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CA S E R E PORT
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Abstract

A 34-year-old woman received umbilical cord blood transplantation for refractory

T-cell prolymphocytic leukemia after salvage therapy with alemtuzumab. She devel-

oped right angular cheilitis on the 46th day after transplantation, which worsened

after receiving systemic steroid therapy for extensive chronic graft versus host dis-

ease. The treatment dosage of acyclovir (ACV), ganciclovir, and vidarabine ointment

was not effective due to ACV-resistant mutations of the herpes simplex virus type

1 (HSV-1) in the thymidine kinase domain. Foscarnet is expected to be effective

against ACV-resistant HSV-1 infection. However, it could not be used because the

patient developed renal dysfunction. Several viral thymidine kinase mutations related

to ACV resistance were found in the patient’s sample. Nevertheless, amenamevir,

a helicase-primase complex inhibitor, was effective in our patient who was signifi-

cantly immunocompromised after allogeneic hematopoietic stem cell transplantation

(allo-HSCT). ACV-resistant HSV infection after allo-HSCT is an rare but important

complication in the era of low-dose long-term ACV prophylaxis. To date, there is no

established treatment against ACV-resistant HSV infection. This case report showed

that amenamevir could be a promising treatment option for ACV-resistant HSV

infection in patients with renal failure after allo-HSCT.

KEYWORDS

acyclovir, alemutuzumab, amenamevir, cord blood stem cell transplantation, foscarnet, herpes
simplex, homologous, leukemia, prolymphocytic, simplex virus, T-Cell, transplantation

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2024 The Authors. eJHaem published by British Society for Haematology and JohnWiley & Sons Ltd.

616 wileyonlinelibrary.com/journal/jha2 eJHaem. 2024;5:616–619.

https://orcid.org/0009-0009-8864-6933
mailto:yu-kawamura@konan.jaaikosei.or.jp
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/jha2


KAWAMURA ET AL. 617

1 INTRODUCTION

Herpes simplex virus (HSV) infection after allogeneic hematopoietic

stem cell transplantation (allo-HSCT) rarely occurs with low-dose

long-term acyclovir (ACV) prophylaxis. The prevalence rate of HSV

type 1 (HSV-1) resistance to ACV among patients who are immuno-

compromised, including allo-HSCT recipients, is 3.5%–10%. To date,

there is no established treatment for ACV-resistant HSV infection.

2 CASE PRESENTATION

In August 2021, a 34-year-old woman diagnosed with T-cell pro-

lymphocytic leukemia (T-PLL) underwent three cycles of CHOP

(cyclophosphamide, doxorubicin, vincristine and predonisone) ther-

apy. Nonetheless, the disease remained stable, and the patient was

transferred to our hospital for allo-HSCT.

The use of alemtuzumab for T-PLL is not approved by public insur-

ance in Japan. However, after obtaining institutional ethical board

approval and consent from the patient, alemtuzumab was adminis-

trated11 times fromday−39 to−21before umbilical cord blood trans-

plantation. The patient’s peripheral blood lymphocyte count decreased

immediately, and the bone marrow lymphocyte ratio remarkably

reduced. After treatment, cytomegalovirus antigenemia (CMV-ag) was

observed on day −9. Hence, ganciclovir (GCV) treatment was con-

tinued until peripheral blood leukocyte disappearance on day 3 after

transplantation.

In January 2022, umbilical cord blood transplantation was per-

formed frommale donorwith 5/6 of human leukocyte antigenmatched

in both rejection/graft versus host direction. The conditioning treat-

ment comprised cytarabine 2 g/m2 (day−6 and− 5), cyclophosphamide

60 mg/kg (day −4 and −3), and 12 Gy of the total body irradia-

tion in four fractions (day −2 to −1). Tacrolimus (Tac) and short-term

methotrexate were used for graft versus host disease (GVHD) pro-

phylaxis. To prevent viral infection, oral ACV (1000 mg/day [day −7
to day35] and 200 mg/day thereafter) and letermovir (day 6–97) were

administered.

Neutrophils were engrafted on day 24. However, on day 28, bone

marrow examination showed that 30.8% of cells were derived from

the recipient in fluorescence in situ hybridization for sex chromosome.

On day 49, it reached 49.8%. Furthermore, a newly complex karyotype

abnormality emerged. Nevertheless, T-cell receptor rearrangement

at diagnosis was not observed. Hence, we could not confirm T-PLL

relapse. To resolve mixed chimerism, Tac was discontinued on day 59

(Figure 1A).

Thereafter, the mixed chimerism was fixed. Nonetheless, renal fail-

ure and fluid retention, which could be related to chronic GVHD,

progressed gradually from day 132. On day 262, prednisolone (PSL)

0.5 mg/kg was administered for extensive chronic GVHD (NIH crite-

ria, severe, skin score of three, and suspected serosal lesion). With

systemic steroid therapy, the skin eruption subsided, and the deteri-

oration of renal function was inhibited. The PSL dose was reduced.

However, renal dysfunction worsened again. Thus, moderate-dose PSL

was continually administered (Figure 1B).

F IGURE 1 (A) Clinical course before and after CBT. (B) Long-term follow-up after CBT. ACV, acyclovir; CA, cytarabine; CBT, cord blood
transplantation; CMR, completemetabolic remission; CMV-ag, cytomegalovirus antigenemia; CY, cyclophosphamide; FCN, foscarnet; FISH,
fluorescence in situ hybridization; G-BAND, chromosomeG-banding; GCV, ganciclovir; i.v., intravenous; Ly, lymphocyte; Lympho, lymphocyte count
in the peripheral blood;MTX, methotrexate; PET-CT, positron emission tomography-computed tomography; p.o., per orem; PSL, prednisolone; Tac,
tacrolimus; TBI, total body irradiation; TCR, T-cell receptor; VGCV, valganciclovir;WBC, white blood cell count.
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F IGURE 2 Changes in right angular cheilitis and erosion of the nasal ala caused by ACV-resistant HSV-1. (a) This is the image of HSV-1 angular
cheilitis at day 298 after transplantation. (b) The images are at day 315. treatment dose of ACV administration started due to severe pain around
that time. (c) At day 356, this indicates that the ACV administration is ineffective. Therefore, we suspected the emergence of resistance to ACV. (d)
At day384. The image shows immediate response to amenamevir. ACV, acyclovir; HSV-1, herpes simplex virus type 1.

The patient developed right angular cheilitis on day 46, and cyto-

logical examination showed HSV-1 infection. It improved temporarily

on day 76 but relapsed after PSL initiation (Figure 2A). Despite the

concurrent pre-emptive GCV administration against CMV-ag, the

application of vidarabine ointment, and ACV dose escalation, the

erosions spread to the tongue and nasal ala, resulting in severe pain

(Figure 2B,C).

The peripheral lymphocyte count and the immunoglobulin level

were within normal level. Nevertheless, the peripheral lympho-

cytes were mostly B-cells, and the CD4-positive T-cell counts were

extremely low (11 cells/µL) on day 321 (Figure S1). The mutation and

drug susceptibility analysis of the HSV-1 isolated from the patient’s

sample was performed at the National Institute of Infectious Dis-

eases. For sequencing, DNA was extracted from the buccal mucosa,

oral mucosa, and nasal ala swab and virus isolate samples (High

Pure Viral Nucleic Acid Kit, Roche). PCR targeting the thymidine

kinase (TK) gene was performed (KOD FX neo, Toyobo), and ampli-

fied products were sequenced (3500xL Genetic Analyzer, ABI). The

sequences were analyzed with DNA Dynamo. The TK sequences

of specimens and isolated viruses were identical, respectively. Sus-

ceptibility testing was conducted using the plaque reduction assay

with Vero cells. Results showed two mutations (T287M, F289S) in

the TK domain (Figure S2). T287M is a known mutation related to

ACV resistance. F289S mutation is an unknown mutation, and it is

resistant to ACV based on the drug susceptibility test (Table S1).

After obtaining informed consent, treatment with AMNV was initi-

ated at a dose of 400 mg/day at day 370. The erosions significantly

improved on the following week (Figure 2D), and AMNV was dis-

continued on day 398. The erosions did not recur with prophylactic

ACV (200 mg) until the patient died of pulmonary complications on

day 506.

3 DISCUSSION

A recent study has reported ACV-resistant HSV infections after allo-

HSCT [1]. That is, all patients were presented with T-cell depletion

due to some medications such as alemtuzumab, ibrutinib, and Tac. The

CD4-positive T-cell counts of the patients were extremely low. Under

severe immunosuppression, the risk of HSV infection, regardless of

ACV effect, could not be ruled out.

Several HSV-1 mutation variants, which were resistant to ACV

based on the drug susceptibility analysis, were isolated. ACV is phos-

phorylated by viral TK in HSV-infected cells and incorporated into the

3′ end of the viral DNA as a nucleic acid analog. Moreover, it inhibits

DNA replication and exhibits antiviral activity [2]. Approximately 95%

of ACV-resistant HSV isolates are associated with low-producing or

altered variants of the virus TK enzyme. Further, 5% are associated

with mutations in the viral DNA polymerase. Cross-resistance may

occur due to nucleotide sequence mutations, including GCV and fam-

ciclovir, which have similar pharmacological mechanisms. Foscarnet,

which inhibitsDNApolymerase, is effective againstACV-resistantHSV

in a previous trial targeting acquired immunodeficiency syndrome [3].

However, its nephrotoxicity can be an issue. AMNV exhibits antiviral

activity by inhibiting the helicase-primase complex required for viral

double-stranded DNA cleavage and RNA primer synthesis [4]. AMNV

was first approved forherpes zoster infection in Japan in2017. In2023,

it was additionally approved for recurrent herpes simplex. Pritelivir, a

similar helicase-primase complex inhibitor, is now currently developed,

and it has been found to be effective against ACV-resistant HSV-1

infection after allo-HSCT [5]. However, the efficacy of AMNV has not

been elucidated, and this report first showed its efficacy and safety in

this setting.

In conclusion, AMNV can be a promising treatment option for ACV-

resistant HSV infection in patients with renal failure after allo-HSCT.
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