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Abstract

Monoclonal B cell lymphocytosis (MBL) and chronic lymphocytic leukemia (CLL) are clonal 

B cell disorders associated with increased risk of infections and impaired vaccination responses. 

We investigated the immunogenicity of recombinant zoster vaccine (RZV) in these patients. 

Individuals with MBL/untreated CLL and Bruton tyrosine kinase inhibitor (BTKi)-treated CLL 

patients were given two doses of RZV separated by two months. Responses assessed at 3-months 

and 12-months from the first dose of RZV by an anti-glycoprotein E ELISA antibody assay and 

by dual-color IFN-γ and IL-2 FLUOROSPOT assays were compared to historic controls matched 

by age and sex. Sixty-two patients (37 MBL/untreated CLL and 25 BTKi-treated CLL) were 

enrolled with a median age of 68 years at vaccination. An antibody response at 3 months was 

seen in 45% of participants, which was significantly lower compared to historic controls (63%, 

P=0.03). The antibody response did not significantly differ between MBL/untreated CLL and 

BTKi-treated CLL (51% vs 36%, respectively, P=0.23). The CD4+ T cell response to vaccination 

was significantly lower in study participants compared to controls (54% vs 96%, P<0.001), mainly 

due to lower responses among BTKi-treated patients compared to untreated MBL/CLL (32% 

vs 73%, P=0.008). Overall, only 29% of participants achieved combined antibody and cellular 

responses to RZV. Among participants with response assessment at 12 months (n=47), 24% 

had antibody titers below response threshold. Hypogammaglobulinemia and BTKi therapy were 

associated with reduced T cell responses in a univariate analysis. Strategies to improve vaccine 

response to RZV among MBL/CLL patients are needed.
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Introduction

Herpes zoster, which represents reactivation of latent varicella zoster virus (VZV), manifests 

typically as a painful, vesicular rash in a dermatomal distribution. More than 1.1 million 

cases of herpes zoster occur each year in the United States, with its incidence increasing 

with age.1,2 Chronic lymphocytic leukemia (CLL) is one of the most common leukemias 

in adults in the US; the median age at diagnosis is 72 years.3 CLL is associated with 

significant immune dysfunction leading to an increased risk of infectious complications.4,5 

The incidence of herpes zoster among CLL patients treated with chemoimmunotherapy is 

7–15%.6,7 Data on the risk of herpes zoster in CLL patients treated with novel agents such 

as Bruton tyrosine kinase inhibitors (BTKi) and BCL-2 antagonists is limited.8,9

The cornerstone for prevention of herpes zoster in immune competent individuals is 

vaccination. The first herpes zoster vaccine was a live virus vaccine that is contraindicated 

in patients with CLL who have significant immune dysfunction.10 In the US, Canada, 

Australia, and some EU countries, a non-live herpes zoster vaccine (recombinant zoster 

vaccine [RZV] Shingrix; GlaxoSmithKline Biologicals, SA, Belgium) that is safe in immune 

compromised patients is available. RZV is a 2-dose subunit herpes zoster vaccine containing 

recombinant glycoprotein E (gE) in combination with a potent adjuvant. It is recommended 

for adults ≥50 years old based on two pivotal trials that demonstrated ≥92% efficacy against 

herpes zoster and post-herpetic neuralgia across all age groups.11,12 RZV is safe in patients 

with HIV, renal transplantation, and solid tumors receiving chemotherapy. In addition, its 

safety and efficacy has been demonstrated in autologous hematopoietic stem cell transplant 

recipients and patients with hematologic malignancies.13–17 In a phase 3 study of patients 

with hematologic malignancies, RZV was 87% effective within the 2-year follow-up period 

and induced humoral immune responses in 80% of study participants.18 That study excluded 

patients with CLL and other non-Hodgkin B cell lymphoma from the primary analyses. Two 

studies have evaluated the response to RZV vaccine among CLL patients treated with BTKi. 

Both studies demonstrated high antibody response rates to RZV, and one study demonstrated 

gE-specific cell-mediated immunity in ~ 80% vaccinees.19,20 The goal of our study was to 

further assess T cell-mediated immune response and gE-specific antibody responses after 

RZV administration to patients with CLL and to compare these to responses of historic 

controls. We also included individuals with monoclonal B cell lymphocytosis (MBL), a 

precursor condition to CLL,21 which is associated with immune deficits and an increased 

risk of infections.22–24

Methods

Study Design and Participants

Individuals with MBL and CLL cared for at Mayo Clinic, Rochester, MN who were naïve 

to RZV were eligible to participate in this study (patients who received prior live attenuated 

zoster vaccine were allowed). Two cohorts were enrolled: Cohort 1 consisted of individuals 

with MBL and previously untreated CLL; and Cohort 2 consisted of CLL participants who 

were on BTKi therapy. The pre-vaccination characteristics at the time of study entry and 

history of prior vaccination with the live attenuated herpes zoster vaccine were ascertained. 

Individuals who participated provided written consent after the study was approved by the 
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Mayo Clinic Institutional Review Board. Since the study was conducted after Food and 

Drug Administration (FDA) approval of RZV, all patients received the vaccine as standard 

of care. Participants received two doses of RZV separated by 2 months. Blood samples were 

collected prior to vaccination, 1 month after the second dose of RZV (3 months from the 

first dose of RZV), and at 12 and 24 months after the first dose of vaccine. Blood sample 

collection at the 24-month time point is still ongoing and results from this interval are not 

included in this report.

Assessment of Immunogenicity

Antibody was measured by ELISA designed to detect anti-gE antibodies at pre-vaccination 

and 3 and 12 months after the first dose of RZV administration. Assays were conducted 

at the Centers for Disease Control and Prevention (CDC; Dr. Scott Schmid) as previously 

described.25 Results are reported in ELISA units/µl after interpolation of the optical density 

(OD) values onto a standard curve constructed using a laboratory control serum and Prism 

9.1 software (Graph pad LLC). We defined a humoral response to vaccination as the 

proportion with anti-gE antibody concentration after vaccination that was ≥4 times the 

pre-vaccination concentration, as previously described.18,20,26 Antibody responses were also 

reported as the geometric mean titer in each group. The gE-specific T cell response was 

measured by dual-color interferon γ (IFN- γ) and interleukin 2 (IL-2) FLUOROSPOT 

(Mabtech) on peripheral blood mononuclear cells (PBMCs) depleted of ≥50% leukemic of 

B cells using magnetic beads coated with anti-CD19 monoclonal antibodies (STEMCELL 

Technologies, Catalog # 17854). Results are reported as spot-forming cells (SFC)/106 

PBMC in wells stimulated with overlapping gE peptides as previously described.27 We 

also report the geometric mean count (GMC) of SFCs/106 PBMC at pre-vaccination and 3 

months after the first dose of vaccine, and calculated the geometric mean fold rise (GMFR) 

in SFCs during this interval. GMFR was calculated as anti-log10 (mean [log10 SFC3 month/

SFC0 month]). Cell-mediated immune response assays were conducted at the University of 

Colorado (Dr. Adriana Weinberg). The FLUOROSPOT well reader (MJJ) was blinded to 

cohort allocation of the samples. The cell-mediated immune response rate was defined as 

the proportion of participants who achieved a ≥2-fold increase in IFN- γ and IL-2 SFC/106 

PBMC 3 months after the first dose of RZV compared with pre-vaccination levels, as 

previously described.18 We compared the response data to a historic cohort of age-and 

sex-matched healthy controls who received RZV, as previously described.27

Statistical analyses

Chi-square or Fisher’s exact tests were used to measure differences in response rates 

and Kruskal-Wallis tested for differences in continuous variables between two comparison 

groups: 1) patients with MBL/CLL versus age- and sex-matched controls; 2) untreated 

MBL/CLL versus BTKi-treated CLL patients. Median titer values and proportions 

of responders along with 95% confidence intervals (CI) were calculated. Among all 

participants, univariable logistic regression analysis was used to investigate the association 

between pre-vaccination characteristics and antibody and T cell responses. Statistical 

analyses were conducted using SAS version 9.0.
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Results

A total of 62 participants were included in the study (37 in Cohort 1, consisting of MBL 

and untreated CLL, and 25 in Cohort 2, including 24 patients on ibrutinib and 1 patient on 

acalabrutinib therapy]. The pre-vaccination characteristics of all participants are shown in 

Table 1. The median age at vaccination was 68 years [range 32–85], and 40 (65%) were 

male. Prior receipt of live attenuated zoster vaccine was 21%, similar between cohort 1 

and cohort 2. Of the BTKi-treated cohort, the median time on BTKi was 1.4 years (range 

0.04–5.1).

Antibody Response

The median pre-vaccination anti-gE antibody concentration was 61.6 EU/ µL (95% CI 35.7–

99.7) among 62 CLL/MBL participants compared to 43.2 EU/ µL (95% CI 29.4–58.6) in the 

control group (P=0.07, Figure 1A). Three months following the first RZV administration, 

the median anti-gE antibody concentration was 237.8 EU/ µL (95% CI 210.3–269.0) among 

MBL/CLL participants compared to 237.0 EU/µL (95% CI 229.4–245.6) in the control 

group (P=0.99, Figure 1B). In the MBL/CLL group, 45% of individuals responded to RZV 

with a ≥4-fold increase in antibodies over pre-vaccination compared to 63% in the control 

group (P=0.03, Supplemental Figure 1A).

Among MBL/previously untreated CLL participants (Cohort 1), the median anti-gE 

antibody concentration increased from 93.0 EU/ µL (95% CI 57.7–195.2) at pre-vaccination 

to 269.0 EU/µL (95% CI 224.5–308.7) 3 months following the first dose of RZV (P<0.001, 

Figure 1C). Among patients with CLL on therapy with BTKi (Cohort 2), the median anti-gE 

antibody concentration increased from 37.9 EU/µL (95% CI 13.6–132.2) pre-vaccination to 

207.7 EU/µL (95% CI 113.2–317.1) 3 months following the first dose of RZV vaccination 

(P=0.004, Figure 1D). The corresponding response rates were not significantly different 

among participants in Cohort 1 compared to Cohort 2 (51% vs. 36%, P=0.23, Supplemental 

Figure 1B).

Forty-seven participants had antibody data at pre-vaccination, and at 3 and 12 months 

following the first dose of RZV. Of these, 26 (55%) did not have a humoral response at 

both the 3- and 12-months after the first dose of RZV vaccination; 15 (32%) had a humoral 

response at 3 months that was sustained at 12 months; 5 (11%) had a response at 3 months 

that was not sustained at 12 months; and 1 (2%) did not have a humoral response at 3 

months and had a response at 12 months. Supplemental Figure 2A shows the median anti-gE 

antibody concentration over time among all CLL/MBL participants compared to controls, 

and among those in Cohort 1 and Cohort 2 (Supplemental Figure 2B and Supplemental 2C, 

respectively).

T Cell Response

The cell-mediated immune response was measured in a subset of participants (n=41). 

The pre-vaccination characteristics of participants with cell-mediated immune responses 

measured are shown in Supplemental Table 1. The GMC of the SFCs/106 PMBCs was 

significantly higher at 3 months post-vaccination compared to pre-vaccination among both 
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controls and MBL/CLL participants for both IFN-γ and IL-2 (Table 2). However, the 

magnitude of the response as measured by GMFR was significantly lower in MBL/CLL 

vaccinees compared to controls (2.2 vs. 19, P<0.001 for IFN-γ; and 6.5 vs. 32.6, P<0.001 

for IL-2). The IFN- γ response rate (defined as ≥2-fold increase in SFC/106 PBMC) was 

significantly lower among MBL/CLL participants compared to controls (56% vs. 96%, 

P<0.001); the difference in the IL-2 response between MBL/CLL and controls reached 

borderline statistical significance (93% vs. 100%, P=0.051). The overall cell-mediated 

immune response (defined as a response to both IFN- γ and IL-2) was significantly lower 

in MBL/CLL participants compared to controls (54% vs. 96%, P<0.001). Figure 2 depicts 

a image of FLUOROSPOT result from a representative CLL patient treated with BTKi (left 

panel) and an untreated CLL patient (right panel).

Table 2 also shows that the GMC of SFCs/106 PBMCs was significantly higher at 3 

months post- compared to pre-vaccination among MBL/ untreated CLL for both IFN- γ 
and IL-2, whereas CLL participants treated with BTKi had significant increases for IL-2 

but not for IFN- γ. MBL/untreated CLL participants had a higher GMFR compared to CLL 

participants treated with BTKi (5.2 vs. 1.9, P=0.03 for IFN- γ and 25 vs. 4.1, P=0.003 for 

IL-2). The IFN-γ response was significantly lower among CLL participants treated with 

BTKi compared to untreated MBL/CLL participants (37% vs. 73%, P=0.02). There was 

no significant difference in the IL-2 response rate between the two groups (89% vs. 96%, 

P=0.59). However, the overall cell-mediated immune response (defined as a response to both 
IFN-γ and IL-2) was significantly lower in CLL participants treated with BTKi compared to 

untreated MBL/CLL participants (32% vs. 73%, P=0.008).

Combined humoral and cellular immune responses

Among the 41 patients in whom data for both humoral and cellular immune responses 

were available, 12 (29%) individuals met the criteria for both humoral and cell-mediated 

immune responses to vaccination (7 in MBL/untreated CLL and 5 in BTKi-treated CLL). 

Supplemental Table 2 shows the distribution of responses across both cohorts.

Factors predicting response to RZV

Univariable analysis of factors (Supplemental Table 3) showed that participants with 

hypogammaglobulinemia (serum IgG < 600 mg/dL, odds ratio [OR]= 0.13, 95% CI 

0.03–0.72, P=0.02) and those receiving BTKi (OR: 0.17, 95% CI: 0.04–0.66, P=0.01) 

were associated with lower cell-mediated immune responses to vaccine. In contrast, 

participants who had received prior live attenuated zoster vaccine had a borderline 

significant higher cell-mediated immune response (OR: 4.86, 95% CI 0.9–26.7, P=0.07). 

Other variables including age at vaccination, sex, and other CLL-specific characteristics 

including total white blood cell count, Rai Stage, fluorescence in situ hybridization (FISH), 

and immunoglobulin heavy chain variable gene (IGHV) mutation status did not affect 

cell-mediated immune response to RZV. None of these factors were associated with a lower 

humoral vaccine response on univariable analysis.
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Discussion

In this prospective study, we found that RZV administration to patients with MBL/CLL 

was less effective in inducing gE-specific antibody and cell-mediated immune responses 

than was vaccination of age and sex matched healthy controls. The finding of lower cell-

mediated immune responses in MBL/CLL is particularly concerning because protection 

against herpes zoster is mediated by a robust cellular immune response.28 Although a 

correlate of protection for RZV against herpes zoster has not been identified, we previously 

showed that what distinguished RZV from the less effective live zoster vaccine is higher gE-

specific and more persistent gE- and VZV-specific cell mediated immune response.27 Thus, 

the decreased cell mediated immune response of MBL/CLL to RZV may be associated 

with lower efficacy of the vaccine in this population, similar to what was observed in 

autologous hematopoietic stem cell transplant recipients.17 T cell defects, including an 

increase in T regulatory cells, exhausted T cells and an impaired immunological synapse 

formation are well described in patients with CLL and likely contribute to the decreased 

cell-mediated immune responses to RZV administration.29,30 This is in agreement with 

previous studies from our group showing that increased PD-1 expression on CD4+ T cells 

was associated with lower responses to the live zoster vaccine in older adults.31 The lower 

immune responses of individuals with MBL in our study is not surprising given that we and 

others have previously described that despite the small clone size in MBL, the malignant B 

cells directly impair T cell function.32–34

Patients receiving BTKi therapy for CLL had lower T cell responses to RZV vaccination 

compared to untreated CLL. BTKi therapy in CLL, in particular using ibrutinib, is known 

to improve CD4+ and CD8+ T cell numbers, and also decrease the expression of PD-1, 

CD200, and CTLA-4 expression on T cells.35 In addition, CLL patients treated with 

ibrutinib demonstrate a broader T cell receptor repertoire diversity, suggesting a partial 

restoration of the immune system.36 However, ibrutinib also inhibits interleukin-2 inducible 

kinase, which is important for the activity of T cells and this may explain the decreased 

functionality of T cells.37 The exact reasons for the lack of response to RZV in BTKi treated 

patients in our study remains unclear, and further mechanistic studies need to be conducted 

to understand this. It is unlikely that the relatively short duration of ibrutinib therapy 

(median 1.4 years prior to administration of RZV) failed to correct the low cell-mediated 

immune response, since vast majority of the improvement in the T cell profile occurs in 

the first year after starting ibrutinib therapy.38 We were unable to compare the differential 

effects of response to RZV vaccination in ibrutinib treated patients compared to those treated 

with a second generation BTKi such as acalabrutinib, since we only enrolled one patient 

who was on acalabrutinib at the time of RZV vaccination. Given the differences in the 

restoration of T cell profile between ibrutinib and acalabrutinib,39 future studies specifically 

addressing this group of patients will be important.

Humoral responses to RZV in our study were significantly lower compared to age- and 

sex-matched healthy controls. The 56% response rate is similar to that reported in the only 

randomized clinical trial of RZV administration in patients with hematologic malignancies 

– where the humoral response rate was 50% among participants with CLL and other B cell 

Non-Hodgkin lymphoma (these participants were excluded from the primary analysis in that 
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study).18 Pleyer and colleagues reported a similar seroconversion rate (50%) in their study 

assessing humoral immune response to RZV vaccination in 30 participants with CLL.20 

Similar to our study, there were no differences noted in the humoral immune response 

between previously untreated CLL and those receiving BTKi. These findings are in contrast 

to those reported by Zent and colleagues where a seroconversion rate of 75% was noted 

in 32 participants;26 although a third of the study population consisted of individuals with 

Waldenstrom macroglobulinemia, which may explain the discrepant results. Results from 

our study indicate that 1 in 4 patients who demonstrate an initial antibody response to 

RZV lose that response at 12 months; a finding that has not been reported previously for 

CLL patients. A similar decrease in antibody responses was seen among historic controls 

seen in our study, although this was not observed in individuals with other hematological 

cancers who received RZV.18 It is also worth noting that absence of humoral response 

did not preclude a cellular immune response. Of 41 participants in our study who had 

both humoral and cellular immune responses assessed, 10 (24%) exhibited a cell-mediated 

immune response in the absence of a humoral response.

Our findings add to the growing literature41 demonstrating lower immunogenicity 

of a variety of vaccinations in the CLL population including vaccines against 

influenza,42 pneumococcal infection, tetanus toxoid and Haemophilus influenzae and 

more recently mRNA-based vaccine against severe acute coronavirus 2 (SARS-CoV-2).43 

Hypogammaglobulinemia and BTKi therapy have been shown to be associated with lower 

immunogenicity in most of these studies, indicating that the immune microenvironment 

at the time of vaccination plays an important role in determining response to vaccination. 

Efforts to improve vaccine responses in CLL patients using adjuvants such as ranitidine and 

granulocyte-monocyte colony stimulating factor (GM-CSF) have been unsuccessful;44,45 but 

a small study showed lenalidomide increased antibody levels among patients with multiple 

myeloma who received conjugated pneumococcal vaccination.46 A higher vaccine dose may 

have a role in improving vaccine responses in CLL, as was shown for influenza vaccine 

in older adults.47,48 More likely, booster vaccine doses will be helpful to augment immune 

responses, as has been recently shown in solid organ transplant recipients who were given a 

third dose of an mRNA based vaccine against SARS-CoV-2.49

The strengths of this study are several-fold. We provide both humoral and cellular vaccine 

response early after vaccination and at 12 months, providing data on durability of such 

responses. In addition to CLL, we included individuals with MBL, an immunocompromised 

population known to have an increased risk of serious infections. We compared data to 

historic age- and sex-matched controls tested in the same laboratory, strengthening the 

interpretation of the results. And lastly, patients with CLL/MBL have high circulating clonal 

B cells, which can be challenging to assess cellular mediated immune responses. In this 

study, we partially depleted the clonal B cell compartment, thus increasing the robustness 

of the cell-mediated immune response findings. This study, however, has several limitations. 

Since RZV was administered as part of routine clinical practice, all adverse events related 

to vaccination were not systematically collected; however, no serious adverse events were 

noted. Another limitation was that the rates of herpes zoster infection and post herpetic 

neuralgia were not assessed – in part, because a subset of CLL patients on BTKi were 

on prophylactic antiviral medications, which would confound any such assessment. We did 
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not have adequate power to conduct multivariable analyses to determine factors associated 

with lower cell-mediated immune response. A RZV-generated threshold T cell response 

associated with protection against herpes zoster or post-herpetic neuralgia has not been 

identified. Therefore, we cannot be certain that the T cell response achieved by MBL/CLL 

patients who received RZV will be protective. Although the median pre-vaccination anti-

gE antibody concentration was significantly higher in MBL/CLL participants compared 

to controls, it was likely due to the receipt of intravenous immunoglobulin (IVIG) in 5 

patients. We performed sensitivity analyses after removing these 5 patients which showed 

no significant difference in median pre-vaccination anti-gE antibody concentration between 

MBL/CLL (57.7 EU/ µL; 95% CI 32.5–104.6) and controls (43.2 EU/ µL; 95% CI 29.4–

58.6; P=0.11). Finally, long term immune response data from vaccination with RZV beyond 

the first year is not available as of current follow-up; but will be reported in the future.

In summary, our study demonstrates that RZV does not generate cell-mediated and antibody 

responses among MBL/CLL participants that are comparable to age- and sex-matched 

controls. This observation is primarily driven by the lower responses in BTKi-treated 

patients. Despite the lower immunogenicity, given the absence of serious adverse events 

in our study and at least one other prospective study,20 we recommend administering 

this vaccine to all individuals with MBL and CLL. In addition, continued prophylaxis 

with acyclovir against herpes zoster may be necessary in a subset of CLL patients with 

hypogammaglobulinemia and those on therapy with BTKi until additional studies show 

efficacy of RZV in this population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Comparison of anti-gE antibody concentration between MBL/CLL participants to 
controls.
Figure 1A: Pre-vaccination anti-gE level in MBL/CLL participants (n=62) compared to age- 

and sex-matched controls (n=68; P=0.07); Figure 1B: Anti-gE antibody level 3 months after 

the first dose of recombinant zoster vaccine (RZV) in MBL/CLL participants compared to 

age- and sex-matched healthy controls (P=0.99); Figure 1C: Comparison of pre-vaccination 

anti-gE antibody level in untreated MBL/CLL (n=37) to 3 months post first dose of RZV 

vaccine (P<0.001); Figure 1D: Comparison of pre-vaccination anti-gE antibody level in CLL 

patients treated with Bruton tyrosine kinase inhibitors (BTKi) to 3 months after the first dose 

of RZV vaccine (P=0.004)
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Figure 2: 
Representative images of FLUOROSPOT results in CLL patients treated with Bruton 

tyrosine kinase inhibitor (left panel) and untreated (right panel) CLL participants. The 

images show IFNg (green fluorescence) and IL2 (red fluorescence) spot-forming cells (SFC) 

in wells containing 250,000 PBMC/well incubated for 48 h with medium (negative control), 

gE overlapping peptides, and PHA mitogen (positive control). The number of spot forming 

cells (SFC) per well is indicated in the left upper corner of each quadrant. TNTC indicates 

too numerous to count. The top rows show similarly low IFNg and IL2 responses to gE 

peptide stimulation before vaccination in the treated and untreated CLL participants, while 

the bottom rows show that at 30 days after the 2nd dose of the treated CLL participant 

has visibly lower numbers of SFC/well compared with the untreated participant. There are 

no appreciable differences in the medium- and PHA-stimulated controls between the two 

participants.
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Table 1:

Pre-vaccination Characteristics of all patients

Characteristic at enrollment MBL/Untreated CLL 
[range] or (%)

CLL patients on 
BTKi [range] or (%)

Total

Number 37 25 62

Median age at vaccination, years 64 [32–85] 71 [48–82] 68 [32–85]

Male 23 (62) 17 (68) 40 (65)

Time from MBL/CLL diagnosis or start of BTKi to enrollment, 
years

0.9 [0–16.8] 1.4 [0.04–5.1] 1.2 [0–16.8]

Median ALC (x109/L) 13.2 [2–81] 4.2 [0.3–229] 8.9 [0.3–229]

Median WBC (x109/L) 18.7 [6.7–88.7] 9.7 [6.4–233.7] 16.1 [6.4–233.7]

Rai Stage 0 20 (54) 3 (12) 23 (37)

I 14 (38) 5 (20) 19 (31)

II 1 (3) 5 (20) 6 (10)

III 1 (3) 2 (8) 3 (5)

IV 1 (3) 10 (40) 11 (18)

Unmutated IGHV genes 14/31 (45) 19 (76) 33/56 (59)

FISH None Detected 9 (27) 3 (13) 12 (21)

Del13q 18 (53) 13 (54) 31 (53)

Trisomy12 4 (12) 3 (13) 7 (12)

Del11q 2 (6) 3 (13) 5 (9)

Del17p 1 (3) 2 (8) 3 (5)

Missing 3 1 4

CLL-IPI Low 14 (47) 3 (13) 17 (32)

Intermediate 12 (40) 11 (46) 23 (43)

High 3 (10) 8 (33) 11 (20)

Very high 1 (3) 2 (8) 3 (6)

Missing 7 1 8

Prior receipt of live attenuated zoster vaccine 8 (22) 5 (20) 13 (21)

Time from receipt of live attenuated zoster vaccine to enrollment, 
years

8.8 [0–11.1] 7.1 [2.0–10.3] 8.2 [0–11.1]

Receipt of IVIg at any time prior to enrollment 1 (3) 4 (16) 5 (8)

Receipt of IVIg within 90 days of enrollment 0 (0) 3 (13) 3 (5)

Abbreviations used: MBL, monoclonal B cell lymphocytosis; CLL, chronic lymphocytic leukemia; BTKi, Bruton tyrosine kinase inhibitor; 
ALC, Absolute Lymphocyte Count; WBC, White Blood cell Count; IGHV, immunoglobulin heavy chain gene variable region; IVIG: intravenous 
immunoglobulin; FISH, fluorescence in situ hybridization; CLL-IPI, CLL-International prognostic index
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