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1. Benefit-Risk Assessment

Benefit-Risk Summary and Assessment

Cytomegalovirus (CMV) is a serious, life-threatening infection in immunocompromised patients, particularly allogeneic hematopoietic cell 
transplant (HSCT) recipients. Prophylactic therapy (treatment administered to all patients at risk for developing CMV disease) and preemptive 
therapy (treatment of patients with evidence of CMV replication in the blood) are the two major strategies used for prevention of CMV disease in 
transplant recipients. Although prophylaxis is the preferred strategy in solid organ transplant (SOT) recipients, preemptive therapy is the 
preferred strategy in HSCT recipients because of hematologic toxicity with currently available CMV antivirals. In addition, use of available 
CMV antivirals in HSCT recipients are associated with increased incidence of bacterial and fungal infections due to drug-related 
myelosuppression; therefore, there is an unmet medical need for effective and safe anti-CMV drugs for prophylaxis in HSCT recipients.

Letermovir is a first-in-class inhibitor of the CMV DNA terminase complex which is involved in viral DNA cleavage and packaging. In this 
submission, the Applicant seeks approval of letermovir for prophylaxis in allogeneic HSCT recipients. 

In a phase 3 trial (P001), letermovir administered prophylactically after HSCT (through Week 14) demonstrated statistically significant 
superiority over placebo in reducing the incidence of clinically significant CMV infection through Week 24 post-transplantation. In P001 
clinically significant CMV infection was defined as the onset of CMV disease or initiation of anti-CMV preemptive therapy (PET) based on 
documented CMV viremia; however, the primary endpoint was primarily met by reducing the occurrence CMV viremia requiring PET. CMV 
end-organ disease was very uncommon in the setting of close CMV monitoring and initiation of PET following detection of CMV viremia. In 
addition to letermovir’s effect on the primary endpoint, letermovir also appeared to reduce all-cause mortality through 24 weeks after transplant. 

The results of P001 were supported by a phase 2b dose ranging trial (P020) that showed lower rates of clinically significant CMV infection in 
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patients receiving one of three doses of letermovir compared to placebo.

Overall, letermovir appeared to have an acceptable adverse event profile and was tolerated with few discontinuations due to adverse reactions.  A 
potential signal of cardiac adverse events was identified in patients receiving letermovir compared to placebo (Cardiac Adverse Events organ 
system: 13% vs 6%). The most common cardiac system adverse events were tachycardia (in 4% of letermovir subjects and in 2% of placebo 
subjects) and atrial fibrillation (in 3% of letermovir subjects and in 1% of placebo subjects). Most of these events were mild or moderate in 
severity, considered unrelated to study drug (investigator assessment), and many occurred in patients with pre-existing medical conditions.

In conclusion, approval of letermovir for CMV prophylaxis in adult allogeneic CMV-seropositive HSCT recipients is fully supported by the 
efficacy and safety data submitted in these applications. The benefits of preventing clinically significant CMV infection, avoiding toxicities of 
pre-emptive therapy, and potentially reducing all-cause mortality greatly outweigh the risks of letermovir prophylaxis. Based on the accumulated 
clinical literature showing associations between suppression of CMV viremia and CMV disease (see discussion under Background) and the 
finding of a mortality benefit in P001, the review team is in full concurrence in recommending letermovir for traditional approval.  

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

 Patients who are CMV seropositive who undergo HSCT are at high 
risk of CMV reactivation during a period of immunosuppression. 
The risk of CMV reactivation is greatest during the first 100 days 
after transplant but a proportion of patients will be at risk for a 
longer duration. 

 CMV reactivation, usually first detected as CMV viremia, prompts 
the use of pre-emptive treatment with antivirals and/or can result in 
development of serious CMV end organ disease (e.g., 
gastroenteritis, pneumonitis), complications such as graft vs. host 
disease (GVHD) or mortality.

 CMV reactivation is a serious and life-
threatening disease in patients undergoing 
HSCT

Current 
Treatment 

Options

 No drugs are specifically approved for prophylaxis of CMV 
infection or CMV disease in HSCT

 Intravenous ganciclovir is approved for the “prevention” of 
CMV disease.  The approval was based on clinical trials in which 
ganciclovir was started as pre-emptive therapy

 There is a medical need for safe and well 
tolerated drugs which could be used as 
routine CMV prophylaxis in HSCT to 
reduce the occurrence of CMV viremia 
and clinical consequences related to 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

 Valganciclovir, an oral prodrug of ganciclovir, is approved for 
prophylaxis in solid organ transplant 

 Available therapy is not routinely used as prophylaxis in HSCT 
due to undesirable hematologic toxicity

viremia.

Benefit

 Compared to placebo letermovir significantly decreased clinically 
significant CMV infection (CMV disease or CMV viremia 
requiring pre-emptive therapy) in patients undergoing HSCT in 
two adequate and well controlled studies, a phase 3 trial and a 
dose-ranging phase 2b trial. Differences in CMV infection were 
primarily driven by viremia requiring pre-emptive therapy.  CMV 
end-organ disease was infrequent (<2%) and similar between 
treatment arms in the phase 3 trial 

 In the phase 3 trial, all-cause mortality at 24 weeks after transplant 
was lower in patients randomized to receive letermovir prophylaxis 
vs. those randomized to placebo. Mortality was not pre-specified as 
a primary or secondary endpoint; however, the difference was 
statistically significant (p <0.05). Differences in mortality rate 
could not be directly attributed to CMV infection/disease.

 Prophylaxis with letermovir reduces 
clinically significant CMV infection in 
HSCT and may reduce all-cause mortality. 
In the setting of timely PET, the incidence 
of CMV disease is low in the setting of pre-
emptive therapy whether letermovir 
prophylaxis is used or not. 

Risk

    Letermovir had an acceptable adverse event profile and was tolerated 
in clinical trials with few treatment discontinuations due to adverse 
events.  Potential common adverse reactions include nausea, 
vomiting, abdominal pain, cough, edema, diarrhea, headache and 
fatigue. These specific events occurred with somewhat greater 
frequency compared to placebo.

    Phase 3 trial P001 showed a potential cardiac safety signal for 
letermovir consisting of an increased occurrence of tachyarrhythmias 
including atrial fibrillation. Reported events were generally 
manageable and not a cause of treatment discontinuation. An 
ongoing phase 3 trial may help to further define this potential safety 
signal.

 Letermovir is has an acceptable adverse 
event profile and any potential risk is 
greatly outweighed by the benefits of 
suppressing CMV viremia, avoiding toxic 
pre-emptive therapy and potentially 
reducing all-cause mortality.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

Risk 
Management

 Labeling and additional postmarketing studies as described in this 
review will be sufficient to address risks and further clarify 
potential safety signals.

 Other than important labeling 
recommendations and standard 
postmarketing pharmacovigilance, no 
specific risk management plan is warranted.  
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2. Background  
Letermovir is a new molecular entity, not yet marketed in any country.  Compared to 
previously approved CMV antivirals, letermovir has a distinct mechanism of action that targets 
the CMV terminase complex. Merck has pursued development of letermovir for prophylaxis of 
CMV infection and CMV disease in immunocompromised patients. In these two original 
applications (for letermovir tablets and letermovir injection, respectively) Merck submitted 
data to support its use in CMV seropositive patients undergoing HSCT. Prevention of CMV 
disease in the HSCT population could include prophylaxis or pre-emptive therapy (PET), the 
latter being typically initiated when CMV viremia, as measured using PCR assays, exceeds a 
certain threshold.  With the currently approved CMV antivirals (i.e., ganciclovir, 
valganciclovir) PET is the usual preferred strategy to avoid the known adverse reaction of 
hematologic toxicity in a population in which bone marrow engraftment is critical. No drug is 
currently approved specifically for CMV prophylaxis in patients undergoing HSCT. A well 
tolerated CMV antiviral with a low risk of hematologic toxicity would be appropriate for a 
strategy of prophylaxis and would fulfill an unmet medical need in HSCT.

Letermovir has been granted fast track, orphan drug designation, and Breakthrough Therapy 
designation for the prophylaxis of CMV infection/disease.

The clinical efficacy and safety of letermovir is primarily supported by one phase 3 trial 
(P001) evaluating letermovir (tablets and intravenous solution) compared to placebo and one 
phase 2b dose-ranging trial (P020) that also included a placebo comparison.  The primary 
endpoints for both trials were similar and consisted of a composite endpoint that evaluated the 
occurrence of CMV viremia resulting in PET and the occurrence of CMV end organ disease.  
The endpoint was evaluated at 24 weeks (off prophylaxis) in the phase 3 trial and at 12 weeks 
(at the end of prophylaxis) in the Phase 2 trial. Both Merck and DAVP anticipated that the vast 
majority of prophylaxis failures with this endpoint would be due to CMV viremia/PET rather 
than end organ CMV disease; therefore, the composite endpoint was considered to be a 
surrogate endpoint.  At the end of phase 2 meeting, DAVP considered this composite surrogate 
endpoint appropriate for an accelerated approval but anticipated that the trial results would 
need further clinical confirmation on the drug’s ultimate effect on the occurrence of CMV end 
organ disease or another definitive clinical endpoint. The confirmation could be accomplished 
within the context of the phase 3 clinical trial in HSCT or a subsequent clinical trial in another 
population, specifically solid organ transplant.  Subsequent, to the end-of-phase 2 meeting and 
during the review of the letermovir applications, DAVP reviewed multiple publications that 
addressed associations between CMV viremia and clinical outcomes such as CMV end-organ 
disease and mortality.  Across a range of transplant populations (solid organ and HSCT) in 
prevention and treatment trials, CMV viremia was a correlate of disease risk and suppression 
of CMV viremia appeared to be a correlate of protection. Therefore, CMV viremia can be 
considered an established endpoint for predicting clinically relevant outcomes.

3. Product Quality
NDAs 209939, 209940 were recommended for approval from the Product Quality perspective 
by the review team headed by Dr. Stephen Miller. Please refer to the reviews by Dr. Yong 
Wang and Dr. Shrikant Pagay for additional details on product quality.
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There are no unresolved product quality issues precluding approval. All facilities inspections 
have been completed and the Office of Pharmaceutical Quality and Office of Compliance have 
determined these facilities to be acceptable.  

Letermovir is supplied as an immediate-release, film-coated tablet or as a liquid  
for injection.  Letermovir tablets come in two strengths: 240 mg and 480 mg.  The injectable 
letermovir formulation comes as a 20 mg/ml sterile  solution in a 240 
mg/vial or 480 mg/vial.  The lower strengths of both formulations are for use with 
cyclosporine, which increases drug exposures. 

Hydroxypropyl β-cyclodextrin is used  in the injectable formulation and 
the 240 mg and 480 mg letermovir doses contain 1800 mg and 3600 mg of hydroxypropyl β-
cyclodextrin, respectively. Hydroxypropyl β-cyclodextrin has been associated with 
nephrotoxicity in animal studies; however, the amount in the letermovir intravenous 480 mg 
does not exceed the amount contained in some other previously approved drugs.  It is 
anticipated that the intravenous formulation will only be used for a limited duration in patients 
unable to take oral medications. 

4. Nonclinical Pharmacology/Toxicology
The safety profile of letermovir has been evaluated in nonclinical studies including in vitro 
studies and studies in mice, rats, monkeys, and dogs. Refer to the Pharmacology/Toxicology 
Review by Dr. David McMillan for additional details. All safety pharmacology studies 
(cardiovascular, respiratory, neurological, renal, and gastrointestinal) and genotoxicity studies 
were negative. Carcinogenicity studies were not conducted given the duration of treatment of 
100 days for the proposed indication.

In summary, animal studies identified kidney, liver and the male reproductive system as 
potential target organs to be monitored and reviewed in clinical trials. Adverse kidney effects 
attributed to the vehicle, hydroxypropyl β-cyclodextrin, consisted of decreased kidney weight 
and minimal to moderate tubular vacuolation. These findings were also observed in all animals 
including controls in the IV rat studies. Adverse liver effects included minimal to moderate 
centrilobular fat deposition and hypertrophy, elevated bilirubin and alkaline phosphatase in the 
rat 4-week and 13-week repeat-dose toxicity studies (at doses 180 mg/kg/day, approximately 6 
times higher than the exposure observed in humans at the recommended human dose), but not 
in the 26-week study. 

Testicular toxicity was observed in rats in the 4-week and 13-week repeat-dose toxicity studies 
and the male fertility studies at a dose of 180 mg/kg/day. Partial recovery of testicular findings 
was observed after a 4-week treatment-free period following the 13-week repeat-dose toxicity 
study. However, testicular toxicity findings were irreversible in the male rat fertility study at 
exposures ≥ 3 times higher than the human exposure at the recommended human dose. In 
contrast, testicular toxicity findings were not observed in a 26-week repeat-dose toxicity study 
in rats with doses like those used in the 13-week study. In addition, no male reproductive 
system effects were observed in a 13-week repeat-dose study in mice or in a 13-week testicular 
toxicity study in male monkeys up to the highest doses tested. Given the inconsistent findings 
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of testicular toxicity observed in one species (rat), the relevance of these studies for human risk 
is not clear.

5. Clinical Pharmacology 
Approval is recommended from the Office of Clinical Pharmacology Review team (Mario 
Sampson, PharmD, Jeffrey Florian, PhD, Christian Grimstein, PhD, Jielin Sun, PhD, and Islam 
Yiounis, Ph.D.). 

This memo will focus on key issues of the clinical pharmacology review that pertain to the 
approval and labeling for letermovir. 

Metabolism is a minor elimination pathway for letermovir. Letermovir is primarily eliminated 
in feces as an unchanged parent drug. Urinary excretion is less than 2% of the dose. The mean 
terminal half-life of letermovir is approximately 12 hours after a 480-mg intravenous dose in 
in healthy adults. Steady-state levels are reached within 9-10 days.

Age, gender, and race: 
Neither age nor gender was found to be a significant covariate for drug exposure. The 
pharmacokinetics of letermovir have not been studied in pediatric patients (< 18 years of age).
With regards to race, an early pharmacokinetic study showed 1.5- to 2.5-fold increases in 
letermovir exposures among Japanese female subjects. However, results from a population 
pharmacokinetic substudy of the phase 3 trial showed that letermovir exposures among 
Japanese subjects were less than 50% higher than that of non-Asian patients. The clinical 
pharmacology team considered the exposure increases in Japanese subjects to be clinically 
insignificant.

Choice of Doses: Exposure-Efficacy Analyses

In the Phase 2b trial, P020, letermovir doses of 60 mg, 120 mg, and 240 mg daily were 
evaluated in HSCT recipients.  The doses were chosen based on earlier data from healthy 
subjects showing that 60 mg of letermovir would result in an unbound plasma concentration 
exceeding the EC90 (effective concentration at which virus replication is inhibited by 90 
percent) threshold for greater than 12 hours and that 120 mg and 240 mg of letermovir would 
result in unbound plasma concentration exceeding the EC90 throughout the dosing interval. 

In P020, all three doses were found to be associated with a decreased risk of CMV prophylaxis 
failure compared to placebo and the efficacy increased with ascending letermovir doses. The 
pharmacokinetic (PK) and pharmacodynamic (PD) data from P020 were used to choose the 
letermovir dose (480 mg, reduced to 240 mg daily if given with cyclosporine) for study in 
phase 3.  Specifically, it was determined that an area under the plasma concentration versus 
time curve at steady state (AUCss,τ) < 45,000 ng.h/mL was associated with an increased rate 
of CMV prophylaxis failure. Simulations from the population PK analysis indicated that an 
AUCss,τ  ≥ 45,000 ng.h/mL could be achieved in >90% of the population with a letermovir 
dose of 480 mg daily. A letermovir dose of 240 mg daily when given concomitantly with 
cyclosporine was predicted to result in drug exposures similar to 480 mg of letermovir alone.  
Although, AUC levels for 480 mg orally in the phase 3 trial P001 were lower than predicted 
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A renal impairment study using a 120-mg dose of letermovir showed that letermovir exposures 
(AUC) were 1.9 – and 1.4-fold higher in subjects with moderate and severe renal impairment 
compared to those in healthy subjects. Like the rationale for the hepatic impairment study, 
exposure changes observed prior to saturation (i.e., at a relatively lower dose) may represent 
the worst-case scenario; therefore, the clinical pharmacology team decided that the data from 
the renal impairment study could be used to inform labeling. The less than 2-fold increase in 
letermovir exposure in patients with moderate or severe renal impairment is not of concern 
considering that exposure-related adverse events were not identified in the phase 3 trial. Based 
on these data, the Applicant’s proposal that no dose adjustment is needed for patients with 
renal impairment was considered acceptable.

Drug-Drug Interactions (DDI)
The Applicant conducted multiple drug-drug interaction studies with other drugs that are likely 
to be co-administered in the indicated population. Product labeling displays results of these 
interaction studies and recommendations on how to manage or avoid interactions.  
Cyclosporine is frequently used in patients undergoing HSCT (almost 50% of the patients in 
the phase 3 study used concomitant cyclosporine). In a phase 1 drug-drug interaction study, 
cyclosporine increased the AUC of oral letermovir by 2-fold. Thus, the letermovir dose (oral 
or intravenous) was reduced from 480 mg to 240 mg when co-administered with cyclosporine 
in the phase 3 trial. The 240-mg dose of letermovir, for both the oral and intravenous 
formulation, is recommended for use with cyclosporine.  See the Clinical Pharmacology 
review for additional details.

6. Clinical Virology 
Please refer to the virology review by Takashi Komatsu Ph.D. and Dr. Anamaris Colberg 
Poley for a detailed assessment of the non-clinical and clinical virology data. 

Briefly, in the phase 3 clinical trial (P001) DNA sequence analysis was performed on samples 
from 28 letermovir-treated subjects who experienced prophylaxis failure and for whom 
samples were available for sequence analysis. Eight of the 28 subjects failed while on-
treatment, whereas 20 subjects failed after treatment discontinuation. Two of the 8 subjects 
with on-treatment failure were identified to have either a previously identified letermovir 
resistance substitution or one at a known resistance-associated position. Another subject who 
experienced on-treatment prophylaxis failure had a substitution at frequency less than 5% the 
clinical significance of which is unknown. None of the 20 subjects who failed off-treatment 
had known amino acid resistance substitutions. 

7. Clinical/Statistical-Efficacy
This section summarizes the results of the efficacy analyses conducted by the review team. 
This section will primarily focus on the phase 3 pivotal trial (P001). Please refer to the Clinical 
Review by Dr. Aimee Hodowanec, the Virology Review by Dr. Takashi Komatsu, and the 
Statistical Review by Dr. Fraser Smith for complete details. Also, refer to the Cross-Discipline 
Team Leader Review prepared by Dr. Andreas Pikis. The independent analyses by FDA 
reviewers confirmed the Applicant’s primary and secondary efficacy findings.
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Trial P001
Trial P001 was a phase 3, randomized, placebo-controlled, multi-center, double-blinded trial 
of letermovir for the prevention of clinically significant CMV infection in adult CMV-
seropositive allogeneic HSCT recipients. Subjects were randomized in a 2:1 ratio to receive 
either letermovir or placebo. Study drugs were initiated at any time from the day of 
transplantation until 28 days after transplantation and continued through week 14 (~100 days) 
post-transplant. Subjects were then followed off prophylactic therapy. Both oral (tablet) and 
intravenous (IV) formulations of letermovir (and placebo) were available for study therapy. 
For subjects who couldn’t swallow and/or had a condition that interfered with the absorption 
of the oral formulation, the IV formulation was used. The dose of letermovir was either 240 
mg once daily for subjects receiving concomitant cyclosporine, or 480 mg once daily, for 
subjects not receiving cyclosporine.  

The primary efficacy endpoint of the trial was the proportion of subjects with clinically 
significant CMV infection through Week 24 (~6 months) post-transplantation, defined as the 
occurrence of either:  1) onset of CMV end-organ disease, or 2) initiation of anti-CMV 
preemptive therapy based on documented CMV viremia (as measured by a central laboratory) 
and the clinical condition of the subject. The viral load thresholds for initiation of preemptive 
treatment considered whether a subject was high or low risk for reactivation of CMV disease 
(as defined in the protocol).
 
Viral Thresholds
During the study treatment through Week 14 post-transplantation:
• High risk: viral DNA ≥ 150 copies/mL
• Low risk: viral DNA > 300 copies/mL 

After Week 14 post-transplantation:
• High risk: viral DNA ≥ 300 copies/mL
• Low risk: viral DNA > 300 copies/mL

Demographic characteristics were balanced between the treatment arms. Mean age was 51 
years in both groups. About 40% of the subjects were female and more than 80% were white. 
Approximately 50% of the subjects in both treatment arms were enrolled in Europe and 
approximately 40% in North America. There was a low representation of Blacks (2% in each 
arm) and Hispanics (8% in the letermovir arm and 5% in the placebo arm).

Efficacy results
The primary efficacy results are displayed in Table 2. Clinically significant CMV infection 
was observed in 18% of subjects in the letermovir arm and 42% of subjects in the placebo arm. 
Most subjects who experienced clinically significant CMV infection had CMV viremia leading 
to PET; CMV end-organ disease was very low in both arms (2% in each arm). This was not 
unexpected given close CMV monitoring and initiation of PET after detection of CMV 
viremia.
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Table 2. Primary efficacy analysis: Clinically significant CMV infection through 
Week 24 post-transplantation

Efficacy parameter Letermovir
N=325

Placebo
N=170

p-value

Overall failures 122 (38%) 103 (61%) -23.5 (-32.5, -14.6)
             p<0.001

Clinically significant CMV
infection by Week 24
     Initiation of PET
    CMV end-organ disease

57 (18%)

52 (16%)
5 (2%)

71 (42%)

68 (40%)
           3 (2%)

             
p<0.001

Discontinued from study 57 (18%) 28 (16%)
Missing outcome 8 (4%) 4 (2%)

Figure 1 shows the applicant’s analysis of the time to onset of clinically significant CMV 
infection.  The difference between treatment arms is substantial; however, the figure also shows an 
uptick in the onset of clinically significant CMV infection that occurred in approximately 10% of 
patients a few weeks after letermovir prophylaxis was stopped.  This finding is not surprising, but 
prompts the question of whether a longer duration of prophylaxis with letermovir could be more 
beneficial for all or a subset of patients. (See section 13. Post-marketing of this review.).

Figure 1. Kaplan-Meier Plot of Time to Onset of Clinically Significant CMV Infection
Through Week 24
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Subgroup analyses showed that the treatment effect was generally preserved and robust across 
a range of baseline characteristics.

Mortality: 
Mortality was an exploratory endpoint for this trial; however, differences in mortality rates are 
generally scrutinized from both an efficacy and safety perspective in clinical investigations 
supporting a drug approval. The Kaplan-Meier event rate for all-cause mortality was lower for 
the letermovir arm (12%) compared to the placebo arm (17%) through Week 24 (two-sided p-
value = 0.04). A numerical difference (not statistically significant) for all-cause mortality 
persisted through Week 48 post-transplantation (24% in the letermovir arm versus 28% in the 
placebo arm). However, the difference in all-cause mortality through Week 48 was not 
statistically significant (two-sided p value = 0.21).  Prior to study conduct, it was not 
anticipated that this study would be sufficiently powered to detect a statistically significant 
difference in mortality; it is possible that this finding is a chance occurrence.  In addition, it 
was not possible to attribute the deaths directly to CMV in either arm and the occurrence of 
definitive end-organ disease was infrequent and similar in both treatment arms.  However, as 
stated in Dr. Pikis’s review, an all-cause mortality benefit associated with suppression of CMV 
viremia is in line with a recent publication suggesting that CMV viremia is associated with an 
increased risk of overall mortality in the first year after HSCT (Green ML et al. Lancet 
Haematol 2016:e119-127).  The review team concludes that the probability is high that the 
mortality benefit observed with letermovir is a real effect.  This trial offers evidence in a 
randomized controlled trial that aggressively preventing CMV viremia can result in substantial 
clinical benefit. Additional data from randomized controlled trials showing correlations 
between CMV suppression and mortality would help to further strengthen the use of CMV 
viremia as an endpoint.

Trial P020

This was a Phase 2, randomized, double-blind, placebo-controlled, dose-ranging study in adult 
CMV-seropositive subjects who underwent HSCT, similar to the patient population in P001. 
Subjects were randomized to receive letermovir or placebo in a 3:1 ratio to three sequential 
study cohorts (60 mg, 120 mg, or 240 mg) or placebo administered orally once daily for 12 
weeks.  All the doses used in this trial were lower than those used in P001 (except when 
letermovir was given with cyclosporine in P001).

Table 3 shows the efficacy results for P020. The primary efficacy endpoint of the trial was 
“CMV prophylaxis failed” within the 12-week treatment period and was similar to the 
endpoint of clinically significant CMV disease evaluated in P001.  Unlike P001, the primary 
endpoint was assessed at the end of the prophylaxis period and not at a time point after 
discontinuation of prophylaxis.  All the doses showed a reduction in CMV prophylaxis 
failures, all but the low dose comparison to placebo were statistically significant.  
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Table 3.  P002 Efficacy Results

Letermovir dose groupEfficacy parameter Placebo
N=33 60 mg QD

N=33
120 mg QD

N=31
240 mg QD

N=34
Failed, n (%)

Yes (All Cause)
   CMV prophylaxis failed
   Other discontinuations

Odds ratio for failure with letermovir 
vs. placebo (95% CI)

P value (all cause failure with 
letermovir vs. placebo)

21 (63.6)
12 (36.4)
9 (27.3)

16 (48.5)
7 (21.2) 
9 (27.3) 

0.54
(0.18-1.60)

0.32

10 (32.3)
6 (19.4)
4 (12.9)

0.27
(0.08-0.86)

0.01

10 (29.4)
2 (5.9)
8 (23.5)

0.24
(0.08-0.74)

0.007

8. Safety

The safety database (primarily from trials P020 and P001) was adequate to assess safety for 
the proposed indications and recommended dosage regimens. Throughout the development 
program a total of 391 subjects received letermovir at the dose and duration proposed for 
labeling (480 mg or 240 mg with CsA). 

The safety database for IV letermovir comes primarily from Trial P001 in which 99 subjects 
received one or more dose of IV letermovir.  The maximum duration of exposure was 47 days 
and the mean duration was nearly 14 days.  The number of subjects exposed to IV letermovir 
is low and the duration of exposure was short.  Therefore, a recommendation to limit the use of 
IV letermovir to instances when oral therapy is not tolerated will be included in labeling.  

Refer to Dr. Hodowanec’s excellent review for a detailed description of how safety signals 
were identified, evaluated, and determined to be significant or relevant for including in product 
labeling. In brief, P001 was the primary focus for safety evaluations given the small number of 
subjects and the use of lower letermovir doses in the phase 2b trial P020. As summarized in 
Dr. Hodowanec’s review, the following adverse events all occurred in a greater proportion (≥ 
2% higher) of subjects receiving letermovir compared to placebo in Trial P001:  

Specific Adverse Event Terms
• Nausea 
• Diarrhea 
• Vomiting
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• Peripheral edema 
• Cough 
• Headache 
• Fatigue 
• Abdominal pain 
Laboratory Events 
• Thrombocytopenia (specifically Grade 4) without associated serious bleeding events 
• Anemia 
• Creatinine increases without an associated increase in renal AEs 
System Organ Class
• Cardiac disorders system organ class
• Ear and labyrinth system organ class- predominantly vertigo and ear pain/discomfort 
• Infection and infestation system organ class-excluding CMV-related events

With respect to the specific adverse event terms listed above, the frequency of these events 
was only modestly (range 2-5%) increased relative to placebo. It is possible that these 
represent true adverse drug reactions but the differences could also represent chance findings.  
Most of these events were mild and infrequently resulted in discontinuation of study treatment.

With respect to the laboratory events listed above, subjects receiving letermovir vs. placebo 
had a modestly higher frequency of creatinine elevations (all grades: 60% vs 54%), 
thrombocytopenia (grade 4: 13% vs 10%), and anemia (all grades: 40% vs 32%).  However, 
the median duration of therapy was longer for subjects in the letermovir arm (82 days) than for 
subjects receiving placebo (56 days).  Because treatment-emergent events and laboratory 
abnormalities were defined as those occurring within 2 weeks of completion therapy, this 
translates into a 22% longer duration of follow-up in the letermovir arm compared to placebo. 
When exposure-adjusted analyses were performed for laboratory abnormalities, treatment arms 
were similar.  In addition, laboratory abnormalities did not appear to be associated with an 
excess of clinical adverse reactions (e.g., bleeding events for thrombocytopenia or renal failure 
with creatinine elevations.)

With respect to system organ class adverse events, differences in treatment arms narrowed 
when correcting for follow-up time except for cardiac disorders. Therefore, this potential 
signal was explored in detail, including consultation with FDA cardiologists.  In summary, 
most the excess reported cardiac events were mild to moderate tachyarrhythmias. There were a 
few serious and fatal heart failure events reported, but these events were evenly distributed 
across the arms.  Overall, death due to cardiovascular events was very uncommon in both 
arms. Many of the cardiovascular adverse events in trial P001 were confounded by the use of 
other cardiotoxic medications and pre-existing cardiac conditions. Taking all this information 
into account, the review team concluded that a drug-effect leading to cardiac events, 
specifically tachyarrhythmias cannot be excluded.  Therefore, a description of the reported 
cardiac events will be included in the letermovir label.  An ongoing phase 3 trial in solid organ 
transplant recipients receiving letermovir prophylaxis should help to further clarify drug 
causality with respect to cardiac disorders, specifically tachyarrhythmias. 
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Adverse Reactions: Clinical Trials Experience
• Only safety data from Trial P001 will be presented.
• Adverse events occurring more often in the letermovir arm than the placebo arm will be 

included in the label as adverse reactions (ARs).  Common ARs to be included are: nausea, 
diarrhea, vomiting, peripheral edema, cough, headache, fatigue, and abdominal pain.

• The higher rate of cardiac events will be described.

13. Post-marketing

This product does not require a REMS because potential safety issues that were identified can 
be satisfactorily addressed in the prescribing information as discussed previously.

Post-marketing Requirements (PMRs) and Post-marketing Commitments (PMCs)

PMRs

1) Phenotypic analysis of the following CMV mutants using bacterial artificial chromosome 
technology: pUL56: M3V, E237G, C325W, E485G, E485G + SNS445-447 deletion, 
S255L, Y575C, and R816W pUL89: I531T.

PMCs
2) A randomized, double-blind, placebo-controlled trial in cytomegalovirus (CMV) 

seropositive recipients of an allogeneic HSCT to evaluate the occurrence of late clinically 
significant CMV infection when letermovir prophylaxis is extended from 100 to 200 days.

3) A phase 3, randomized, double-blind, trial to evaluate the efficacy and safety of letermovir 
vs. valganciclovir for the prevention of CMV disease in adult kidney transplant recipients.

4) An in vitro study to determine if letermovir is an inducer of cytochrome P450 enzymes 
CYP2C8, CYP2C9, or CYP2C19.
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