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ABSTRACT

Amenamevir is a potent helicase–primase inhibitor and a novel class of antiviral agent other than nucleoside com-

pounds, such as aciclovir, valaciclovir and famciclovir. This study is the first randomized, double-blind, valaci-

clovir-controlled phase 3 study to evaluate the efficacy and safety of amenamevir in Japanese patients with

herpes zoster when treated within 72 h after onset of rash. A total of 751 patients were randomly assigned to

receive either amenamevir 400 mg or 200 mg p.o. once daily or valaciclovir 1000 mg three times daily (daily dose,

3000 mg) for 7 days. The primary efficacy end-point was the proportion of cessation of new lesion formation by

day 4 (“day 4 cessation proportion”). The day 4 cessation proportions for amenamevir 400 and 200 mg and valaci-

clovir were 81.1% (197/243), 69.6% (172/247) and 75.1% (184/245), respectively. Non-inferiority of amenamevir

400 mg to valaciclovir was confirmed by a closed testing procedure. Days to cessation of new lesion formation,

complete crusting, healing, pain resolution and virus disappearance were evaluated as secondary end-points. No

significant differences were observed in any of the treatment groups. Amenamevir 400 and 200 mg were well tol-

erated as well as valaciclovir. The proportions of patients who experienced drug-related adverse events were

10.0% (25/249), 10.7% (27/252) and 12.0% (30/249) with amenamevir 400 and 200 mg and valaciclovir, respectively.

In conclusion, amenamevir 400 mg appears to be effective and well tolerated for treatment of herpes zoster in

immunocompetent Japanese patients.

Key words: amenamevir, helicase–primase inhibitor, herpes zoster, randomized controlled trial,

valaciclovir.

INTRODUCTION

Herpes zoster is a painful rash caused by reactivation of latent

varicella zoster virus (VZV) in spinal and cranial nerve ganglia.

This reactivation occurs when immunity to VZV declines

because of aging or immunosuppression.1–3 Typical clinical

symptoms are pain and burning, followed by a rash, which

usually crops vesicles on an erythematous base. The rash

turns into clusters of blisters, which fill with fluid and then crust

over. New lesion formation usually stops within 3–7 days.

However, one of the most common and debilitating sequelae

of herpes zoster is postherpetic neuralgia (PHN), defined as

pain persisting more than 3 months after onset of symptom.4

Herpes zoster is estimated to occur at lifetime risk levels of

approximately 30% in the general population and more than

50% in those of more than 85 years of age.5,6 In Japan, herpes

zoster is one of the 20 most common dermatological disorders

among 85 categories.7 The incidences of herpes zoster and

PHN in Japanese adults increase with age, and the rates are

10.9 and 2.1 per 1000 person-years in those aged 50 years or

older, respectively.8

The mainstay antiviral therapy for VZV infections over the

past several decades is synthetic nucleoside compounds, such

as aciclovir (ACV) and penciclovir, and their corresponding pro-

drugs valaciclovir and famciclovir.2,9 These compounds require

phosphorylation by a herpes virus-specified thymidine kinase

(TK) and then by host cellular kinases to form biologically

active nucleotide triphosphates, which selectively inhibit viral
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DNA polymerase and terminate the growing viral DNA chain.10

A mutation in the TK gene is the main cause of resistance to

these anti-herpes nucleoside analogs.11,12 Although ACV-resis-

tant VZV is considered much less common than ACV-resistant

herpes simplex virus (HSV),13,14 treating immunosuppressed

patients, mainly those who have received prolonged ACV ther-

apy, is an emerging concern.15 Therefore, there remains a clear

medical need to develop novel antiviral agents with an alterna-

tive mechanism of action. Much attention has been paid to

inhibitors of helicase–primase as a target of antiviral agents.16–

18 The herpes virus helicase–primase, one of the essential pro-

teins for virus replication, is a heterotrimeric protein complex

that possesses multiple enzymatic activities, including DNA

helicase, ssDNA-dependent ATPase and primase, all of which

are essential for viral DNA replication and growth.19,20

Amenamevir is an oxadiazolephenyl compound and a novel

and potent inhibitor of helicase–primase. Amenamevir has

in vitro antiviral activities against VZV, HSV-1 and HSV-2 that

are more potent than those of ACV.21 A randomized, double-

blind, valaciclovir-controlled, dose range-finding study demon-

strated that amenamevir 200 and 400 mg were effective and

well tolerated for the treatment of herpes zoster in immuno-

competent Japanese patients (data not shown). The objective

of this study was to compare the efficacy and safety of these

two different doses of amenamevir with valaciclovir in patients

with herpes zoster.

METHODS

Study design
This was a multicenter, randomized, double-blind, three-arm,

parallel-group, phase 3 study in patients with herpes zoster.

The study was conducted at 106 sites in Japan from Septem-

ber 2013 to July 2015.

The study protocol and the informed consent form were

approved by the institutional review board at each participating

study site. All patients gave written informed consent before

initiation of any study-specific procedures. The study was con-

ducted in accordance with the ethical principles originating in

or derived from the Declaration of Helsinki, International Con-

ference on Harmonisation Good Clinical Practice Guidelines,

and locally applicable laws and regulations. The study was

designed and conducted by the sponsor (Maruho Co., Ltd,

Kyoto, Japan) in collaboration with the principal investigators.

The sponsor monitored study conduct, collected the data and

performed the statistical analyses. This study is registered with

www. clinicaltrials.gov (NCT01959841).

Patients and treatment
All enrolled patients were men or non-pregnant women

between 20 and 80 years of age, who were clinically diag-

nosed with localized herpes zoster presenting within 72 h after

rash onset. The main exclusion criteria were patients not

expected to derive a full therapeutic effect of oral antiviral

agents, autoimmune disease, compromised immune function

due to underlying diseases, treatment with immunosuppressive

agents or radiotherapy, concurrent malignant tumors or a

history of malignant tumors within the past 5 years, use of

other antiviral agents or immunoglobulin (Ig) preparations within

14 days of informed consent, crusting of the main herpes zos-

ter lesions, other cutaneous lesions present at the same site as

the herpes zoster lesions, history of herpes zoster, inoculation

with a varicella vaccine in the past 20 years or enrolled in a

clinical trial for a herpes zoster vaccine.

The participants were randomly assigned in a 1:1:1 ratio to

one of the following three treatment groups by computer-gen-

erated randomization with sequencing in blocks of six: ame-

namevir (200 mg or 400 mg once daily for 7 days) or

valaciclovir (1000 mg three times daily for seven 7 days). Ran-

domization was stratified according to age (<65 and

≥65 years). The assigned study drug was administrated p.o. in

the fed state. Blinding was carried out using double-dummy

method. Compliance was assessed by patient diaries, patient

interviews and tablet counting at every patient’s visit. After the

first administration of the study drug on day 1, participants

were scheduled to visit on day 2 or day 3, day 4, day 5 or day

6, day 8, day 11, day 15, day 22, day 29, day 57 and day 92

(total of 11 visits).

Study assessments
The study schedule is shown in Figure S1. The primary efficacy

end-point was the proportion of cessation of new lesion forma-

tion by day 4 (“day 4 cessation proportion”). Secondary

end-points related to other cutaneous lesions were days to

cessation of new lesion formation, complete crusting and heal-

ing. Other secondary efficacy end-points were days to resolu-

tion of pain and cessation of viral shedding.

At each visit up to day 29 or the time of discontinuation, the

same investigators, if possible, assessed the cutaneous lesions

including the number of rashes (erythemas/papulae and vesi-

cle/pustules), widespread eruption, erosion/ulcer formation,

new rash formation, crusting, complete crusting and healing.

Pain was assessed on an 11-point self-report numerical rat-

ing scale, which was completed up to day 92 or the time of

discontinuation. Days to pain resolution were the number of

days until pain was judged to have been relieved (the first day

of a period during which the pain score remained ≤2 from the

last observation). In this study, PHN was defined as pain local-

ized at a previous herpetic lesion on day 92 after starting the

study treatment.

Immunoglobulin G- and M-class antibody titers for VZV were

screened by enzyme immunoassay using serum obtained on

day 1 before the start of treatment. Virus was identified by poly-

merase chain reaction (PCR) using samples obtained from the

cutaneous lesions on day 1 before start of treatment. A shell

vial assay was performed to confirm the disease and cessation

of viral shedding, if an adequate rash (e.g. vesicles, pustules)

was available on day 1 before the start of treatment and any

visit from day 2 to day 29. The day of cessation of viral shed-

ding was defined as the first day on which disappearance of

VZV was confirmed and subsequent days were negative up to

the last day of testing. VZV isolates successfully obtained at

any visit from day 1 to day 29 were used to test the sensitivities

to amenamevir and ACV using a plaque reduction assay. The
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half-maximal (50%) effective concentration (EC50) against the

virus was calculated.

Safety was assessed according to the incidence and severity

of adverse events (AE), clinical laboratory (hematology, bio-

chemistry and urinalysis), vital signs and electrocardiogram for

all participants who received one or more doses of the study

drug (safety analysis set, SAS).

Statistical analyses
Sample size was established based on the expected day 4

cessation proportion. We expected 88% of patients in the

amenamevir 400 mg and valaciclovir groups to stop forming

lesions on day 4 based on a phase 2 study (data not

shown). The limit of non-inferiority was set to 10%. To show

non-inferiority of amenamevir to valaciclovir under these con-

ditions, with a one-sided alpha level of 0.025 and 90%

power, each treatment group should consist of 240 partici-

pants. Therefore, this study planned for enrolment of 250

patients/group (total of 750 patients) taking into account

patient dropout.

The efficacy was analyzed in the full analysis set (FAS) as

primary and the per protocol set (PPS) as secondary based on

the originally assigned arms. The FAS was defined as patients

who were diagnosed with herpes zoster at the time of case

registration, who subsequently received the study drugs, and

had any efficacy variable measured. The PPS was defined as

the subset of patients in the FAS who met the inclusion criteria,

did not meet the exclusion criteria that affected efficacy

assessment, did not receive prohibited concomitant drugs/

therapies during the period between randomization and day 4

after start of treatment, and who took more than five of the

scheduled study drug administrations by day 4 after starting

treatment.

The non-inferiority of each amenamevir dose level versus

valaciclovir was assessed stepwise using a closed testing pro-

cedure. The 95% confidence interval (CI) for the difference

between treatment groups regarding the day 4 cessation pro-

portion was calculated using the Mantel–Haenszel method,

adjusted by age (<65 and ≥65 years) and time from the onset

of rash to the start of treatment (≤24 h, >24 to ≤48 h and >48

to ≤72 h).

The difference in the day 4 cessation proportion between

the amenamevir doses and the valaciclovir group was calcu-

lated according to the Farrington–Manning test extended to

the Mantel–Haenszel type adjustment,22,23 wherein the non-

inferiority margin was set at 10%. If the one-sided P-value was

less than 0.025 between the amenamevir 400 mg group and

the valaciclovir group, non-inferiority of amenamevir 400 mg to

valaciclovir was assumed. The analysis was performed in the

amenamevir 200 mg group only when non-inferiority of the

amenamevir 400 mg to valaciclovir groups was assumed. Simi-

lar analyses were performed on the FAS without adjusting for

stratified factors and on the PPS to assess stability of the effi-

cacy conclusion. The secondary end-points were days to ces-

sation of new lesion formation, complete crusting, healing,

resolution of pain and cessation of viral shedding. The Kaplan–

Meier method was used to estimate these time-to-events.

Median number of days and the hazard ratio (HR) between the

amenamevir groups and the valaciclovir group, and the two-

sided 95% CI were obtained using the stratified Cox propor-

tional hazards regression analysis. AE were coded using the

Medical Dictionary for Regulatory Activities Japanese Edition

version 16.0. All analyses were performed using SAS version

9.3 software (SAS Institute, Cary, NC, USA).

RESULTS

Patient disposition and baseline characteristics
A total of 751 patients were randomized, and 750 received one

or more doses of the study drug (SAS population). The num-

bers of participants who completed the study drug administra-

tion in the amenamevir 400 and 200 mg and valaciclovir

groups were 220, 224 and 226, and the numbers who com-

pleted the study were 193, 209 and 206, respectively (Fig. 1).

Among the 143 participants who discontinued the study after

randomization, major reasons for withdrawal were low platelet

count below the lower limit of normal on day 1 (n = 26) or day

4 (n = 11), use of prohibited/restricted concomitant drug/thera-

pies (n = 33, 23.1%), violation of inclusion/exclusion criteria

(n = 22, 15.4%), withdrawal of consent (n = 19, 13.3%) and

deviation on a laboratory test defined in the protocol, except

platelet count (n = 14, 9.8%). The FAS consisted of 735 partici-

pants (amenamevir 400 mg group, n = 243; amenamevir

200 mg group, n = 247; and valaciclovir group, n = 245). The

reasons for not including the FAS were patients in whom HSV-

1 was detected instead of VZV by virus identification test

(n = 14), did not take any dose of the study drug after random-

ization (n = 1) and no efficacy assessment data after study

drug administration (n = 1). The PPS consisted of 719 partici-

pants after excluding those who received prohibited concomi-

tant drugs/therapies during the period between randomization

and day 4 of study treatment (n = 3) or those from the FAS

with lack of adherence to the study drug (n = 13). The reasons

for excluding participants from the FAS and PPS are summa-

rized in Table S1.

Baseline patient characteristics in the FAS population were

similar across treatment groups (Table 1). More women than

men were enrolled in the study. No differences were observed

in any of the other baseline characteristics. The mean ages of

the amenamevir 400 and 200 mg and valaciclovir groups were

53.0, 52.0 and 52.2 years, respectively. Approximately 28.4%,

27.9% and 27.3% participants were aged 65 years or older in

each group, respectively. IgM and/or IgG antibody titers

against VZV were positive or equivocal in 99.7% of participants

before treatment. VZV was detected in 79.0% of the ame-

namevir 400 mg group, 81.8% of the 200 mg group and

81.2% of the valaciclovir group by PCR and/or shell vial assay.

A total of 312 (41.5%) of VZV isolates were obtained by virus

isolation and culture: 107 from the amenamevir 400 mg group,

109 from the amenamevir 200 mg group and 96 from the

valaciclovir group. A total of 142 (7.4%) in the FAS population

did not take a virological test or the virological test was nega-

tive. The proportions of participants who took 10–12 doses

during the first 4 days from treatment initiation in the
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amenamevir 400 and 200 mg and valaciclovir groups were

92.2%, 91.1% and 95.1%, respectively.

Efficacy
The day 4 cessation proportions in the amenamevir 400,

200 mg and valaciclovir groups were 81.1%, 69.6% and

75.1%, respectively (Table 2). The 95% CI of the estimated dif-

ference in the day 4 cessation proportion between the ame-

namevir 400 mg and valaciclovir groups was 7.1% (�0.2% to

14.4%). The P-value was less than 0.0001, indicating non-infer-

iority of amenamevir 400 mg to valaciclovir. On the other hand,

non-inferiority of amenamevir 200 mg to valaciclovir was not

detected (P = 0.0688). The 95% CI of the estimated difference

in the proportion of the day 4 cessation proportions between

the amenamevir 400 and 200 mg groups was 11.8% (4.4–

19.1%), and the difference was significant. Sensitivity analyses

of the primary end-points were performed in the FAS popula-

tion without adjusting for stratified factors and in the PPS pop-

ulation, and similar results were obtained (Table S2).

A summary of the secondary end-points is shown in

Table 3. The median days to cessation of new lesion formation

were 4 days in all groups (Fig. 2). The hazard ratios (HR; 95%

CI) for the number of days to cessation of new lesion formation

in the amenamevir 400 and 200 mg and valaciclovir groups

were 1.06 (0.88–1.28) and 0.92 (0.76–1.11), respectively. The

median days to complete crusting were 9 days in the ame-

namevir 400 mg group, and 8 days in the amenamevir 200 mg

and valaciclovir groups. The HR (95% CI) for the days to com-

plete crusting in the amenamevir 400 and 200 mg and valaci-

clovir groups were 0.99 (0.82–1.20) and 1.08 (0.89–1.30),

respectively. In all groups, the median days to healing was

11 days with the HR of 1.02 (0.84–1.23) for 400 mg and 0.99

(0.82–1.20) for 200 mg amenamevir and valaciclovir. The med-

ian days to pain resolution were 10 days in the amenamevir

400 mg and valaciclovir groups, and 9 days in the amenamevir

200 mg group. The HR (95% CI) of days to pain resolution in

the amenamevir 400 and 200 mg and valaciclovir groups were

1.07 (0.87–1.30) and 1.05 (0.86–1.29), respectively. The median

days to virus disappearance was analyzed in patients who

reached virus-negative status according to the virus isolation

and culture assay or whose samples were not available

because of complete crusting or healing, resulting in a median

of 5 days in the amenamevir 400 mg group, and 4 days in the

amenamevir 200 mg and valaciclovir groups. The HR (95% CI)

of days to virus disappearance in the amenamevir 400 and

200 mg and valaciclovir groups were 0.92 (0.69–1.23) and 1.14

(0.85–1.52), respectively. The median days to virus disappear-

ance in only the patients who reached virus-negative status

according to the virus isolation and culture assay were 4 days

in all groups (data not shown). The HR (95% CI) of days to

virus disappearance for these patients in amenamevir 400 and

200 mg and valaciclovir groups were 0.99 (0.73–1.34) and 0.77

(0.56–1.04), respectively. No significant differences in these

secondary end-points were observed between the treatment

groups in an overall stratified Cox proportional hazards regres-

sion analysis. The number of rashes decreased time depen-

dently. The incidence rates of PHN in the amenamevir 400 and

200 mg and valaciclovir groups on day 91 were 1.0% (2/193),

1.9% (4/209) and 1.0% (2/206), respectively. Among the VZV

isolates, 46 samples were used for the susceptibility assay.

The mean EC50 � standard deviation of amenamevir and ACV

were 0.28 � 0.11 lmol/L (range, 0.08–0.49) and 1.61 � 0.

47 lmol/L (range, 0.78–2.80), respectively.

Subset analyses were performed for age (<65 and

≥65 years), time from onset of rash to first dose (≤24, >24 to

≤48 h, and >48 to ≤72 h) and sex (male and female) (Table S3).

The day 4 cessation proportions in subjects aged less than

65 years in the amenamevir 400 and 200 mg and valaciclovir

groups were 86.2%, 74.2% and 75.8%, respectively. Those in

the subjects aged 65 years or older were 68.1% in the ame-

namevir 400 mg, 58.0% in the 200 mg group and 73.1% in the

valaciclovir group. The day 4 cessation proportions of treat-

ment ≤24 h, >24 to ≤48 h, and >48 to ≤72 h from onset of rash

in the amenamevir 400 mg group were 75.0%, 82.7%, and

83.1%, respectively. Those were 50.9%, 72.8%, and 76.5% in

the amenamevir 200 mg, and 53.3%, 75.8%, and 83.5% in the

valaciclovir group, respectively. The day 4 cessation propor-

tions in males and females were 79.8% and 81.9% in the ame-

namevir 400 mg group, 77.9% and 62.7% in the amenamevir

200 mg group, and 80.8% and 71.2% in the valaciclovir group,

Randomized
n = 751

Completed
n = 193

Completed
n = 209

Completed
n = 206

Discontinued: n = 57
Protocol violation: 44
Consent withdrawal: 7
Adverse events: 3
Lost to follow up: 1
Investigator's decision: 2

Discontinued: n = 43
Protocol violation: 29
Consent withdrawal: 7
Adverse events: 1
Lack of efficacy: 5
Lost to follow up: 1

Discontinued: n = 43
Protocol violation: 33
Consent withdrawal: 5
Participant safety concern: 1
Adverse events: 2
Investigator's decision: 2

Amenamevir 400 mg
n = 250

Amenamevir 200 mg
n = 252

Valaciclovir 3000 mg
n = 249

Figure 1. Patient disposition.
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respectively. Among the subjects aged less than 65 years, the

4-day cessation proportions of treatment for 24 h or less, more

than 24 to 48 h or less, and more than 48 to 72 h or less from

onset of rash in the amenamevir 400 mg group were 82.1%,

84.5% and 90.6%, respectively. Among the subjects aged

65 years or older, the day 4 cessation proportions from treat-

ment of 24 h or less, more than 24 to 48 h or less, and more

than 48 to 72 h or less from onset of rash were 58.8%, 77.8%

and 64.0% in the amenamevir 400 mg group, and 35.7%,

66.7% and 61.3% in the amenamevir 200 mg group, respec-

tively. The day 4 cessation proportions of treatment for 24 h or

less, more than 24 to 48 h or less, and more than 48 to 72 h

or less from onset of rash in the valaciclovir group were

64.7%, 71.4% and 79.3%, respectively.

Safety
Adverse events were coded using the Medical Dictionary for

Regulatory Activities. The overall incidence of any AE was simi-

lar among the treatment groups (range, 45.4–46.6%). The pro-

portions of patients who experienced drug-related AE were

10.0% (25/249), 10.7% (27/252) and 12.0% (30/249) in the

amenamevir 400 mg, 200 mg and valaciclovir groups, respec-

tively. AE with a frequency of 2% or more in any group were

nasopharyngitis, beta-N-acetyl-D-glucosaminidase increased,

fibrin degradation products increased, alpha-1-microglobulin

increased stomatitis, protein urine present, dermatitis contact,

glucose urine present, eczema, diarrhea, headache and folli-

culitis (Table 4). Drug-related AE with a frequency of 2% or

more were increased fibrin degradation products in 2.0% (5/

249) of the amenamevir 400 mg group and 2.4% (6/249) of the

valaciclovir group, and increased a1-microglobulin in 2.4% (6/

252) of the amenamevir 200 mg group. Most AE were mild in

intensity, and no severe AE were observed of the drug-related

AE (Table S4). No death was reported in this study. Six serious

AE (SAE) were reported in five patients; one patient (infectious

mononucleosis) in the amenamevir 400 mg group, one patient

(angina pectoris) in the amenamevir 200 mg group and three

participants (loss of consciousness, embolic cerebral infarction,

lung neoplasm malignant and tendon rupture) in the valaciclovir

group. None of the SAE were considered related to the study

Table 1. Demographics and clinical characteristics of participants at baseline (FAS)

Variable Amenamevir 400 mg Amenamevir 200 mg Valaciclovir 3000 mg

No. of patients 243 247 245

Sex

Male 99 (40.7) 113 (45.7) 99 (40.4)
Female 144 (59.3) 134 (54.3) 146 (59.6)

Age (years)

<65 174 (71.6) 178 (72.1) 178 (72.7)

≥65 69 (28.4) 69 (27.9) 67 (27.3)
Mean (SD) 53.0 (16.2) 52.0 (16.3) 52.2 (15.8)

Minimum, median, maximum 20, 55, 78 20, 56, 78 20, 54, 79

Height (cm)

Mean (SD) 161.53 (9.31) 162.15 (9.18) 161.08 (9.01)
Minimum, median, maximum 140.0, 161.0, 190.0 140.0, 161.7, 188.0 136.0, 161.0,184.0

Weight (kg)

Mean (SD) 58.86 (11.79) 59.88 (11.47) 58.82 (12.39)

Minimum, median, maximum 28.0, 57.0, 100.0 37.0, 58.3, 103.0 36.5, 57.0, 116.8
Time from onset of rash to the first dose

≤24 h 56 (23.0) 53 (21.5) 45 (18.4)

>24 h to ≤48 h 98 (40.3) 92 (37.2) 91 (37.1)
>48 h to ≤72 h 89 (36.6) 102 (41.3) 109 (44.5)

No. of rashes on day 1

Mean (SD) 85.5 (115.5) 88.0 (145.6) 107.3 (183.0)

Minimum, median, maximum 1, 49, 1070 3, 44, 1450 2, 50, 1400
Lesion site of the underlying disease

Head or face 42 (17.3) 52 (21.1) 32 (13.1)

Neck 20 (8.2) 20 (8.1) 20 (8.2)

Upper limb 29 (11.9) 25 (10.1) 29 (11.8)
Thoracodorsal site 78 (32.1) 70 (28.3) 85 (34.7)

Ventrodorsal site 88 (36.2) 69 (27.9) 86 (35.1)

Lower limb 19 (7.8) 40 (16.2) 34 (13.9)
Buttocks 15 (6.2) 27 (10.9) 21 (8.6)

Virological tests

Positive 192 (79.0) 202 (81.8) 199 (81.2)

Negative 51 (21.0) 45 (18.2) 46 (18.8)

FAS, full analysis set; SD, standard deviation n (%).
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drug. AE leading to discontinuation of the study treatment

occurred in one patient (headache and nausea) in the ame-

namevir 200 mg group, and two patients (abdominal pain, hep-

atic function abnormal and encephalopathy) in the valaciclovir

group. These were drug-related AE and their grades were mild

except moderate encephalopathy. All AE recovered after ade-

quate treatment and termination of the study drug. No notable

changes in clinical laboratory (hematology, biochemistry and

urinalysis), vital signs or electrocardiogram were observed.

DISCUSSION

The helicase–primase inhibitor amenamevir is a member of a

novel class of potent antiviral agents. Amenamevir inhibited

replication of clinical VZV isolates in this study several times

more potently than ACV, as reported previously in HSV isolated

from genital herpes lesions.24 This randomized, controlled,

double-blind study is the first report demonstrating that the

efficacy of amenamevir 400 mg once daily for 7 days was

non-inferior to that of valaciclovir 1000 mg three times daily

(3000 mg daily dose) for the treatment of herpes zoster in

immunocompetent Japanese patients. The safety profiles of

amenamevir 200 mg and 400 mg were comparable to those of

valaciclovir 3000 mg. Patients diagnosed with localized herpes

zoster presenting within 72 h after the onset of rash were

enrolled in this study. Most were anti-VZV antibody positive,

and VZV was identified by PCR and/or shell vial assay.

One strength of this study was the large sample size, which

was representative of the wider Japanese community. In this

study, we used cessation of new lesion formation by day 4 as

a primary outcome instead of time to crusting. Crusting of

rashes is a healing process after VZV replication stops. On the

other hand, new lesions form due to VZV replication. Antiviral

agents are recommended for patients in whom new lesions

form after onset of a rash.9 The amenamevir doses of 400 and

200 mg used in this study were selected based on a

Table 2. Difference in cessation rate (95% CI) of new lesion formation by day 4 between each amenamevir group and the
valaciclovir group

Closed procedure Day 4 cessation proportion

95% CI†

P‡Estimate LCL UCL

Amenamevir 400 mg 81.1% (197/243) 7.1 �0.2 14.4 <0.0001
Amenamevir 200 mg 69.6% (172/247) �4.3 �12.0 3.4 0.0688
Valaciclovir 3000 mg 75.1% (184/245) – – – –

†Mantel–Haenszel confidence interval adjusted for a stratification factor. ‡P-value for Farrington–Manning test extended to Mantel–Haenszel type
adjustment. CI, confidence interval; LCL, lower confidence limit; UCL, upper confidence limit.

Table 3. Summary of secondary efficacy end-points

Event

Censoring
Time to event (days)

Hazard ratio

Treatment group Estimate

95% CI

n Q1 Median Q3 LCL UCL

Cessation of new lesion formation

Amenamevir 400 mg 8 3 4 4 1.06 0.88 1.28

Amenamevir 200 mg 12 3 4 5 0.92 0.76 1.11

Valaciclovir 3000 mg 6 3 4 4 – – –
Complete crusting

Amenamevir 400 mg 25 7 9 11 0.99 0.82 1.2

Amenamevir 200 mg 29 6 8 11 1.08 0.89 1.3
Valaciclovir 3000 mg 20 7 8 11 – – –

Healing

Amenamevir 400 mg 33 8 11 15 1.02 0.84 1.23

Amenamevir 200 mg 32 8 11 15 0.99 0.82 1.2
Valaciclovir 3000 mg 21 8 11 16 – – –

Pain resolution

Amenamevir 400 mg 26 5 10 19 1.07 0.87 1.3

Amenamevir 200 mg 31 5 9 19 1.05 0.86 1.29
Valaciclovir 3000 mg 19 5 10 19 – – –

Virus disappearance

Amenamevir 400 mg 5 4 5 10 0.92 0.69 1.23

Amenamevir 200 mg 6 4 4 8 1.14 0.85 1.52
Valaciclovir 3000 mg 3 3 4 9 – – –

CI, confidence interval; LCL, lower confidence limit; Q1, first quartile; Q3, third quartile; UCL, upper confidence limit.
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Figure 2. Time changes of cessation of new lesion formation by amenamevir (AMNV) 400 mg (—), amenamevir 200 mg (– –) and
valaciclovir (VACV) (- - -) are shown by the Kaplan–Meir plot. Censorings are shown with (○).

Table 4. Number and percentage of patients with adverse events classified by primary system organ class and preferred term

(preferred term incidence ≥2% in any group)

(SOC) PT

All adverse events Adverse events related to study drug

Amenamevir

400 mg

Amenamevir

200 mg

Valaciclovir

3000 mg

Amenamevir

400 mg

Amenamevir

200 mg

Valaciclovir

3000 mg

Safety analysis set 249 252 249 249 252 249

Adverse events 116 (46.6) 115 (45.6) 113 (45.4) 25 (10.0) 27 (10.7) 30 (12.0)

(Gastrointestinal disorders)
Diarrhea 2 (0.8) 1 (0.4) 5 (2.0) 1 (0.4) 0 3 (1.2)

Stomatitis 7 (2.8) 1 (0.4) 0 0 0 0

(Infection and infestations)

Folliculitis 0 5 (2.0) 5 (2.0) 0 0 0
Nasopharyngitis 22 (8.8) 19 (7.5) 17 (6.8) 0 0 0

(Investigations)

Beta-N-acetyl-D-glucosaminidase
Increased

11 (4.4) 7 (2.8) 8 (3.2) 3 (1.2) 4 (1.6) 2 (0.8)

Fibrin degradation

products increased

9 (3.6) 7 (2.8) 10 (4.0) 5 (2.0) 4 (1.6) 6 (2.4)

Glucose urine present 3 (1.2) 3 (1.2) 5 (2.0) 1 (0.4) 2 (0.8) 0
Protein urine present 5 (2.0) 2 (0.8) 5 (2.0) 0 1 (0.4) 3 (1.2)

Alpha-1-microglobulin

increased

9 (3.6) 11 (4.4) 10 (4.0) 3 (1.2) 6 (2.4) 4 (1.6)

(Nervous system disorders)
Headache 2 (0.8) 9 (3.6) 7 (2.8) 0 1 (0.4) 2 (0.8)

(Skin and subcutaneous tissue disorders)

Dermatitis contact 5 (2.0) 4 (1.6) 5 (2.0) 0 0 0
Eczema 3 (1.2) 7 (2.8) 6 (2.4) 0 0 0

Adverse events were coded using the Medical Dictionary for Regulatory Activities Japanese Edition version 16.0. PT, preferred term; SOC, system
organ class n (%).
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randomized, double-blind, valaciclovir-controlled, dose range-

finding phase 2 study (data not shown). Amenamevir 100, 200

and 400 mg p.o. once daily were compared with valaciclovir

1000 mg three times daily for 7 days in immunocompetent

Japanese patients with herpes zoster, resulting in non-inferior

efficacy of amenamevir to that of valaciclovir at all dose levels.

In this study, the day 4 cessation proportion with ame-

namevir 400 mg was relatively high and the non-inferiority to

valaciclovir was assumed. However, non-inferiority of ame-

namevir 200 mg to valaciclovir was not assumed. Furthermore,

a significant difference in efficacy was found between the

amenamevir 400 and 200 mg groups. Robust effectiveness of

amenamevir 400 mg was confirmed by sensitivity analyses in

the FAS without adjusting for stratified factors, such as age (<65

and ≥65 years) and time from onset of rash to start of treatment

(≤24 h, >24 to ≤48 h, and >48 to ≤72 h), and in the PPS.

In subset analyses, amenamevir 400 mg was more effective

than amenamevir 200 mg and valaciclovir in subjects aged less

than 65 years, but no difference was observed in subjects

aged 65 years or older. Starting the amenamevir 400 mg treat-

ment early (≤24 h onset of rash) was significantly more effec-

tive than that with amenamevir 200 mg and valaciclovir.

Amenamevir 400 mg was significantly more effective in female

patients than amenamevir 200 mg and valaciclovir, but no effi-

cacy differences were found in male patients in each group.

No statistical differences in efficacy were observed in the time

from onset of rash to the start of treatment (>24 to ≤48 h and

>48 to ≤72 h). These results were sufficient to account for the

clinical effect of amenamevir 400 mg once daily.

It was difficult to determine the absolute impact of amenamevir

on herpes zoster in the absence of a placebo group, although

amenamevir has been reported to be as effective as valaciclovir

and was more effective than placebo for the treatment of episodes

of recurrent genital herpes in a placebo-controlled, double-blind,

randomized study.25 The favorable efficacies of valaciclovir for the

treatment of the patients with herpes zoster and herpes zoster-

associated pain have been established by high-quality trials that

include randomized, double-blind, active- and/or placebo-con-

trolled studies.26 Valaciclovir has also been demonstrated to be

significantly superior to ACV with respect to the time to cessation

of new lesion formation in a Japanese clinical study.27 This sug-

gests that amenamevir would be superior to ACV for the treatment

of the patients with herpes zoster.

The most common complication of herpes zoster is PHN.

Vander Straten et al.28 suggested that antiviral agents appear

to be effective in reducing PHN severity and duration in the

acute phase of herpes zoster, but not its incidence. Initiating

antiviral therapy as early as possible during the course of an

acute zoster episode, and definitely within 72 h of onset, is

effective in alleviating acute pain and preventing PHN in most

patients.29–31 In our study, the incidence of PHN in all treat-

ment groups was extremely low (1.0–1.9%), which might have

been due to early initiation of treatment followed by inhibition

of virus replication.

Amenamevir is administrated once daily, unlike the three

times daily dosing schedule required for valaciclovir, and the

five times daily for ACV. Claxton et al.32 reported that

medication adherence with once-daily regimens was significantly

higher than with three- and four-times-daily regimens across

a variety of therapeutic classes. Higher adherence is particu-

larly required to ensure antiviral therapeutic success.33 Once

daily amenamevir would be expected to respond more

favorably to antiviral activity than multiple daily dosing of

valaciclovir and ACV followed by higher adherence in routine

clinical practice.

Our results suggest that amenamevir is a satisfactory alter-

native treatment option to nucleoside antiviral agents in

patients with herpes zoster.

Amenamevir and valaciclovir were well tolerated in this

study. Most AE were mild in intensity, and no SAE were

observed among the drug-related AE. No deaths were

reported. Six SAE were reported in five patients, but none of

the SAE were related to the study drug. No notable changes in

clinical laboratory (hematology, biochemistry and urinalysis),

vital signs or electrocardiogram were observed. Although a

certain number of drugs were prohibited as concomitant use

with amenamevir during the study, the risk of AE-related drug–

drug interaction would be limited, because drugs used with

amenamevir in routine clinical practice affecting activation/inhi-

bition of main metabolic enzymes of amenamevir have not

been found. Concomitant medication for treating pain was also

prohibited in the study, and the study to evaluate the risk of

AE caused by the combination with amenamevir is needed in

post-marketing surveillance.

In conclusion, we demonstrated that amenamevir 400 mg

once daily for 7 days provided efficacy comparable with that

of valaciclovir 1000 mg three times per day (daily dose,

3000 mg) for 7 days in the treatment of immunocompetent

Japanese patients with herpes zoster. Amenamevir was gener-

ally well tolerated and no major safety issues were identified.

This is the first report demonstrating that a helicase–primase

inhibitor is efficacious in the treatment of herpes zoster.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the online

version of this article:

Table S1. Full analysis set (FAS), per protocol set (PPS) and

the reasons excluded from the sets.

Table S2. Sensitivity analyses of cessation rate of new lesion

formation by day 4 between each amenamevir group and the

valaciclovir group.

Table S3. Subgroup analyses of cessation rate of new lesion

formation by day 4 between each amenamevir group and the

valaciclovir group.

Table S4. Summary of adverse events (safety analysis set).

Figure S1. Study schedule.
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