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Abstract: Introduction: Patients with chronic lymphocytic leukemia (CLL) and multiple myeloma (MM) are 

susceptible to viral infections, including varicella-zoster virus (VZV) reactivation due to both disease-related 

and treatment-induced immunosuppression. The recombinant adjuvanted herpes zoster vaccine (RZV) has 

shown high efficacy in immunocompetent adults, but immunogenicity data in CLL and MM patients is limited. 

This study evaluates the immunogenicity and safety of RZV in this population. Methods: Patients with CLL 

and MM vaccinated with RZV (administered in two doses at least one month apart) were included in the study. 

Pre- and post-vaccination anti-VZV IgM and IgG antibody levels were measured to assess immunogenicity, 

and adverse events (AEs) were captured for safety evaluation. Results: Seventy-eight patients received both 

vaccine doses, and 71 had post-vaccination samples. Most of the patients were IgM seronegative and IgG 

seropositive before vaccination. Pre-vaccination IgG levels were higher in CLL compared to MM patients 

(p=0.001), while post-vaccination IgG levels significantly increased in both CLL (p<0.0001) and MM (p<0.0001) 

patients. In actively treated CLL patients, the pre-vaccination IgG levels were significantly lower than in not 

actively treated patients (p=0.002). Post-vaccination IgG levels were lower in MM patients receiving antiviral 

prophylaxis concurrently with the vaccination (p=0.013). AEs were reported in 49.4% after the first dose and 

48.7% after the second dose, mostly mild (local or low-grade systemic). One case of immune thrombocytopenia 

was noted. Conclusion: RZV demonstrated strong immunogenicity and acceptable safety in CLL and MM 

patients, significantly boosting IgG levels, even in actively treated or heavily pretreated patients.  

Keywords: Varicella-zoster virus (VZV); chronic lymphocytic leukemia; multiple myeloma; 

recombinant adjuvanted herpes zoster vaccine (RZV); immunogenicity; safety 

 

1. Introduction 

Bacterial and viral infections represent a leading cause of morbidity and early mortality in 

patients with hematological malignancies, particularly those with chronic lymphocytic leukemia 

(CLL) [1] and multiple myeloma (MM) [2], which are characterized by profound immunosuppression 

that is both disease-associated and treatment-related. CLL patients have an impairment in humoral 

and cell-mediated immunity, which is associated with hypogammaglobulinemia, abnormalities in T-

cell subsets as well as defects in complement activity and neutrophil/monocyte function and might 

be further exacerbated by the immunosuppressive effects of CLL-treatments, such as 
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chemoimmunotherapy and targeted agents. [3] For CLL patients, there are no general 

recommendations for antiviral prophylaxis probably because of the heterogenicity of the patient 

population while the treatment modalities and the efficacy of antiviral pharmacological prophylaxis 

have not been evaluated in randomized controlled trials. [4] Patients with MM display impaired 

immune responses, mostly due to bone marrow infiltration by tumor plasma cells along with a 

marked decrease in the production of normal gamma globulin, which may be further aggravated by 

myeloma treatment. [5] Moreover, the use of proteasome inhibitor bortezomib, in combination with 

corticosteroids or other drugs such as the anti-CD38 monoclonal antibody daratumumab increases 

the risk for viral infections. [6,7]. Retrospective studies indicate that antiviral prophylaxis 

significantly reduces the risk of herpes zoster in those patients. The varicella-zoster virus (VZV) 

reactivation risk seems to be relatively low in patients with MM receiving targeted therapies such as 

immunomodulatory drugs and there is limited data on the use of antiviral prophylaxis in those 

patients. [8,9]  

Besides an increased risk for infections, previous studies have reported that patients with CLL 

and MM also yield suboptimal responses to vaccines. [10–12] Reactivation of latent VZV and 

development of herpes zoster is frequent in individuals with CLL and MM, with incidence rates of 

10%-15% [13] and 11%-22% [14] respectively. [5] Hence, the development of prevention measures is 

crucial. The first herpes zoster vaccine (Zostavax vaccine, ZVL; Merck), a live-attenuated VZV 

vaccine, is contraindicated in immunocompromised patients due to potential virulence in those with 

considerably impaired immunity. [5] The vaccine efficacy declines with age, especially in adults 50-

59 and ≥70 years, [15] while it also declines within 6-8 years after vaccination. [16] In contrast, the 

recombinant adjuvanted herpes zoster vaccine (RZV, Shingrix®; HZ/su, GlaxoSmithKline Biologicals 

SA) which has been recently approved for both immunocompetent and immunocompromised hosts 

is an adjuvanted subunit vaccine consisting of a single recombinant VZV antigen, glycoprotein E (gE), 

and the AS01B adjuvant system [17]. RZV depends on gE alone to elicit anti-VZV immunity and 

AS01B to enhance immune response. The selection of gE as the vaccine antigen resides in the fact that 

it is the most abundant glycoprotein expressed by VZV-infected cells and induces both neutralizing 

antibody and CD4 T-cell responses.  

RZV is recommended for adults ≥50 years old based on two clinical trials that demonstrated 

≥92% efficacy against herpes zoster and postherpetic neuralgia in all age groups. [18] Its efficacy has 

been evaluated in adults 50 years or older and showed that, with a mean follow-up of 3.2 years, 

vaccine efficacy was 97.2%. Similarly, in a subsequent study, with a mean follow-up of 3.7 years, 

vaccine efficacy was 91.3% for adults aged 70 and older. [19] A long-term follow-up study of former 

participants in the above trials showed that the efficacy against herpes zoster remained high for up 

to ten years after initial vaccination. [20,21] Data regarding hematological patients is limited. In a 

phase 3, randomized, multicenter trial involving 1846 autologous HSCT recipients, during a median 

follow-up of 21 months, the reduction in the incidence of herpes zoster was significant, with an 

incidence rate ratio of 0.32 (95% confidence interval 0.22–0.44, P < .001), corresponding to a vaccine 

efficacy of 68.2%. [22] Moreover, in a phase 3, randomized trial assessing the immunogenicity and 

safety of RZV in patients with hematologic malignancies, a post-hoc analysis revealed a vaccine 

efficacy of 87.2%. [5,23] Moreover, two studies with CLL patients treated with Bruton tyrosine kinase 

inhibitors (BTKi) demonstrated high antibody response rates to RZV. [24,25] However, collective data 

on the risk of herpes zoster in vaccinated CLL patients treated with novel agents is limited. The goal 

of the present study is to assess the immunogenicity and safety of RZV in adult patients with CLL 

and MM. 

2. Methods 

2.1. Patients 

Adult patients with CLL or MM willing to be vaccinated against VZV with the new recombinant 

(non-live) adjuvanted shingles vaccine according to the national vaccination program, were selected 

to participate in the study. Patients were treated in two university hospitals in Greece (Athens and 
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Patras) and participated in the study after signing a written informed consent. The study started on 

January 2024 and its scheduled duration was six months. The pre- and post- vaccination clinical and 

laboratory characteristics of all participants were recorded as follows. Gender at birth, age at the time 

of vaccination, disease duration, history of confirmed herpes zoster, prior receipt of live attenuated 

zoster vaccine, and complete blood count parameters [hemoglobin (Hb) level, neutrophil, 

lymphocyte, monocyte, and platelet (PLT) count], gamma-globulin, and C-reactive protein (CRP) 

levels were recorded and analyzed. Moreover, data on patients’ treatment (previous treatment lines, 

previous and current anticancer treatments), antiviral medications for VZV at the time of vaccination) 

were also recorded. The study was approved by the Institutional Review Boards of both participating 

centers (Laikon General Hospital, Athens, Greece, 804/12.12.2023 and General University Hospital of 

Patras, 134/14.03.2024 respectively).  

2.2. Vaccination 

Patients were vaccinated with two 50 μg doses of the Shingrix® vaccine, administered 

intramuscularly separated by at least one month according to the approved program for vaccination 

against VZV in immunocompromised patients. Each dose of the vaccine combines 50 μg purified gE 

with AS01B, an adjuvant system containing monophosphoryl lipid A50 μg, QS-21 (50 μg) within 

liposomes.[26] 

2.3. Study Procedures 

The study was designed to assess seropositivity at baseline (pre-vaccination sample) and 12-21 

days after the second dose of the vaccine (post-vaccination sample). Blood samples were collected at 

the predefined time points. Sera were retrieved via centrifugation and stored at -80oC. 

2.3.1. Immunogenicity Assessment 

Sera were tested for anti-VZV IgG/IgM antibodies using the LIAISON® VZV assay panel (IgG, 

IgM) [DiaSorin, Saluggia, Italy]. LIAISON® VZV IgG/IgM assay is a commercially available, 

validated indirect chemiluminescence immunoassay for the quantitative determination of specific 

IgG and IgM antibodies to VZV in human serum or plasma samples. [27] The sensitivity and 

specificity of the method are 67% and 100% respectively. For the interpretation of the results of the 

IgG assay, a cut-off value of 150 mIU/mL was used, per the manufacturer’s instructions. [28] For the 

IgM assay, results were evaluated using a cut-off index value of 1, with a grey zone of +/- 10%. [29] 

The patients were not actively followed during the post-vaccination period for breakthrough 

infections, but any reported herpes zoster episodes were recorded. 

2.3.2. Safety Follow-Up  

Local or systematic adverse events (AE) were recorded from the day of the first dose up to one 

month after the second dose of the vaccine. The AEs were reported or detected during the post-

vaccination scheduled visit, as well as during a phone call or visit. The patients were specifically 

inquired about local (pain, edema, or redness at the injection site) or systematic (fever, headaches, 

myalgia, fatigue, malaise) AEs after receiving the first and second vaccine dose.  

2.4. Statistical Analysis 

Statistical analyses were conducted using the IBM SPSS statistics, version 26 (IBM Corporation, 

North Castle, NY, USA). The Pearson Chi-Square test was used for associations between categorical 

variables, the Independent-Samples Mann-Whitney U test for testing between a categorical variable 

with two levels and not normally distributed continuous variables, and the Kruskal-Wallis H test for 

categorical variables with more than two levels. The Wilcoxon matched-pair signed-rank test was 

used to compare the IgG antibody levels before and after vaccination while the Pearson correlation 

was used to determine if two continuous variables were linearly related. The level of significance for 

all statistical tests was set at a probability value lower than 5% (2-sided p<0.05). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2024                   doi:10.20944/preprints202409.1274.v1

https://doi.org/10.20944/preprints202409.1274.v1


 4 

 

3. Results 

Eighty-one patients received at least one dose of the vaccine. Of them 51 (63.0) had CLL and 30 

(37.0) had MM. Seventy-eight patients eventually received both doses of the vaccine. One patient 

refused to take the second dose due to adverse events after the first one, and the remaining two didn’t 

take the second dose for personal reasons. Eventually, 71 (87.7%) had a post-vaccination sample 

taken. The main reason for not obtaining a second sample was that the patient didn’t attend the 

programmed visit for sample collection due to personal reasons (N=5), or that the patient delayed the 

second dose and was outside the predefined time window for blood collection (N=2). The baseline 

characteristics of the patients are shown in Table 1.  

Table 1. Baseline patient and disease characteristics and treatment data are presented in this table for 

the whole cohort, but also separately for CLL and MM patients. 

Characteristic All patients CLL MM 

Number of patients, N (%) 81 (100.0) 51 (63.0) 30 (37.0) 

Gender (male/female) 1.19 (44/37) 1.32 (29/22) 1.00 (15/15) 

Age (years), median (range) 74 (44-88) 73 (44-86) 74 (50-88) 

Time since diagnosis (years), median (range) 5 (1-31) 8.0 (1-31) 3.5 (1-19) 

Previously treated, N (%) NA 30 (58.8) 25 (83.3) 

Previous treatment lines, N (%) 

0 

1 

2 

3 

>3 

NA 

 

 

21 (41.2) 

13 (25.5) 

12 (23.5) 

5 (9.8) 

0 (0.0) 

 

5 (16.7) 

7 (23.3) 

11 (36.7) 

5 (16.7) 

2 (6.7) 

Previous anti-CD20, N (%) NA 20 (39.2) NA 

Previous fludarabine, N (%) NA 3 (5.9) NA 

Previous BTKi, N (%) NA 6 (11.8) NA 

Previous BCL2i, N (%) NA 0 (0.0) NA 

Previous proteasome inhibitor, N (%) NA NA 24 (80.0) 

Previous daratumumab, N (%) NA NA 15 (50.0) 

Actively treated 42 (51.9) 19 (37.3) 23 (76.7) 

Type of active treatment, N (%) 

Venetoclax 

Acalabrutinib 

Ibrutinib 

Rituximab 

COP 

Ant-CD38/KD 

Lenalidomide 

VRD/KPD 

Anti-CD38-lenalidomide 

Selinexor-lenalidomide 

Anti-CD38 

Belantamab mafodotin 

Anti-CD38-ixazomib 

NA 

 

 

8 (15.7) 

3 (5.9) 

6 (11.8) 

1 (2.0) 

1 (2.0) 

 

 

 

 

 

 

4 (13.3) 

8 (26.7) 

2 (6.7) 

3 (10.0) 

1 (3.3) 

3 (10.0) 

1 (3.3) 

1 (3.3) 

History of herpes zoster, N (%) 18 (22.2) 13 (25.5) 5 (16.7) 

Previous herpes zoster episodes 

0 

1 

2 

3 

 

63 (77.8) 

14 (17.3) 

3 (3.7) 

1 (1.2) 

 

38 (74.5) 

11 (21.6) 

1 (2.0) 

1 (2.0) 

 

25 (83.3) 

3 (10.0) 

2 (6.7) 

0 (0.0) 
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Time since last herpes zoster episode 

(months), median (range) 
113.3 (3.0-410.0) 171.8 (3.0-410.0) 58.0 (4.0-338.0) 

Previously vaccinated with live VZV 

vaccine, N (%) 
10 (11.9) 7 (13.5) 3 (9.4) 

Time since live VZV vaccination, N (%) 51.8 (42.0-98.0) 51.1 (42.0-98.0) 57.2 (51.0-74.0) 

Previous anti-VZV agent, N (%) 

Prophylaxis, N (%) 

Treatment, N (%) 

33 (40.7) 

32 (97.0) 

1 (3.0) 

11 (21.6) 

10 (90.9) 

1 (10.1) 

22 (73.3) 

22 (100.0) 

0 (0.0) 

Active anti-VZV agent, N (%) 24 (40.7) 6 (11.8) 18 (60.0) 

Time on anti-VZV agent at 1st vaccine dose 

(months), median (range) 
27.7 (1.1-230.4) 25.3 (1.1-109.4) 28.0 (2.5-230.4) 

Hemoglobin level (g/dL), median (range) 13.1 (9.6-16.5) 13.5 (9.6-16.5) 12.2 (10.3-15.2) 

WBC count (x109/L), median (range) 7.1 (1.3-178.2) 13.2 (1.3-178.2) 5.9 (2.7-13.1) 

Neutrophil count (x109/L), median (range) 3.4 (0.5-10.5) 3.6 (0.5-10.5) 3.1 (1.0-8.9) 

Lymphocyte count (x109/L), median (range) 2.3 (0.3-173.4) 6.9 (0.5-173.4) 1.5 (0.3-4.5) 

Monocyte count (x109/L), median (range) 0.6 (0.2-6.7) 0.7 (0.2-6.7) 0.5 (0.2-1.2) 

Platelet count (x109/L), median (range) 170 (84-442) 177 (84-372) 166 (86-442) 

gamma-globulin level (g/L), median (range) 5.2 (1.4-23.7) 6.3 (1.5-23.7) 3.1 (1.4-14.3) 

CRP level (mg/dL), median (range) 0.9 (0.1-18.6) 0.8 (0.1-18.6) 1.2 (0.2-8.5) 

CLL, chronic lymphocytic leukemia; MM, multiple myeloma; NA, not applicable; BTKi, Bruton 

tyrosine kinase inhibitor; BCL2i, B-cell lymphoma 2 inhibitor; VZV, varicella-zoster virus; WBC, 

white blood cell; CRP, C-reactive protein 

Treatment regimens: COP, cyclophosphamide, vincristine, prednisone; VRD, bortezomib, 

lenalidomide, dexamethasone; KPD, carfilzomib, pomalidomide, dexamethasone 

Eighteen (22.2%) patients had a history of at least one episode of herpes zoster during the course 

of their disease without any rate difference between patients with CLL or MM (p=0.415) while 10 

(12.3%) patients had been previously vaccinated with a live-attenuated VZV vaccine (8/10 before the 

onset of the neoplastic disorder) – one patient with CLL had been erroneously vaccinated by his 

general practitioner with a live-attenuated VZV vaccine, two years earlier, and had suffered a severe 

VZV infection. No differences were noted between previously vaccinated and unvaccinated patients 

or patients with and without previous herpes zoster episodes and their baseline characteristics. 

Twenty-four patients (six with CLL and 18 with MM) were under active prophylactic anti-VZV 

treatment with acyclovir or valacyclovir at the time of the vaccination. Details on the vaccination and 

the timelines of the vaccine doses and sample collections can be found in Table 2.   

Table 2. Vaccination and safety data. 

Characteristic All patients CLL MM 

First sample collection, N (%) 81 (100.0) 51 (63.0) 30 (37.0) 

Administration of first vaccine dose, N (%) 81 (100.0) 51 (63.0) 30 (37.0) 

Time from first sample collection to first vaccine dose 

(days), median (range) 
6 (0-47) 5 (0-46) 9.5 (1-47) 

Adverse events after first dose, N (%) 

Local 

Systematic 

40 (49.4) 

31 (38.3) 

9 (11.1) 

29 (56.9) 

21 (41.2) 

8 (15.7) 

10 (33.3) 

9 (30.0) 

1 (3.3) 

Administration of second vaccine dose, N (%) 78 (96.3) 50 (98.0) 28 (93.3) 

Time between the two vaccine doses (days), median 

(range) 
32 (30-51) 32 (30-51) 31 (30-45) 

Adverse events after second dose, N (%) 

Local 

Systematic 

38 (48.7) 

28 (35.9) 

10 (12.8) 

27 (54.0) 

18 (35.3) 

9 (17.6) 

11 (36.7) 

10 (33.3) 

1 (3.3) 
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Second sample collection, N (%) 71 (87.7) 45 (88.2) 26 (86.7) 

Time from second vaccine dose to second sample 

collection (days), median (range) 
14 (10-23) 13 (10-22) 15 (10-23) 

CLL, chronic lymphocytic leukemia; MM, multiple myeloma 

3.1. Immunogenicity Results 

The pre- and post-vaccination anti-VZV IgM and IgG antibody levels are shown in Table 3. The 

vast majority of the patients were found IgM seronegative both pre- and post-vaccination. In detail, 

only one patient was found seropositive by IgM before the vaccination. This was an asymptomatic 

75-year-old man with CLL with no history of herpes zoster, actively treated with cyclophosphamide 

and prednisolone, and with relatively high pre-vaccination IgG antibody levels (1222 mIU/mL). The 

patient was IgM seronegative after vaccination. Moreover, only one patient was found seropositive 

by IgM after vaccination. This was an 88-year-old asymptomatic woman with MM with no active 

treatment and no history of herpes zoster and with relatively low IgG antibody pre-vaccination levels 

(396.8 mIU/mL). 

Table 3. Anti-VZV IgM and IgG antibody levels in CLL and MM patients included in the study. 

Antibody levels 

(mIU/mL), median 

(95% CI) 

All patients CLL MM 2-sided p* 

Pre-vaccination  

IgG levels 

IGM levels 

 

937.8 (0.1-3134.0) 

0.1 (0.0-1.0) 

 

1205.5 (0.1-3134.0) 

0.13 (0.0-1.0) 

 

466.7 (44.7-1587.0) 

0.14 (0.0-1.0) 

 

0.001 

0.486 

Post-vaccination 

IgG levels 

IGM levels 

 

2414.0 (10.0-4000.0) 

0.2 (0.0-1.0) 

 

2079.5 (185.0-4000.0) 

0.2 (0.1-0.8) 

 

2897.0 (10.0-3957.0) 

0.25 (0.1-1.6) 

 

0.035 

0.383 

Seropositivity, N 

(%) 
All patients CLL MM 2-sided p* 

Pre-vaccination 

IgG  

IgM  

 

73 (92.4) 

1 (1.3) 

 

48/50 (96.0) 

1/50 (2.0) 

 

25/29 (86.2) 

0/29 (0.0) 

 

0.185 

1.000 

Post-vaccination 

IgG  

IgM  

 

70 (98.6) 

1 (1.4) 

 

44/45 (97.8) 

0/45 (0.0) 

 

26/26 (100.0) 

1/25 (4.0) 

 

1.000 

0.366 

CI, confidence intervals; CLL, chronic lymphocytic leukemia; MM, multiple myeloma 

*referring to comparisons between CLL and MM patients 

The median pre-vaccination IgG antibody levels for the whole cohort were 937.8 mIU/mL, while 

patients with CLL had higher pre-vaccination IgG antibody levels than patients with MM (1205.5 

mIU/mL vs 466.7 mIU/mL respectively; p=0.001). Although the vast majority of patients (73/79, 

92.4%) had IgG antibody levels over the cut-off point of 150 mIU/mL and were considered 

seropositive, there was a large increase in the antibody levels post-vaccination (937.8 mIU/mL versus 

2414.0 mIU/mL; p <0.0001) and this was evident in both CLL and MM patients, as shown in Figure 1. 

The increase in IgG antibody levels post-vaccination in MM patients was more pronounced than in 

CLL patients (Table 3). No differences were found in the pre- or post-vaccination IgG antibody levels 

between patients with and without a history of herpes zoster, or between patients previously 

vaccinated or not with a live-attenuated VZV vaccine. 
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Figure 1. Comparison of the pre (A) and post (B) vaccination anti-VZV IgG antibody levels in the 

whole cohort. The difference between post- and pre-vaccination anti-VZV IgG antibody levels is also 

depicted (C). 

3.1.1. CLL Patients 

In patients with CLL, the median pre-vaccination IgG antibody levels were 1205.5 mIU/mL. The 

antibody levels were not associated with gender, age, or disease duration. Moreover, the antibody 

levels were lower in actively treated patients (p=0.002), but it was not correlated to the type of active 

treatment. Still, they were not associated with the number of previous treatment lines, or previously 

administered anti-CD20 monoclonal antibodies, fludarabine, or BTKi. Moreover, the levels were not 

associated with previous herpes zoster infection, or concurrent with the vaccination administration 

of antiviral prophylaxis with acyclovir or valacyclovir. There were no correlations with the baseline 

complete blood count parameters (hemoglobin level, neutrophil, lymphocyte, monocyte, and platelet 

count), the gamma-globulin, or the CRP levels. Prevaccination IgG seronegativity was not correlated 

with any of the tested baseline characteristics. 

The post-vaccination IgG antibody levels were 2079.5 mIU/mL, significantly higher than the pre-

vaccination levels (p<0.0001). Nevertheless, there was no difference in the IgG seropositivity rate pre- 

and post-vaccination (96.0% vs 97.8%). Post-vaccination IgG seronegativity was very low (2.2%) and 

was not correlated with any of the tested baseline characteristics of the patients. Moreover, the 

absolute difference between the post- and pre-vaccination antibody levels was not associated with 

any of the tested variables. Patients previously treated with an anti-CD20 monoclonal antibody had 

marginally lower IgG antibody levels than those untreated (p=0.059). Nevertheless, none of the 

remaining baseline treatment characteristics was associated with the post-vaccination antibody 

levels.  

Although the study was not powered to detect breakthrough infections after vaccination, there 

was one 82 year-old CLL patient actively treated with venetoclax who had two episodes of herpes 

zoster post-vaccination. The patient had had three episodes before vaccination and had also been 

erroneously vaccinated with the live-attenuated vaccine two years earlier. His pre- and post-

vaccination IgG levels did not differ from those of the whole cohort. 

3.1.2. MM Patients 

In patients with MM the median pre-vaccination IgG antibody levels were 466.7 mIU/mL. The 

antibody levels were not associated with gender, age, or disease duration. The antibody levels were 

similar in actively and not actively treated patients (p=0.885), and they were not associated with the 

type of active treatment or the number of previous treatment lines. Moreover, they were not 

associated with previously administered bortezomib, but patients previously treated with 

daratumumab had marginally non-significantly lower antibody levels than those not previously 

treated with this agent (p=0.051). Finally, the pre-vaccination antibody levels were not associated 

with previous herpes zoster infection, but they were lower in patients with concurrent with the 

vaccination administration of antiviral prophylaxis with acyclovir or valacyclovir (p=0.031).  
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The post-vaccination IgG antibody levels were much higher than the pre-vaccination ones 

(2897.0 mIU/mL vs 466.7 mIU/mL, p<0.0001). Similarly to patients with CLL, the pre- and post-

vaccination seropositivity rates did not differ in patients with MM (86.2% vs 100.0%). Nevertheless, 

it should be noted that all three seronegative patients achieved seropositivity post-vaccination. 

Moreover, the absolute difference between the post- and pre-vaccination antibody levels was not 

associated with any of the tested variables. Finally, the post-vaccination IgG antibody levels were 

also lower in patients with concurrent with the vaccination administration of antiviral prophylaxis 

(p=0.013). 

3.2. Safety Results 

AEs were reported in 40 (49.4%) patients after the first dose of the vaccine and in 38 (48.7%) after 

the second dose. The vast majority of the AEs were local (pain, redness, edema), (77.5% and 73.7% 

after each dose respectively) or low-grade systematic ones (low-grade fever, pyrexia, headache, 

malaise, hypotension) (22.5% and 26.3% respectively). Among AEs of special interest, one CLL 

patient presented with painful axillary lymphadenopathy ipsilaterally to the vaccination site that 

resolved without intervention within two weeks, and another CLL patient presented 14 days after 

the second dose of the vaccine with grade 4 immune thrombocytopenia (ITP) that was effectively 

treated with intravenous immunoglobulin and high-dose dexamethasone. 

The emergence of AEs was not associated with most of the tested variables (gender, age, 

hematological parameters, disease duration, active or previous treatments) although patients with 

CLL tended to report more AEs compared to patients with MM (56.9% vs 50.0%, p=0.065), and 

patients with a history of herpes zoster reported more AEs after the second dose of the vaccine (70.5% 

vs 42.6 for patients without a history of herpes zoster, p=0.056). Moreover, patients with longer 

disease duration tended to report more AEs (p=0.075), while in patients with CLL adverse events 

were more common among patients with higher gamma-globulin levels (p=0.017). It should be noted 

that the gamma-globulin levels of patients with CLL did not differ from those of patients with MM. 

Finally, the type of AE (local or systematic) was not associated with any of the tested variables. Still, 

patients with a history of herpes zoster had more systematic AEs compared to patients without such 

a history (55.6% vs 12.9%, p=0.025).  

4. Discussion 

Due to inherent immunodeficiency and drug-related immunosuppression, patients with CLL 

and MM suffer from viral and bacterial infections that pose significant threat to their lives. Moreover, 

immune responses to vaccinations have been shown to be suboptimal, while associations of those 

responses to active or previous immunosuppressive treatments have also been reported for several 

vaccines. In the present study, we analyzed the immunogenicity and safety results of RZV in a total 

of 81 (71 with post-vaccination samples) patients with CLL and MM. 

Due to the universal infection of susceptible children in the past, when no vaccines were 

available against VZV, most of today's adults have been exposed to the virus and are seropositive for 

IgG antibodies due to natural infection. Our study showed that the vast majority of CLL and MM 

patients were IgG seropositive before vaccination, although most of them increased their IgG level 

after vaccination. This increase was statistically very significant and was evident in both CLL and 

MM patients. The previous vaccination status (with a live-attenuated VZV vaccine) or the history of 

herpes zoster was not associated with the pre- or post-vaccination IgG antibody levels or their 

increase post-vaccination. This is compatible with the fact that even patients with a history of herpes 

zoster may benefit from vaccination with RZV, as previously shown. Indeed, RZV elicited strong 

humoral responses in adults ≥50 years of age with a prior history of herpes zoster, whereas no safety 

issues were recorded. [30] Reactivation of the virus in immunocompromised hosts may be halted by 

the vaccine, thus preventing future herpes zoster episodes. Nevertheless, follow-up of the patients 

for a long period to detect herpes zoster episodes was beyond the scope of the present study. 

Although patients with CLL had higher pre-vaccination IgG antibody levels than patients with 

MM, the latter increased the IgG antibody levels in their post-vaccination sample more than the 
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former. The fact that there were no associations of the IgG antibody levels with the baseline 

characteristics of the patients, not allowing for multivariate analysis, shows that there is probably an 

inherent difference in the antibody production ability in these two conditions although the small 

patient number prevents any further analysis and speculation. Nevertheless, patients with CLL 

typically have poorer responses to vaccinations compared to patients with MM [31], but there are 

also studies on the immunogenicity of SARS-CoV-2 vaccines that show no differences between the 

two conditions. [32] In contrast to our findings, another study showed that humoral immune 

responses were lower in participants with non-Hodgkin B-cell lymphoma (B-NHL) or CLL compared 

with the entire cohort, excluding those with B-NHL and CLL stratum. The authors attributed this 

finding to B-cell depletion induced by therapy with anti-CD20 monoclonal antibodies. [33] 

In CLL patients, there was a clear difference in the pre-vaccination IgG antibody levels between 

patients actively and not actively treated. This is a common finding in immunogenicity studies of 

several vaccines, including those against SARS-CoV-2. [33] Nevertheless, the same was not found in 

patients with MM. In the above-referenced study by Dagnew et al, [33] with patients suffering from 

several hematological conditions, patients vaccinated after completing their immunosuppressive 

treatment had higher rates of humoral response than those vaccinated during their course of 

immunosuppressive treatment. This result was not highlighted in the present study maybe due to 

the small patient number in each disease category. 

In patients with MM, although immunogenicity was not associated with the baseline and 

treatment characteristics of the patients, there was a lower pre- and post-vaccination IgG antibody 

level in those patients actively treated with anti-VZV agents during their vaccination. This interesting 

result is hard to interpret since the vaccine is not contraindicated in patients under antiviral 

prophylaxis while there should not be any implication in the ability of the immune system to 

recognize antigens and build an immune response due to antiviral treatment. Perhaps prophylactic 

treatment with anti-VZV agents prevents low-level viremia/subclinical reactivation, further boosting 

humoral and cellular immunity. [34] Nevertheless, this result was not evident in patients with CLL. 

In any case, until more data is available on the efficacy of the vaccine in those populations, all patients 

in need of anti-VZV prophylaxis should continue prophylactic treatment even if they get vaccinated 

with RZV. 

Regarding the safety of the vaccine, most reported AEs were local or low-grade systematic ones, 

with the exception of a presumably vaccine-associated case of ITP. Most vaccines are not linked to 

increased risk of ITP except for MMR in children [35] and possibly COVID-19 vaccines in middle-

aged and elderly individuals (especially those with chronic inflammatory conditions). [36] A flare of 

an underlying rheumatologic disease or triggering of an immune-mediated condition is a concern 

with adjuvanted vaccines. Nevertheless, exacerbations of the underlying disease were uncommon in 

rheumatologic patients vaccinated with RZV. Additionally, potential autoimmune phenomena after 

the administration of RZV in patients with hematologic malignancies have been reported in only 

1.1% of vaccinated patients. [37,38] The fact that patients with CLL and higher gamma-globulin levels 

reported more AEs than those with lower gamma-globulin levels can only be explained by the fact 

that less immunosuppression may lead to enhanced local or systematic reactions leading to AEs, but 

this is just a speculation. Nevertheless, it should be mentioned that data from a meta-analysis of 

several studies showed that AEs did not differ significantly between immunocompetent and 

immunocompromised adults vaccinated with RZV, but there is no data available for gamma-globulin 

levels. [39] Finally, the fact that patients with a history of herpes zoster had higher rates of systematic 

AEs than those without such a history is very interesting but difficult to interpret in light of the 

present study's findings.  

5. Conclusion 

The present study shows that patients with CLL and MM increase the levels of anti-VZV IgG 

antibodies when vaccinated with RZV even if they are actively treated or heavily pretreated. The 

immunogenicity of the vaccine is rather strong and not correlated with almost any of the baseline 

characteristics of the patients. Nevertheless, those results taken together with the available data on 
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the ability of the vaccine to prevent herpes zoster and postherpetic neuralgia in 

immunocompromised individuals cannot serve as a guide to the omission of prophylactic anti-VZV 

treatment with antivirals in those patients. Results from larger studies focusing on breakthrough 

herpes zoster episodes may be useful in this context.  

Author Contributions: PD conceptualized and designed the study, wrote the manuscript, and performed data 

analysis and interpretation. CNK designed the experiments, prepared the samples, and wrote the manuscript. 

CS contributed to data collection and writing the manuscript. DV, HP, SS, and GK contributed to data collection. 

EP conducted the experiments and AV and SSM provided critical feedback on the experimental design. EA 

contributed to sample storage and experiments’ conduction. AG and AA revised the manuscript. MM 

contributed to the conceptualization of the paper and made critical revisions. VL contributed to the 

conceptualization of the paper and the development of the theoretical framework of the project. All authors 

reviewed and approved the final version of the manuscript. 

Funding: This research received no funding. 

Acknowledgments: none 

Conflicts of Interest: The authors declare that there are no conflicts of interest regarding the publication of this 

paper. 

References 

1. Morrison VA. Infectious complications in patients with chronic lymphocytic leukemia: pathogenesis, 

spectrum of infection, and approaches to prophylaxis. Clin Lymphoma Myeloma. 2009;9(5):365-370.  

2. Blimark C, Holmberg E, Mellqvist UH, et al. Multiple myeloma and infections: a population-based study 

on 9253 multiple myeloma patients. Haematologica. 2015;100(1):107-113.  

3. Ravandi F, O'Brien S. Immune defects in patients with chronic lymphocytic leukemia. Cancer Immunol 

Immunother. 2006;55(2):197-209.  

4. Hallek M, Cheson BD, Catovsky D, et al. CLL guidelines for diagnosis, indications for treatment, response 

assessment, and supportive management of CLL.  Blood 2018;131(25):2745–2760. 

5. Dooling, K. L., Guo, A., Patel, M., et al. Recommendations of the Advisory Committee on Immunization 

Practices for Use of Herpes Zoster Vaccines. MMWR. Morbidity and mortality weekly report, 2018;67(3), 

103–108. 

6. Drgona L, Gudiol C, Lanini S, et al. ESCMID Study Group for Infections in Compromised Hosts (ESGICH) 

Consensus Document on the safety of targeted and biological therapies: an infectious diseases perspective 

(Agents targeting lymphoid or myeloid cells surface antigens II: CD22, CD30, CD33, CD38, CD40, SLAMF-

7 and CCR4). Clin Microbiolgy 2018 

7. Ludwig H, Delforge M, Facon T, et al. Prevention and management of adverse events of novel agents in 

multiple myeloma: a consensus of the European Myeloma Network. Leukemia 2018;32(7):1542–1560 

8. König C, Kleber M, Reinhardt H, et al. Incidence, risk factors, and implemented prophylaxis of varicella 

zoster virus infection, including complicated varicella zoster virus and herpes simplex virus infections, in 

lenalidomide-treated multiple myeloma patients. Ann Hematol 2014;93(3):479–484. 

9. Teh BW, Harrison SJ, Worth LJ, et al. Antiviral prophylaxis for varicella zoster virus infections in patients 

with myeloma in the era of novel therapies. Leuk Lymphoma 2016;57(7):1719–1722. 

10. Kontandreopoulou CN, Solomou EE, Kolorizos E, et al. Vaccine challenges in CLL: a comprehensive 

exploration of efficacy of SARS-CoV-2 immunization for patients with chronic lymphocytic leukemia. Ann 

Hematol. doi:10.1007/s00277-024-05869-8 

11. Chanan-Khan A, Sonneveld P, Schuster MW, et al. Analysis of herpes zoster events among bortezomib-

treated patients in the phase III APEX study. J Clin Oncol. 2008;26(29):4784-4790.  

12. Mikulska M, Cesaro S, de Lavallade H, et al. Vaccination of patients with haematological malignancies who 

did not have transplantations: guidelines from the 2017 European Conference on Infections in Leukaemia 

(ECIL 7). Lancet Infect Dis. 2019 Jun;19(6):e188-e199. 

13. Wade JC.  Viral Infections in Patients with Hematological Malignancies. Hematology Am Soc Hematol 

Educ Program 2006; 2006 (1): 368–374.  

14. Kim SJ, Kim K, Kim BS, et al. Bortezomib and the increased incidence of herpes zoster in patients with 

multiple myeloma. Clin Lymphoma Myeloma. 2008;8(4):237-240.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2024                   doi:10.20944/preprints202409.1274.v1

https://doi.org/10.20944/preprints202409.1274.v1


 11 

 

15. Schmader KE, Levin MJ, Gnann JW Jr et al.  Efficacy, safety, and tolerability of herpes zoster vaccine in 

persons aged 50-59 years. Clin Infect Dis. 2012 Apr;54(7):922-8. 

16. Morrison VA, Johnson GR, Schmader KE et al.  Long-term persistence of zoster vaccine efficacy. Clin Infect 

Dis. 2015 Mar 15;60(6):900-9. 

17. Lecrenier N, Beukelaers P, Colindres R, et al. Development of adjuvanted recombinant zoster vaccine and 

its implications for shingles prevention. Expert Rev Vaccines. 2018 Jul;17(7):619-634.  

18. Lal H, Cunningham AL, Godeaux O, et al. ZOE-50 Study Group. Efficacy of an adjuvanted herpes zoster 

subunit vaccine in older adults. N Engl J Med. 2015 May 28;372(22):2087-96. 

19. Cunningham AL, Lal H, Kovac M, et al. ZOE-70 Study Group. Efficacy of the Herpes Zoster Subunit 

Vaccine in Adults 70 Years of Age or Older. N Engl J Med. 2016 Sep 15;375(11):1019-32. 

20. Boutry C, Hastie A, Diez-Domingo J, et al.  Zoster-049 Study Group. The Adjuvanted Recombinant Zoster 

Vaccine Confers Long-Term Protection Against Herpes Zoster: Interim Results of an Extension Study of 

the Pivotal Phase 3 Clinical Trials ZOE-50 and ZOE-70. Clin Infect Dis. 2022 Apr 28;74(8):1459-1467. 

21. Strezova A, Diez-Domingo J, Al Shawafi K, et al. Zoster-049 Study Group. Long-term Protection Against 

Herpes Zoster by the Adjuvanted Recombinant Zoster Vaccine: Interim Efficacy, Immunogenicity, and 

Safety Results up to 10 Years After Initial Vaccination. Open Forum Infect Dis. 2022 Oct 23;9(10):ofac485.  

22. Bastidas A, de la Serna J, El Idrissi M, et al. ZOE-HSCT Study Group Collaborators. Effect of Recombinant 

Zoster Vaccine on Incidence of Herpes Zoster After Autologous Stem Cell Transplantation: A Randomized 

Clinical Trial. JAMA. 2019 Jul 9;322(2):123-133. 

23. Cunningham AL, Heineman TC, Lal H, et al. Immune Responses to a Recombinant Glycoprotein E Herpes 

Zoster Vaccine in Adults Aged 50 Years or Older. J Infect Dis 2018;217:1750–60.  

24. Zent CS, Brady MT, Delage C, et al. Short term results of vaccination with adjuvanted recombinant varicella 

zoster glycoprotein E during initial BTK inhibitor therapy for CLL or lymphoplasmacytic lymphoma. 

Leukemia 2021;35:1788–91. 

25. Pleyer C, Ali MA, Cohen JI, et al. Effect of Bruton tyrosine kinase inhibitor on efficacy of adjuvanted 

recombinant hepatitis B and zoster vaccines. Blood 2021;137:185–9. 

26. Fochesato M, Dendouga N, Boxus M. Comparative preclinical evaluation of AS01 versus other adjuvant 

systems in a candidate herpes zoster glycoprotein E subunit vaccine. Hum Vaccin Immunother 2016; 

12:2092–5. 

27. Maple PA, Rathod P, Smit E, et al. Comparison of the performance of the LIAISON VZV-IgG and VIDAS 

automated enzyme linked fluorescent immunoassays with reference to a VZV-IgG time-resolved 

fluorescence immunoassay and implications of choice of cut-off for LIAISON assay. J Clin Virol. 2009 

Jan;44(1):9-14.  

28. https://int.diasorin.com/en/immunodiagnostics/infectious-diseases/varicella 

29. Esteban-Vazquez A, Steiner M, Castañeda E, et al. The Real-World Study of Immunogenicity and Safety of 

the Adjuvant Recombinant Vaccine against Varicella Zoster Virus in Patients with Immune-Mediated 

Inflammatory Diseases Treated with Janus Kinase Inhibitors. Vaccines (Basel). 2023 Oct 18;11(10):1610 

30. Godeaux O, Kovac M, Shu D, et al. Immunogenicity and safety of an adjuvanted herpes zoster subunit 

candidate vaccine in adults ≥ 50 years of age with a prior history of herpes zoster: A phase III, non-

randomized, open-label clinical trial. Hum Vaccin Immunother. 2017 May 4;13(5):1051-1058 

31. Zaleska J, Kwasnik P, Paziewska M, et al. Response to anti-SARS-CoV-2 mRNA vaccines in multiple 

myeloma and chronic lymphocytic leukemia patients. Int J Cancer. 2023;152(4):705-712. 

32. Heftdal LD, Hamm SR, Pérez-Alós L, et al. Humoral and cellular immune responses after three or four 

doses of BNT162b2 in patients with hematological malignancies. Eur J Haematol. 2023;111(2):229-239.  

33. Dagnew AF, Ilhan O, Lee WS, et al. Immunogenicity and safety of the adjuvanted recombinant zoster 

vaccine in adults with haematological malignancies: a phase 3, randomised, clinical trial and post-hoc 

efficacy analysis [published correction appears in Lancet Infect Dis. 2020 Jan;20(1):e1. 

34. Arvin AM. Humoral and cellular immunity to varicella-zoster virus: an overview. J Infect Dis. 2008;197 

Suppl 2:S58-S60. 

35. Gidengil C, Goetz MB, Newberry S, et al. Safety of vaccines used for routine immunization in the United 

States: An updated systematic review and meta-analysis. Vaccine. 2021 Jun 23;39(28):3696-3716.  

36. Gan G, Liu H, Liang Z, et al. Vaccine-associated thrombocytopenia. Thromb Res. 2022 Dec;220:12-20. doi: 

10.1016/j.thromres.2022.09.017. Epub 2022 Sep 26. PMID: 36265409. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2024                   doi:10.20944/preprints202409.1274.v1

https://int.diasorin.com/en/immunodiagnostics/infectious-diseases/varicella
https://doi.org/10.20944/preprints202409.1274.v1


 12 

 

37. Lenfant T, Jin Y, Kirchner E, et al. Safety of recombinant zoster vaccine: a retrospective study of 622 

rheumatology patients. Rheumatology (Oxford). 2021 Nov 3;60(11):5149-5157.  

38. Leung J, Anderson TC, Dooling K, et al. Recombinant Zoster Vaccine Uptake and Risk of Flares Among 

Older Adults With Immune-Mediated Inflammatory Diseases in the US. Arthritis Rheumatol. 2022 

Nov;74(11):1833-1841.  

39. Mwakingwe-Omari A, Lecrenier N, Naficy A, et al. Recombinant zoster vaccine in immunocompetent and 

immunocompromised adults: A review of clinical studies. Hum Vaccin Immunother. 2023 Dec 

15;19(3):2278362.  

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 

of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 

disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 

products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2024                   doi:10.20944/preprints202409.1274.v1

https://doi.org/10.20944/preprints202409.1274.v1

