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ABSTRACT
Herpes zoster (HZ) is caused by the reactivation of latent varicella zoster virus (VZV). Severe immuno-
compromising conditions, such as solid tumors, have been largely associated with an increased risk for 
HZ due to waning VZV-specific cellular immunity. With the approval of the adjuvanted glycoprotein 
E (gE)-based recombinant vaccine (RZV; Shingrix™, GSK) also in immunocompromised subjects, HZ is 
considered a vaccine-preventable disease changing perspectives in immunocompromised subjects. To 
date, no clinical trial has evaluated the immunogenicity in the patients with cancer undergoing immu-
notherapy. In this study, we describe the humoral and cell-mediated immune responses in 38 cancer 
patients treated with immune checkpoint inhibitors (ICIs) and receiving RZV. We used samples collected 
at baseline (T0), 3 weeks (T2), and 6 months (T3) after the complete RV vaccination schedule. Our data 
showed that a significant proportion (40,5%) of RZV recipients mounted a stronger humoral and cell- 
mediated immune response at 3 weeks (T2) after complete RZV vaccination schedule. Interestingly, both 
humoral and cell-mediated immune responses were mostly stable over 6 months (T3). Interestingly, the 
overall IFNγ-producing lymphocytes was mainly associated with CD4 T cell response (p = .0012). In 
conclusion, data from our pilot study suggest a strong and long-lasting immunogenicity of RZV in ICI- 
treated patients. Prospective analyses at 1 year after vaccination will be performed in order to evaluate 
the long-term persistence of humoral and cell-mediated response against RZV.
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Introduction

Herpes Zoster (HZ) is the infectious reactivation of the 
Varicella-Zoster Virus (VZV). In immunocompromised sub-
jects such as the patients with cancer, HZ can cause additional 
morbidity1 with a more prolonged phase of cutaneous erup-
tion and higher risk for cutaneous dissemination and visceral 
involvements such as pneumonitis, hepatitis, and central ner-
vous system disease.2 The risk of HZ is higher among cancer 
patients undergoing chemotherapy compared to those without 
active treatment.3 Relatively few papers have described the 
occurrence of HZ during immunotherapy.4

Immune Checkpoint Inhibitors (ICIs) may induce HZ in 
two ways: during the treatment of the immune-related adverse 
events (irAEs) with high-dose steroids and in the context of the 
immune reconstitution inflammatory syndrome (IRIS).5

Indeed, HZ may be one of the manifestations of IRIS in the 
setting of drug-induced hypersensitivity syndrome (DIHS) 
and drug reaction with eosinophilia and systemic symptoms 
(DRESS).6

With the approval of the adjuvanted glycoprotein E (gE)- 
based recombinant vaccine (RZV; Shingrix™, GSK) also in 

immunocompromised subjects on 23 July, 2021,7 HZ is con-
sidered a vaccine-preventable disease (VPD) now. Worldwide, 
vaccination guidelines were recently updated to prioritize RZV 
for risk groups such as patients with cancer.8,9

The immunogenicity of RZV has been studied in the 
patients with cancer during chemotherapy with the evidence 
of the persistence of humoral and cell-mediated immune 
responses 12 months after RZV.10

To date, no clinical trial has evaluated the immunogenicity 
and the safety of RZV specifically in the patients with cancer 
undergoing immunotherapy.

The aim of this study is to investigate the humoral and cell- 
mediated immune responses in cancer patients treated with 
ICIs and receiving RZV.

Patients and methods

Patients and study design

This was a prospective single-center cohort study. Between 
November and December 2022, 38 patients were enrolled. 
We included all the types of cancer and all the types of 
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immunotherapy (anti CTLA-4 or anti-PD-1 or anti-PD-L1 
or a combination of anti-CTLA-4 and anti-PD1) with or 
without chemotherapy. Blood samples for humoral and 
cell-mediated immune response evaluation were obtained 
at baseline (at the first dose of RZV; T0), 28 days after 
the second dose (T2) and 6 months after the second dose 
(T3) (Figure 1).

The primary end-point was the evaluation of the gE-specific 
T-cell response 28 days after the second dose (T2).

The secondary end-points were:

(i) Evaluation of the quantification of the VZV-antibodies 
at the baseline (T0).

(ii) Evaluation of the overall IFNγ-producing lymphocytes 
increase measured by flow cytometric assay.

(iii) Evaluation of the incidence of adverse reactions to the 
RZV, local and systemic, solicited and unsolicited, 
within the period of 4 weeks after each dose of 
vaccination.

Data collection

Patients with solid tumors undergoing to ICIs were enrolled. 
The Inclusion Criteria were as follows: i) patients aged 18 
and older; ii) life-expectancy (as estimated by treating phy-
sician) ≥ 3 months; iii) confirmed histological diagnosis of 
solid tumors; iv) treatment with ICIs; v) signing of informed 
consent; vi) patients with a history of a previous HZ were 
also enrolled. Patients with psychiatric illness/social situa-
tions that would limit compliance with study requirements 
were excluded from the study.

Patients were examined by type of tumor, TNM, stage 
disease, type of treatment (anti-PD-1, anti-PD-L1, anti-CTLA 
-4, or a combination of ICIs), treatment setting (first- 
or second-line, maintenance after chemo-radiotherapy), the 
time gap between the start of immunotherapy and vaccine 
administration, the history of a previous HZ.

Peptide pools and ELISpot assays

Serum was used for antibody titer. Peripheral blood mono-
nuclear cells (PBMCs) were isolated by standard density gra-
dient centrifugation and used for ELISpot assay.

For the ELISpot setup, two pools of lyophilized synthetic 
peptides (15 mers with 11 amino acids overlap) were used, 
spanning the glycoprotein E (gE, 153 peptides) and the 
Immediate-early protein 63 (IE63; 67 peptides) (JPT, inno-
vative peptide solution, Berlin, Germany). A final concen-
tration of 0.25 μg/mL of each peptide was used. 
Phytoheamagglutinin (PHA; 5 µg/mL) and medium were 
used as a positive and negative control, respectively. 
ELISpot assay was performed as previously described.11 

Results were given as IFNγ spot forming units (SFU)/106 
PBMC, after subtracting the medium alone response. Values 
higher than 13 net spot/million PBMC for gE and 24 net 
spot/million PBMC for IE63-specific T-cell response were 
considered positive.12

Evaluation of antigen-specific T cell response

Cryopreserved cells were thawed by diluting them in 5 mL 
culture medium and rested overnight at 37°C in a humidified 
atmosphere at 5% CO2. Subsequently, 4 × 105 cells/well were 
stimulated for 24 h with gE pool peptides [0.25 μg/mL]. 
A peptide pool of human actin (15 mers, overlapping by 10 
amino acids, Pepscan, Lelystad, The Netherlands) was used as 
a negative control. Golgi-Plug containing brefeldin A (BD 
Biosciences, San Diego, CA) and Golgi-Stop containing mon-
ensin (BD Biosciences) were added for the last 14 h of incuba-
tion. LIVE/DEAD Fixable Near-IR Dead Cell Stain Kit 
(Thermo Fisher Scientific) was used to determine cell viability. 
The cells were then membrane-stained with anti-CD3, -CD56, 
-CD57, -CD16, -CD8 (BD Biosciences) for 30 min at 4°C. After 
fixation and permeabilization (Fixation/Permeabilization 
Solution Kit; BD Biosciences), cells were stained with anti- 
IFN-γ. Analysis was performed with BDFACS Lyric (BD 
Biosciences) flow cytometer. Data were analyzed using the 
FlowJo software (TreeStar, Ashland, OR).

Antibody titer

For quantifications of anti-VZV IgG antibody titer in serum, 
the automated chemiluminescence analyzer technology 
(CLIA) was used (LIASON XL, Diasorin). Values lower than 
135 mUI/ml were considered negative.

Statistical analysis

The patients’ characteristics are described as median and 
interquartile range (Shapiro–Wilks test excluded the normal 
distribution hypothesis) if quantitative variables. Qualitative 
variables are described as count and percentages. Friedman 
test was used for comparison of repeated measured values at 
the three time points, followed by the Dunn’s multiple 
comparison test to detect differences between each time 
points.

Ethical considerations

This study was conducted according to the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) Statement for reporting observational studies13 

and was approved by the local Ethics Committee (Comitato 
Etico Area Pavia) and Institutional Review Board (P-0059768/ 
22). All the subjects signed the informed written consent.

Results

Patients’ characteristics

Thirty-eight patients (10 females/28 males; median age 71 years) 
were enrolled between 9th November and 21st December 2022. 
Twenty-one patients (55.3%) had lung cancer. The most com-
mon ICI was pembrolizumab (15 patients, 39.5%). Twelve 
patients (30.8%) had no comorbidities; in those with comorbid-
ities, the most common were cardiovascular diseases (Table 1).
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Humoral and cell-mediated response

The quantification of the VZV antibodies revealed that all 
the patients except one were seropositive before vaccina-
tion. VZV-IgG was significantly increased at all timepoints 
when compared with T0, We did not observe a decrease of 
the IgG level between T2 and T3. In particular, among 
vaccine recipients found an increase of VZV-IgG level of 
at least twofold at all follow-up time points in 25/38 
(65.7%) subjects (Figure 3a).

In parallel, T-cell-mediated response was evaluated in 37 
enrolled patients at the same time points. At baseline, 45.7% 
subjects were positive for gE-specific T-cell response and levels 

of response significantly increased at 28 days after the com-
plete vaccination schedule. The median level of response 
increased from 10 [Interquartile range (IQR) 1–40] net spots/ 
million PBMC to 45 [IQR 15–125] net spots/million PBMC 
(p= .0018). At T3, gE-specific T cells response was higher than 
that observed at baseline but had not increased further com-
pared T2 (p .99). The median level of response increased from 
10 [IQR 1–40] net spots/million PBMC to 40 [IQR 20–120] net 
spots/million PBMC (p = .0005).

An increase in T cell response of at least twofold was 
considered for definition of “responder patients” and observed 
in 26/37 patients at all follow-up time points. On the other 
hand, no increase was observed against IE63 peptide pool 
(Figure 2).

It has been shown synergy between humoral (HI) and 
cell-mediated immunity (CMI) appears to be critical to 
prevent infection. To examine the magnitude of these 
relationships after vaccination, we stratified RZV recipi-
ents based on the breadth of the antigen-specific 
response. In particular, patients were stratified as respon-
der or nonresponder based on at least a twofold increase 
in T cell-response (CMI) or IgG titer (HI) at T3 point of 
the study. We counted: 16/37 (43,2%) responder patients 
for both humoral and cell-mediate immunity, 10/37 (27%) 
responder patients for cell-mediate immunity, 8/37 
(21,7%) responder patients for humoral immunity but 
only 3/37 (8,1%) did not develop a sustained immune 
response after complete vaccination schedule (Figure 3c).

When measured using a flow cytometric assay, the overall 
IFNγ-producing lymphocytes significantly increased at T2 
compared with baseline (Figure 3d). The data showed the 
production of IFN-γ was mainly associated with CD4 T cell 
response (p = .0012) (Figure 3e–f).

Safety

The most common side effect was pain at the injection site 
(21.1% after the first dose and 44.7% after the second dose). 
Nobody had grade 3–4 side effects (Table 2).

Table 1. Demographic and clinical characteristics of the enrolled patients who 
received RZV.

Sex Num patients %

Female/Male 10/28 27/73
Comorbidities
Cardiovascular 20 52.6
COPD/Asthma 6 15.8
Coronaric heart disease 4 10.5
Diabetes mellitus 6 15.8
Autoimmune disorders 1 2.6
HCV 5 13.2
HBV 2 5.3
HIV 0 0
No comorbitidies 11 28.9
≥1 comorbidity 27 71.1
Previous HZ
Yes/No 2/36 5.3/94.7
Type of tumor
Lung Cancer 21 55.3
Kidney cancer 7 18.4
Melanoma 5 13.2
HCC 3 7.9
Head&Neck cancer 2 5.2
Type of ICIs
Pembrolizumab 15 39.5
Nivolumab 12 31.6
Nivolumab + Ipilimumab 6 15.7
Cemiplimab 2 5.3
Tislelizumab 2 5.3
Atezolizumab 1 2.6

Legend: COPD: chronic obstructive pulmonary disease; HBV: Hepatitis B virus; 
HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HCC: hepatocellular 
carcinoma; ICIs: immune-checkpoints inhibitors.

Figure 1. The flowchart illustrates the sampling schedule of the patients enrolled in the study. RZV is given as a two-dose series as shown in the figure.
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Discussion

HZ and its complications have an unfavorable impact in the 
patients with cancer. A recent paper has evaluated the inci-
dence of HZ in lung cancer patients during ICIs or 

chemotherapies. The authors have demonstrated no signifi-
cant difference in the rate of HZ between the two treatments 
(5% versus 4.5%, respectively, p = .782), while the younger 
patients (<65 years old) on ICIs have presented a higher risk 

Figure 2. Evaluation of T cell response. (A) VZV-specific IgG antibodies were quantified at each time point in plasma sample. A cutoff of 135 mUI/mL was considered for 
the definition of positive samples (Dotted lines, n = 38). (B) A standard IFN-γ ELISPOT assay using 0,25 mcg/ml lyophilized synthetic peptides (15-mer peptides with an 
overlap of 11aa) spanning gE (153 peptides, gray dots) or IE63 (67 peptides, white dots) was set up using isolated PBMCs at T0, T2, and T3 (n = 37). The graph showed 
ELISpot results in spot-forming colonies (SFC)/106 PBMCs. (C) Pie chart distinguished responder patients who showed an increase in humoral (HI) and/or cell-mediated 
immune (CMI) response at T3 compared to baseline from non-responder patients. An increase in response of at least twofold was considered for definition of 
“responder patients.” (D-G) Cytokine flow cytometry assay for the enumeration of antigen-specific cells was performed using PBMC stimulated in vitro with 0,25 mcg/ 
ml gE pool peptides for 24 h (n = 25). A peptide pool of human actin (15 mers, overlapping by 10 amino acids) was used as a negative control. The frequency of IFN-γ - 
secreting cells were detected in total lymphocytes (D), CD4 T cells (E), CD8 T cells (F), and NK cells (G) at T0, T2, and T3. Paired data were analyzed using the Wilcoxon 
signed rank test. *p < .05, **p < .01, ***p < .001, ****p < .0001.

Figure 3. Humoral and cell-mediated response after the two doses of the adjuvanted glycoprotein E (gE)-based recombinant vaccine against Herpes zoster (RZV). An increase 
in T cell response of at least twofold was considered for definition of “responder patients” and observed in 25/37 patients (67.5%) at all follow-up time points. On the 
other hand, no increase was observed against IE63 peptide points. On the other hand, no increase was observed against IE63 peptide pool. **p < .01, ****p < .0001.
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of HZ than those treated with chemotherapy alone (12.5% 
versus 1.2%, respectively, p = .0365).14

All the peripheral blood mononuclear cells (PBMCs) 
subsets (monocytes, B cells, and Natural Killer (NK) 
T cells) can be infected with VZV. T-lineage cells and 
NK cells are able to withstand the viral infection over 
a long period due to their slight increases in surface VZV- 
gE expression. The immune evasion pathway triggered by 
VZV infection may be due to the ability of infected 
immune cells to transmit virus together with the induction 
of PD-L1 expression in PBMCs.15 Thus, the role of VZV- 
specific T-cell response in high-risk subjects should be 
considered.

We have data about the immunogenicity and safety only in 
the patients during chemotherapy, but we have no data during 
other oncological treatments such as immunotherapy. In the 
absence of available data on the immunogenicity of the vaccine 
for different types of cancer and therapy, the recommenda-
tions for HZ vaccination are given basing on the patient’s 
general condition and life expectancy.

This study presents the preliminary results about the 
humoral and cell-mediated response elicited by RZV in 
a small cohort of the cancer patients during immunotherapy. 
Our data showed, both humoral and cell-mediated immune 
responses were increased in RZV recipients at T2 compared 
with baseline and were mostly stable over 6 months after the 
complete vaccination schedule. Even if no correlation was 
observed at the different time points, a weak positive associa-
tion was observed at 6 months after vaccination (p = .042: r =  
0.333, data not shown). As known, VZV antibody is an impor-
tant factor in varicella prevention, but it is insufficient for 
preventing herpes zoster. On the other hand, VZV-specific 
T cells are essential for preventing reactivation by controlling 
latency and the reduction in the number of these immune cells 
facilitates the development of herpes zoster.16 Interestingly, in 
this pilot study 43.2% of RZV recipients showed coordinated 
responses by all branches of adaptive immunity and more than 
70% of individuals showed a sustained VZV-specific T cell 
response.

The strength of our data is the simultaneous detection of 
antibody titers and cell-mediated response, which allows us to 
comprehensively track the immune response. At the same 
time, we collected data after both doses in order to assess any 
changes after each dose. Our work has also various limitations. 
Firstly, the lack of a control group and secondly the small 
sample size of the patients tested that limited the probability 
of detecting rare adverse effects of vaccination.

The “real-life” data on RZV administration in a cohort of 
solid tumor patients revealed a high immunogenicity of the 
vaccine with more than 70% of responder patients. Moreover, 
RZV is well-tolerated in the patients with cancer undergoing 
ICIs, with a low rate of side-effects. The safety results of RZV 
have reassured clinicians to use it in patients undergoing immu-
notherapy. No immune-mediated adverse events have been 
reported, unlike other types of vaccines.17,18 However, it is 
important to note that the number of patients involved in this 
study was too small to make any conclusive statements. During 
the counseling, it is crucial to reassure the patients based on 
about the safety of the vaccine. In a recent survey promoted by 
AIOM on the attitudes of oncologists toward vaccination, it 
emerged that over 60% of them are concerned about possible 
adverse events/drug–drug interactions (DDI).19 Therefore, it is 
important to conduct both randomized clinical trials and obser-
vational real-life studies to strengthen the concept of vaccine 
safety in the oncology population. Larger future studies will be 
needed to confirm our results.
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