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To the Editor:

Reactivation of latent infection by varicella zoster (VZR)
usually causes shingles with less common complications
including postherpetic neuralgia, retinitis, cranial nerve
palsies, myelitis, meningitis, cerebrovascular events, pan-
creatitis, hepatitis, and disseminated varicella. Although
VZR usually responds to therapy, complications can be fatal
or cause long term disability. Risk of VZR increases with
age and other causes of immunosuppression [1].

Patients with hematological malignancies have a sig-
nificantly increased risk of VZR [2, 3]. In the setting of
chronic lymphocytic leukemia/small lymphocytic lym-
phoma (CLL) and lymphoplasmacytic lymphoma/Walden-
strom macroglobulinemia (LPL), patients have early onset
and often severe immunocompromise that increases the risk
of infections including VZR [4–6]. Unfortunately the atte-
nuated live VZ vaccine is contraindicated in this population

because of risk of infection related complications [7]. In
contrast, the newer recombinant VZ glycoprotein E
(rVZgE) vaccine utilizing a highly effective adjuvant sys-
tem is safer and potentially more effective [2, 8, 9]. How-
ever, data from the phase 3 rVZgE vaccine trial in patients
with hematological malignancies have limited applicability
to current management of CLL because of exclusion of
patients treated with oral targeted therapies [2].

Inhibitors of Bruton tyrosine kinase (BTKi) have
improved the efficacy and decreased the toxicity of CLL
[10, 11] and LPL [12] therapy. Unlike immunosuppressive
chemoimmunotherapy, BTKi minimally alter immune
function [13], or short term risk of infection in CLL patients
[6]. CLL patients on ibrutinib respond sub-optimally to
influenza vaccine [14] but it is uncertain if this is a de novo
or anamnestic immune response [13]. We are not aware of
any published data on the immunological response to
rVZgE vaccine in patients with CLL or other indolent B-
cell lymphomas on concurrent BTKi therapy.

This study tested the hypothesis that rVZgE vaccination
of CLL or LPL patients on initial BTKi therapy for pro-
gressive disease would result in humoral and cellular
responses comparable to those previously reported for
patients with other hematological diseases [2]. The study
enrolled patients with CLL or LPL age ≥ 50 years on
treatment with a BTKi for ≥3 months. The only other per-
mitted therapy was rituximab which had to be completed >1
year prevaccination. Exclusions were VZR within 1 year,
other proximal vaccination, or prevaccination lymphocyte
count >20 × 109/L to avoid interference with cellular assays.
Study participants received two doses of rVZgE vaccine
(Shingrix, GlaxoSmithKline, Brentford, United Kingdom)
8–12 weeks apart per product label with blood sampled
prevaccination and 4 ± 1 weeks after the second vaccina-
tion. Control healthy donor blood specimens were from an
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approved protocol at the University of Rochester. Humoral
vaccine response analysis compared concentrations of
serum IgG specific for VZgE to selected non-VZ proteins
measured by ELISA as previously described [15]. Cellular
response analysis measured VZgE-specific T-cell responses
in blood with ≥twofold increases in the frequency of acti-
vated CD4+ T-cell clusters compared to prevaccination
frequencies considered evidence of response. Evaluation of
clinical response to vaccination was limited to selected
attributable grade >2 adverse effects and VZR was not
monitored. Supplementary data provide detail of methods
and statistical analysis.

Thirty-two (CLL= 22, LPL= 10) patients were vacci-
nated between January and September 2019 (Supplemental
Table 2) with no vaccine attributable grade >2 adverse
events. Twelve CLL patients had previous rituximab on
clinical trials as previously described [10, 11]. Thirty
patients had detectable serum VZgE-specific IgG pre-
vaccination and all had detectable levels postvaccination
(Fig. 1). Serum IgG specific for TTd and the H1 hemag-
glutinin of influenza was minimally changed after vacci-
nation. The VZgE-specific serum IgG concentration
geometric mean (90% CI) increased from 1.7 μg/mL (1.2,
2.3) prevaccination by 13.2-fold (8.0, 21.6) to 22.5 μg/mL

(14.4, 35.1) postvaccination. Twenty-four (75%, 90% CI
59.4, 86.9) of 32 patients had a humoral response to vac-
cination using ≥fourfold increase in concentration as evi-
dence of seroconversion [9].

Cellular immune response to vaccination was determined
by change in frequency of activated CD4+ T-cell clusters
after stimulation with the VZgE peptide pool (Fig. 2). High-
dimensional clustering analysis using FlowSOM identified
six unique CD4+ clusters significantly associated with
rVZgE vaccination (Supplementary Fig. 1). The sum of
these clusters was used to determine cellular response. The
prevaccination median (IQR) VZ-specific CD4+ T-cells of
0.0066% (0.0066, 0.0171) increased 4.1-fold (2.4, 6.8) to
0.0462% (0.0238, 0.0731) after vaccination and 25 (78%,
IQR 62.8, 89.2) of 32 patients had the ≥twofold increase
defining a cellular response to vaccination [9].

Of the 24 (75%) subjects with a humoral immune
response, 21 (87.5%) also achieved a T-cell response
(Supplementary Fig. 2A). For the eight subjects without a
humoral immune response, only four (50%) had a T-cell
response. Four patients did not meet criteria for either a
humoral or T-cell response. A significant association was
found between humoral and T-cell responses with Fisher’s
exact test (p= 0.047). The Spearman Rank correlation was
used to assess the strength and direction of the association
between T-cell and humoral changes. The correlation
between humoral and T-cell fold increase was 0.22 (90%
CI=−0.09, 0.48) and for the CLL subset was 0.36 (90%
CI= 0.0, 0.64). Exploratory analysis of associations
between humoral vaccine responses and patient data (Sup-
plementary Table 3) showed only a significant association
between longer duration of prevaccination BTKi treatment
(≥median of 33 months) and a lower VZ-specific IgG serum
concentration response (geometric mean increase 6.8 vs.
25.5-fold, p= 0.02; % response 56.3 vs. 93.8, p= 0.04)
(Supplementary Fig. 2B).

This prospective study shows that patients with CLL or
LPL on BTKi therapy can respond to rVZgE vaccine while
on BTKi therapy. In the pivotal healthy subject clinical trial
rVZgE vaccine decreased the rate of VZR by 97% [8] with
humoral immune responses in 98% and T-cell responses in
93% of patients [9]. In contrast, patients with hematological
malignancies had lower humoral (65%) and T-cell (84%)
responses to vaccination [2]. We now show shows that CLL
and LPL patients on treatment with BTKi achieve com-
parable rates of objective responses to rVZgE vaccine,
providing the rationale for further evaluation of the efficacy
of rVZgE vaccination in patients with indolent B-cell
malignancies.

The criteria for determining immune response in this
study are similar to those used previously [2, 9]. These
results are useful for assessing vaccine responses in a
population of patients, but could be less informative about

Fig. 1 Humoral response to vaccination. A Antigen-specific serum
IgG concentrations (μg/mL, log scale) for varicella zoster glycoprotein
E (anti-VZgE), tetanus toxoid (anti-TTd), and hemagglutinin of
influenza virus A/California/4/2009 (H1N1) (anti-H1 Cal109), mea-
sured before and ~4 weeks after second vaccination with adjuvanted
recombinant varicella zoster glycoprotein E vaccine. HD is serum IgG
concentration in unvaccinated healthy donor controls. B Plot of fold
change (log scale) in anti-VZgE in each patient after vaccination.
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individual patient responses to vaccination as detailed in the
Supplementary data. An improved ability to predict indi-
vidual immunity to VZR following vaccination will require
additional studies to identify accurate biomarkers of pro-
tective immune responses.

Using published definitions to dichotomize responses,
we showed a significant correlation between humoral and
T-cell responses (Supplementary Fig. 2A) with 4 patients
having no response to vaccine and 21 having both
humoral and T-cell responses. In contrast when con-
sidered as continuous variables, Spearman Rank analysis
did not show a significant correlation between humoral
and T-cell responses (see Supplementary data). Our data
are thus suggestive but not definitive of a correlation

between humoral and T-cell immune response to
vaccination.

Univariate testing for associations with immune
response to vaccine focused on humoral immunity
because of the availability of quantitative data, docu-
mented humoral immunity defects in CLL and LPL, and
concerns that BTKi and prior rituximab therapy could
inhibit humoral responses. The only significant correla-
tion was between longer duration of BTKi therapy and
poorer response to vaccination (Supplementary Table 3,
Supplementary Fig. 2B) which suggests that prolonged
BTKi therapy could inhibit humoral response as dis-
cussed further in the Supplementary data. Multivariate
analysis was not performed because of the small size of

Fig. 2 CD4+ T-cell response to rVZgE vaccination. A Representative
flow cytometry pseudocolor plots showing specific cytokine producing
CD4+ T-cells following in vitro stimulation. B Cell count (adjusted to
per million CD4+) for the five FlowSOM clusters (lower right text
legend) that represent a vaccine response, shown as a stacked bar for

each individual subject (n= 32); subjects are rank-ordered according
to total response in the postvaccination VZgE (‘VzV’) group.
C Cumulative sum of the response clusters, shown as a stacked bar—
all subjects combined, pre- vs. postvaccination (respective irrelevant
peptide background subtracted).
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the study population and the inclusion of two discrete
lymphoid malignancies.

The strengths of this study are that it was a prospective
clinical trial enrolling patients receiving BTKi as initial
therapy with standard administration of vaccine and
collection of samples which were analyzed in a specia-
lized vaccine research laboratory. Limitations include the
small number of subjects and the inclusion of two similar
B-cell malignancies in this pilot study which was of
limited scope given the concern that disease related
immunosuppression and immune effects of BTKi would
prevent any vaccinal effect. The durability of immune
responses has not yet been documented because of the
coronavirus pandemic. Only four patients had no
response to vaccination limiting our ability to evaluated
reasons for this failure. All these patients had CLL treated
initially with six cycles of rituximab in combination with
ibrutinib and had a longer (40–56 vs. median 33 months)
duration of BTKi prevaccination.

In conclusion we report an unexpected high rate of IgG
and T-cell responses to rVZgE vaccination in patients with
CLL or LPL on BTKi therapy. Ongoing and future trials
will be needed to determine the clinical utility of vaccina-
tion in patients with indolent B-cell malignancies. If our
results are validated, rVZgE vaccination should become
part of the standard of care for patients with CLL or LPL on
BTKi therapy.
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