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Abstract

Patients with hematologic malignancies have an increased risk of severe COVID-19

infection. Vaccination against COVID-19 is especially important in these patients, but

whether they develop an immune response following vaccination is unknown. We

studied serologic responses to the BNT162b2 vaccine in this population. A lower

proportion of patients were seropositive following vaccination (75%) than in a com-

parison group (99%; p < 0.001), and median (interquartile range [IQR]) antibody titers

in patients were lower (90 [12.4–185.5] and 173 [133–232] AU/ml, respectively;

p < 0.001). Older age, higher lactate dehydrogenase, and number of treatment lines

correlated with lower seropositivity likelihood and antibody titers, while absolute

lymphocyte count, globulin level, and time from last treatment to vaccination corre-

lated with higher seropositivity likelihood and antibody titers. Chronic lymphocytic

leukemia patients had the lowest seropositivity rate followed by indolent lymphoma.

Patients recently treated with chemo-immunotherapy, anti-CD20 antibodies, BCL2,

BTK or JAK2 inhibitors had significantly less seropositive responses and lower

median (IQR) antibody titers (29%, 1.9 [1.9–12] AU/ml; 0%, 1.9 [1.9–1.9] AU/ml;

25%, 1.9 [1.9–25] AU/ml; 40%, 1.9 [1.9–92.8] AU/ml; and 42%, 10.9 [5.7–66.4]

AU/ml, respectively; p < 0.001). Serological response to BNT162b2 vaccine in

patients with hematologic malignancies is considerably impaired, and they could

remain at risk for severe COVID-19 infection and death.

1 | INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic, caused by

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

has spread at an alarming rate, leading to a death toll of over 3.0

million worldwide.1 Patients suffering from hematologic malignan-

cies are severely immunocompromised and are considered particular-

ly vulnerable and prone to severe disease due to SARS-CoV-2

infection. Risk of death for these patients is close to 35%, which is

twice that of subjects without hematologic malignancies infected with

COVID-19.2,3 Patients diagnosed recently, those suffering from acute

myeloid leukemia (AML) and those receiving active antineoplastic

treatment with monoclonal antibodies (MoAbs) are at a particularly

high risk.4,5

When compared to patients with solid tumors and healthy controls,

patients with hematologic malignancies infected with SARS-CoV-2 were

shown to have prolonged viral shedding and delayed seroconversion.

Some of these patients, in particular those recently treated with anti-

CD20 MoAbs or stem cell transplantation (SCT), were unable to mount

an antibody response at all.6 Even when an antibody response develops,

reinfection with COVID-19 is still a possibility. This was observed in

healthy young individuals, seropositive for SARS-CoV-2 immunoglobulin

G (IgG), at a rate as high as 10% in close quarters. Reinfection was asso-

ciated with lower baseline IgG titers.7
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Efforts to develop effective vaccines against SARS-CoV-2 have

led to the rapid approval of several vaccines including the BNT162b2

COVID-19 vaccine, which has been available in Israel since December

20, 2020. The company-sponsored trial in the general population,8 as

well as real-world data from Israel9 have shown high efficacy in

preventing severe clinical disease. Vaccinating patients with hemato-

logic malignancies is especially important due to their vulnerability to

severe COVID-19, but whether they develop an immune response fol-

lowing vaccination remains unknown. Furthermore, patients with

hematologic malignancies were previously shown to have poor

responses to vaccinations, such as against influenza, herpes zoster,

pneumococcal infection and hepatitis B.10–14

We therefore aimed to study the serological response following

the recommended two-dose BNT162b2 COVID-19 vaccine in a wide

range of hematologic malignancies patients.

2 | METHODS

Patients with hematologic malignancies treated at Shamir Medical

Center in Israel, having received two doses of vaccination, were

approached for participation in the study.

Data were collected between February 7 and April 8, 2021, and

compared with an age-matched group of subjects with no hemato-

logic malignancy (comparator group). Participants with solid cancer or

immune diseases were not excluded. All participants completed a

questionnaire pertaining to possible exposure to COVID-19, prior

PCR testing for COVID-19 and results thereof, concurrent medical

conditions and immunosuppressive therapy. Data regarding hemato-

logic diagnoses, as well as current and prior treatments were retrieved

from the electronic medical records.

Blood samples for COVID-19 serology were collected between

30 and 60 days following the second vaccine dose. Patients with prior

COVID-19 infection were excluded from the study, as were patients

having serology testing done within 14 days of vaccination. The study

was approved by the local institutional review board and all partici-

pants signed an informed consent form.

2.1 | COVID-19 antibody test

Serologic testing for SARS-Cov2 IgG was performed using the Liaison

SARS-CoV-2 S1/S2 IgG test (DiaSorin, Saluggia, Italy), a chemilumines-

cence immunoassay for the quantitative determination of anti-S1- and

anti-S2-specific IgG antibodies to SARS-CoV-2 in human serum or plasma

samples. Clinical sensitivity and specificity of this assay are 97.4% and

98.5%, respectively. Samples were considered negative for antibody titers

<12 AU/ml.15,16

2.2 | Statistical analysis

Categorical variables are reported as frequency and percentage. Continu-

ous variables were evaluated for normal distribution using histogram and

Q–Q plot. All continuous variables were skewed, therefore they are

reported as median and interquartile range (IQR). Chi-squared and Fisher's

exact tests were used to compare categorical variables between patients

and comparison group, and Mann-Whitney test was applied to compare

continuous variables. As several baseline characteristics of patients and

comparison group were found to be different, we used a case-matched

analysis to exclude the influence of comorbidities on seronegativity rates.

Matching between patients and subjects from the comparison group was

done according to the following criteria: same gender and comorbidities

(diabetes mellitus, hypertension, obesity, history of non-hematologic can-

cer, cardiac, lung, renal and autoimmune disease), age ± 3 years, and time

between the second vaccine and serology testing ±7 days. Categorical

variables were compared between the matched groups using McNemar's

test and continuous variables using the Wilcoxon signed-rank test.

In patients with hematologic malignancies, chi-squared test and

Fisher's exact test were used to compare between categorical vari-

ables and Kruskal–Wallis and Mann-Whitney test were used to com-

pare between continuous variables. Spearman's correlation coefficient

was used to evaluate associations between continuous variables.

Chi-squared Automatic Interaction Detection (CHAID) and Classi-

fication and Regression Tree (CART) modeling were used to identify

characteristics of the study population, significantly associated with

COVID-19 seronegativity. The following variables were available for

the classification trees: age, gender, diagnosis, comorbidities, pre-

vaccination lactate dehydrogenase (LDH), absolute lymphocyte count

(ALC) and globulin level, current treatment and treatment given in the

previous 6, 24, and 60 months.

All statistical tests were two-sided and p < 0.05 was considered

statistically significant.

IBM SPSS Statistics for Windows, v.24.0 (IBM Corp. Armonk, NY,

USA) was used for the statistical analysis.

3 | RESULTS

Serologic samples were collected from 427 individuals. Four subjects

were excluded due to an interval of less than 14 days between vacci-

nation and sampling (three patients and one control). Therefore,

423 subjects are included in this analysis: 315 patients with hemato-

logic malignancies and 108 in the comparison group. Characteristics

of study subjects are given in Table 1. The median (IQR) age of the

study cohort was 70 (61–77) years, with no significant difference in

age between patients and the comparison group. The patient cohort

included more males and more patients with renal disease compared

with the comparison group (p = 0.026 and 0.046, respectively). The

time period from the second vaccine to serology testing did not differ

between the two groups (p = 0.61).

In all, 74.6% of patients with hematologic malignancies developed a

positive humoral response (seropositivity) with a median (IQR) antibody

titer of 85 (10.7–172) AU/ml as opposed to the comparison group in

whom 99.1% were seropositive following vaccinations, with a median

antibody titer of 157 (130–221) AU/ml (p < 0.001 for both comparisons).

In case-matched analysis, 69 patients/comparison group paired

for age, gender, comorbidities, and time from vaccination to serology
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assay were analyzed (Table 1). COVID-19 seropositivity developed in

75% of patients and 99% of the matched comparison group, with

median (IQR) antibody titers of 90 (12.4–185.5) and 173 (133–232)

AU/ml, respectively (p < 0.001 for both), much the same as for the

entire cohort.

3.1 | COVID-19 seropositivity in hematologic
malignancy patients

Features of hematologic malignancies as well as serologic data are

presented in Table 2. Seropositive patients were significantly younger

compared with seronegative patients (median [IQR] age: 69 [58–77]

compared with 73 [67–82] years, respectively; p < 0.001). Gender and

rates of comorbidity did not differ between seropositive and seroneg-

ative patients (data not shown). Pre-vaccination laboratory parameters

significantly associated with seropositivity are shown in Figure 1.

Seropositive patients had significantly higher ALC (median [IQR] = 1.5

[1.1–2.1] compared with 1 [0.6–1.88] � 103/μl; p < 0.001), total glob-

ulin levels (29 [26–31] compared with 26 [22–30] g/L; p = 0.003) and

lower LDH (378 [316–444] compared with 427 [325–574] U/L;

p = 0.015) compared with seronegative patients.

Chronic lymphocytic leukemia (CLL) patients had the lowest rate

of seropositivity post-vaccination (47%), followed by non-Hodgkin

lymphoma (NHL, 71% of aggressive and 60% of indolent lymphoma)

and multiple myeloma (MM, 76%), while patients with chronic myeloid

leukemia (CML, 91%), BCR-ABL-negative myeloproliferative neo-

plasms (MPN, 84%), myelodysplastic syndrome (MDS, 94%) and

Hodgkin lymphoma (94%) had the highest rates (p < 0.001) (Table 2;

Figure 2). At the time of vaccination, 59% of patients with hemato-

logic malignancies had active disease and 52% were receiving treat-

ment. Patients who had never received treatment were more likely to

obtain seropositivity than those receiving one, or two or more thera-

peutic lines (95% compared with 73% and 63%, respectively;

p = 0.001). Time from end of treatment to COVID-19 vaccination

influenced the rate of seropositivity, with patients receiving treatment

0–6 months prior to vaccination having the lowest rate of seropositiv-

ity (66%, p < 0.001 compared with no treatment). Type of treatment

at vaccination significantly affected the rate of seropositivity. Patients

receiving chemo-immunotherapy (CIT), single-agent anti-CD20 ther-

apy, BCL2 inhibitors, BTK inhibitors, as well as JAK2 inhibitors had

the lowest rate of seropositivity (29%, 0%, 25%, 40%, and 42%,

respectively). Type of treatment also remained significant when com-

paring between treatments given up to 6, 24 and 60 months prior to

vaccination (p < 0.001 for comparison of seropositive proportions

between treatment types at each time point). Patients who under-

went auto-SCT had the same rate of seropositivity as those who did

not undergo SCT (p = 0.48).

TABLE 1 Study cohort characteristics

Entire cohort

Patients with hematologic

malignancies Comparison group p

N (%) 423 315 (74.5) 108 (25.5)

Age (median [IQR]) 70 (61–77) 71 (61–78) 69 (58–74) 0.062

Gender, male (N [%]) 223 (53) 176 (56) 47 (44) 0.026

Comorbidities (N [%])

Cardiac 58 (14) 43 (14) 15 (14) 0.951

Hypertension 131 (31) 97 (31) 34 (32) 0.854

Diabetes mellitus 80 (19) 58 (18) 22 (20) 0.654

Lung 24 (6) 20 (6) 4 (4) 0.305

Renal 13 (3) 13 (4) 0 0.046

Obesity 36 (9) 25 (8) 11 (10) 0.47

Autoimmune 11 (3) 8 (3) 3 (3) > 0.999

Other cancer 34 (8) 25 (8) 9 (8) 0.896

Post-vaccination COVID19 serology

Positive, ≥ 12 AU/ml (N [%]) 342 (81) 235 (75) 107 (99) < 0.001

Negative, < 12 AU/ml (N [%]) 81 (19) 80 (25) 1 (1)

Antibody titer (AU) (median [IQR]) 118 (30–186) 85 (11–172) 157 (130–221) < 0.001

Time from vaccine to serology essay

(days) (median [IQR])

32 (28–39) 32 (29–40) 33.5 (28–39) 0.61

Matched analysis (N) 69 69

Seropositive, ≥ 12 AU/ml (N [%]) 52 (75) 68 (99) < 0.001

Seronegative, < 12 AU/ml (N [%]) 17 (25) 1 (1)

Antibodies titer (AU) (median [IQR]) 90 (12–185) 173 (133–232) < 0.001
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TABLE 2 Post-vaccination serology in hematologic malignancy patients

Entire patient cohort Covid-19 serology

pa

Covid-19 antibody titer (AU/ml)

pbN (%) Positive Negative Median (IQR)

Diagnosis N (%) <0.001 <0.001

Aggressive NHL 51 (16) 36 (71) 15 (29) 103 (1.9- 182)

Indolent NHL 40 (13) 24 (60) 16 (40) 30.6 (1.9- 158.3)

Hodgkin lymphoma 16 (5) 15 (94) 1 (6) 177 (159.5- 310)

Multiple myeloma 53 (17) 40 (76) 13 (24) 46.8 (11.1- 124.5)

CLL 34 (11) 16 (47) 18 (53) 3.45 (1.9- 43)

Acute leukemia 15 (5) 12 (80) 3 (20) 118 (12.8- 190)

MDS 16 (5) 15 (94) 1 (6) 139 (78.1- 215.3)

MPN 68 (22) 57 (84) 11 (16) 100.5 (47.5- 166)

CML 22 (7) 20 (91) 2 (9) 155 (77.3- 201.5)

Disease status 0.44 0.005

Active 185 (59) 136 (74) 49 (26) 65.7 (8.9- 148.5)

Remission 128 (41) 99 (77) 29 (23) 122 (33.2- 189)

Current treatment <0.001 <0.001

None 151 (48) 130 (86) 21 (14) 139 (42.9- 211)

Chemotherapy 10 (3) 6 (60) 4 (40) 13.8 (4.1- 76.5)

Chemo-immunotherapy 28 (9) 8 (29) 20 (71) 1.9 (1.9- 12)

Single agent anti CD20 Ab 2 (0.5) 0 2 (100) 1.9 (1.9- 1.9)

Other monoclonal Ab (MoAb) 3 (1) 3 (100) 0 168 (159- 276)

Proteasome inhibitors (PI) 6 (2) 5 (83) 1 (17) 78.4 (6- 190.3)

IMIDs 12 (4) 11 (92) 1 (8) 84.7 (27.8- 143.5)

BCR-ABL TKI 20 (6) 18 (90) 2 (10) 155 (69.4- 194.5)

BCL2 inhibitors 4 (2) 1 (25) 3 (75) 1.9 (1.9- 25)

JAK2 inhibitors 12 (4) 5 (42) 7 (58) 10.9 (5.7- 66.4)

BTK inhibitors 5 (1.5) 2 (40) 3 (60) 1.9 (1-9- 92.8)

PI/IMID/MoAb combination 22 (7) 14 (64) 8 (36) 39.3 (5.9- 78.4)

Others 40 (13) 32 (80) 8 (20) 97 (47.1- 124.5)

Auto- SCT 0.48 0.4

Yes 21 (7) 17 (81) 4 (19) 95.4 (10.4- 214)

No 286 (93) 211 (74) 75 (26) 80.3 (10.4- 168.3)

Lines of treatment 0.001 0.003

0 55 (17) 52 (95) 3 (5) 117 (47.7- 215)

1 184 (58) 135 (73) 49 (27) 88.2 (10.5- 170.3)

≥2 76 (24) 48 (63) 28 (37) 51.1 (1.9- 159.8)

Time of vaccine from last treatment (months) 0.001 <0.001

0-6 175 (55) 114 (65) 61 (35) 56 (1.9- 119)

>6-12 9 (3) 8 (89) 1 (11) 100 (26.4- 193.5)

>12-24 19 (6) 14 (74) 5 (26) 127 (11.4- 288)

>24-60 31 (10) 27 (87) 4 (13) 178 (54.3- 226)

>60 21 (7) 16 (76) 5 (24) 149 (15.2- 285)

No treatment 59 (19) 55 (93) 4 (7) 119 (47.7- 200)

Abbreviations: Ab, antibody; BCL2, B-cell lymphoma 2; BTK, bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia;

IMIDs, immune modulatory drugs; JAK2, janus kinase 2; MDS, myelodysplastic syndrome; MoAb, monoclonal antibodies; MPN, myeloproliferative

neoplasms; NHL, non-Hodgkin lymphoma; PIs, proteasome inhibitors; SCT, stem cell transplantation; TKI, tyrosine kinase inhibitor.
aComparison between seropositive and seronegative rates between subcategories.
bComparison between COVID-19 Ab titers between subcategories.
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3.2 | COVID-19 antibody titers in hematologic
malignancy patients

We found a negative correlation between post-vaccination COVID-19

antibody titers and age (R = �0.36, p < 0.001), as well as pre-vaccination

levels of LDH (R=�0.139, p= 0.02). Antibody titers were positively cor-

related with pre-vaccination ALC counts (R = 0.219, p < 0.001) and total

globulin levels (R = 0.188, p = 0.002).

Median antibody titers in the different types of hematologic

malignancies are given in Table 2. Patients with CLL had the lowest

antibody titers, with median [IQR] titers (3.45 [1.9–43] AU/ml) in the

seronegative range, followed by indolent NHL (30.6 [1.9–158.3]

AU/ml) and MM (46.8 [11.1–124.5] AU/ml). While there was no sta-

tistically significant difference in the rate of seropositivity in patients

with active disease compared with those in remission, median [IQR]

antibody titers were significantly lower in patients with active disease

(65.7 [8.9–148.5] compared with 122 [33.2–189] AU/ml, p = 0.005).

Antibody titers were negatively correlated with the number of

treatment lines (R = �0.192, p < 0.001), and positively correlated with

the time lapsed from last treatment to vaccination (R = 0.31,

p < 0.001).

For patients on current treatment, significantly lower antibody titers

were found in patients treated with chemotherapy, CIT, single-agent anti-

CD20 Ab, BCL2, BTK and JAK2 inhibitors. Patients receiving other MoAb,

proteasome inhibitor/immune modulatory drug/MoAb (PI/IMID/MoAb)

combinations and BCR-ABL tyrosine kinase inhibitors (TKI) had a rela-

tively preserved post-vaccination antibody titer (Table 2).

Type of treatment also significantly influenced post-vaccination

antibody titers, when comparing between types of treatment given in

the last 6, 24, and 60 months (data not shown).

3.3 | Classification trees

CHAID and CART are decision tree techniques for partitioning data

into homogeneous groups, creating a tree where each leaf (node) is

the predicted target category. Categories that are not significantly dif-

ferent are merged into a single node. Possible cross-tabulations for

F IGURE 1 Serologic results according to hematologic diagnosis and laboratory results. (A) Seropositivity rates (%) in hematologic malignancy-
specific diagnosis and the comparator group. (B) Post-vaccination antibody titers in hematologic malignancy-specific diagnosis and the
comparator group. (C) Seropositive patients had a significantly higher globulin level (upper panel), lower lactate dehydrogenase (LDH, middle
panel), and higher absolute lymphocyte count (lower panel). HL, Hodgkin lymphoma; MDS, myelodysplastic syndrome; CML, chronic myeloid
leukemia; MPN, myeloproliferative neoplasms; AL, acute leukemia; MM, multiple myeloma; A-NHL, aggressive non-Hodgkin lymphoma; I- NHL,
indolent non-Hodgkin lymphoma; CLL, chronic lymphocytic leukemia
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each categorical predictor are performed until the best outcome is

achieved and no further splitting can be performed. The relationships

between the split variables and the associated related factor within

the tree are visualized.

Classification trees were applied in an attempt to identify sub-

groups of patients who are at risk for seronegativity following vac-

cination with the BNT162b2 COVID-19 vaccine. Figure 2

demonstrates a classification tree incorporating age, type of cur-

rent treatment, and diagnosis. As seen, the first division for dis-

criminating patients is based on current treatment. Patients

treated with CIT, single-agent anti-CD20 Ab, BCL2, BTK, or JAK2

inhibitors had close to a 70% chance of seronegativity, and those

treated with chemotherapy or PI/IMID/MoAb combinations had

an almost 40% chance of seronegativity. The second division is

based on age. Patients >82 years old treated with other MoAbs,

single-agent PIs, IMIDs, BCR-ABL TKI and other treatments or

receiving no treatment had 42% chance of seronegativity. In the

third division, based on diagnosis, patients aged 82 years or youn-

ger with a diagnosis of NHL or CLL had a 23% chance of

seronegativity.

A second classification tree shown in Figure 3 discriminated serol-

ogy results by current treatment, ALC, and treatment given within the

60 months prior to vaccination. In the first division, based on current

treatment, patients treated with CIT, single-agent anti-CD20 Ab,

BCL2, BTK, or JAK2 inhibitors had the highest risk for seronegativity

(69%). The second division based on ALC further discriminated a

subgroup of those patients with an ALC ≤1.150 � 103/μl and an

extremely high seronegativity rate of 87%.

For patients currently treated with chemotherapy, PI/IMID/MoAb

combinations, other MoAbs, single-agent PIs, IMIDs, BCR-ABL TKI,

other treatments or no treatment, and an ALC ≤0.885 � 103/μl, a

third division according to treatment given in the last 60 months

(including chemotherapy, CIT, BCR-ABL TKI, PI/IMID/MoAb combina-

tions, or other treatments), defined another subgroup with a high

rate of seronegativity of 68%.

3.4 | Clinical outcome

All study participants were approached via a telephone call at the end of

the study to inquire about the possibility of SARS-CoV-2 infection. At a

mean follow-up of 63 days (range 19–94) following administration of the

second vaccine, none of the study subjects developed clinical disease.

4 | DISCUSSION

This is the first study consisting of a large cohort of patients with

hematologic malignancies having received two doses of the

BNT162b2 COVID-19 vaccine. We found that a large proportion of

these patients are seronegative following vaccination, and that anti-

SARS-CoV-2 antibody titers are low in seropositive patients, compared

F IGURE 2 Classification tree for seronegativity using current treatment, age, and diagnosis. The first division for discriminating patients is
based on current treatment. The second division is based on age >82 years or ≤82 years. The third division for patients aged ≤82 years is based
on diagnosis. MoAb, monoclonal antibodies; PIs, proteasome inhibitors; IMIDs, immune modulatory drugs; TKI, tyrosine kinase inhibitors; CIT,
chemo-immunotherapy; BCL2, B-cell lymphoma 2; JAK2, janus kinase 2; BTK, bruton tyrosine kinase; MM, multiple myeloma; MDS,
myelodysplastic syndrome; MPN, myeloproliferative neoplasms; CML, chronic myeloid leukemia; CLL, chronic lymphocytic leukemia; NHL, non-
Hodgkin lymphoma [Color figure can be viewed at wileyonlinelibrary.com]
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with the comparison group. Age, type of treatment, and diagnosis were

the main factors influencing seroconversion in our cohort.

Vaccination is the most effective tool in slowing the spread of

COVID-19 and preventing serious illness; however, as previously

shown, patients with hematologic malignancies have poor responses

to vaccinations and could be at a disadvantage regarding COVID-19

vaccination. This was demonstrated for influenza and pneumococcal

vaccine compared with healthy controls and those with solid tumors,

as well as for lymphoma patients treated with anti-CD20 Abs.10,11 In

addition, these patients are almost universally excluded from trials

testing novel vaccines, as is the case in trials assessing vaccines

against SARS-COV-2, and therefore data on the protective effect of

vaccination in this population are lacking.

Initial publications demonstrated immunogenicity of the

BNT162b2 mRNA COVID-19 vaccine in a dose-dependent manner in

both young and elderly healthy adults. The mean titer of neutralizing

antibodies (28–35 days post-vaccination) was higher than the mean

titer of a panel of SARS-CoV-2 convalescent serum samples.17 There-

after the C4591001 Clinical Trial Group publication prompted FDA

approval of the vaccine. In this pivotal placebo-controlled trial, safety

and efficacy were demonstrated in a cohort of over 43 500 partici-

pants. BNT162b2 was 95% effective in preventing COVID-19 across

subgroups defined by age, sex, race, ethnicity, baseline body-mass

index, and coexisting conditions.8

Vaccination of the Israeli population with the BNT162b2 COVID-19

vaccine began on December 20, 2020 and has progressed rapidly.

To date over 4.9 million adults (> 16 years old), comprising 53.4% of

the general population, have received two doses of vaccine. Over

85% of individuals, aged 60 and above, have been vaccinated with

two doses.18 These parameters have led to a rapid decline in the

cumulative incidence of COVID-19-documented infection, symp-

tomatic infection, hospitalization, severe disease, and death. Vaccine

effectiveness for documented infections, symptomatic illness, hospi-

talization, and severe disease was reported at 92%, 94%, 87% and

92%, respectively, in this real-world setting.9 Furthermore, the

Israeli Ministry of Health has issued a “green light passport” for peo-
ple who have completed two vaccinations. This alleviates some of

the restrictions put in place during the COVID-19 pandemic, but

could put those who remain seronegative at a potentially higher risk

for infection. Antibody titers are also known to decrease with time,

and thus patients starting out with lower titers might rapidly become

seronegative, again placing them at potential risk.

Only a few reports on post-vaccination seroconversion in

immunocompromised populations are available. A recent study has

shown that the majority of solid organ transplant recipients failed

to mount an appreciable antibody response to the first dose of

mRNA-based COVID-19 vaccine.19 Herishanu et al.20 have just

published results of serologic responses to BNT162b2 COVID-19

vaccine in a cohort of CLL patients showing that responses in these

patients were poor. Only 39.5% of patients mounted a seropositive

response (compared with 47% in our cohort) and response rates

were even lower for those receiving treatment with BTK inhibitors,

BCL2 inhibitors, or anti-CD20 MoAbs, which is similar to our

results. This is also consistent with a low rate of seroconversion

F IGURE 3 Classification tree for seronegativity using current treatment, absolute lymphocyte count and treatment in the past 60 months.
The first division for discriminating patients is based on current treatment. The second division is based on the absolute lymphocyte count. The
third division for patients with a lymphocyte count ≤0.885 is based on treatment given in the previous 60 months. MoAb, monoclonal antibodies;
PIs, proteasome inhibitors; IMIDs, immune modulatory drugs; TKI, tyrosine kinase inhibitors; CIT, chemo-immunotherapy; BCL2, B-cell lymphoma
2; JAK2, janus kinase 2; BTK, bruton tyrosine kinase [Color figure can be viewed at wileyonlinelibrary.com]
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reported in CLL patients with PCR-positive SARS-CoV-2 infection,

more than half of whom were on active treatment with either BCR

inhibitors or a combination of a BCL2 inhibitor and anti CD20

MoAb.21 In a recently published cohort of MM patients, seroposi-

tivity was demonstrated at a rate of 56% following the first dose of

COVID-19 vaccine, with patients not in complete response or very

good partial response at a higher risk for seronegativity as well as

those with immunoparesis and more prior treatment lines. Any

therapy but no specific treatment was associated with seronegativ-

ity.22 Comparably we demonstrated seropositivity in 76% of MM

patients following vaccination with two doses.

Of special interest, treatment with ruxolitinib, the main JAK2

inhibitor used in our patient cohort, was associated with one of the

lowest seropositivity rates and low antibody titers (42% and 10.9

[IQR: 5.7–66.4] AU/ml, respectively). This JAK1/JAK2 inhibitor has

broad anti-inflammatory activity. As the severe respiratory disease

due to COVID-19 has features consistent with cytokine release syn-

drome, ruxolitinib was studied in these patients. Treatment with

ruxolitinib in severely ill COVID-19 patients led to a reduction in

COVID hyperinflammation scores and clinical improvement, although

it was not statistically significant in a randomized control trial.23,24

Therefore, it is plausible that ruxolitinib treatment could blunt the

immune response following COVID-19 vaccination, leading to sero-

negativity of treated patients.

Our large cohort included a variety of hematologic malignancies

and resulted in several novel findings. Patients with CLL and indolent

lymphoma developed the lowest antibody titers following vaccination.

Patients on PI/IMID/MoAb combinations develop lower antibody

titers than those on single-agent PIs/IMIDs. Patients on JAK2 inhibi-

tors had a high rate of seronegativity following vaccination. Acute leu-

kemia, MDS, CML, BCR-ABL negative MPN and Hodgkin lymphoma

patients had a relatively preserved serologic response to COVID-19

vaccination. Of note, most of the acute leukemia patients in our

cohort were AML patients treated with the combination of

azacytidine and venetoclax.

Anti-COVID-19 antibodies are an important component of immu-

nity against SARS-CoV-2 infection, as is demonstrated by the efficacy

of convalescent plasma in disease attenuation in the general

population, as well as immune-compromised populations.25 Further,

COVID-19 seropositivity correlates with a very low risk of symptom-

atic reinfection as was demonstrated in a large cohort of healthcare

workers.26 Serologic response to vaccine, however, is not synony-

mous with protection against SARS-CoV-2 infection. It has been

shown that exposure to SARS-COV-2 can induce a cellular immune

response without seroconversion.27 Also, most participants in the

early BNT162b2 COVID-19 vaccine trials mounted a virus-specific

CD4+ and CD8+ T-cell immune response, which could convey long-

lasting memory immunity against COVID-19, in addition to a robust

serological response.28 Such responses were demonstrated in SARS-

CoV-1 survivors lasting 6–11 years.29 Thus, it is plausible that patients

diagnosed with hematologic malignancies may still benefit from vacci-

nation through a cellular immune response, even when seronegative

for antibodies to SARS-CoV-2.

Newer approaches to vaccinate patients with reduced immuno-

logical responses could include different vaccine design or dosing

schedules,30 as well as combining different coronavirus vaccines,31

and these should be further studied.

Limitations of the current study include relatively small patient

subgroups in some disease and treatment categories, which could lead

to a confounding effect of diagnosis and treatment type. The distribu-

tion of antibody titers was extremely skewed, resulting in difficult to

perform linear regression even after natural log transformation, and

very large CI. Finally, post-vaccination follow-up of the study cohort

was very short and we could not demonstrate a correlation between

seronegativity or low antibody titers and clinical disease.

To conclude, older patients, those diagnosed with CLL, NHL, and

MM, and those receiving CIT, single-agent anti-CD20 therapy, BCL2

inhibitors, BTK inhibitors, as well as JAK2 inhibitors are at risk for

seronegativity following vaccination and thus are potentially still sus-

ceptible to COVID-19 infection.
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