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Background: Herpes simplex virus (HSV) infection is a clinically significant complication in haemato-
poietic cell transplant (HCT) recipients. Refractory and resistant (R/R) HSV infections may occur in this
patient population, particularly after prolonged exposure to anti-HSV agents.
Objectives: This study aims to provide a comprehensive review of the diagnostic approach and the
treatment options for R/R HSV mucocutaneous infections in HCT recipients and to highlight future
treatment strategies.
Sources: We searched the PubMed Central Database and Embase to identify published studies on R/R
HSV infections in HCT recipients. We used the search terms “herpes simplex virus,” “resistant*,” OR
“refractory,” “immunocompromised,” “immunosuppress*,” and “immunodeficien*,” and screened the
results for articles reporting R/R HSV infections among HCT recipients. We chose an HCT recipient with a
complicated refractory HSV infection as a representative clinical case.
Content: A clear clinical definition of refractory HSV infection is currently not available, which can lead to
delays in diagnosis and treatment, negatively impacting patient care. Apart from two small randomized
controlled trials in the 1990s that looked at treatment with systemic foscarnet and topical cidofovir in
patients living with human immunodeficiency virus, all treatment recommendations for R/R HSV in-
fections are based on observational studies and case reports. The use of alternative treatment options
often comes with serious side effects, such as kidney toxicity. This underscores the urgent need for safer
and more effective treatment options. Pritelivir, a new oral antiviral medication, is currently being
studied in a phase 3 trial for R/R HSV infections in immunocompromised patients. Limited data from the
Early Access Program, which allows compassionate use, suggest that pritelivir holds promise as a
treatment option for HCT recipients with R/R HSV infections.
Implications: The proposed R/R HSV mucocutaneous infection diagnostic and treatment algorithm guides
the appropriate management of these difficult-to-treat infections, potentially improving patient out-
comes. Tali Shafat, Clin Microbiol Infect 2025;31:761
© 2025 European Society of Clinical Microbiology and Infectious Diseases. Published by Elsevier Ltd. All
rights are reserved, including those for text and data mining, Al training, and similar technologies.

Introduction

acyclovir (ACV) and valacyclovir (VACV), for the treatment or pro-
longed prophylaxis of HSV may lead to the development of drug-

Herpes simplex virus (HSV) infection may pose a significant
clinical challenge for haematopoietic cell transplant (HCT) re-
cipients [1]. The prevalent use of nucleoside inhibitors, such as
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resistant HSV strains [2].

The prevalence of refractory and resistant (R/R) HSV infections
in HCT recipients mostly ranges from 0% to 14%, with few studies of
small sample sizes reporting a prevalence of up to 46% [1,3,4].
Identified risk factors include relapsed haematological malignancy,
graft-versus-host disease (GVHD), transplant type, and HSV sero-
positivity mismatch [1,2,5—14]. HCT recipients are most prone to R/
R HSV infections during the pre-engraftment period, GVHD flares
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concomitant with steroid therapy, and during periods of enhanced
chemotherapy owing to relapse of the underlying malignancy
[10,15]. Typically, these infections manifest as mucocutaneous le-
sions [16], possibly with atypical presentations [5], and rarely with
systemic dissemination or end-organ disease [17,18]. Notably, for
HCT recipients, R/R HSV infections are associated with adverse
outcomes such as prolonged antiviral therapy and increased rates
of recurrent infections, renal failure, hospitalization risk, and
mortality [3,5,9,12,15].

The management of R/R HSV infection is particularly chal-
lenging owing to limited treatment options (systemic foscarnet
[FOS] or cidofovir [CDV] and topical agents), which are associated
with severe toxicity, including renal injury, electrolyte distur-
bances, myelosuppression, and treatment-induced genital lesions
[19]. Investigational agents such as pritelivir, an oral antiviral agent
in the helicase-primase complex inhibitors (HPI) family, are
showing promise in a phase 3 clinical trial conducted in immuno-
compromised patients (NCT03073967) [20,21].

Herein, we describe a case study of an allogeneic HCT recipient
treated with multiple agents, including pritelivir, within the
Expanded Access Program during two episodes of refractory HSV
infection. Furthermore, we present a literature review summarizing
the diagnostic complexities and available treatment options for R/R
HSV infections in HCT recipients. Lastly, we propose an algorithm
for optimally managing R/R HSV mucocutaneous infections in HCT
recipients.

Case presentation

The patient consented to using his data and images for publi-
cation (Fig. 1 and Table 1).

First episode

A 59-year-old man with chronic lymphocytic leukaemia/small
lymphocytic lymphoma with Richter's transformation underwent
matched unrelated donor allogeneic HCT on February 3, 2021. He
received rituximab, gemcitabine, clofarabine, busulfan, and anti-
thymocyte globulin for conditioning while in complete remission.
Because of suspected acute upper gastrointestinal GVHD on
endoscopy on D+19, he began systemic steroid treatment up to
D+37. He received HSV infection prophylaxis with VACV at 500 mg
orally twice a day. On D+29, the patient was diagnosed with an oral
PCR-confirmed HSV-1 infection, which presented as a large ulcer on
the tongue and a few small ulcers on the palate, buccal mucosa, and
lips (Fig. 1(a)). On D+30, he began antiherpetic treatment with 1 g
of oral VACV taken three times a day. Because of a lack of clinical
improvement, on D+54, the treatment was changed to 10 mg/kg
intravenous (i.v.) ACV three times a day, and on D+56, to i.v. FOS (90
mg/kg/day). Phenotypic testing results for HSV resistance on D+55
demonstrated no apparent resistance to ACV or FOS (ACV inhibitory
concentration 50% [IC50] = 1.01 pg/mL [sensitive: <2 pg/mL], FOS
IC50 = 5.40 pg/mL [sensitive: <150 pg/mL]) [22], and no genotypic
testing was performed. FOS was discontinued before the healing of
his oral lesions because of renal toxicity. Imiquimod (5% cream) and
CDV (1% oral solution) were used as adjuvant treatments. On
D-+104, compassionate treatment with pritelivir was initiated for a
42-day course (400 mg loading dose and 100 mg daily afterwards),
resulting in a complete response with no apparent side effects
identified.

Second episode

Two years later, on 9 February 2023, the patient was diagnosed
with relapsed large B cell lymphoma and treated with combined

pirtobrutinib, venetoclax, and obinutuzumab. A second allogeneic
HCT from a mismatched unrelated donor was performed on
February 9, 2024, after conditioning with fludarabine, melphalan,
total body irradiation, and posttransplant cyclophosphamide while
the patient was in complete remission. He received an HSV pro-
phylaxis regimen of 500 mg of oral VACV administered once daily
(renally adjusted) until D+17 and then 500 mg administered twice
a day. On D+48, the patient was diagnosed with HSV-1 oral
infection, which presented as small ulcers on the lips, buccal mu-
cosa, and palate (Fig. 1(b)) and treated with 1000 mg of oral VACV
taken twice a day (renally adjusted). Phenotypic resistance testing
results demonstrated no apparent resistance to ACV or FOS (ACV
ICsp = 0.36 ug/mL, FOS IC5p = 11.36 pg/mL), and no genotypic
testing was performed. Because of a lack of clinical improvement,
his treatment was replaced with 10 mg/kg i.v. ACV administered
twice a day (renally adjusted). Meanwhile, the patient was started
on systemic steroid treatment at 1-2 mg/kg/day for suspected
lower gastrointestinal GVHD and later for suspected diffuse alve-
olar haemorrhage. Because of renal failure and the imperilling use
of FOS or CDV, compassionate use of pritelivir was initiated for 6
weeks (400 mg loading dose and 100 mg daily afterwards). Prite-
livir treatment resulted in significant improvement after 1 week,
complete resolution, with no apparent adverse effects.

Diagnostic challenges

Diagnosing R/R HSV infections in HCT recipients poses unique
challenges, primarily owing to the varied clinical criteria for sus-
pecting a refractory infection, the turnaround time of resistance
testing, and the availability of drug-resistance assays.

Resistance mechanisms

The primary mechanism of HSV resistance to nucleoside ana-
logues involves mutations in the viral thymidine kinase gene
(UL23) in 95% of cases, with a smaller percentage (5%) involving
mutations in the viral DNA polymerase gene (UL30) [12,23]. Specific
DNA polymerase mutations may confer cross-resistance to nucle-
oside analogues, FOS, and CDV [1,24].

Diagnostic approaches

Defining refractory HSV mucocutaneous infection

The diagnosis of refractory infection is based on the clinical
failure of lesions to improve with anti-HSV therapy, mainly with
nucleoside inhibitors. Previously used criteria are varied and
include the duration of the failing treatment with antiviral agents
(ranging from 5 to 14 days), the extent of the lesions, microbio-
logical failure with documented prolonged viral shedding, and re-
currences. These criteria lack standardization across centres and
providers [2,10,25—27]. Recently, the HSV Resistance Working
Group of the Transplant Associated Viral Infections Forum pub-
lished consensus definitions for R/R HSV infections for clinical trial
use ([28] in press). According to these definitions, refractory
mucocutaneous HSV infection is “the failure of HSV-positive
mucocutaneous lesion(s) to improve clinically after at least 7 days
of appropriately dosed directed anti-HSV therapy, in the absence of
other causes of mucositis, such as recent high-dose chemotherapy,
irradiation, oral GVHD, fungal or other viral infections, or the
occurrence of a new HSV-positive mucocutaneous lesion(s) after
receiving appropriately dosed directed anti-HSV therapy for at least
7 days (excluding prophylaxis and suppressive antiviral therapy)”.
Although this definition was originally designed for clinical trials,
we advocate for its relevance in clinical practice as well.
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Fig. 1. HSV infection diagnosis, immunosuppressive therapy, and antiviral treatment characteristics over time. (a) first episode, (b) second episode. Red star, positive lesion PCR test
result; green star, negative lesion PCR test result; Petri dish, viral culture and resistance testing. Created in https://BioRender.com. ACV, acyclovir; CDV, cidofovir; FOS, foscarnet;
HCT, haematopoietic cell transplant; HSV, herpes simplex virus; MMF, mycophenolate mofetil; VACV, valacyclovir.

Antiviral-resistant HSV

The definition of antiviral-resistant HSV infection according to
the HSV Resistance Working Group of the Transplant Associated
Viral Infections Forum ((28], in press) is “a refractory HSV infection
with viral genetic alteration(s) that decrease(s) susceptibility and/
or phenotypic assay demonstrating increased ICs5g above the assay
cutoffs to one or more antiviral drugs” [29]. The primary pheno-
typic testing method is the plaque reduction assay [29]; however,
the turnaround time for this method, typically 21—24 days, the

difficulty in defining resistance breakpoints and reproducibility are
of concern [5,15,22]. The genotypic assay has been increasingly
used and allows for the rapid detection of specific mutations in
particular genes, UL23 and UL30, that confer resistance to nucleo-
side analogues, but no software for interpreting UL23 and UL30
sequences exists to our knowledge. In addition, the most
commonly used sequencing method (Sanger) lacks sensitivity to
detect low-frequency resistant variants, interpreting unknown
mutations is challenging, and, most importantly, commercially
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available genotypic assays are not readily available, requiring
specialized labs with sequencing capabilities [24,30].

Considering these challenges, our proposed diagnostic approach
(Fig. 2) underscores a comprehensive clinical and microbiological
evaluation to ensure timely and accurate identification of R/R HSV
mucocutaneous infections in HCT recipients.

Complete resolution on
The patients expired on
D-+160 secondary to
multiple organ failure.

Complete resolution on
pritelivir.

pritelivir.
No response to VACV

Partial resolution on
and i.v. ACV.

Outcome
FOS.

Current treatment options for R/R HSV infection

According to many national and international guidelines
[31—-35] i.v. FOS is the recommended alternative therapy for HSV
resistant to nucleoside analogues. i.v. CDV is the alternative therapy
when FOS resistance is suspected. Topical therapy is recommended
in some of these guidelines in combination or as monotherapy for
accessible lesions (Table 2) [5,15,16,31,32,34—52].

loading dose, 100 mg

loading dose, 100 mg
daily

administration
42 days. 400 mg
daily

42 days. 400 mg

Pritelivir

Intravenous FOS

FOS is the only FDA-approved medication for R/R HSV infections
to date. FOS is associated with significant adverse events, foremost
nephrotoxicity, secondary to interstitial nephritis and acute renal
tubular necrosis, electrolyte imbalances, and skin ulcerations,
mainly in the genital areas [53,54]. Resistance to FOS emerges
through mutations along the DNA polymerase gene, potentially
also conferring resistance to nucleoside analogues and CDV [19,24].
In a pivotal randomized controlled trial, FOS demonstrated supe-
riority over vidarabine for unresponsive mucocutaneous herpetic
lesions in people living with HIV [25]. However, data on using FOS
for R/R HSV infections in HCT recipients are based on observational
studies and case series [5,15], owing to the lack of randomized
clinical trials in this patient population.

In one of the largest retrospective studies of 18 allogeneic HCT
recipients with R/R HSV infections (11 with oral, six with genital/
perianal, and one with mixed infections), 11 out of 16 patients who
received i.v. FOS experienced renal toxicity [15]. Four out of five
patients who received i.v. FOS and i.v. CDV required haemodialysis.
Across all 18 patients, only five responded to treatment within 2
weeks [15]. Interestingly, a recently published multicentre study
that includes 16 HCT recipients with ACV-resistant HSV infections
questioned the efficacy of FOS [54].

injury and penile lesion.

Standard-of-care
treatment adverse
FOS-induced renal

events
None

Standard-of-care
treatment

High-dose VACV

FOS

Topical CDV

High-dose i.v. ACV
Because of renal failure,
FOS and CDV were not
administered.

tongue and a few small High-dose i.v. ACV i.v.

systemic steroids 1 mg/ ulcers on the palate,
Small ulcers on the lips, High-dose VACV

test results were ACV

and FOS sensitive.
test results were ACV

Large ulcer on the
Phenotypic resistance
Phenotypic resistance
and FOS sensitive.

palate.

Intravenous CDV

kg/day between D+24  buccal mucosa, and lips. Topical imiquimod

GVHD status upon HSV HSV infection
and D+37

infection
On D+68, suspected GI

systemic steroids at 1
D+89 at 2 mg/kg/day.

Suspected upper GI
mg/kg/day and on

Off-label CDV use for R/R HSV infection has been described in
observational studies and case series [15,39,40,55], mainly for pa-
tients with FOS intolerance or suspected FOS resistance. Nephro-
toxicity is the most common side effect of CDV [56], even when
administered with probenecid; myelosuppression, including neu-
tropenia, is also of concern [19]. Resistance to CDV may arise from
mutations in the DNA polymerase gene (UL30) [41,57]. In a cohort of
18 HCT recipients with R/R HSV infections [15], five patients
received i.v. CDV, and four of them experienced renal toxicity
(concurrently exposed to FOS). The limited available data and the
severe toxicity of CDV underscore the need for further investigation
into the optimal conditions and patient profiles for successful CDV
intervention for HCT recipients with R/R HSV infections.

fludarabine, melphalan, GVHD was treated with buccal mucosa, and

total body irradiation,
end of follow-up), MMF

D+-69), sirolimus (until
(until D+60)

clofarabine, busulfan,
anti-thymocyte

before HSV infection
globulin

Immunosuppression
D-+139), MMF (until

D+60)
Large B cell lymphoma Conditioning:

relapse in bone

Conditioning:
GVHD prophylaxis:
tacrolimus (until
cyclophosphamide
GVHD prophylaxis:
tacrolimus (until

High-dose Intravenous ACV

transformation s/p first rituximab, gemcitabine, GVHD treated with

and retroperitoneum, s/ and posttransplant

p second allogeneic

allogeneic HCT (MUD)
HCT (MMUD)

haematological
malignancy
marrow, mediastinum

Background
The first episode CLL/SLL with Richter's

Higher doses of ACV administered through continuous i.v.
infusion were previously used to overcome ACV resistance in HCT
recipients [42—44]. A case series [42] described six allogeneic HCT
recipients with severe mucocutaneous ACV-resistant HSV in-
fections, as determined by high ICso on phenotypic assays, four
with oral HSV-1, and two with genital HSV-2 infections. Three of

Episode
The second
episode

ACV, acyclovir; CDV, cidofovir; CLL, chronic lymphocytic leukaemia; D+, posttransplant day; FOS, foscarnet; GI, gastrointestinal; GVHD, graft-versus-host disease; HCT, haematopoietic cell transplant; HSV, herpes simplex virus;

i.v., intravenous; MMF, mycophenolate mofetil; MMUD, mismatched unrelated donor; MUD, matched unrelated donor; s/p, status post; SLL, small lymphocytic lymphoma; VACV, valacyclovir.

Summary of the characteristics and outcomes of the presented clinical case

Table 1
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Refractory HSV mucocutaneous infection

Failure to improve clinically after =7 days of
treatment

Switch to IV FOS therapy (80-120 mg/kg/day IV in 2-3

divided doses)

AND

765

* Confirm HSV infection using PCR, viral
culture, or an immunohistochemical
stain.

appropriate « Ensure appropriate dose and route.

Choose IV ACV 10mg/kg three times a day for patients
with suspected malabsorption. The
preferred oral option is VACV 1gr three times a day.

* Monitor renal function and
electrolytes and adjust the dose.

Send resistance testing from active lesions

}

ACV-S FOS-S ACV-R FOS-S
(0134
l No resistance testing available
Switch to IV ACV (30 mg/kg/day
continous or divided every 8h)

Continue IV FOS treatment

(0134 OR
High dose VACV (1gr three
times a day)

OR

Consider investigational therapy

If an accessible lesion, consider
combination with topical
treatment (imiquimod, CDV, FOS)

Consider investigational therapy

If an accessible lesion, consider
combination with topical
treatment (imiquimod, CDV, FOS)

Fig. 2. Proposed algorithm for management of refractory and/or resistance HSV infections

HSV drug resistance results

R

Switch to IV CDV (5 mg/kg IV
once a week, with probenecid)

¢ Monitor renal function and
electrolytes and adjust the dose.

¢ If FOS intolerance: continous IV
ACV 30mg/kg/day ORIV CDV 5
mg/kg weekly OR investigational
therapy, and consider topical
treatment.

(0]
Consider investigational therapy
If an accessible lesion, consider

combination with topical
treatment (imiquimod, CDV, FOS)

in HCT recipients. Created in https://BioRender.com. ACV, acyclovir; ACV-R, acyclovir-

resistant; ACV-S, acyclovir-sensitive; CDV, cidofovir; FOS, foscarnet; FOS-R, foscarnet-resistant; FOS-S, foscarnet-sensitive; HSV, herpes simplex virus; i.v., intravenous; VACV,

valacyclovir.

the strains were also resistant to FOS. High-dose continuous i.v. ACV
was administered at 30 mg/kg/day for four patients and up to 45 or
50 mg/kg/day for two patients. Positive clinical responses were
reported in five patients within 72 hours of therapy. Importantly,
high-dose ACV was well tolerated without notable reported renal
dysfunction. The role of continuous i.v. ACV as a proper therapeutic
strategy for patients with R/R HSV infections is worth exploring.

Topical therapy

Topical CDV

The Infectious Diseases Society of America (IDSA) recommends
applying 1% CDV cream or gel (not commercially available) once
daily or oral rinse up to four times daily for ACV-resistant mucocu-
taneous HSV infections [58]. In HCT recipients, the use of topical CDV
(1-5%) has produced mixed results (Table 3)[5,15,16,41,45—49,51,52]
and could lead to acute kidney injury and glycosuria, suggesting
proximal tubule injury, as reported in one patient [46].

Topical FOS

FOS cream at a concentration of 1.0—2.5% (not commercially
available) applied five times a day is another recommended option
for ACV-resistant mucocutaneous HSV infections [34,58], based on
a few reported cases [16] (Table 3).

Topical imiquimod
Imiquimod is used for external anogenital warts, superficial
basal cell carcinoma, and actinic keratoses treatment [59]. Its

antiproliferative action may contribute to its effectiveness in
treating R/R HSV genital ulcers [58,60,61]. Imiquimod use has been
described in a case series of HCT recipients, often as part of a
combination regimen, for patients with genital and/or perianal
lesions in particular [15] (Table 3).

Ophthalmic trifluridine solution

Trifluridine is mainly recommended as a treatment for HSV
Kkeratitis [50,62—64]. Some guidelines suggest the off-label use of
topical 1-5% trifluridine (not commercially available) three times a
day as an alternative option for R/R HSV mucocutaneous lesions
[34,38,58], based on a few reported cases of patients with HIV and
refractory HSV-2 hypertrophic lesions [65].

Combination therapy

Topical therapy with CDV or imiquimod cream has been used in
addition to systemic treatment for R/R HSV infections despite no
supporting clinical trials. Ariza-Heredia et al. [15] reported mixed
results and thus an undetermined added value of this topical
therapy for 12 patients undergoing therapy with i.v. FOS combined
with topical treatment (either CDV or imiquimod [n = 5] or topical
ACV [n = 2]) or i.v. CDV combined with topical CDV in (n = 2) [15].

Combination treatment with a nucleoside analogue and another
systemic agent was reported in an oral refractory HSV-1 infection
immediately after HCT. The patient was given i.v. ACV at 10 mg/kg
three times a day and i.v. FOS, and his symptoms improved but
returned 2 weeks later [51].
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Medication

Mechanism of action

Dose

Clinically significant
adverse reactions

Monitoring

FDA approval or off-label use Reference

Systemic treatment
Foscarnet i.v.

Cidofovir i.v.

Continuous high-dose
acyclovir i.v.

Topical treatment
Cidofovir 0.3—5.0%
cream

Cidofovir 3% oral rinse

Foscarnet 1.0—2.5%
cream or
mouthwash

Imiquimod 5%

Trifluridine 1-5%
ophthalmic solution

Pyrophosphate
analogue inhibits the
viral DNA polymerase
and viral DNA
elongation.

Deoxycytidine
diphosphate analogue
is incorporated into the
replicating viral DNA by
the viral DNA
polymerase and
inhibits viral DNA
elongation.

Deoxyguanosine
triphosphate analogue
is incorporated into the
replicating viral DNA by
the viral DNA
polymerase and
inhibits viral DNA
elongation.

Deoxycytidine
diphosphate analogue
is incorporated into the
replicating viral DNA by
the viral DNA
polymerase and
inhibits viral DNA
elongation.
Deoxycytidine
diphosphate analogue
is incorporated into the
replicating viral DNA by
the viral DNA
polymerase and
inhibits viral DNA
elongation.
Pyrophosphate
analogue inhibits the
viral DNA polymerase
and viral DNA
elongation.

Toll-like receptor 7
agonist that activates
immune cells

Deoxyuridine
monophosphate
analogue inhibits
thymidylate synthase,
and deoxyuridine
triphosphate analogue
is incorporated into the
replicating viral DNA by
the viral DNA
polymerase, resulting
in aberrant viral DNA
production.

80—120 mg/kg/day
i.v. in 2—3 divided
doses. i.v. hydration
with each dose.

5 mg/kg i.v. weekly
for 3 weeks and
then once every

2 weeks for 3 doses.
Co-administered
with probenecid
and i.v. hydration.

30—50 mg/kg daily
continuous infusion

1—4 times daily

Swish and spit 2—4
times daily

4—6 times daily

Three times a week

Three times daily

Gl toxicity: nausea,
vomiting, diarrhoea.
Nephrotoxicity: renal
insufficiency
Electrolyte imbalances:
hypokalaemia,
hypocalcaemia,
hypomagnesaemia,
hypophosphataemia.
Nephrotoxicity: renal
insufficiency. (U.S.
boxed warning).
Contraindicated if
serum creatinine >1.5
mg/dL, CrCl <55 mL/
min, or urine protein
>100 mg/dL.
Haematological
toxicity: neutropenia
(U.S. boxed warning)
Nephrotoxicity:
interstitial nephritis or
renal tubular necrosis
Neurotoxicity:
agitation, confusion,
dysarthria,
hallucination, and
impaired consciousness

Nephrotoxicity: renal
insufficiency

Nephrotoxicity: renal
insufficiency

Dermatologic: local
skin/mucosal reactions

Dermatologic: localized
erythema, xeroderma,
crusted skin, and
dermal ulcer

Systemic and flu-like
reactions.
Dermatologic/
ophthalmic: local skin
and eye reactions

Serum creatinine
Electrolytes
Electrocardiogram

Signs of volume overload

FDA-approved

Serum creatinine Off-label use
Electrolytes
Urine protein

Complete blood count

Serum creatinine Off-label use

Serum creatinine Off-label use

Electrolytes

Serum creatinine Off-label use

Electrolytes

Local reaction Off-label use

Local reaction Off-label use

Local reaction Off-label use

[5,15]

[39,40]

[42—44]

[5,15,16,45—49]

[5,41,45]

[16,52]

[15,51]

[50]

FDA, U.S. Food and Drug Administration; CrCl, creatinine clearance; GI, gastrointestinal; HSV, herpes simplex virus; i.v., intravenous.



Table 3
Topical therapy for refractory and/or resistant HSV infections in HCT recipients

Reference Age/sex Background Immunosuppression GVHD status on  Antiviral HSV infection Resistance Topical treatment Systemic Topical treatment Outcome
haematological before HSV infection HSV infection prophylaxis diagnosis regimen concurrent adverse effects
malignancy diagnosis therapy
Topical CDV
Anton-Vazquez Unspecified s/p allogeneic HCT Unspecified Unspecified Unspecified HSV-1, oral Unspecified CDV 1% None None No resolution
etal. [5], 2020 mouthwash for
3 months and
topical cream for
2 months
Epstein et al. [45], 67/M Myelofibrosis s/p  Anti-thymocyte Chronic GI GVHD ACV HSV-1, oral Phenotypic CDV rinse (3%/15 i.v. FOSin the first None Improvement
2016 MMUD allogeneic globulin, methotrexate, assay: ACV-R cm® swish and  episode with concurrent
HCT and cyclosporin FOS-S spit four times a iv. FOS. In the
day) next episode, a
resolution on
CDV rinses
monotherapy.
Saunders et al. 58/M MDS s/p second  Busulfan, fludarabine, Acute skin GVHD On oral VGCV (for Unspecified, oral Unspecified CDV 5% oral gel iv.ACV 5mg/kg AKI, glucosuria  No resolution
[46], 2016 MUD allogeneic  and anti-thymocyte grade 4 CMV twice a day three times a day
HCT globulin reactivation)
Saunders et al. 52/M SLL s/p MUD Fludarabine, Acute skin GVHD VACV Perianal Unspecified CDV cream 3—5% i.v. FOS, oral AK], glucosuria  Improvement
[46], 2016 allogeneic HCT cyclophosphamide, grade 3 2—4 times daily VACV haemodialysis,
rituximab, anti- and kidney
thymocyte globulin, biopsy revealed
and steroids ATN
Evans et al. [47], 66/M Mantle cell Mycophenolate, Yes ACV HSV-2, perianal  Unspecified CDV 2%, ointment None None Resolution
2011 lymphoma s/p cyclosporin, and twice a day for
allogeneic HCT steroids 3 weeks
Sims et al. [41], 48[F AML MDS s/p MSD Busulfan and No ACV HSV-1, oral Phenotypic CDV 3% rinse None None Resolution
2007 allogeneic HCT fludarabine assay: ACV-R solution twice a
FOS-S day for 5 days
Stranskd et al. [49], 7/M CML s/p allogeneic Cyclophosphamide ATG No Unspecified HSV-1, oral Phenotypic CDV 1% cream None None Partial healing
2004 HCT TBI, fludarabine, assay: ACV-R
methylprednisolone, FOS-R. R163H in
anti-T-cell monoclonal UL23 gene and
antibody, and thiotepa S724N in UL30
gene
Heidenreich et al. 6 patients AML s/p allogeneic Variable No (excluded) ACVin 5 of 6 HSV-1, oral Clinical refractory CDV 3% oral rinse i.v. ACV (2 None Response in 4/6
[16], 2020 HCT patients and phenotyping solution twice a patients) and i.v. and resolution in
day and 1% CDV  FOS (1 patient) 3/6
gel twice a day
Muluneh et al. 34/F CML s/p MUD TBI, cyclophosphamide, Skin and GI grade Unspecified HSV-1, perianal  Phenotypic assay CDV 1% gel every i.v. FOS None Resolution
[48], (2013) allogeneic HCT methotrexate, 2 GVHD 6 hours
tacrolimus, and steroids
Ariza-Heredia 9 of 18 patients s/p allogeneic HCT Variable 12 of 18 had VACV or ACV Five oral Phenotypic assay CDV 1-3% once i.v. FOS, oral AKI (concurrent  Unspecified
etal. [15],2018 GVHD infections, three daily VACV or i.v. CDV i.v. FOS or CDV)
genital/anal
infections, and
one mixed
infection
Topical Imiquimod
Cannon et al. [51], 72/F MDS with RSAS s/p Cyclosporin, steroids,  Skin GVHD Unspecified HSV-2, genital H214HR Imiquimod 5% None It was not Imiquimod was
2021 allogeneic HCT and ECP and buttock mutation (ACV-R) cream specified, but it  not tolerated
resulted in after a week of
treatment use.
cessation.
Ariza-Heredia 3 of the 18 s/p allogeneic HCT Variable 12 of 18 had VACV or ACV One oral Phenotypic assay Imiquimod 5% i.v. FOS, oral AKI (concurrent  Unspecified
etal. [15],2018 patients GVHD infection, one cream VACV, or i.v. CDV i.v. FOS or CDV)

genital/anal

(continued on next page)
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Table 3 (continued )

Topical treatment Outcome

adverse effects

Resistance Topical treatment Systemic
regimen

diagnosis

HSV infection

GVHD status on  Antiviral

HSV infection
diagnosis

Background Immunosuppression

Age/sex

Reference

concurrent
therapy

prophylaxis

before HSV infection

haematological
malignancy

infection, and one
mixed infection

Topical FOS

Not specified

Not specified

iv. CDV

Deletion of a base FOS mouthwash
in position 1060 daily for 20 days

(ACV-R)

HSV-1, oral

Acute Skin GVHD VACV

grade 4, severe

ALL s/p allogeneic Steroids, tacrolimus,

35

Bosetti et al. [52],

ciclosporin, MMF,

HCT

2023

chronic GVHD

ruxolitinib, etanercept,
ECP, tocilizumab, and

Response in 2/2,

Clinical FOS 2% cream None None

HSV-1, oral

ACV

First patient: FLAG-Ida, No (excluded)

5-azacytidine/

Two patients, aged Relapse AML s/p

45 and 61

Heidenreich et al.

resolution in 1/2

refractory,

allogeneic HCT

[16], 2020

phenotyping

venetoclax; second
patient: sorafenib

ACV, acyclovir; ACV-R, acyclovir-resistant; AKI, acute kidney injury; ALL, acute lymphocytic leukaemia; AML, acute myeloid leukaemia; ATG, anti-thymocyte globulin; ATN, acute tubular necrosis; CDV, cidofovir; CML, chronic
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myeloid leukaemia; CMV, cytomegalovirus; ECP, extracorporeal photopheresis; F, female; FLAG-Ida, fludarabine, cytarabine, granulocyte-colony stimulating factor, and idarubicin; FOS, foscarnet; FOS-R, foscarnet-resistant; FOS-

S, foscarnet-sensitive; GI, gastrointestinal; GVHD, graft-versus-host disease; HCT, haematopoietic cell transplant; HSV, herpes simplex virus; i.v., intravenous; M, male; MDS, myelodysplastic syndrome; mg, milligram; MMF,

mycophenolate mofetil; MMUD, mismatched unrelated donor; MUD, matched unrelated donor; MSD, matched sibling donor; RSAS, refractory anemia with ring sideroblasts; SLL, small lymphocytic lymphoma; s/p, status post;

TBI, total body irradiation; VACV, valacyclovir; VGCV, valganciclovir.

Treatment options for R/R HSV infections under investigation
Helicase-primase complex inhibitors

The helicase-primase complex consists of three proteins: UL5
(helicase), UL52 (primase), and UL8 (an accessory protein). The
helicase subunit unwinds and separates the duplex DNA into the
two individual DNA strands. The primase synthesizes short RNA
primers as substrates for DNA polymerase, and the subunit ULS8 is
essential for coordination between UL5 and UL52 [21].

Pritelivir (BAY 57-1293 and AIC316) is a novel oral HPI [66]. It is
currently being studied in PRIOH-1, a phase 3 randomized, open-
label, multicentre comparative trial (NCT03073967), to evaluate
its efficacy and safety compared with FOS for ACV-resistant
mucocutaneous HSV infections in immunocompromised patients.
Previously reported resistance to pritelivir was secondary to mu-
tations of UL5 and UL52 [21,67,68].

Table 4 [18,51,52,69] depicts previously published data for HCT
recipients with R/R HSV infections treated with pritelivir in the
Expanded Access Program [18,51,52,69].

A short report describing the phase 2 PRIOH-1 study results
encompassed 23 patients with R/R HSV infections with diverse
underlying immunocompromised conditions, including 12 patients
with underlying cancers after transplantation and autoimmune
diseases. Nineteen patients had complete resolution of their
mucocutaneous infections after 28 days of pritelivir administration
without significant side effects, and four patients had partial res-
olution. One patient with HIV and HSV-2 genital infection had an
isolate at the end of treatment that was resistant to pritelivir sec-
ondary to a mutation on UL5 [20,68]. In non-immunocompromised
patients, pritelivir was more effective in reducing HSV viral shed-
ding in healthy patients with herpes genitalis than placebo [70] and
VACV [71], with reported adverse events of headache, nausea,
diarrhoea, dizziness, fatigue, elevated lipase, elevated alanine
aminotransferase, and migraine. In a non-clinical toxicity study
performed in monkeys, identified adverse effects included dry skin,
crusty skin lesions, alopecia, and anaemia [71]. On the basis of these
findings, patients with myelosuppression are excluded from the
ongoing clinical trial for immunocompromised patients with R/R
HSV infections (NCT03073967).

Amenamevir (ASP2151), another HPI, has been found effective
and safe for the treatment of recurrent oral [72] and genital herpes
[73,74] in three clinical trials conducted among immunocompetent
patients. It has received approval in Japan for these indications
[75]. A recent report detailed two patients with acute myeloid
leukaemia post HCT who had R/R ACV HSV-1 infections. Both pa-
tients experienced FOS-related renal toxicity and were successfully
treated with amenamevir with no apparent adverse events [76].
Another case from Japan involved a patient with T-cell prolym-
phocytic leukaemia post-cord HCT and oral ACV-resistant HSV
infection; the lesions improved within 1 week of amenamevir
treatment [77].

Brincidofovir

Brincidofovir is a pro-drug comprising CDV conjugated to a lipid
molecule. Two case reports described using oral brincidofovir to
treat R/R HSV infections in patients with haematological malig-
nancies with good responses [78,79]. Of note, the oral formulation
of brincidofovir is no longer under investigation because of its as-
sociation with significant gastrointestinal toxicity in HCT recipients,
as reported in clinical trials for cytomegalovirus prophylaxis
[80,81]. However, an i.v. formulation of brincidofovir is currently
under investigation and being studied in phase 2 trials for adeno-
virus or cytomegalovirus infection (NCT04706923) and BK virus
infection after kidney transplantation (NCT05511779).



Table 4

Pritelivir-based therapy for refractory and/or resistant HSV infections in HCT recipients

Reference Age Background Immunosuppression GVHD status on  HSV infection Antiviral HSV infection Resistance Treatment Treatment Outcome
/sex haematological  before HSV infection HSV infection episode prophylaxis diagnosis adverse effects
malignancy diagnosis
Serris et al. [69], Sickle-cell Sirolimus None The first episode VACV HSV-2, L228Stop FOS (14 d) FOS-induced Complete
2022 disease s/p anogenital frameshift Pritelivir (42 d)  severe electrolyte resolution on
allogeneic HCT mutation in UL23 disturbances pritelivir.
(ACV-R)
The second None HSV-2, FOS (7 d) FOS-induced Complete
episode, after 4 w anogenital Pritelivir (42 d)  severe electrolyte resolution on
disturbances pritelivir. Another
relapse after 2 w
was treated with
pritelivir.
Serris et al. [69], AML s/p Ciclosporin steroids, Yes The first episode VACV HSV-2, genital L263Stop FOS (10 d) None Complete
2022 allogeneic HCT vedolizumab, frameshift resolution
ruxolitinib mutation in the
UL23 (ACV-R)
Relapsed AML s/p Cytarabine, Yes The second VACV HSV-2, genital D229Stop FOS (21 d) None Complete
allogeneic HCT ~ gemtuzumab, episode frameshift Pritelivir (28 d) resolution. Three
ozogamicin mutation in UL23 more ACV-R
(ACV-R) episodes (after 12 d,
56 d, and 70 d), one
treated with
pritelivir, and two
resolved without
treatment.
Cannon et al. [51], MDS with RSAS s/ Cyclosporin, Skin The first episode Unspecified HSV-2, genital H214HR iv. ACV (7 w) FOS-induced On pritelivir
2021 p allogeneic HCT steroids, ECP and buttock mutation (ACV-R) Topical severe electrolyte improvement after
imiquimod disturbances, 2 w with healing
FOS seizure, ICU after 4 w. The
CDV admission patient died of
Pritelivir (4 w) hospital-acquired
pneumonia.
Huntjens et al. [18], 37/F Refractory AML s/ Steroids, ruxolitinib, Acute GI GvHD  The first episode VACV HSV-1, oral, iv. ACV (7 d) None Clinical
2023 p allogeneic HCT vedolizumab grade 4 viraemia FOS (14 d) improvement and
resolution of
viraemia.
The second VACV HSV-1, oral A605V mutation FOS (4 w) FOS- and CDV-  Partial resolution
episode, after 5 d UL30 (ACV-R and CDV (2 w) induced renal
FOS-R) toxicity
The third episode, ACV HSV-1, oral Pritelivir (4 w) None Resolution
after 5w
Huntjens et al. [18], 61/F CMML s/p Steroids None The first episode VACV HSV-1, oral, Phenotypic—oral ACV (14 d) FOS-induced On pritelivir, there
2023 allogeneic HCT viraemia and ACV-R FOS-S, BAL FOS (14 d) renal toxicity was a resolution of
pneumonitis ACV-S FOS-R, ACV + FOS (2 BAL shedding, but
mutations in —-3d) the patient
UL30 (ACV-R and Pritelivir (4 w) developed
FOS-R) multiorgan failure
and died.
Bosetti et al. [52], ALL s/p allogeneic Steroids, tacrolimus, Acute skin GVHD The first episode VACV HSV-1, oral Deletion of a base FOS (21 d) None Resolution.
2023 HCT ciclosporin, grade 4, severe in position 1060
MMF, ruxolitinib, chronic GVHD (ACV-R)
etanercept, ECP, The second VACV HSV-1, oral FOS (5d) FOS-induced Resolution
tocilizumab, episode, after CDV (3 w) genital
ibrutinib 20d FOS mouthwash ulcerations

(continued on next page)
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Resolution. Another
recurrence, after
treated successfully

84 days without
prophylaxis, was
with CDV.

Outcome

Resolution
Resolution
Resolution

Treatment
adverse effects
None

None

None

None

Pritelivir (34 d)

Treatment
FOS (15 d)
CDV (15 d)
VACV (7 d)
FOS (10d)

Resistance
diagnosis
R281STOP TK
(ACV-R)

HSV infection

HSV-1, oral
HSV-1, oral
HSV-1, oral
HSV-1, oral

Antiviral
prophylaxis
CDV

The fifth episode, CDV
The first episode VACV

The third episode, CDV
after 15 d

after 25 d
episode, after

HSV infection
87d

episode
The fourth

Acute GVHD GI

diagnosis
grade 2

Immunosuppression GVHD status on
before HSV infection HSV infection

Steroids

malignancy
haploidentical

/sex haematological
MDS s/p

Age Background
42

Bosetti et al. [52],
2023

Reference

Table 4 (continued )
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Resolution

CDV (14 d)

HSV-1, oral

CDhV

The second

allogeneic HCT

383 Proposed management algorithm
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