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We measured severe acute respiratory syndrome coronavirus 2
immunoglobulin G responses in 67 patients with hematological
malignancies after 2 messenger RNA vaccine doses. Forty-six per-
cent were nonresponders; patients with B-cell chronic lympho-
cytic leukemia were at highest risk (77% nonresponders). Patients
with hematological malignancies should continue wearing masks
and socially distancing. Studies of revaccination, boosters, and hu-
moral immune correlates of protection are needed.
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Patients with hematologic malignancies are at high risk for coro-
navirus disease 2019 (COVID-19)-related complications, with
mortality rates exceeding 30% [1-3]. These patients have also
been shown to develop prolonged shedding of infectious se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
and are thought to be sources of novel SARS-CoV-2 variants
of concern [4-8]. Such patients should therefore be priori-
tized for primary prevention of COVID-19 via vaccination [9].
Until recently, the performance of COVID-19 messenger RNA
(mRNA) vaccines in patients with hematological malignancies
has been unknown, as these individuals were excluded from
COVID-19 vaccine clinical trials [10, 11].

Unfortunately, emerging data have demonstrated that im-
munocompromised patients, including those with cancer, are
at risk for vaccine failure [12-20]. These data are not surprising
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given prior studies with influenza vaccines [21]. However, they
highlight the continued risk of COVID-19 among immuno-
compromised patients, which may be increased as a result of
the revised Centers for Disease Control and Prevention (CDC)
masking guidance from May 2021, which allows vaccinated
individuals to resume daily activities without wearing a mask
or practicing social distancing in most settings [22]. To define
the immunogenicity of mRNA COVID-19 vaccines in patients
with hematological malignancies, we conducted a retrospec-
tive study of antibody responses after COVID-19 vaccination
in this patient population. We hypothesized that compared to
the 100% seroconversion rates seen in phase 1/2 mRNA vac-
cine trials [23, 24], a lower proportion of patients with hemato-
logical malignancies will develop SARS-CoV-2 antibodies after
vaccination.

METHODS

We included patients with hematological malignancy at the
University of Pittsburgh Medical Center (UPMC) Hillman
Cancer Center who received 2 doses of either the mRNA-1273
(Moderna) or BNT162b2 (Pfizer) vaccine between December
2020 and March 2021 and who underwent SARS-CoV-2 im-
munoglobulin G (IgG) testing as part of routine care, prior to
the wide dissemination of recommendations against routine
postvaccine serological monitoring by various national and
cancer societies [25-28]. Patients with prior known COVID-
19 by report or a positive SARS-CoV-2 polymerase chain re-
action test were excluded. Antibody assays were performed at
the UPMC clinical laboratories using the Beckman Coulter
SARS-CoV-2 platform, which detects IgG against the spike pro-
tein receptor-binding domain. These results are expressed as
extinction coefficient (signal/cutoff) ratios or “levels” and are
interpreted as positive (>1.00), equivocal (>0.80 to <1.00), or
nonreactive (<0.80) [29]; semi-quantitative antibody levels were
available for analysis. It should be noted that the cutoffs of this
assay are designed to balance sensitivity of detection with spec-
ificity to avoid false positives; this means that some who may
respond weakly to vaccines may fall into the “nonresponsive”
category [30]. The semi-quantitative antibody levels using this
assay have previously been shown to correlate strongly with
virus neutralization titers [31]. Reactive results were defined as
positive, and equivocal or nonreactive results were defined as
negative. We calculated the proportion of patients with a pos-
itive vs negative result with 95% Clopper-Pearson exact con-
fidence intervals (ClIs) and used xz, Fisher exact, or Wilcoxon
rank-sum testing for comparisons as appropriate. Analyses were
performed using Stata version 16.1 (StataCorp) and GraphPad
Prism 8.3.1.
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Institutional review board approval was obtained with a
waiver of consent for retrospective collection of data.

RESULTS

Sixty-seven patients were included. Median age was 71 years
(interquartile range [IQR], 65-77 years); 47.8% (32/67) were fe-
male. Underlying malignancies were multiple myeloma (29/67
[43.3%]), lymphomas (21/67 [31.3%]), B-cell chronic lympho-
cytic leukemia (CLL; 13/67 [19.4%]), and other myeloid ma-
lignancies (4/68 [5.97%]); only 1 patient had undergone an
allogeneic hematopoietic cell transplant and was not receiving
immunosuppression (Table 1). Twenty-nine patients (43.3%)
had received cancer-directed therapy within 3 months prior to
vaccination (“treatment”), whereas 38 (56.7%) were under ob-
servation. Among those receiving treatment, regimens varied
widely and included thalidomide derivatives (20.4%), dexa-
methasone (20.4%), proteasome inhibitors (18.4%), anti-CD38
monoclonal antibodies (18.4%), tyrosine kinase inhibitors

(14.3%), anti-CD20 monoclonal antibodies (4.1%), and other
therapies (4.1%); most patients were receiving >1 drug. Among
the 62 patients whose vaccine type was known, 50.8% (34/67)
and 41.8% (28/67) had received the BNT162b2 or mRNA-1273
vaccine, respectively. Median duration from the second vaccine
dose to the antibody test was 23 days (IQR, 16-31 days).

In total, 31 of 67 patients (46.3% [95% CI, 35.4%-60.3%])
had a negative antibody result after vaccination. Older patients
were more likely to be vaccine nonresponders than younger pa-
tients (Table 1). Sex, IgG levels, number of days between the
second vaccine dose and antibody measurement, lymphocyte
count in non-CLL patients around the time of vaccination, and
whether the patient was receiving treatment (including tyro-
sine kinase inhibitor therapy) did not differ among vaccine re-
sponders vs nonresponders. However, we found a biologically
plausible association between administration of an anti-CD20
monoclonal antibody within 12 months prior to vaccination
and lack of antibody response, though this did not reach statis-
tical significance (Table 1). None of the 4 patients who received

Table 1. Comparison of Patients With Hematological Malignancies With Positive Versus Negative Severe Acute Respiratory Syndrome Coronavirus 2
Antibody Results After Administration of 2 Doses of a Messenger RNA Coronavirus Disease 2019 Vaccine

SARS-CoV-2 Antibody Result

Positive Negative
Characteristic (n =36) (n=317° PValue
Age, y, median (IQR) 70 (62.5-73.5) 74 (68-79) .009
Sex
Male 19 (64.3) 16 (45.7) .92
Female 17 (63.1) 15 (46.9)
Vaccine type
BNT162b2 15 (44.1) 19 (65.9) 31
mRNA-1273 16 (57.1) 12 (42.9)
Days between second dose of vaccine and antibody level, median (IQR) 23 (14-33) 25 (16-31) .93
IgG level, mg/dL, median (IQR)° 723.5 (510-1045) 549 (472-939) 22
Therapy within 90 d of vaccination
Observation 21 (55.3) 17 (44.7) .58
Active treatment 15 (51.7) 14 (48.3)
TKI 2(3.8) 5(3.2) 24
No TKI 34 (32.2) 26 (27.8)
Anti-CD20 monoclonal antibody within 12 mo of vaccination
Yes 2(22.2) 7 (77.8) .070
No 34 (58.6) 24 (41.4)
Cancer type .01¢
CLL 3(23.1) 10 (76.9)
Non-CLL 33 (61.1) 21(38.9)
Lymphomas 11 (52.4) 10 (47.6)
Multiple myeloma 19 (65.5) 10 (34.5)
Other® 3(75.0) 1(25.0)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CLL, chronic lymphocytic leukemia; IgG, immunoglobulin G; IQR, interquartile range; mRNA, messenger RNA; TKI, tyrosine kinase inhibitor.

“Includes 31 patients with nonreactive tests and 1 patient with an equivocal test.

®Represents lowest IgG level obtained within 90 days of the severe acute respiratory syndrome coronavirus 2 antibody. IgG levels available for 55 patients. Only 2 patients had received

intravenous immunoglobulin during this time period.

°Includes 2 patients with acute myelogenous leukemia (1 of whom had undergone a hematopoietic cell transplant 10 years prior) and 2 with chronic myeloid leukemia.

9Comparison between CLL vs non-CLL patients.
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an anti-CD20 monoclonal antibody within 6 months of vacci-
nation developed antibodies (0%), compared to 40% (2/5) of
those who received an anti-CD20 monoclonal antibody be-
tween 6 and 12 months before vaccination (P = .44). Patients
with CLL were significantly less likely to develop SARS-CoV-2
antibodies compared to patients with other hematological
malignancies (23.1% [3/13] vs 61.1% [33/54], respectively;
P = .01), even though 69.2% (9/13) of CLL patients were not
actively undergoing treatment. There was no difference between
age or IgG level between CLL and non-CLL patients.

Figure 1 depicts antibody levels by cancer subtype. Among
all patients with reactive antibody results, the median anti-
body level was 14.42 (IQR, 3.31-25.58; range, 1.05-38.6), with
35% of individuals exhibiting a level <10. These levels appear
to be lower than those observed in a published report of eld-
erly individuals who were tested for postvaccine antibodies
using the same assay, all of whom were found to be seropos-
itive with a mean level of 23.5, and with only 22.5% of indi-
viduals exhibiting a level <10 [31]. Overall, antibody levels
were significantly lower among CLL vs non-CLL patients
(median, 0.02 [IQR, 0.02-0.06] vs 2.89 [0.32-17.91], respec-
tively; P <.001) (Figure 1A). We then analyzed antibody levels
among nonreactive patients only and found that levels from
CLL nonresponders were also significantly lower than those
of non-CLL nonresponders: All nonreactive CLL patients had
levels of 0.06 or lower, compared to patients without CLL,

whose median nonreactive level was 0.15 (range, 0.02-0.91)
(P < .001; Figure 1B).

DISCUSSION

Our data show that nearly half of patients with hematolog-
ical malignancies do not generate antibodies after completing
their COVID-19 vaccine series, which is in stark contrast with
the results of phase 1/2 mRNA vaccine immunogenicity trials,
in which antibody responses were seen in essentially all par-
ticipants [23, 24]. This lack of response was particularly pro-
nounced among patients with CLL (77% nonresponders), a
phenomenon demonstrated in 2 recent studies showing that
48%-60.5% of patients with CLL failed to produce antibodies
to COVID-19 vaccines, likely because of the humoral defects
that characterize CLL [13, 14]. These nonresponding CLL pa-
tients exhibited no detectable antibody levels (all levels <0.06),
suggesting a near total failure of B-cell activation, likely be-
cause these patients’ circulating B-lymphocytes are dysfunc-
tional CLL cells. While our chemotherapy regimens were too
heterogenous to allow for proper comparisons, we did observe
a biologically plausible albeit statistically nonsignificant asso-
ciation between anti-CD20 monoclonal antibody use within
12 months prior to vaccination and an absence of antibodies.
Although the net state of immunosuppression is difficult to
quantify, various immunosuppressive regimens in oncology pa-
tients, such as anti-CD20 monoclonal antibodies, venetoclax,
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) spike immunoglobulin G (IgG) levels for all patients (A) and those with negative antibody results

(B). A, All patients. Dotted red line indicates threshold for “reactive” antibody result (level of (>1.00). Dashed red line shows median antibody level (14.42) for patients with
positive results. B, Patients with negative antibody results. Dashed red line shows median antibody level (0.03) for patients with negative results. *Comparison between
chronic lymphocytic leukemia (CLL) vs non-CLL patients. There was no difference between lymphoma and myeloma patients. Levels for the 4 patients with other myeloid

malignancies were not available. Solid lines indicate medians.
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and tyrosine kinase inhibitors, have been associated with ab-
sent SARS-CoV-2 IgG production after vaccination [12-14]. As
we enter a postmasking era [22], our findings underscore the
importance of adherence to nonpharmaceutical interventions
such as masking and social distancing to prevent COVID-19 in
patients with hematological malignancies, who should be coun-
seled that the May 2021 CDC guidance permitting vaccinated
people to forgo their masks in most settings does not apply to
immunocompromised individuals [22].

The immune correlates of protection conferred by SARS-
CoV-2 vaccines remain to be determined, and the influence of
vaccine-induced T-cell and memory B-cell responses on the se-
verity of COVID-19, even in the absence of antibodies, is un-
known. Since thresholds of seroprotection (or antibody levels
required to reduce the risk of COVID-19) are not defined, and
since current vaccine regulation in the United States (US) does
not allow clinicians to offer revaccination or boosters for sero-
negative patients, results of antibody tests may not currently
have any actionable value in clinical practice. Indeed, mul-
tiple national societies, including the CDC [25], the National
Comprehensive Cancer Network [26], the US Food and Drug
Administration [27], the American Society of Hematology [28],
and the American Society of Transplantation and Cellular
Therapy [28], currently recommend against routine testing with
SARS-CoV-2 serology outside of a research protocol, while still
acknowledging that some providers may choose to offer sero-
logical monitoring. Thus, before serological monitoring be-
comes mainstream, prospective studies need to be conducted
linking SARS-CoV-2 antibody titers with clinical effectiveness
of vaccines.

An unprecedented challenge facing clinicians is how
to counsel seronegative patients in light of news reports
advocating for the routine use of boosters among immuno-
compromised vaccine nonresponders [32] despite the absence
of both data and a mechanism to administer boosters in the
US. Given that a recently published study of 30 transplant
recipients found that 67% of those who failed to respond to
their initial COVID-19 vaccine series also failed to respond to
a booster [33], clinicians should advise patients to await the
results of clinical trials of boosters (eg, NCT04885907) before
pursuing revaccination. Furthermore, our data suggest a het-
erogeneity among the “nonresponders” (Figure 1B), calling for
investigations into which groups or individuals would benefit
from a third vaccine dose; preliminary data from transplant
recipients suggest that humoral responses to boosters among
nonresponders are linked to whether initial antibody responses
were truly negative or simply low [33]. Thus, studies of boosters
should be designed to examine the impact of antibody levels
after completion of the initial vaccine series on the probability
of success after a booster [33]. Another strategy that may po-
tentially improve immune responses in hematological malig-
nancy and other immunocompromised patients is delaying the

second mRNA vaccine dose, which has been shown to result
in an increase in SARS-CoV-2 antibody titers [34]. While our
study was underpowered to show a difference in the immuno-
genicity of the 2 mRNA vaccines, a prior study in transplant
recipients did suggest that mRNA-1273 was more likely to elicit
an immune response than was BNT162b2 [12]; these findings,
if validated, should be incorporated into vaccine guidelines for
immunocompromised individuals. Whether primary preven-
tion with monoclonal antibodies (ClinicalTrials.gov identifier
NCT04625725), which were shown to be efficacious in the
postexposure prophylaxis of COVID-19 [35], will effectively
prevent SARS-CoV-2 infection remains to be determined.
Limitations of this study include a small sample size,
cross-sectional design, and lack of an internal control group.
In addition, we did not determine whether antibodies from
vaccine responders are able to neutralize SARS-CoV-2; al-
though antibody titers appear to correlate with viral neutrali-
zation titers in healthy individuals [31], whether the same will
hold true for patients with hematological malignancies is not
known. Finally, we did not measure cellular immune responses.
Nonetheless, these early findings suggest that COVID-19 vac-
cine responses in patients with hematological malignancies
are suboptimal, particularly in those with CLL. Future studies
should focus on postvaccination antibody durability, T-cell and
memory B-cell responses, and novel strategies of COVID-19
prevention (eg, revaccination or monoclonal antibody prophy-
laxis) in patients with hematological malignancies [8]. In the
interim, and as parts of the world begin to enter a postmasking
era, immunocompromised patients should continue wearing
masks and practicing social distancing, and all those around
them should be vaccinated, until additional strategies to protect
immunocompromised patients are available.
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