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Abstract

The identification of patients at high risk of Herpes zoster (HZ) requiring a preventive strategy with antiviral prophylaxis and
anti-HZ vaccine is a clinically relevant issue in patients with immunological impairment. The absence of trials comparing
vaccination to pharmacological prophylaxis or defining their sequential use makes the optimal preventive strategy uncertain.
This article presents the results of group discussion among a panel of experts convened ad hoc to review the literature
regarding antiviral prophylaxis and vaccine efficacy and safety in populations with malignant and non-malignant hemato-
logic diseases, and in subjects submitted to hematopoietic stem cell transplantation. The expert panel used consensus
methodology and proposed solutions for preventive strategies, producing advice for the management of the most relevant
unmet clinical needs. This comprehensive overview aims to support the practice of pharmacological and vaccination-based
HZ prevention and inform the design and conduct of new studies in the field.

Introduction

Herpes zoster (HZ) is a painful, infectious, cutaneous erup-
tion, usually involving one to three adjacent dermatomes,
resulting from reactivation of latent varicella-zoster virus
(VZV). Although mortality is low, HZ causes high morbidi-
ty, occasionally with life-threatening manifestations (e.g.,
encephalitis, hepatitis) and a high societal cost mainly
related to complications such as postherpetic neuralgia!
Patients with various hematologic diseases and those un-
dergoing hematopoietic stem cell transplantation (HSCT)
are historically considered at high risk of HZ due to their
immunological impairment.?

Strategies to prevent symptomatic reactivation of VZV in-
clude risk-adapted pharmacological antiviral prophylaxis
(AVP) and vaccination. There are currently two different
types of HZ vaccines that have been approved for use
worldwide and in Europe: a one-dose, live-attenuated
vaccine not indicated for subjects with impaired immuni-
ty and an adjuvanted recombinant zoster vaccine (aRZV)
recommended for immunocompetent adults aged =50
years and for immunocompromised adults aged =18 years
at increased risk of HZ.>°* The aRZV vaccination schedule
consists of two doses of 0.5 mL each: an initial dose fol-
lowed by a second dose between 2 and 6 months after
the first dose. For subjects who are or might become im-
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munodeficient or immunosuppressed due to disease or
therapy, and who would benefit from a shorter vaccination
schedule, the second dose can be given 1to 2 months after
the initial dose.®

However, the absence of trials comparing vaccination to
pharmacological prophylaxis or defining their sequential
use makes the overall strategy for HZ prevention in high-
risk patients uncertain. Indeed, recommendations issued
in 2022 by the Infectious Diseases Working Party (AGIHO)
of the German Society for Hematology and Medical Oncol-
ogy (DGHO)™ and by the National Comprehensive Cancer
Network (NCCN)™ advise using AVP in certain diseases and
conditions and generically recommend vaccination with
aRZV in hematologic and HSCT patients without going in-
to details on strategies for concomitant/sequential use of
vaccines and AVP (Online Supplementary Table S7).

In this work, a panel of experts constituted ad hoc in view of
their expertise in the management of specific hematologic
diseases or conditions and of their experience in consen-
sus conference and guidelines projects tried to produce a
position paper based on the current literature on vaccine
efficacy and safety and AVP in immunocompromised pop-
ulations with malignant and non-malignant hematologic
diseases submitted to chemotherapy and/or immunosup-
pressive therapy and autologous or allogeneic HSCT. The
purpose was to identify, in this setting of patients, critical
unmet clinical needs in the prevention of HZ infections and
to determine the optimal preventive strategy, by exploiting
the consensus methodology approach.

Methods

Two chairmen (CG and GB) appointed an expert panel with
nine members, selected as opinion leaders for the follow-
ing hematologic diseases or conditions: myeloproliferative
diseases (GB, MTV, AV), lymphoproliferative diseases (PC,
PM, AC), non-oncological hematologic diseases (AMR), stem
cell transplants (FC, AMR) and infections in hematology
(CG). In addition, a member of the panel with expertise
in clinical epidemiology (GB) assured the methodological
congruence of the process and an infectious diseases and
epidemiology specialist member of the /stituto Superiore di
Sanitd (the Italian National Institute of Health) (FD) dealt
with the legislative and regulatory aspects of vaccination.
A consensus-based project applies the methodology of
group discussion (questionnaires and nominal group tech-
nique). This means that the statements, advice and recom-
mendations generated are not primarily evidence-based
(they do not derive from a systematic review and grading
of the evidence) because of the limited number of inter-
ventional, clinical studies dealing with HZ prevention in
hematologic populations.

During an initial meeting, in April 2022, the outline of the
project was discussed and the topics forming the structure
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of the present document were decided. The expert panel
agreed on the major relevant issues by generating and
rank-ordering key clinical questions, using the criterion of
clinical relevance, through a Delphi process.™ In a further
phase of the process, the chairmen reviewed evidence
about the selected key questions by PubMed searches of
English-language literature (from January 2012 to June
2023). Afterwards, panelists drafted statements that ad-
dressed one identified relevant issue, while the remaining
panelists scored their agreement with those statements
and provided suggestions for modifications. The expert
panel convened in a consensus meeting during which fi-
nal proposals and recommendations were prepared. In a
round-robin fashion, participants were asked to comment
their disagreements with the proposed issues and then to
vote for a final statement. For consensus we required 80%
votes in favor.

Results

A narrative review of literature published since 2012 on the
epidemiology of HZ in hematologic diseases and HSCT, as
well as AVP for and vaccination against the infection in the
same settings is detailed in Online Supplementary Tables
S2 and S3.

The following paragraphs describe a synthesis of the most
significant data on the epidemiology and strategies for HZ
prevention in various categories of hematologic patients.
Proposals and/or recommendations of the expert panel on
the prevention of HZ in patients with various hematologic
diseases and conditions are summarized in Table 1. All the
final proposals and recommendations received more than
80% consensus.

Herpes zoster risk and prevention in myeloid disorders
Data on the incidence of HZ infection specifically in myeloid
disorders were derived from three retrospective observational
studies on acute promyelocytic leukemia,*™ two others on
chronic myeloproliferative neoplasms and one on myelo-
dysplastic syndromes.s-®

Patients with acute promyelocytic leukemia treated with
arsenic trioxide are at high risk of HZ if not receiving AVP;
indeed, the incidence ranges from 11.6% to 45.7% within the
first 6 months of therapy®™™ The risk is particularly high in
older patients and in those with a previous history of HZ.
AVP was shown to significantly reduce the risk of HZ, or
delay its onset!*”®

In patients with myeloproliferative neoplasms treatment
with ruxolitinib was associated with an increased risk of HZ;
this risk ranges from 3.5 to 6.9 cases per 100 patient-years,
which is ten times higher than the risk in patients not treated
with ruxolitinib® No information was found on AVP efficacy.
Compared to an age-matched immunocompetent popula-
tion, patients with myelodysplastic syndromes have only a
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Table 1. Proposals and/or recommendations on the prevention of Herpes zoster in patients with hematologic diseases.

Herpes zoster prevention in myeloid disorders

+ Patients with acute promyelocytic leukemia are considered at high risk of Herpes zoster (HZ) reactivation during arsenic trioxide therapy
and until 6 months after its discontinuation. In this setting, antiviral prophylaxis (AVP) is recommended from acute promyelocytic leukemia
diagnosis until at least 6 months after discontinuation of arsenic trioxide. Considering the high efficacy of AVP and that the risk of HZ is
limited in time, vaccination during active treatment for acute promyelocytic leukemia is not recommended.

* In patients with acute myeloid leukemia other than acute promyelocytic leukemia the risk of HZ infection is standard: thus, HZ AVP and
vaccination are not required, at least during intensive leukemia treatment. HZ vaccination should be considered after discontinuation of the
leukemia treatment, particularly in elderly patients.

* HZ risk in patients with myelodysplastic syndromes is mainly related to age. In this population AVP is not recommended, whereas
adjuvanted recombinant zoster vaccine (aRZV) is recommended in elderly subjects.

« Patients with BCR-ABL-negative chronic myeloproliferative neoplasms are at high risk of HZ reactivation during treatment with ruxolitinb (or
other JAK2 inhibitor). aRZV is recommended early when ruxolitinib therapy is planned, and AVP should be administered from the start of
ruxolitinib until at least 1 month after the second dose of vaccine.

+ Patients with chronic myeloproliferative neoplasms not being treated with a JAK2 inhibitor are at standard risk of HZ. AVP is not required
and vaccination is recommended in elderly subjects.

Herpes zoster prevention in lymphoproliferative disorders

+ HZ reactivation is frequently observed in patients with lymphoma or chronic lymphocytic leukemia, but is distributed over a prolonged risk
period, even years after treatment discontinuation. There is no clear evidence that HZ risk is greatly increased after rituximab and other
anti-CD20 treatments. The expert panel agreed that aRZV is highly recommended in patients with lymphoma or chronic lymphocytic
leukemia, possibly at the onset of the disease while planning hematologic treatment, and particularly in elderly patients, although low
immunogenicity after anti-CD20 treatment is expected.

* In patients treated with fludarabine or bendamustine, AVP is indicated until at least 1 month after the second dose of vaccine.

* In acute lymphoblastic leukemia the risk of HZ is standard and chemotherapy protocols generally do not consider AVP. The expert panel
agreed that AVP is not recommended in patients with acute lymphoblastic leukemia and that aRZV may be considered in elderly patients in
disease remission after discontinuation of leukemia treatment.

+ Patients with multiple myeloma are at high risk of HZ in general and particularly during treatment with proteosome inhibitors; both AVP and
vaccination are recommended.

* In patients with multiple myeloma not eligible for autologous hematopoietic stem cell transplantation (HSCT), aRZV is recommended,
possibly at the onset of disease before the start of treatment for the hematologic disease. AVP is also recommended during proteosome
inhibitor treatment until at least 1 month after the second dose of vaccine.

+ In patients with multiple myeloma eligible for autologous HSCT, the expert panel agreed that aRZV administration could be delayed until 2 months
after transplantation, while AVP should be administered from the onset of induction treatment until 1 month after the second dose of vaccine.

* In the event of multiple myeloma relapse late after vaccination there are no data on the risk of breakthrough HZ and no recommendation on
AVP strategy can be made until more scientific data are available. However, AVP should still be considered if proteosome inhibitors are
administered as salvage therapy.

Herpes zoster prevention in the stem cell transplant setting

* The expert panel agreed that aRZV should be administered to all autologous HSCT patients 2 months after their transplant. AVP should be
administered from the start of the conditioning until 1 month after the second dose of vaccine.

* In view of the very few data on the efficacy of aRZV in the allogeneic HSCT setting and the variable immune reconstitution in different
diseases and types of transplant it is not possible to give a definite recommendation on the timing of vaccination and the duration of AVP. A
certain immunogenicity of the vaccine can be hypothesized 6 months after transplantation, but the expert panel agreed that, given the lack of
evidence-based data, it is not currently possible to define in which patients AVP should be recommended despite aRZV and how long
prophylaxis should be administered. The expert panel underlined the importance of investigating this aspect in the real-life setting when
aRZV becomes part of common clinical practice in patients undergoing allogeneic HSCT.

Herpes zoster prevention in immune-mediated non-malignant hematologic diseases

* Few data are available on the risk of HZ reactivation specifically in patients with autoimmune hemolytic anemia or immune
thrombocytopenia, although an increased risk can be hypothesized during the first months of steroid treatment. The risk of HZ in subjects
receiving second-line treatment with drugs other than steroids (e.g., rituximab, thrombopoietin mimetics, SYK inhibitors) is also unknown.
The expert panel agreed that AVP is not generally recommended in patients with immune-mediated hematologic diseases but it could be
considered in elderly patients during the first 2 months of steroid treatment. aRZV is recommended in elderly patients, possibly at the onset
of disease.

* There are also few data on the risk of HZ reactivation in patients with hypoplastic bone marrow disorders although immunosuppressive
therapy exposes such individuals to an increased risk of herpetic infection. The expert panel agreed that in patients with aplastic anemia
treated with anti-thymocyte globulin and cyclosporine (plus eltrombopag), AVP is recommended during and until at least 6 months after
treatment, irrespective of the indication for allogeneic HSCT. aRZV is recommended after discontinuation of immunosuppressive therapy,
particularly in elderly patients.

+ Patients with paroxysmal nocturnal hemoglobinuria treated with complement inhibitors targeting C5 (i.e., eculizumab or ravulizumab) are
not at increased risk of viral infections, so no specific HZ prevention strategy is recommended. Data on proximal complement blockers are
not available yet.

Continued on following page.
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Herpes zoster antiviral prophylaxis and vaccination schedule in patients with hematologic diseases or undergoing

hematopoietic stem cell transplantation

+ Acyclovir at a dose of 400 mg/day is an appropriate anti-HZ viral prophylaxis in patients with malignant or non-malignant hematologic

diseases and in subjects undergoing autologous and allogeneic HSCT.

* In cases in which anti-HZ vaccination is indicated, the double dose of aRZV should be considered in all hematologic settings, since the live
attenuated formulation is contraindicated in immunocompromised subjects.

+ Although the evidence base is not strong, aRZV is also indicated in patients who previously received live attenuated HZ vaccination, in

whom a poor response to vaccine is expected.

* The second dose of aRZV should preferably be administered early, 1 to 2 months after the first dose.

+ In hematologic patients in whom a good vaccine response (at least greater than 60%) is expected, AVP could be discontinued 1 month
after the second dose of vaccine. Until adequate data are available, personalized post-vaccination AVP based on laboratory immunological
response does not seem a viable strategy at the moment. Future investigation in this setting is advised.

* Uncertainty remains on the best AVP strategy after a second dose of vaccine in conditions in which a poor immune response is expected.
The expert panel agreed on recognizing this as an unmet clinical need, requiring more scientific data. In this setting prolongation of AVP may

be considered.

* In patients with breakthrough HZ reactivation despite previous vaccination, HZ treatment should be followed by prolonged secondary AVP.
It is not possible to define how long secondary AVP should be continued due to the lack of clear evidence in literature.

AVP: antiviral prophylaxis; HZ: herpes zoster; aRZV: adjuvanted recombinant zoster vaccine.

modest increased risk of HZ infection (odds ratio=1.31).8
With regard to the protective effect of aRZV, Dagnew et al."
reported 80.4% and 73.7% of humoral and cellular vaccine
responses, respectively, in an adult immunocompromised
population including patients with acute myeloid leukemia
and myelodysplastic syndromes (56 patients in the vaccine
group). No patient with a myeloproliferative neoplasm who
received aRZV developed HZ infection.

Herpes zoster risk and prevention in lymphoproliferative
disorders

Lymphoma and myeloma are both associated with sig-
nificantly increased odds of HZ, with the magnitude of
the increase varying widely.?°-*®* The association was most
significant within 2 years after diagnosis.?°

In patients with non-Hodgkin lymphoma (NHL) or Hodgkin
lymphoma receiving chemotherapy without AVP the cumu-
lative incidence of herpesvirus infections (93% of which
were VZV disease) was 20.2% at 5 years after starting che-
motherapy, with a high cumulative dose of corticosteroids
and a history of neutropenic fever being independent risk
factors for these infections in multivariate analysis.?” AVP
was preferentially effective during the first year of treat-
ment since reactivations were reported up to 51.3 months
after initial immuno-chemotherapy, particularly in patients
treated with rituximab plus bendamustine and in patients
receiving rituximab or obinutuzumab maintenance therapy.
Rituximab-containing regimens were not associated with
a high overall incidence density of HZ, although the addi-
tion of rituximab to conventional chemotherapy increased
the short-term risk of HZ, with adjusted odd ratios of 1.38
and 1.37 during the 1-year and 2-year follow-up periods,
respectively.??

In patients with chronic lymphocytic leukemia (CLL) treated
with ibrutinib the incidence of HZ was 5% during a long-
term follow-up while 2.9 cases per 1,000 patient-years

were documented in those treated with various regimens
in the pre-ibrutinib era.?+?

In patients with refractory or relapsed high-grade B-cell
lymphoma treated with axicabtagene ciloleucel, a CD19-tar-
geted chimeric antigen receptor (CAR) T-cell therapy, 16%
had HZ skin infection.?® The HZ incidence rate was 14.8%
for the entire cohort and 25.8% for the cohort of long-
term survivors. The median time from CD19-targeted CAR
T-cell infusion to the onset of HZ was 15.5 months (range,
8-20 months) and all the HZ infections happened within
the first 2 years. Introducing AVP (200 mg oral acyclovir, 3
times a day) effectively reduced the incidence of HZ after
CAR T-cell treatment.

An analysis of a UK primary care database of subjects
with a variety of solid and hematologic cancers showed
that multiple myeloma was associated with the greatest
increase in probability of HZ (adjusted odds ratio=4.24)
compared to that in the reference group of subjects without
a diagnosed malignancy.?® In patients receiving bortezo-
mib without AVP, infection occurred after cycle 1 in 32%
of cases, after cycle 2 in 23%, after cycle 3 in 23%, after
cycle 4 in 13%, and less than 10% of cases occurred in the
following cycles. However, among patients with multiple
myeloma who received various schedules of AVP (acyclovir
200 mg/day to 400 mg twice daily or valacyclovir 500 mg/
day) no infections or less than 1% were observed through-
out the whole duration of bortezomib treatment and in
the follow-up.?-*" Patients in whom AVP was interrupted
before the end of cancer treatment had a higher risk of
developing HZ infection compared to those who continued
AVP (adjusted hazard ratio=3.09).*2

The immunogenicity of aRZV vaccination in hematologic
malignancies was evaluated in two randomized clinical
trials.23* The first study® demonstrated that aRZV elicited
robust humoral and cellular responses when administered
during and up to 6 months after chemotherapy. Overall,
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80.4% of 148 participants with hematologic malignancies
other than B-NHL or CLL had a humoral vaccine response at
2 months, compared with 0.8% participants in the placebo
group. Conversely, the humoral vaccine response was 45%
in B-NHL and 22% in CLL patients. Humoral and cell-me-
diated immune responses persisted above baseline until
month 13 in all subgroups stratified by underlying disease.
The frequency of a humoral response to the vaccine was
higher among those who were vaccinated after the end of
immunosuppressive therapy than among those who were
vaccinated while still receiving immunosuppressive treat-
ment. One month after injection of the second dose of the
vaccine, the proportion of participants with a cell-medi-
ated immune response to the vaccine was high (83.7%) in
all diseases (including B-NHL and CLL) and it was durable
since the response was still measurable after 12 months.
A post-hoc analysis revealed that the incidence of HZ was
8.5 per 1,000 person-years in the vaccinated group and 66.2
per 1,000 person-years in the placebo group, resulting in
87.2% efficacy against HZ, including patients with B-NHL
and CLL.

Zent et al.** analyzed response to vaccination in patients
aged 250 years and on treatment with a Bruton tyrosine
kinase (BTK) inhibitor because of a diagnosis of CLL or
lymphoplasmacytic lymphoma/Waldenstrém macroglob-
ulinemia. A certain proportion of these patients did have
a response to aRZV while on BTK inhibitor therapy. Twen-
ty-four of 32 patients (75%) had a humoral response to
vaccination and 21 of these 24 (87.5%) also mounted a T-cell
response. Only four (50%) of the eight subjects with no
humoral immune response exhibited a T-cell response. A
subsequent analysis of the same study evaluated humor-
al response 24 months (x 3 months) after vaccination.®
Among the patients who had a response at 4 weeks after
vaccination, 56.5% had a sustained humoral response 24
months later. The overall humoral response rate for all
patients at 24 months compared to pre-vaccination was
41.9%. There was no significant association between prior
rituximab therapy and achieving a humoral response. Cel-
lular response was achieved in 81.3% of patients 4 weeks
after vaccination and continued to be sustained in 65.4%
of patients 24 months later. The overall cellular response
rate in all patients at 24 months was 54.8%.

Real-life data on the efficacy and immunogenicity of aRZV
in malignant hematologic diseases are summarized in On-
line Supplementary Table S3. The studies did not provide
information on the timing of the vaccination during the
course of the disease or on any AVP.

Mutchar et al.*® analyzed the effects of two doses of aRZV
given at a 2-month interval to individuals with untreated or
BTK inhibitor-treated CLL. At 3 months after vaccination an
antibody response was seen in 45% of participants, which
was significantly lower than the rate among sex- and age-
matched healthy controls (63%; P=0.03). The antibody re-
sponse did not differ significantly between the CLL patients
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who were untreated or treated with a BTK inhibitor (51%
vs. 36%, respectively; P=0.23). The CD4* T-cell response to
vaccination was significantly lower in study participants
than in controls (54% vs. 96%; P<0.001), mainly due to the
weaker elicitation among BTK inhibitor-treated patients
compared to untreated CLL patients (32% vs. 73%; P=0.008).
In two open-label, single-arm clinical trials, Pleyer et al.*"38
investigated the effect of BTK inhibitors on recall immune
response to aRZV in CLL patients by comparing the rates
in patients who were or were not being treated with BTK
inhibition. The response rate to aRZV did not differ sig-
nificantly between the BTK inhibitor cohort (41.5%) and
the treatment-naive cohort (59.1%). The vaccine antibody
response rate in CLL patients was significantly higher in
the treatment-naive cohort (76.8%) than among patients
receiving a BTK inhibitor (40%). The cellular response rate
was also significantly higher in the treatment-naive cohort
(70%) than in the BTK inhibitor group (41.3%).

In multiple myeloma patients, Sweiss et al.*®* documented
that the overall rate of seropositivity increased after one
(87.9%; P=0.0002) and two (92.6%; P=0.0001) doses of the
vaccine. Seroconversion from a baseline negative to pos-
itive test was observed in 76.2% and 95.8% patients after
one and two doses, respectively.

Herpes zoster risk and prevention in hematopoietic stem
cell transplantation

The incidence of HZ ranges from 8% to 25% in autolo-
gous HSCT,*** and from 13% to 28% in allogeneic HSCT
recipients.*>** AVP is commonly administered to patients
after HSCT in order to prevent HZ-associated infections.
According to literature data the incidence of HZ reactiva-
tion appears similar after the two transplant procedures,
however it should be underlined that the above data refer
to heterogeneous populations with different transplant
risks and the epidemiological data are affected by the
use of AVP. In general, the risk is particularly high after
allogeneic HSCT and prolonged over time, even for years
after the transplant. In 2017 the available literature was
systematically reviewed to determine the optimal duration
of AVP for prevention of HZ in allogeneic and autologous
HSCT recipients.** Six observational studies were analyzed
comprising a total of 3,420 patients. Considering all HSCT
recipients, the overall incidence of HZ was 7.8% in the
AVP group and 25.6% in the control group, with a pooled
relative risk of 0.31. Focusing on the AVP group, the inci-
dence of HZ was 21% in the subgroup given prophylaxis
for at least 1 year and 15.4% in the subgroup that received
prophylaxis for less than 1 year, with a pooled relative risk
of 0.23. These data demonstrate that AVP can significantly
reduce HZ in HSCT recipients and that prophylaxis should
be given for at least 1 year.

More recent literature on anti-HZ prophylaxis has analyzed
the effect of transplant type, and the optimal antiviral
therapy and dose.**%¢ In a study by Kawamura et al.5® in
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patients who underwent autologous HSCT the first con-
secutive 30 patients received oral acyclovir at a dose of
1,000 mg/day until engraftment, whereas the following 69
patients were given oral acyclovir at a dose of 200 mg/day.
After engraftment, acyclovir was continued at the 200 mg/
day dose at the discretion of the attending physicians in
both groups. Patients were next divided into three groups
according to the timing at which acyclovir prophylaxis was
stopped after the transplant (at engraftment, between en-
graftment and 1 year after the transplant, and more than
1 year after the transplant). The cumulative incidence of
HZ at 1 year was 25.8, 7.7, and 0.0% in the three groups,
respectively. No difference was observed in the incidence
of HZ according to the AVP dose, suggesting that low-dose
acyclovir prophylaxis may be effective at preventing HZ
after autologous HSCT.

Zhang et al.*®* documented that the duration of AVP and
HZ incidence were inversely correlated. Compared with
patients who were on AVP for 1-89 days, those whose
AVP lasted longer had significantly lower risks of HZ: AVP
duration 180-269 days, hazard ratio=0.576 (P=0.019), AVP
duration 270-359 days, hazard ratio=0.594 (P=0.023), and
AVP for 2360 days, hazard ratio=0.309 (P<0.001). Abbasov
et al.?' reported that no patient given low-dose acyclovir
prophylaxis (400 mg/day) developed HZ in the first year
after autologous HSCT while 2.8% of patients developed
HZ in the second year after discontinuing the AVP.

The impact of longer-term AVP on HZ incidence after cord
blood transplantation was studied by Xue et al.’? HZ oc-
curred in 44 recipients (19%) at a median of 23.6 months.
The cumulative incidence of HZ by 1 year after cord blood
transplantation was 1.8% but increased to 26% by 5 years.
A high incidence of HZ after cord blood transplantation,
despite AVP for more than 1 year, was found. Based on
these findings, the authors suggested a longer duration of
prophylaxis for HZ after cord blood transplantation.

A randomized, observer-blind, phase lll trial study investi-
gated the role of anti-HZ vaccination in a population of 1,846
adult autologous HSCT recipients’ who were randomized to
receive a first dose of either aRZV or placebo 50-70 days
after their transplant, followed by a second dose 1-2 months
later. Compared to placebo, aRZV was associated with 68.2%
efficacy in preventing HZ infection and 89.3% in minimizing
the incidence of post-herpetic neuralgia. Analyzing the data
from this study, Stadtmauer et al.5" provided an in-depth
description of humoral and cell-mediated immune responses
by age or underlying disease as well as efficacy of the aRzZV
by underlying disease. Despite the lower anti-gE antibody
concentrations in B-NHL patients, CD4 T-cell frequencies
were similar in patients with B-NHL and those with other
underlying diseases. Vaccine efficacy against HZ ranged
between 42.5% and 82.5% across underlying diseases and
was statistically significant in patients with B-NHL and in
those with multiple myeloma.

There are two real-life studies on the efficacy of aRzVv
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in the context of allogeneic HSCT.*®%° |In a single-center,
prospective, observational cohort study, safety and reacto-
genicity of aRZV, as well as incidence of graft-versus-host
disease and confirmed cases of HZ after vaccination were
assessed in 158 volunteer allogeneic HSCT recipients.®
The cumulative incidence of graft-versus-host disease
in the peri-vaccination period was no different from that
in historical controls. There were four cases of HZ in the
total vaccinated cohort who received at least one vaccine
dose (2.5%) and three cases in the modified total vacci-
nated cohort who received two vaccine doses (28.3/1,000
person-years). In a study including 79 allogeneic HSCT
recipients who were given aRZV, cellular immunity against
various VZV antigens was analyzed by interferon-y ELISpot
and patients with or without previous shingles were com-
pared.®*® Multivariate analysis showed that previous shingles
and sex both had significant effects on VZV immunity, with
responses against glycoprotein E being significantly higher
in males than in females.

In conclusion, two aRZV doses, administered 50-70 days after
transplantation, induced robust and durable humoral and
cell-mediated immune responses, irrespective of age and
underlying disease, in adults who had undergone auto-logous
HSCT. Glycoprotein E-specific CD4 T-cell responses were
polyfunctional, and the proportion of polyfunctional CD4
T cells expanded in the 2 years following vaccination. In a
post-hoc analysis, it was demonstrated, in each underlying
disease, that the efficacy against HZ reflected that observed
in the overall population; indeed, there was robust efficacy
also in patients with B-NHL, despite their weaker humoral
immune response. Data on the efficacy of aRZV in the allo-
geneic HSCT population are less evident and future clinical
trials are needed to elucidate the rate and timing of aRzZV
immunogenicity in this population.

Herpes zoster risk and prevention in immune-mediated
non-malignant hematologic diseases

Few data are available on the risk of HZ reactivation in
patients with immune-mediated non-malignant hemato-
logic diseases, such as autoimmune hemolytic anemia and
immune thrombocytopenia. Recent studies have shown
that the prolonged use of corticosteroids in the geriatric
population (>65 years old) can increase the risk of devel-
opment of HZ (3-fold increase of odds) because of the
immunosuppressive effects of these drugs.®® There is a
duration-related effect between oral corticosteroid ad-
ministration and the risk of HZ.

Regarding aplastic anemia, the risk of HZ in subjects not
treated with HSCT has been reported generically without
specific evidence-based information being provided. Clinical
experience indicates that patients with aplastic anemia may
develop HZ reactivation while on therapy with anti-thymo-
cyte globulin and cyclosporine, when a global suppression
of T-cell function and numbers can occur. Indeed, accord-
ing to guidelines on the management of aplastic anemia,
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AVP is not routinely recommended in untreated patients
while it is recommended in this population during and after
anti-thymocyte globulin therapy.©

Herpes zoster antiviral prophylaxis and vaccination
schedules in patients with hematologic diseases or
submitted to hematopoietic stem cell transplantation
Secondary objectives of observational studies on AVP have
included comparisons of different doses of acyclovir and
comparisons of different drugs. Lin et al. reported that the
delivery of different dosages and types of anti-HZ drugs
resulted in equivalent protective effects.>? Zheng et al. doc-
umented that the rate of HZ infection was similar between
AVP with intermittent oral famciclovir at a dose of 250 mg
twice daily for 9 days, and continuous oral acyclovir (8.4% vs.
7.9%; P=0.835).® Kawamura et al. found that the number of
patients who developed HZ before day 100 after HSCT was
not different between a group treated with acyclovir 1,000
mg/day and another treated with acyclovir 200 mg/day.%?
Mascarenhas et al. documented that the use of low-dose
acyclovir prophylaxis was associated with a low rate of VZV
reactivation in the first year after HSCT, with no evidence of
clinically significant rebound at 2 years after transplant.s®
Two doses of aRZV are necessary regardless of a prior histo-
ry of shingles or previous receipt of live zoster vaccine. The
second dose of aRZV should typically be given 2-6 months
after the first. However, for people who are or will be immu-
nodeficient or immunosuppressed and who would benefit
from completing the course in a more condensed period of
time, the second dose can be administered 1-2 months after
the first. If a supplementary dose of aRZV is given sooner
than 4 weeks after the first, a second valid dose should be
repeated at least 4 weeks after the dose that was given early.
The vaccine course should not be resumed if more than 6
months have elapsed since the first dose.

When possible, patients should be vaccinated before be-
coming immunosuppressed. If vaccination before immu-
nosuppression is not possible, physicians should consider
timing vaccination when the immune response is likely to
be most robust.

Vaccination deferral in immunodeficient patients should be
carefully weighed against the potential decline of response
to aRZV, occurring during the most aggressive phases of
immunosuppression, which could result in missing a “win-
dow of opportunity”.
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In theory, laboratory tests to measure vaccine immunopro-
tection elicited in both B- and T-cell compartments might
be exploited to guide post-vaccination AVP; however, at
present the few literature data do not enable definition of
a post-vaccination AVP strategy based on immunological
monitoring.

Conclusions

The availability of a new recombinant vaccine for HZ pre-
vention has provided great impetus to the use of vacci-
nation for immunocompromised patients at high risk of
HZ reactivation. However, the lack of randomized trials
considerably limits the quality of the evidence that should
inform advice and recommendations. The consensus-based
statements in this project are provided with the assump-
tion that the experts have an implicit and comprehensive
mastery of scientific and practical information to help the
most appropriate decisions. Applying these recommenda-
tions could not only improve outcomes but also enable data
collection to inform future practice. Randomized clinical
trials and large, prospective epidemiological surveys are
needed to better define some aspects of HZ prevention
in hematologic populations with the aim of optimizing the
harmonization of the antiviral preventive strategy in terms
of duration of AVP after vaccination in specific diseases or
conditions and eventual use of AVP late after vaccination,
particularly for subjects with chronic hematologic diseases
undergoing prolonged treatment. Finally, literature data and
the experts’ personal experience highlight the continuous
variation in the risk of HZ reactivation related both to the
underlying disease or condition and to the different treat-
ments. It is therefore necessary to re-evaluate prevention
strategies over time, in step with new therapeutic strategies
for individual hematologic diseases.
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