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Vaccinations are fundamental tools in preventing infectious diseases, especially
in immunocompromised patients like those affected by non-Hodgkin lymphomas
(NHLs). The COVID-19 pandemic made clinicians increasingly aware of the impor-
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complications in NHL patients. However, several studies have confirmed a signifi-
cant reduction in vaccine-induced immune responses after anti-CD20 monoclonal
antibody treatment, thus underscoring the need for refined immunization strategies
in NHL patients. In this review, we summarize the existing data about COVID-19
and other vaccine's efficacy in patients with NHL and propose multidisciplinary

Italy team-based recommendations for the management of vaccines in this specific group
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INTRODUCTION

Vaccination is one of the most valuable tools in prevent-
ing infectious diseases in the general population. The im-
munocompromised host is at increased risk of developing
complications from vaccine-preventable diseases,' includ-
ing SARS-CoV-2.>* On the other hand, immune responses

to vaccines may be impaired in people who are immuno-
suppressed due to chronic diseases or therapies that blunt
the immune system (i.e. chemotherapy, immunotherapy
and targeted agents). Most of the vaccine trials focused on
healthy individuals, thus data on the effectiveness of vacci-
nations in patients affected by B-cell non-Hodgkin lympho-
mas (B-NHL) are limited and highly heterogeneous.
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The extent of vaccine-induced immune response may vary
under different immunosuppressive conditions. In general,
a moderate to strong reduction is observed in patients af-
fected by B-NHL." Nevertheless, the latest Infectious Diseases
Society of America (IDSA) guidelines about vaccination of
the immunocompromised host, published in 2014,” and
ECIL-7 guidelines for haematological malignancies (HMs),®
still recommended common vaccinations, with the exclusion
of live-attenuated products, the latter excluded due to safety
rather than efficacy concerns.

B-NHL patients may present functionally defective re-
sponses to antigenic stimuli, including vaccines. Moreover, fur-
ther impairment in vaccine-induced immune response relates
to anti-tumour therapy, especially when including anti-CD20
monoclonal antibodies (mAbs), such as rituximab. Sustained
B-cell depletion occurs within 72h after rituximab adminis-
tration, while the recovery of B-cell counts usually starts only
6-9months after the completion of therapy, with normal lev-
els being reached only after 9-12months.” In a seminal study,
B-NHL patients who received rituximab displayed decreased
humoral responses against tetanus and poliovirus vaccines.®

A systematic review and meta-analysis confirmed that
patients on active anti-CD20 treatment develop very low
humoral responses to different vaccines and evidenced that
antibody levels, although incrementally improving over time,
may not reach those of the healthy controls even 12 months
after therapy completion.’

The recent COVID-19 pandemic made clinicians increas-
ingly aware of the importance of vaccinations in preventing
potential life-threatening SARS-CoV-2-related complications
in NHL patients. Moreover, the significant decline in vaccine-
induced immune responses after standard treatments like
anti-CD20 mAbs underscored the need for better effective
immunization strategies in this specific setting of patients.
A large body of studies showed limited seroconversion rates
following mRNA SARS-CoV-2 vaccination in individuals
affected by B-NHL and receiving B-cell depleting therapy,'
with the time interval between anti-CD20 therapy and vacci-
nation being critical on the probability of generating neutral-
izing anti-spike antibodies.""'> On the other hand, specific
T-cell responses following COVID-19 vaccines have been
detected in the majority of B-NHL patients treated with an-
ti-CD20 mAbs independently from humoral responses.’* ¢

This review aims to summarize current evidence con-
cerning the performance and safety of different vaccines in
people affected by B-NHL, either treatment-naive or treated
with anti-CD20 mAbs and Bruton's tyrosine kinase inhibi-
tors (BTKis). Moreover, we try to suggest a comprehensive
strategy of vaccine immunization for patients with B-NHL
in the present early post-COVID-19 pandemic era, where
modern novel vaccines have been developed.

METHODS

We identified the main vaccines that present a clinical
relevance among adults diagnosed with lymphoma: (i)

COVID-19; (ii) seasonal influenza virus; (iii) varicella zos-
ter virus (VZV); (iv) encapsulated bacteria (Streptococcus
pneumoniae, Neisseria meningitidis and Haemophilus influ-
enzae); and (v) diphtheria, tetanus, pertussis and poliovirus;
(vi) hepatitis B virus (HBV) and hepatitis A virus (HAV); and
(vii) respiratory syncytial virus (RSV). Both indolent and ag-
gressive B-NHL were considered. The issues of vaccinations
in NHL patients undergoing allogeneic stem cell transplant
or CAR-T cells' are beyond the scopes of the present review
and are not discussed here. A qualitative literature review
(using Mesh and free-text terms) was conducted on PubMed
up to September 2023, with no language restrictions.

COVID-19 VACCINATION
Introduction

Susceptibility to severe COVID-19 has been identified very
early in patients with NHL, highlighting a mortality rate
of up to 32%.” Similarly, the largest series in the prevaccine
era pointed out a 100-day mortality of 21% in indolent and
30% in aggressive NHL. Independent risk factors for mor-
tality were age >70years, male gender, low platelets counts
(<100 x 10°/L) and low lymphocyte counts (<0.65 x 10°/L)."®

SARS-CoV-2 binds to angiotensin-converting enzyme 2
(ACE-2) receptors expressed on the epithelial cells of the oral
mucosa and lung alveolar type II cells through the receptor-
binding domain (RBD) of the spike protein."**! The first
vaccines against SARS-CoV-2 were approved between the
end of 2020 and the beginning of 2021 based on diverse plat-
forms, that is, full-length spike messenger RNA (mRNA;
BNT162b2%* and mRNA-1273%) and spike adenovirus-based
DNA (ChAdOx1 and Ad26.COV2.S). The novel mRNA
technology induced high titres of anti-RBD (or anti-spike)
antibodies, which directly correlated with virus-neutralizing
ability.** Both mRNA products consisted of two doses ad-
ministered 21-28 days apart and were authorized based on
>90% efficacy in the reduction of symptomatic COVID-19
disease in randomized clinical trials.”>* Although a vari-
ety of other vaccines based on adjuvanted recombinant spike
protein immunization (i.e. NVX-CoV2373%) were developed
later on, mRNA-based vaccines shortly became the standard
at the global level. Booster doses of both mRNA products
were approved in late 2021, as the effectiveness of primary
vaccination declined over time, due to waning immunity?’
and the emergence of variants of concern (VOCs), carrying
neutralization escape mutations in RBD sequence (in partic-
ular omicron subtypes).”® In the third quarter of 2022, two
bivalent vaccines containing equal amounts of spike mRNA
from the ancestral Wuhan strain and omicron BA.4-BA.5
subvariants were approved as new boosters.” Finally, up-
dated mRNA vaccines against currently dominant variants,
such as XBBI.5, have been recently approved by the US Food
and Drug Administration (FDA).

Notably, immunocompromised subjects were not in-
cluded in registered clinical trials of SARS-CoV-2 vaccines.
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As lymphoproliferative diseases and B-cell depletion thera-
pies attenuate immunologic responses to conventional vac-
cines,” many observational studies evaluating COVID-19
vaccine effectiveness in the setting of NHL patients have
been carried out throughout the world. Overall, these stud-
ies are largely heterogeneous in terms of design, population,
sample size, treatments, vaccine type and the number of
booster doses, end-points, biological assays for efficacy mea-
sures and publication date (Tables 1-3).

Immune responses to SARS-CoV-2 vaccines in
patients with non-Hodgkin lymphoma

Early studies evaluating immune responses after a pri-
mary full course of SARS-CoV-2 vaccines (2 doses) in pa-
tients with NHL were published in mid-2021 (Table 1).**7**
A seminal Israeli study evaluating 149 patients with either
aggressive or indolent NHL showed that overall serologi-
cal responses to the BNT162b2 vaccine were nearly halved
compared to the healthy controls (49% vs. 98.5%, p <0.001).
Seroconversion was detected in 89% of treatment-naive
patients, in 66.7% of patients who received rituximab or
obinutuzumab-based regimens earlier than 6 months and
only in 7.3% of those actively treated with anti-CD20-
containing regimens, with longer interval since last anti-
CD20 administration independently predicting positive
serological responses.”® Another study from the United
States showed a similar pattern of antibody responses to
mRNA vaccines after B-cell-directed treatments (11%
<9 months vs. 88% >9 months).**

The first meta-analysis was published in December 2021
by Gagelmann and colleagues who examined 49 studies in-
cluding over 11000 individuals with HM. Overall, primary
vaccination with mRNA or vector-based anti-SARS-CoV-2
vaccines yielded a 58% seroconversion rate in patients with
aggressive and 61% in those with indolent NHL (98% in
healthy controls). Active treatment was associated with poor
antibody response (35%). In particular, anti-CD20 within
lyear and BTK inhibitors treatment were associated with
15% and 23% response rates respectively. In contrast, being
in remission and prior COVID-19 were associated with high
seroconversion rates (pooled responses 72% and 87% respec-
tively). Both mRNA vaccines yielded high response rates
(>90%), without significant differences.”® These key findings
were substantially confirmed by subsequently published
meta-analyses (Table 2)36-38

An important US study reported a reduced neutraliz-
ing capacity of vaccine-induced antibodies against novel
SARS-CoV-2 VOC in patients with B-NHL: neutralizing ti-
tres against delta and omicron variants resulted in 6- and
42-fold lower than those against the ancestral Wuhan strain
respectively.”’

The limited vaccine responses in patients with NHL led
to a new strategy involving increase in the number of doses
(boosters). Among 584 patients with HM receiving a third
mRNA-1273 vaccination, median anti-spike IgG levels were

BRITISH JOURNAL OF HAEMATOLOGY

comparable to those observed in healthy individuals follow-
ing primary vaccination. Of note, improvement in neutral-
izing ability was also observed. However, NHL patients with
recent history (less than 12months) or active anti-CD20
therapy were less responsive to the booster dose (serocon-
version in 70.6% and 22.5%, respectively), as well as those
treated with BTKi."" A similar pattern of seroconversion
after a third booster dose was shown in other studies.'>*"*?
Interestingly, in a recent report a fourth dose increased se-
roconversion and neutralization titres against wild-type and
omicron variants from about 50% to 90%, in patients with
B-NHL."

Generally, the incidence of breakthrough infections in
NHL patients who received SARS-CoV-2 vaccines was low
and largely dependent on the prevalent VOC. Notably, a
prospective Italian study showed that in vaccinated HM pa-
tients, the incidence of breakthrough infections increased
from 1.17 to 9.82 per 10000 person-days."” Nevertheless,
COVID-19-related hospitalization and case fatality rates
among patients with lymphoma during the omicron surge
were lower (34% and 9%, respectively) than those during the
early pandemic (60% and 34%, respectively),** possibly due
to the progressive implementation of vaccination and treat-
ments against SARS-CoV-2. In sequential EPICOVIDEHA
reports, case fatality rates in vaccinated NHL patients de-
creased from 16% (one to two vaccine doses, prevalence of
alpha- and delta strain)* to 9% (two to four vaccine doses,
prevalence of omicron),"® especially in the subgroup who re-
ceived four doses.”” However, NHL patients remained par-
ticularly susceptible to breakthrough infection and severe
COVID-19, especially if recently treated with anti-CD20
mAbs.*®

Interestingly, a recent multivariable analysis from the
prospective UK PROSECO study on 592 lymphoma pa-
tients, who received one to four vaccine doses, recognized
two threshold values for anti-spike IgG levels after three
(820BAU/mL) and four doses (41 BAU/mL), significantly
associated with lower risk of breakthrough infections. The
>20-fold lower threshold after four vaccinations implies that
antibody affinity increases after multiple doses. Notably,
lower anti-spike IgG levels were also associated with the in-
creased risk of hospital admission.”” These data support a
possible risk stratification strategy for protecting lymphoma
patients from COVID-19 disease based on anti-spike titres,
advocating individualized booster uptake for the most vul-
nerable subjects.

Humoral and cellular responses work together against
viral infections. SARS-CoV-2-specific cellular response
has been recognized as essential for viral elimination and
the prevention of disease worsening.’** Indeed, observa-
tional studies evidenced detectable SARS-CoV-2-specific
T-cell responses in a substantial proportion of vaccinated B-
NHL patients independently from humoral response status
(Table 3)."'® In a study by Gressens et al., primary vaccina-
tion induced specific CD4 and CD8 T-cell responses in 14
lymphoma patients treated with anti-CD20 plus chemother-
apy; of note, only one of them developed humoral response.>
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Published meta-analyses about humoral responses after COVID-19 vaccination in patients with non-Hodgkin lymphomas.

TABLE 2

Factors predicting anti-
SARS-CoV-2-positive

serology

Safety

P Subgroup responses

N studies Npts Doses Pooled responses

Study, year

COVID-19

No active treatment

Being in remission prior
3rd dose (31%-65%)

Local pain, 15%-41%

Fatigue, 6%-30%

Anti-CD20 <12 mo, 15% (95% CI 9-24)
Anti-CD20 >12 mo, 59% (95% CI 46-72)

93%
84%
BTKi, 23% (95% CI 14-35)

64% (95% CI 59-69)
589% (95% CI 44-70)

2

6516
386

AllHM, 39
a-B-NHL, 7
i-B-NHL, 6
AllHM, 57

Gagelmann,
2022%

VACCINATIONS IN PATIENTS WITH NHL

Muscle pain, 4%-30%
Any AE, 0%-50.9%
SAE, 0%-7.5%

85%

62% (95% CI 48-72)

38.1%-99.1%

494

Anti-CD20 <12 mo, 0-22.2%

91%

2

7393
577

Piechotta,

No or >12 mo anti-CD20 Tx

Anti-CD20 >12 mo, 34.8%-81.8%

BTKi, 14.3%-50%

41.9%-100%
42.9%-100%

a-B-NHL, 13
i-B-NHL, 14
AllHM, 15
NHL, 5

2022°¢

Anaphylaxis, 0-1.3%

(2 studies)

2033

No active Tx

Local pain, erythema,
transient

Active Tx, 54%
No active Tx, 80%

96%
85%

2 60% (95% CI 59-69)
50% (95% CI 35-71)

2055
336

Rinaldi,
2022

lymphadenopathy
(1%-2.5%)

(RR0.59, 95% CI 0.46-0.75)

Anti-CD20 >6 mo, >12 mo

NA

NHL, RR 0.58 (95% CI 0.48-0.71) vs. HC

94%

RR 0.60 (95% CI

2

2203
282

52, lymphoid

8, NHL

Tto, 202238

Anti-CD20, RR 0.37 (95% CI 0.24-0.57)
<12 mo, RR 0.23 (95% CI 0.10-0.57)
>12 mo, RR 0.61 (95% CI 0.41-0.73)
BTKi, RR 0.49 (95% CI 0.37-0.64)

0.53-0.69) vs. HC

Abbreviations: a-B-NHL, aggressive B-cell non-Hodgkin lymphoma; AE, adverse events; BTKi, Bruton's tyrosine kinase inhibitors; HC, healthy controls; HM, haematological malignancies; 2, heterogeneity; i-B-NHL, indolent B-cell non-

Hodgkin lymphoma; mo, months; N, number; NA, not available; pts, patients; RR, relative risk; SAE, serious adverse events; Tx, therapy.

The PROSECO study showed that 63% of the patients
displayed antigen-specific T-cell responses, which increased
after a third dose irrespective of their treatment status.”
Undetectable cellular response, as well as the absence of
anti-spike antibodies, was associated with a higher propor-
tion of hospitalization in case of breakthrough infection.*
Similarly, an Italian study documented effective T-cell-
mediated immune response in a high rate of NHL patients
receiving anti-CD20 mAbs (74% of which were anti-spike
seronegative).'® In another small study, T-cell response was
conserved in patients undergoing rituximab or obinutu-
zumab maintenance, despite complete B-cell depletion.”
Preliminary data suggest that cellular immunity is quite
durable. A prospective Spanish observational study in 270
patients with mixed HM (85 with lymphoma, 49 treated
with anti-CD20 mAbs) showed that 84.4% of patients main-
tained a detectable cellular response 6 months after the sec-
ond mRNA-1273 dose. Notably, neither anti-CD20 nor BTKi
therapy had an impact on cellular response persistence.’®

Overall, mRNA vaccines may elicit SARS-CoV-2-specific
T-cell response even in the absence of adequate B-cell func-
tion, suggesting a potential benefit for vaccination despite
the lack of seroconversion, although it has to be acknowl-
edged that all these studies about T-cell response were per-
formed in vitro.” ™

All these findings substantially point out that patients
with lymphomas treated with anti-CD20 antibodies should
undergo vaccination. For newly diagnosed B-NHL patients
who are candidates for anti-CD20-based therapy, cur-
rent guidelines suggest completing the vaccination with a
booster dose(s) before treatment initiation,*® as anti-CD20
mAbs seem to spare pre-established humoral immunity to
COVID-19 vaccines. A seminal study showed that among 15
patients who initiated rituximab shortly after vaccination,
10 generated blocking antibody response, which persisted
4months after lymphoma treatment initiation in 6 out of 10
cases. These data, although limited, suggest a policy of im-
munizing before treatment whenever possible.'* Vaccinating
against SARS-CoV-2 before starting treatment against lym-
phoma is also suggested by Passamonti et al. in a recently
published review. However, the authors also underline that
urgent treatment should not be delayed due to vaccination.®"

Concerning BTKi treatment, a small proof-of-concept
study in 17 patients with Waldenstrom macroglobulinae-
mia (WM) suggested that a closely monitored BTKi pause
before (3 days) and after (21 days) the third dose of vaccine
might significantly improve antibody.®* Based on these pre-
liminary data, a consensus panel suggested considering this
strategy in selected cases of WM patients under BTKi.®’

Current US Centers for Disease Control and Prevention
(CDC) guidelines recommend that HM patients should get
vaccinated as soon as possible with three primary doses every
4 weeks, followed by a first booster dose after 3 months and a
second booster after 4 months. Updated vaccines against the
last omicron subvariants (XBBI.5) are recommended. The
timing of vaccination depends on individual therapy and
may ideally occur before systemic therapy initiation. ESMO
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and ECIL-9 also suggest that relatives, family and caregivers
of patients should be vaccinated.®*®

Pre-exposure prophylaxis with the long-acting mAbs
combination tixagevimab/cilgavimab, approved by FDA and
EMA in December 2021 and March 2022, respectively, was
employed with preliminary encouraging results in patients
with B-NHL receiving B-cell-depleting treatments.5*’
However, the spread of omicron subvariants, such as BQI.1
and XBBIL.5, substantially insensitive to tixagevimab/cil-
gavimab,®® led FDA to retire its authorization in January
2023. Of note, new monoclonal antibodies potentially active
against both historical and current SARS-CoV-2 variants,
such as AZD3152, are currently being tested in clinical tri-
als (NCT05648110). COVID-19 vaccination remains there-
fore the most effective approach to avert serious COVID-19
complications, including hospitalization and mortality.
Additional booster doses (including yearly vaccination) with
variant-specific vaccine products are among the possible
tools. The trend of the pandemic and the emergence of novel
viral variants will most likely impact future choices.

Seasonal influenza virus

Seasonal influenza (flu) is one of the most common infec-
tious diseases worldwide, impacting on all age groups and
affecting morbidity and mortality. To date, the most effective
method for preventing influenza is annual vaccination.

Patients with NHL are at particular risk of influenza
virus infection and complications, because of constitutive
immunodeficiency, immunosuppressive therapies and fre-
quent occurrence in people with advanced age. Indeed, the
CDC as well as major clinical societies recommend seasonal
influenza shots for cancer patients, including HM.

Data on the immunogenicity of influenza vaccination
in patients with NHL are not homogeneous, possibly due
to antigenic variability of seasonal influenza strains and
heterogeneity of the studies in terms of patients' character-
istics, disease features and treatment regimens (Table 4).
Seminal studies in the prerituximab era yielded con-
trasting results. A study published in 2005 reported on
the limited efficacy of influenza vaccination in 29 lym-
phoma patients during the 2003-2004 flu season®”: only
10% of the patients were able to mount a significant re-
sponse (defined as fourfold antibody titre increase) to at
least one influenza A or B antigen, compared to 45%-48%
in the control group. Of note, most of the patients with
lymphoma enrolled in this study were receiving (or had
recently completed) chemotherapy at the time of vacci-
nation. In contrast, in another study on 163 patients, in-
fluenza vaccination induced an adequate level of immune
response in a substantial proportion of NHL patients.”’

Increasing the number of doses (two vs. one) does not seem
to impact, as demonstrated by two randomized studies.”"”?
On the contrary, the amount of vaccine product administered
may affect immunogenicity. In a double-blind controlled
trial on 27 adult patients affected by B-NHL, 60% and 40%

of patients receiving a recombinant vaccine containing re-
spectively 135 and 45 ug of hemagglutinin A and B showed an
increase in neutralizing antibody titres; in contrast, no signif-
icant response was observed in four patients vaccinated with
a trivalent commercial vaccine containing 15 ug haemagglu-
tinin A and B.”?

Published data generally indicate that rituximab-induced
B-cell depletion may blunt response to influenza vaccina-
tion. A recent meta-analysis showed that seroconversion
after seasonal flu vaccines seems to be abrogated for at least
6 months following anti-CD20 therapy, and may not reach
the level of healthy controls even 12 months after treatment
completion, with estimated seroconversion rates of 3%-
43%.” This finding seems to be related to persistent pertur-
bation in B-cell subsets, as demonstrated in an early study
on 31 NHL patients who were vaccinated against three in-
fluenza strains in the 2008-2009 season, at least 6 months
after the interruption of the rituximab-containing regimen.
Compared to healthy controls, vaccine-induced increase in
antibody titres was significantly lower among patients and
was associated with limited seroconversion rates.”*

Major international guidelines strongly recommend
yearly vaccination against influenza in all immunocompro-
mised individuals, including those affected by lymphoma,”
except in patients receiving intensive chemotherapy or un-
dergoing rituximab in the previous 6 months, where the re-
sponse to the vaccine is unlikely.® Recombinant or inactivated
(possibly quadrivalent) products should be used, whereas
live, attenuated vaccines are generally contraindicated. For
elderly patients (=65 years), an adjuvant or high-dose influ-
enza vaccine is recommended.>”> Whenever possible, such
as for patients with indolent lymphoma patients during the
seasonal flu vaccine window, anti-CD20 therapy initiation
should be delayed at least 2 weeks after vaccination.®

Varicella zoster virus vaccination

VZV, a DNA virus belonging to the Herpesviridae family,
establishes latency in sensory neural ganglia after primary
infection (varicella or chickenpox), in elderly or immuno-
compromised patients, due to the waning of cellular immu-
nity.”® B-NHL patients are at high risk of VZV reactivation,
due to disease- and treatment-related immunosuppression. It
is known that VZV reactivations can occur up to 50 months
after initial immuno-chemotherapy in B-NHL patients,
especially if exposed to bendamustine plus rituximab.”””®
Other risk factors for VZV reactivation in NHL patients are
age >60vyears, high cumulative dose of corticosteroids and
advanced lines of therapy.”” Thus, antiviral prophylaxis with
acyclovir or valacyclovir is recommended especially in B-
NHL patients with these treatment-related risk factors for at
least 1 year, although duration may be extended according to
individual and treatment-related risk assessment.””*’

At present, two vaccines are available for the prevention
of herpes zoster, that is, the live attenuated VZV vaccine
(Zostavax), which is contraindicated in immunosuppressed
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subjects due to risk of reactivation, and the adjuvanted re-
combinant (non-live) subunit zoster vaccine (Shingrix).

Shingrix was recently approved in Europe for the pre-
vention of VZV and postherpetic neuralgia in subjects aged
more than 50years and those aged >18 years who are at in-
creased risk of reactivation. The ZOE-50 phase 3 random-
ized trial documented a clear reduction in the risk of VZV
reactivation at 3years (96%-98% efficacy) in approximately
15000 subjects aged >50 years.*

Dedicated studies specifically evaluated the safety, im-
munogenicity and efficacy of Shingrix in patients with HM
(Table 4). A large randomized study was conducted in ap-
proximately 600 patients with HM, including 41 NHL cases
in the experimental arm and 39 in the placebo arm. The
double dose of recombinant vaccine was given 1-2 months
apart, either during chemotherapy or at the end of treatment.
Seroconversion was defined as at least a fourfold increase
from the cut-off in VZV anti-glycoprotein E IgG antibody
for seronegative subjects or at least a fourfold increase from
baseline for initially seropositive ones. A subset of patients
underwent evaluation of cellular immunity (CD4+ T-cell
frequencies using glycoprotein E peptides). Around 30% of
patients received antiviral prophylaxis. Safety and mortality
were comparable in the two arms. The risk reduction in the
incidence of VZV reactivation was 87.2%. Notably, the two
patients who developed herpes zoster in the vaccine group
received rituximab within 6 months.

A post hoc analysis showed that Shingrix induced lower
humoral immune response in patients with B-NHL with re-
spect to patients with other HM at all timepoints (1, 2, and
13 months), likely due to anti-CD20 therapy. On the con-
trary, the percentage of NHL patients with cellular immu-
nity responses was comparable and, glycoprotein E CD4+
T-cell responses remained above the prevaccine levels after
12 months from the second dose.”

The efficacy of Shingrix was also demonstrated in the
autologous stem cell transplant (ASCT) setting.®* A recent
pilot study confirmed the long-term efficacy of Shingrix
in patients with chronic lymphocytic leukaemia (CLL) or
WM under active BTKi treatment, both in terms of hu-
moral and cellular immunity (41.9% and 54.8% at 24 months
respectively).*®

Overall, available data strongly argue in favour of vac-
cination with adjuvanted subunit VZV vaccine in patients
with lymphoma. Notably, in patients who are candidates
to receive anti-CD20 mAbs, it would be desirable to ad-
minister at least the first dose of Shingrix before the start
of therapy. This strategy should be complemented by con-
ventional prophylaxis with acyclovir or valacyclovir in
patients undergoing treatments with high cellular immu-
nity impairment potential (i.e. those receiving bendamus-
tine).”” Additional data are needed to clarify the long-term
duration of vaccine-induced immunity and to address the
possibility of safely omitting or discontinuing antiviral
prophylaxis in patients who achieve seroconversion after
Shingrix, as assessed one and 12 months after the second
dose.

Encapsulated bacteria

Patients with B-NHL, especially when exposed to B-
depleting cell therapies, exhibit a significantly lower im-
mune response to encapsulated bacteria, increasing their
risk of developing severe infections by these agents. Indeed,
the main risk factors that predispose to severe or recurrent
infection by these organisms reflect the importance of B-cell
receptor in signalling and producing the complement-fixing
and opsonizing IgG antibodies.®*

Accordingly, vaccination against encapsulated bacteria,
including Streptococcus pneumoniae, Neisseria meningitidis
(also known as Meningococcus) and Haemophilus influen-
zae B, is recommended outside the routine-age-based indi-
cations, as the risk for these vaccine-preventable diseases is
particularly high in case of altered immunocompetence.®®
Since patients receiving intensive chemotherapy or an-
ti-CD20 mADbs are unlikely to respond, these vaccinations
should be offered before treatment initiation, whenever pos-
sible, or delayed for at least 6 months after the last dose of
anti-CD20 mAbs.>®

Pneumococcal vaccination

Pneumococcal infections are a serious threat for subjects af-
fected by B-NHL, as S. pneumoniae invasive diseases reach
high incidences in this group of patients, along with a fre-
quent severe clinical picture and high mortality.*

Currently, two types of vaccines against pneumococcus
are available: the conjugate vaccines (PCV15 or PCV20) and
the 23-valent polysaccharide vaccine (PPSV23).

PCV15/20 could produce a greater immune activation,
immune response and, in turn, long-lasting immune mem-
ory.”” On the contrary, PPSV23 covers a greater number of
pneumococcal serotypes but may not induce the same level
of immune response, resulting in a less effective and last-
ing immunity, especially in older or immunocompromised
patients.*® In fact, PPSV23 contains capsular polysaccha-
ride antigens that elicit a T-cell-independent antibody re-
sponse, while conjugates vaccines, as a result of the addition
of protein carrier combined with capsular polysaccharides,
produce a T-cell-dependent immune response with the de-
velopment of immune memory.*” Very few real-world data
about pneumococcal vaccinations have been reported in pa-
tients with B-NHL (Table 4). A small pivotal study showed
that only one out of eight patients with indolent NHL who
received the PPSV23 vaccine 6 or 12 months after rituximab
therapy developed protective titres of pneumococcal anti-
bodies (12.5%).”°

According to ECIL-7 and US guidelines,*”" adult patients
with HM who have not previously received PCV should re-
ceive one dose of either PCV20 or PCV15. When PCV20 is
used, no additional PPSV23 doses are recommended. When
PCV15 is used, it should be followed by a dose of PPSV23
after a 2-month interval (sequential schedule), although
definite evidence is lacking. At this purpose, compared to
high serological response rates observed in healthy popu-
lation (82%),”” a recent report pointed out a low serological
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response to this strategy in patients with CLL (10.5%), espe-
cially if treated (3%).”

Overall, considering the available data, pneumococcal
vaccination may be recommended at the time of diagnosis,
at least 14 days before starting B-cell-depleting treatments,
or after more than 6-12 months from the last administration
of anti-CD20 mAbs.

Haemophilus influenzae B vaccine

Since the introduction of the Haemophilus influenzae
type b (Hib) vaccine in the United States and European
countries, invasive infections by this bacterial agent have
become uncommon. Nevertheless, life-threatening infec-
tions, including pneumonia, pleuritis, skin and soft tissue
infections, septic arthritis, meningitis and mediastinitis
have been reported in immunocompromised and cancer
patients.94

In general, the Hib conjugate vaccine is recommended
for all children through age 59 months. As a result of uni-
versal vaccination started in the 1990s, a wide number of
adults are currently immunized for Hib. Hib vaccination
is mandatory for any unimmunized subject who is un-
dergoing a splenectomy, such as in patients with splenic
lymphomas.”® Similarly, any other immunocompromis-
ing condition should be considered a reason to prioritize
vaccination.

Hib conjugate vaccine was demonstrated to induce sat-
isfactory rates of serological responses (62.5%) even in lym-
phoma patients pretreated with rituximab 6-12months
before (Table 4).°° In unvaccinated adults, one single
dose of conjugated Hib vaccine is advisable; no booster
doses are recommended, even in patients undergoing
immuno-chemotherapy.’

Meningococcal vaccination

Invasive meningococcal disease may occur as meningitis
and/or bloodstream infection and represents an uncommon
but life-threatening infection. Importantly, the principal risk
factors for this infection are represented by congenital or ac-
quired immunodeficiency, as well as hypo- or asplenia.”®

Despite the availability of very effective and safe antimi-
crobial therapies for Neisseria meningitidis, the onset of in-
vasive disease is burdened by high mortality and disabling
sequelae, especially in immunocompromised hosts.”” Hence,
vaccination is recommended for subjects with anatomic or
functional asplenia, including sickle cell disease, HIV infec-
tion and persistent complement component deficiency, such
as patients receiving eculizumab.”® However, an increased
mortality risk ranging from 2- to 40-fold was also noticed
in subjects with other immune dysfunctions, including pa-
tients with lymphoma,”” in which vaccination should be
warranted.

To date, three types of meningococcal vaccines are
available in the United Kingdom: meningococcal conju-
gate—either as tetravalent MenACWY (Nimenrix) and
Hib-MenCY, a combination of Haemophilus influenzae
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type B and Neisseria meningitidis serogroup C vaccine,
serogroup B meningococcal quadricomponent vaccine,
4CMenB (Bexero) and FHBP-based B meningococcal vac-
cine (Trumenba). The schedule for adult immunocom-
promised patients should be composed of a MenACWY
primary series followed by a booster dose after 5years. In
addition, the serogroup B meningococcal vaccine should
be offered, followed by a booster dose after 1year and then
every 2-3 years in patients at prolonged increased risk for
meningococcal disease.”

Diphtheria, tetanus, pertussis and poliovirus

Very few data concerning the persistence of immunity to
tetanus, pertussis, diphtheria and polio vaccinations after
anti-CD20-based therapy for lymphoma are available
(Table 5).

In a single-centre study, Einarsdottir et a evalu-
ated humoral immunity against tetanus, diphtheria and
polio in 104 adult patients with HM (80 with lymphoma)
before and after treatment (rituximab-containing in 42).
Both tetanus and diphtheria antibody levels were found
significantly lower after chemotherapy, while the rates of
patients who retained humoral immunity were 76% and
73% for tetanus and diphtheria respectively. Notably, lower
antibody levels were detected in older patients. Polio im-
munity seems to be better preserved, as, more than 90%
of patients showed post-treatment protective antibody ti-
tres. Rituximab does not seem to significantly impair im-
munity to early childhood vaccination, although further
data are warranted. However, approximately a quarter of
patients undergoing rituximab-based treatment results
unprotected against diphtheria and tetanus. It is well doc-
umented that immunity to tetanus and diphtheria declines
over time'®! and it is speculated that the decrease could be
accelerated by anti-CD20 therapy. As in the general pop-
ulation, booster doses are recommended every 10years.
In addition, serological testing and revaccination after six
or more months from the last anti-CD20 administration
should be considered in lymphoma patients.

1 100

Hepatitis B virus (HBV) and hepatitis A virus
(HAV)

The universal vaccination of infants and adolescents with
recombinant HBV vaccine (two to three doses according
to manufacturer) is now a common practice in many coun-
tries, yielding seroconversion in >95% of cases.'”> However,
given the usually high median age of the onset of lymphoma,
the majority of patients are not vaccinated. HBV screening
(including HBsAg, anti-HBc antibodies, anti-HBs antibod-
ies and HBV-DNA if HBsAg negative/anti-HBc positive) is
considered mandatory for all lymphoma patients, especially
if anti-CD20-containing treatment is planned. In this case,
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patients with evidence of HBsAg, anti-HBc antibodies and
HBV-DNA positivity should receive antiviral prophylaxis
concurrently with anti-CD20 treatment.'"” Whenever an im-
mediate active treatment is not predicted, such as in indolent
lymphoma patients undergoing a “watch and wait” strategy,
unvaccinated subjects or those with undetectable protec-
tive anti-HBs antibodies may receive active immunization
with a full course of HBV vaccination; HBV vaccine is in-
deed recommended if additional risk factors are present (e.g.
sexual partner with chronic HBV infection, risk by percuta-
neous exposure and travelling to countries with high HBV
infection prevalence).!” Very few data about HBV vaccine
efficacy in lymphoma patients are available. A recent study
suggests a substantial rate of seroprotection (64%) in elderly
B-NHL patients undergoing HBV vaccination after more
than 12 months from rituximab completion (Table 5).'"*

HAV inactivated vaccine (two doses 6months apart) is
recommended in non-immune subjects living or travelling to
endemic areas. According to CDC, immunocompromised pa-
tients (including those undergoing transplantation or receiving
immunosuppressive treatments) are at high risk of developing
severe HAV disease.'” Given the paucity of data about HAV
vaccine efficacy in the specific setting of lymphoma patients
(Table 5),® similar recommendations concerning the tim-
ing of vaccination after anti-CD20 administration (at least
6-12months) can be inferred from other types of vaccines.
Alternative immuno-prophylaxis with protective intravenous
immunoglobulins may be adopted in case of short-term expo-
sition in patients predicted not to develop protective immunity
after anti-CD20 therapy.'*®

Respiratory syncytial virus

Respiratory syncytial virus (RSV) has been increasingly
recognized as a relevant respiratory pathogen among
older adults and people with pre-existing comorbid con-
ditions,'”” including immunocompromised hosts such as
haematological and transplanted patients.'”® In 2023, re-
sults from clinical trials were published concerning the
effectiveness and safety of vaccination against RSV in
pregnancy and adults aged 60 or older.'” This led to the
approval of the two vaccine products currently licensed
in the United States: RSVPreF3 (Arexvy) and RSVpreF
(Abrysvo). CDC recommendations indicate that adults
60years of age and older, including those immunocom-
promised or affected by haematological diseases, should
receive a single dose of RSV vaccine after discussion with
their health care providers (shared clinical decision-
making, SCDM) to establish possible benefits at the sin-
gle individual level.'"® Based on these data, we suggest to
consider anti-RSV vaccination in elderly subjects affected
by lymphoma, although further studies are needed to es-
tablish to what extent this and other groups such as adults
aged 18-59 years bearing known risk factors may benefit
from RSV vaccination.

BRITISH JOURNAL OF HAEMATOLOGY

DISCUSSION

The present review focuses on the available data concern-
ing the effectiveness of vaccination in patients affected by
lymphomas. Although vaccination is in general highly rec-
ommended in this cohort of at-risk patients, data are often
limited and heterogeneous. Despite the frequent lack of
comparison with healthy controls and the high variability in
the design, type and dimension of available studies, we be-
lieve that at least three general concepts can be extrapolated.
First, the large majority of vaccines display reduced immu-
nogenicity in patients with lymphoma. Second, patients un-
dergoing anti-CD20 mAbs are at particular risk of limited or
missed immune response to most vaccines. Third, the sub-
stantial biological heterogeneity across lymphoma subtypes
could influence the ability of vaccines to mount an adequate
immune response, making it difficult to apply the same con-
clusions to different lymphoma subtypes.

Nonetheless, vaccinations remain strongly recommended
in patients with lymphoma, as they represent one of the
most powerful tools to reduce the risk of life-threatening
infections in this setting, without any substantial safety is-
sues. Overall, response to vaccines among subjects under-
going B-cell-depleting treatments such as anti-CD20 mAbs
is considered ‘low’ (<40% compared to healthy controls).*
Programming vaccination in time intervals when patients
are likely less immunosuppressed (i.e. before initiating im-
munosuppressive treatment or at least 6 months after therapy
interruption) may improve vaccine protection.111 As recently
shown in the setting of SARS-CoV-2 prevention, an effective
strategy was the increase in the number of additional doses
following primary vaccination®**''%; however, this strat-
egy may not be equally effective for other vaccines, such as
seasonal influenza, for which the use of high-dose vaccines
is preferred.”! In addition, vaccines should be supported by
non-vaccine strategies, such as shielding measures (e.g. face
masks, hand hygiene, physical distancing) or passive immu-
nization with long-acting m Abs, whose clinical effectiveness
against SARS-CoV-2 infection has been documented, at least
in periods when sensible variants were prevalent.'®

Patients affected by lymphomas must be evaluated as
soon as possible after diagnosis for the possible adminis-
tration of vaccines, with special consideration given to the
potential time available for effective immunization before
treatment initiation, which could be very limited in the
case of aggressive lymphomas. We believe that this com-
prehensive strategy represents ultimately a crucial step for
the optimal management of patients and the success of
lymphoma treatment, as it is convincingly demonstrated
that a well-established vaccine-induced immunity is pre-
served during anti-CD20-containing therapies, whereas
vaccinations after anti-CD20 therapy initiation are largely
ineffective, at least at humoral immunity level."?

According to the available evidence, we summarized in
Table 6 our recommendations about the management of dif-
ferent vaccines in patients affected by NHL.
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TABLE 6 Summary of key recommendations about the management

of vaccinations in patients with non-Hodgkin lymphomas.

COVID-19

Vaccine product and schedule: people who received at least two doses
of monovalent or bivalent mRNA vaccine should receive one
additional dose of updated mRNA vaccine (e.g. against XBB
subvariant), at least 4-8 weeks apart from the last dose (depending
on vaccine product). People who previously received less than two
doses of monovalent or bivalent mRNA vaccine should complete a
three-dose cycle by updated mRNA formula.

Patients must be checked for the number, type, and timing of prior
vaccine doses and natural infection episodes.

For all patients who received less than five total prior vaccine doses
and are undergoing active treatment, especially if including B-
cell-depleting treatments, an additional dose of updated mRNA
vaccine is recommended at least 2 weeks before the scheduled
treatment initiation.

Serological testing using the two recently validated threshold values
for anti-spike IgG levels after three (820 BAU/ml) and four doses
(41 BAU/ml) may be useful to guide for need of further doses.

VZV

Vaccine product and schedule: two doses of recombinant adjuvanted
vaccine, 2-6 months apart.

Population: all patients, with or without evidence of previous varicella
natural infection.

Timing: at diagnosis, or at least 14 days before starting of B-cell-
depleting treatments (at least first dose), or after 26-12months
from last administration of anti-CD20 mAbs.

Seasonal influenza

Vaccine product and schedule: recombinant or inactivated vaccines.
Adjuvanted or high-dose vaccine is reccommended for elderly
patients and in those under active B-cell-depleting treatments.

Timing: every year during the autumn and before the circulation of
influenza viruses.

Population: all patients. Whenever possible, anti-CD20 therapy initiation
should be delayed at least 2 weeks after vaccination. For patients
on active anti-CD20 mAbs treatment (e.g. during maintenance),
consider at least 4 weeks before the next scheduled therapy.

Pneumococcus

Vaccine product and schedule: sequential schedule with one dose of
conjugated 15-valent vaccine and one dose of polysaccharide
23-valent vaccine (with an interval of 8 weeks) or one dose of
conjugated 20-valent vaccine.

Timing: at diagnosis, or at least 14 days before starting B-cell-
depleting treatments, or after >26-12months from the last
administration of anti-CD20 mAbs.

Meningococcus

Vaccine product: primary series including both tetravalent conjugated
and monovalent B vaccines. Consider periodic booster doses in
subjects who remain at high risk of meningococcal disease.

Timing: at diagnosis, or at least 14 days before starting B-cell-
depleting treatments, or after >6-12 months from the last
administration of anti-CD20 mAbs.

Haemophilus influenzae B

Vaccine product and schedule: Haemophilus b conjugated vaccine,
administered as a single dose (three doses 4 weeks apart after
haematopoietic stem cell transplantation).

Diphtheria, tetanus and pertussis

Vaccine product: tetanus-diphtheria-acellular pertussis vaccine (Tdap)
or tetanus-diphtheria (Td), inactivated.

Patients must be checked regarding the last booster of Tdap or Td
and those who did not receive a dose in the last 10 years must be
immunized.

Special considerations: serological testing and revaccination after at
least 6 months from the last administration of anti-CD20 mAbs
should be considered.

TABLE 6 (Continued)

Hepatitis B

Vaccine product: two to three doses of recombinant HBV vaccine
(depending on vaccine product). Some manufacturer recommend
a four-dose vaccination schedule for adults undergoing
haemodialysis or immunocompromised.

Special considerations: for adults aged =60 years vaccination
recommended in presence of risk factors for HBV, advisable in
absence.

Hepatitis A

Vaccine product: two doses of inactivated HAV vaccine (some
manufacturer recommend a three doses vaccination schedule).

Special considerations: immunocompromised patients are at high risk
for severe HAV disease course.

Respiratory syncytial virus

Vaccine product: a single dose of recombinant stabilized RSVPreF3 or
RSVpreF.

Special considerations: recommended in adults aged 60 years or older,
following a shared clinical decision-making process.

In general, most countries around the world adopt simi-
lar vaccination programmes; however, vaccination schedules
may vary from country to country. For example, the United
States and Canada recommend influenza vaccine to every-
one over 6 months of age, while the UK vaccination pro-
gramme targets children over the age of 2, adults over 65,
pregnant women and special groups such as those with seri-
ous medical conditions. Differences in COVID-19 vaccina-
tion policies worldwide and across European countries have
been reported.*!"* Possible reasons include epidemiological
characteristics of a particular population, economic issues,
health system organization, and policies. Thus, we recognize
that making globally valid recommendations is complicated
and that there is no single immunization schedule for world-
wide use. It is therefore essential for physicians to know and
follow vaccination schedules and indications in force in their
country. Further information can be found at https://vacci
neknowledge.ox.ac.uk/ and https://vaccine-schedule.ecdc.
europa.eu/. In addition, we acknowledge the rapid evolution
and the consequent need for frequent updates in some fields
(i.e. COVID-19 prevention and management), making it dif-
ficult to provide long-lasting recommendations.

In conclusion, although the response to vaccines in patients
affected by lymphoma may be lower than in healthy people,
vaccinations remain strongly recommended. Strategies to
improve vaccine effectiveness should be pursued whenever
possible, including additional doses, high-dose formulation
and repeated vaccination. Further studies addressing pro-
spectively the efficacy and immune response duration of dif-
ferent types of vaccines in the setting of specific lymphoma
subtypes, such as the ongoing Italian FIL_FollVax22 and the
British STARVINSKY study, are eagerly awaited.
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