxicity 
was 3.7-fold.  A juvenile toxicology study was also conducted in rats to determine 
whether letermovir affects development of the blood-testis barrier.  While no adverse 
findings were observed in the study, shortcomings in the study design (lack of more 
sensitive detection methods, no measure of Sertoli cell proliferation, inappropriate age 
of the animals) prevented a more-definitive assessment of the effects on blood-testis 
barrier formation.

Special Toxicology Studies:
Letermovir was not associated with skin irritation or sensitization, or phototoxicity, 

but was considered a mild ocular irritant in a bovine corneal opacity and permeability 
test.  Letermovir also demonstrated slight local intolerance relative to controls when 
administered intravenously, intra-arterially and intramuscularly.  

Exposure margins:
The exposure margins for letermovir are presented in Table 25.  
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Table 25: Letermovir exposure margins
Study NOAEL 

(mg/kg/dose)
Toxicities Observed Nonclinical AUC

(μg•hr/mL)
Exposure 
Multiplea

Repeat-Dose Studies (Rat)
4-week oral 60b Liver, testicular 164.8 2.7
4-week IV 30c Liver, testicular 133.7 1.3
13-week oral 60d Liver, testicular 99.3 1.6
26-week oral 150e None 657.8 10.8

Repeat-Dose Studies (Monkey)
4-week oral 30f Clinical signs, weight loss 16.9 0.3
4-week IV 30f Injection site reactions 98.8 1.0
13-week oral 100g Euthanasia, clinical signs 57.9 1.0
39-week oral 100h Kidney, clinical signs 46.4 0.8

Reproductive Toxicology Studies
Fertility/Early Embryonic Development

Rat 30/240i ↓ Sperm count/motility, ↓ 
testis weight, male 
necropsy findings, ↑ pre-
implantation loss

33.2/488.2 0.5/8.0

Monkey 240j None 211.0 3.4
Embryo-fetal Development

Rat 10/50k,l ↓ Maternal/fetal weights, 
clinical signs, skeletal 
malformations

20.1/258.7 0.3/4.3

Rabbit 75/75k,m Euthanasia, abortion, ↑ 
post-implantation loss/late 
resorptions, skeletal 
malformations

47.4/47.4 0.8/0.8

Pre-/postnatal Development
Rat 45/45k,n Total litter loss, ↓ body 

weight gain, delayed pinna 
unfolding, visual placing 
and vaginal opening

92.8/92.8 1.5/1.5

a Based on median exposures reported in hematopoietic stem cell transplant recipients (60.8 µg•hr/mL for 
oral, 100.0 µg•hr/mL for IV).  Exposure multiples for the 4-week IV studies were calculated using 100.0 
µg•hr/mL.  All others, including all reproductive toxicology studies, were calculated using 60.8 µg•hr/mL.  
b Day 29/30 data
c Day 28 data
d Day 89 data
e Week 26 data
f Week 4 data
g Day 90 data
h Week 39 data
i Male and female NOAELs are presented as “male/female”.  Male exposure data are from the final male 
fertility study in rats (TT #16-7150, Week 12 data).  Female exposure data are from the pivotal rat fertility 
study (TT #05-7828, Day 14 data).
j Week 13 data, Males only
k Maternal and fetal NOAELs are presented as “maternal/fetal”
l Gestational Day 17 data
m Gestational Day 20 data
n Postnatal Day 1 data
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12 Appendix
12.1 Comments on Impurities/Degradants of Concern
This appendix focuses on the qualification of specified and unspecified impurities within 
the letermovir drug substance, and degradants in the letermovir drug products (both oral 
and intravenous formulations).  Overall, the proposed specifications, or lack of 
specifications, are considered acceptable from a pharmacology/toxicology perspective.  
This conclusion is based on the results of general toxicology studies, experimental 
Ames assays and/or (quantitative) structure-activity relationship [(Q)SAR] predictions of 
mutagenicity.  Derek software for Windows or Nexus, and MultiCASE software were 
used for (Q)SAR predictions.

12.2 Qualification of Letermovir Drug Substance
12.2.1 Specified Impurities
Organic Impurities
The qualification of specified impurities is based on the results of general toxicology 
studies, experimental Ames assays, and/or (Q)SAR assessments.  

General Toxicology: While enantiomers are not covered under ICH Q3A(R2), the minor 
enantiomer was qualified in the GLP 13-week repeat-dose study in rats (TT #05-7818) 
as it exceeds the ICH Q3A(R2) qualification threshold.  Using the NOAEL from the 13-
week rat study, the qualified level of the minor enantiomer  is deemed adequate 
to support the proposed specifications .  The proposed specifications for all 
other organic impurities are acceptable as they do not exceed the ICH Q3A(R2) 
qualification threshold (the lower of 0.15% or 1 mg/day).  Summary information is 
provided in Table 26.  

Table 26: Letermovir drug substance organic impurity specifications

Genotoxicology: All specified impurities were evaluated by (Q)SAR, and no structural 
alerts were detected.  According to ICH M7, as the exposures of  

 and the individual unspecified impurity are below 1 mg/day, (Q)SAR 
analysis is sufficient to predict their mutagenic potential.  While the exposure to the 
minor enantiomer exceeds 1 mg/day, enantiomers are not covered under the ICH 
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MEMO                FOOD AND DRUG ADMINISTRATION

Division of Bone, Reproductive and Urologic Products (DBRUP)
Center for Drug Evaluation and Research

Date: June 5th 2017

From: Mukesh, Ph.D., DABT, Supervisory Toxicologist (DBRUP)

To: Victoria Tyson, Project Manager, Division of Antiviral Products (DAVP)

Subject: Letermovir NDAs 209939 and 209940 Consultation

Background:  
The Division of Antiviral Products (DAVP) has consulted with DBRUP regarding 
testicular toxicity of letermovir (AIC090027), a human cytomegalovirus (CMV) viral 
terminase inhibitor, being developed under NDA’s 209939 (oral) and 209940 
(intravenous), respectively, for

During the review of nonclinical studies by DAVP, a concern was raised about 
nonreversible testicular degeneration and reduced fertility in rats receiving high doses of 
letermovir.   

DAVP also posed the following question: “Further, based on the totality of the preclinical 
data and the clinical data, we would like you to comment on the need for a future study 
incorporating the collection of [clinical] semen samples to better characterize the 
potential testicular toxicity of letermovir.”

Exposure multiples were calculated from a 480 mg QD dose in hematopoietic stem cell 
transplant (HSCT) recipients with exposures AUC0-24h = 60.24 ug.h/ml or AUC0-24h = 
70.96 ug.h/ml for oral or intravenous treatment, respectively.

Rat Toxicology Studies
In the 2 week Wistar rat toxicology study intravenous (iv) administration of letermovir did 
not result in histopathological evidence testicular toxicity. Relative to the 4 and 13 week 
rat toxicology studies with oral gavage treatment, a 6-fold lower dose (30 mg/kg) was 
used in this study (30 mg/kg male AUC = 74 ug.h/ml for the 1x MRHD (maximum 
recommended human dose) 480 mg QD.

In a 4 week toxicology study intravenous administration of letermovir to Wistar rats at up 
to 100 mg/kg resulted in spermatic debris and oligospermia in the epididymis, germ cell 
degeneration, spermatid retention, tubular cell vacuolation and/or atrophy of the testis 
with concomitant reduced organ weights (100 mg/kg male AUC = 646 ug.h/ml, 9x 
MRHD 480 mg QD).  Testicular toxicity was not fully reversible with germ cell 
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degeneration and increased levels of tubular vacuolation, tubular atrophy, oligospermia 
and cell debris of epididymis still present in the two week drug-free recovery period.  Of 
note, testicular toxicity was not observed at the NOAEL of 30 mg/kg which is 
approximately 2x MRHD for 480 mg QD (30 mg/kg male AUC = 117 ug.h/mL). 

In the 4 and 13 week oral gavage toxicology studies administration of letermovir to 
Wistar rats resulted in testicular and epididymal toxicity: spermatic exfoliation in 
seminiferous tubules, vacuolation of tubular epithelium, degeneration of testicular 
germinal epithelium and spermatic debris and oligospermia in epididymis (associated 
with reduced organ weights) at the high dose of 180 mg/kg which is approximately 5-7x 
MRHD 480 mg QD (180 mg/kg male AUC = 416 ug.h/ml (4 wk study) or AUC = 329 
ug.h/ml (13 wk study)).   

Reversibility was not assessed in the 4 week oral gavage study.  However with a drug-
free 4-week recovery period in the 13 week oral gavage toxicology study, partial 
recovery with evidence of a lower incidence of oliogospermia in the epididymis and 
degeneration of the germinal epithelium of the testes was observed.  The NOAEL in 
these studies was 60 mg/kg (60 mg/kg male AUC = 145 ug.h/ml (4 wk study) or 80.6 
ug.h/ml (13 wk study)), providing an approximate 1-2x MRHD to the 480 mg QD dose. 

In the 26 week toxicology study oral administration of letermovir to Wistar rats at up to 
150 mg/kg (150 mg/kg male AUC = 568 ug.hr/ml 9x MRHD 480 mg QD) did not result in 
histopathological evidence testicular toxicity.  The NOAEL in this study was 150 mg/kg.

In a 2 week oral gavage toxicology study in juvenile Wistar rats, letermovir treatment 
was initiated at post-natal day (PND) 14, but this treatment did not result in testicular 
toxicity and a toxicokinetic evaluation was not conducted. The stated purpose of the 
study was to test the effect of letermovir on the blood-testis barrier (BTB).  In the rat, the 
BTB begins assembly at approximately PND 15-16 and is completed by approximately 
PND 18-21. Based on a PND 27 histopathology evaluation of H&E testis tissue, the 
sponsor concluded letermovir does not interfere with sertoli cell proliferation or the 
germinal epithelium. However, the sponsor did not determine if the BTB was intact at 
multiple time points via more sensitive methods such as the use of fluorescein or 
radiolabeled stains, electron microscopy or the use of a BTB toxicant (positive control).

Rat Embryofetal Developmental Studies
Rat and rabbit embryofetal development studies of standard design did not show a 
testicular toxicity effect. However, this does not imply that treatment with letermovir was 
without consequences as, for example, malformations and skeletal variations in the rat 
were observed at 250 mg/kg; and post-implantation loss was noted in the rabbit at 225 
mg/kg.

Rat Fertility Study #1
Male rats were orally treated with letermovir for 10 weeks prior to mating and during 
mating for a total of between 14-15 weeks at 15, 60 or 240 mg/kg.  Female rats were 
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treated via oral gavage with letermovir for 2 weeks prior to mating, during mating and up 
to day 7 of gestation.  A drug-free recovery period was not instituted.

The incidence and severity of testicular toxicity was dose-dependent and manifested 
grossly with small testes size in high dose animals.   Minimal to moderate tubular 
degeneration of the testis and spermatic debris, oligospermia in the epididymis were 
noted in two 60 mg/kg males. Minimal to severe tubular degeneration was noted in all 
240 mg/kg males and was associated with minimal to marked spermatic debris, 
oligospermia and reduced sperm motility in the epididymis.

The number of implantation sites was reduced and implantation loss increased in the 
240 mg/kg dams, resulting in a reduction of viable embryos.   Ovary weights were 
unaffected. The NOAEL is 15 mg/kg which provides a HED of 2.5 mg/kg on a body 
surface area basis, but only a safety margin of 0.3x MRHD for the 480 mg QD dose.   A 
toxicokinetic assessment was not performed.

Rat Fertility Study #2
Male rats were orally treated with letermovir for 15 weeks prior to mating and during 
mating for a total of 19 weeks at 30, 60 or 180 mg/kg.  Female rats were untreated.  A 
drug-free recovery period of 15 weeks was instituted when F0 males were subsequently 
mated with untreated females.

The incidence and severity of testicular toxicity was dose-dependent and manifested 
grossly with small testes size and weight in high dose animals.   Minimal tubule 
vacuolation and with occasional atrophy with oligospermia was noted at both 30 and 60 
mg/kg.  Testicular toxicity was observed in all 180 mg/kg (high dose) males with marked 
severity in approx. 30% of these males that resulted in seminiferous tubule vacuolation, 
atrophy and oligospermia, that correlated with decreased sperm count and motility and 
reduced inhibin B.  Electron microscopy revealed loss of the BTB in these animals.  
Most findings were present in recovery animals with a lower or similar incidence (high 
dose males only).

Pre-implantation loss resulted in a reduced number of viable embryos occurred at 180 
mg/kg.  Post-implantation loss and early intrauterine deaths were increased in untreated 
females mated with 180 mg/kg recovery males.  The NOAEL is <30 mg/kg due to test 
article related testicular toxicity in all groups, corresponding to <1x MRHD 480 mg QD.   

NHP Toxicology Studies
In a 4 week  oral gavage toxicology study in Rhesus monkeys at up to 100 mg/kg, no 
testicular toxicity was observed (100 mg/kg male AUC = 68.3 ug.h/ml, 1x MRHD 480 
mg QD). In a 4 week  intravenous toxicology study in Cynomolgus monkeys at up to 
100 mg/kg, no testicular toxicity was observed (male AUC = 435 ug.h/ml, 6x MRHD 480 
mg QD).   In a 13 week  oral gavage toxicology study in Cynomolgus monkeys at up to 
300/250 mg/kg, no testicular toxicity was observed (male AUC = 195 ug.h/ml,  approx. 
3x MRHD 480 mg QD).
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In a 39 week oral gavage toxicology study, the high dose of 250 mg/kg was lowered to 
200 mg/kg at week 9 due to intolerability.  The 250/200 mg/kg dose also did not result in 
testicular toxicity (male AUC = 205 ug.h/ml, 3x MRHD 480 mg QD).  The NOAEL was 
100 mg/kg due to non-testicular findings (male AUC = 33.7 ug.h/mL or <1x MRHD for a 
480 mg QD).

NHP Fertility Study
In a 13 week oral gavage fertility study in male Cynomolgus monkeys, letermovir at up 
to 240 mg/kg had no effect on testicular gross/histopathology, organ weight/size, 
testicular cell populations, spermatological parameters (ejaculate weight, sperm count, 
motility and morphology), spermatogenesis staging, or hormonal measurements (inhibin 
B, testosterone or FSH) (240 mg/kg male AUC = 211 ug.h/mL, 4x MRHD 480 mg QD).

Mouse Toxicology Study
In a 13 week oral gavage toxicology study in mice at up to 250 mg/kg, no testicular 
toxicity was observed (250 mg/kg male AUC = 349 ug.h/ml, approx. 6x MRHD 480 mg 
QD).

Evaluation
The cause for concern for letermovir-induced testicular toxicity stems from toxicology 
studies in rats representing pathological changes of tubular vacuolation, atrophy, 
germinal cell degeneration with oligospermia and cell debris in the epididymis, which 
were persistent during the recovery period.  These findings were consistently seen in 
the rat with repeat administration via oral or intravenous routes for 4 or 13 weeks at high 
letermovir doses 100-180 mg/kg, representing up to 5-9x MRHD 480 mg QD. 

Of note rat studies with a shorter duration (2 weeks, iv exposure) and at a lower dose of 
letermovir at 30 mg/kg or a longer duration (26 weeks, oral gavage) and a higher dose 
of letermovir (150 mg/kg) failed to elicit testicular toxicity.  This implies a threshold effect 
at the lower dose; however the reason for the lack of testicular toxicity at the higher 
dose/ longer duration study, that is comparable to doses of letermovir that resulted in 
testicular toxicology in the rat in 4-13 week studies, is unknown.

In a rat fertility and early embryonic study where both male and female rats were 
exposed to letermovir, the fertility index was reduced at 240 mg/kg, but was without 
effect on the insemination or gestation indices. The increased number of  
preimplantation losses, decreased number of implantation sites and thus reduced 
numbers of viable embryos is likely due to male infertility due to reduced testis weight,  
testicular tubule degeneration, reduced sperm motility and cellular debris and 
oligospermia in the epididymis.  

In a second rat fertility and early embryonic study, mating was assessed at both an 
extended duration of treatment (15-19 weeks) and following an extended drug-free 
recovery period (15 weeks) with untreated females. The testicular toxicity of the first rat 
fertility study was replicated with lower/similar findings in the high dose recovery males.  
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Electron microscopy revealed loss of the blood-testis barrier and confirmed letermovir 
as a Sertoli cell toxicant.

However, testicular toxicity was not noted in two species of NHP’s using oral or 
intravenous routes of administration in studies of 4, 13 (oral gavage) or 39 (oral gavage) 
weeks. The 39 week oral gavage study in the Cynomolgus monkey evaluated letermovir 
at up to 3x the anticipated 480 mg QD human dose. Furthermore, testicular toxicity was 
not observed in the 13 week NHP fertility study, with no changes to testicular organ 
weight, sperm morphology or motility or endocrine hormones.  Lastly, testicular toxicity 
was not observed in the 13 week mouse toxicology study evaluating letermovir at 6x the 
anticipated human dose. 

The following tables describes the dose multiples based on AUC comparing the 
testicular toxicity in the rat or NOAEL for these studies (Table 1); and also the exposure 
multiples in multiple species where testicular findings were not found (Table 2), 
compared to the proposed clinical dose of 480 mg QD.

Table 1: Species NOAEL and Dose in mg/kg With Testicular Toxicity Findings and 
Exposure Multiples for 480 QD human dose (AUC24h = 60.24 ug.h/ml (oral) or AUC0-24h 
= 70.96 ug.h/ml (i.v.) in HSCT subjects)

Species
(route)

Duration Testicular Tox
mg/kg

NOAEL
mg/kg

Exposure Multiple

Rat (i.v.) 4 wk - 30 2
Rat (i.v.) 4 wk 100 - 9
Rat (p.o.) 4 wk - 60 2
Rat (p.o.) 4 wk 180 - 7
Rat (p.o.) 13 wk - 60 1
Rat (p.o.) 13 wk 180 - 5

Rat Fertility #1 14-15 wk - 15 <1&&

Rat Fertility #1 14-15 wk 60, 240 - 1, 5&&

Rat Fertility #2 15-19 wk - <30 <1
Rat Fertility #2 15-19 wk 30, 60, 180 - <1, <1, 2

p.o. = per os (gavage); i.v. = intravenous; NA = not applicable; &&On a body surface area basis.
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Table 2: Species Dose in mg/kg Without Testicular Toxicity Findings and Exposure 
Multiples for 480 QD human dose (AUC24h = 60.24 ug.h/ml (oral) or AUC0-24h = 70.96 
ug.h/ml (i.v.) in HSCT subjects)

Species
(route)

Duration Testicular Tox
mg/kg

Dose
mg/kg

Exposure Multiple

Mouse 13 wk NA 250 6
Rhesus NHP (p.o.) 4 wk NA 100 1
Cynomolgus NHP (p.o.) 4 wk NA 100 2
Cynomolgus NHP (i.v.) 4 wk NA 100 6
Cynomolgus NHP (p.o.) 13 wk NA 300/250 3
Cynomolgus NHP (p.o.) 39 wk NA 250/200 3
Cynomolgus NHP  
Fertility (p.o.)

13 wk NA 240 4

p.o. = per os (gavage); i.v. = intravenous; NA = not applicable; 

Conclusions:
Letermovir is a direct Sertoli cell toxicant in the rat that reduces male fertility.  Per the 
2015 draft FDA guidance entitled “Testicular Toxicity: Evaluation during Drug 
Development Guidance for Industry” the sponsor has conducted a suitable nonclinical 
evaluation of the rat testicular toxicity including both toxicology studies in multiple 
species and NHP fertility studies. Although, the rat testicular toxicity findings are 
concerning, the lack of testicular toxicity in multiple species, with no effect on NHP 
endocrine hormones, sperm parameters or morphology, suggests the observed 
letermovir toxicity is rat specific.  

Response to DAVP Question (not to be communicated with the sponsor):
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