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Abstract:

Studies describing SARS-CoV-2 immune responses following mRNA vaccination in hematology
malignancy (HM) patients are virtually non-existent. We measured SARS-CoV-2 1gG production
in 67 HM patients who received 2 mRNA vaccine doses. We found that 46% of HM patients did
not produce antibodies and were therefore vaccine non-responders. Patients with B-cell CLL
were at a particularly high risk, as only 23% had detectable antibodies despite the fact that
nearly 70% of these patients were not undergoing cancer therapy. HM patients should be
counseled about the ongoing risk of COVID-19 despite vaccination. Routine measurement of
post-vaccine antibodies in HM patients should be considered. Novel strategies are needed to

prevent COVID-19 in these individuals.


https://doi.org/10.1101/2021.04.06.21254949
http://creativecommons.org/licenses/by-nc-nd/4.0/

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

medRxiv preprint doi: https://doi.org/10.1101/2021.04.06.21254949; this version posted April 7, 2021. The copyright holder for this preprint

(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

Patients with hematologic malignancies are at high risk for coronavirus disease 2019
(COVID-19)-related complications, with mortality rates exceeding 30%" 3. These patients have
also been shown to develop prolonged shedding of infectious severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), often lasting several months, and have been implicated
in being sources of novel SARS-CoV-2 variants*’. Such patients should be therefore be
prioritized for primary prevention of COVID-19 via vaccination®. However, the performance of
COVID-19 mRNA vaccines in hematological malignancy patients is unknown, as these
individuals were excluded from COVID-19 vaccine clinical trials®*°.

To address these knowledge gaps, we measured SARS-CoV-2 antibody responses in
patients with hematological malignancies seen at UPMC Hillman Cancer Center who have
received two doses of either the mRNA-1273 (Moderna) or the BNT162b2 (Pfizer) vaccine.
Patients with prior COVID-19 were excluded. Antibody assays were performed at the UPMC
clinical laboratories using the semi-quantitative Beckman Coulter SARS-CoV-2 platform, which
detects IgG against the Spike protein receptor-binding domain (RBD). These results are
expressed as extinction coefficient (signal/cutoff) ratios and are interpreted as positive (= 1.00),
equivocal (> 0.80 to < 1.00), or non-reactive (< 0.80)''. Reactive results are confirmed by the
Siemens SARS-CoV-2 Total Ig Assay, which detects both IgM and IgG antibodies against RBD
of the S1 subunit of the Spike protein'®. For analysis, reactive results were defined as positive,
and equivocal or non-reactive results were defined as negative. We calculated the proportion of
patients with a positive versus negative result (vaccine responders versus non-responders,
respectively) with 95% Coppler-Pearson exact confidence intervals and used y? or Wilcoxon
Rank Sum testing for comparisons as appropriate. Analyses were performed using Stata
version 16.1 (StataCorp) and GraphPad Prism 8.3.1. Institutional Board Review Approval was
obtained.

Sixty-seven patients were included. Median age was 71 (interquartile range (IQR) 65 -
77), and 47.8% (32/67) percent were female. Underlying malignancies were B-cell chronic
lymphocytic leukemia (CLL, 19.4% (13/67)), lymphomas (31.3%, 21/67), multiple myeloma
(43.3%, 29/67), and other myeloid malignancies (5.97%, 4/68) (Table 1). Thirty patients (44.8%)
were undergoing therapy for their cancers, whereas 37 (55.2%) were under observation. Among
the 62 patients whose vaccine type was available, 50.8% (34/67) and 41.8% (28/67) had
received the BNT162b2 or mRNA-1273 vaccines, respectively. Median duration from the 2™
vaccine dose to the antibody test was 23 days (IQR 16 - 31 days).

In total, 31/67 patients (46.3%, 95% CI 35.4%— 60.3%) had a negative antibody result

after vaccination and were therefore considered to be vaccine non-responders. Older patients
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were more likely to be vaccine non-responders than younger patients (Table 1). Sex,
immunoglobulin G (IgG) levels, number of days between 2nd vaccine dose and antibody
measurement, and cancer therapy status did not differ among vaccine responders versus non-
responders. However, patients with CLL were significantly less likely to develop SARS-CoV-2
antibodies compared to patients with other hematological malignancies (23.1% (3/13) versus
61.1% (33/54), respectively, p = 0.01), even though 69.2% (9/13) of CLL patients were not
actively undergoing cancer therapy. There was no difference between age or IgG level between
CLL and non-CLL patients.

We further analyzed SARS-CoV-2 IgG extinction coefficient (signal/cutoff) ratios in order
to quantify antibody responses. These ratios were obtained from the Beckman assay, with
higher values generally indicating more robust antibody responses. Among vaccine responders,
there was no difference in the extinction coefficient ratios between the different hematological
malignancies (median ratio among CLL versus non-CLL patients = 7.88 (range 1.42 — 20.19)
versus 15.44 (range 1.05 — 38.6), respectively, p = 0.39) (Figure 1A). Among vaccine non-
responders however, patients with CLL had significantly lower extinction coefficient ratios
compared to those without CLL (median ratio 0.02 (range 0.02 — 0.06) versus 0.15 (range 0.02
—0.91), respectively, p < 0.001) (Figure 1B). It should be noted that values below 0.10 are
suggestive of no antibody response, whereas values closer 1.00 may suggest evolving or
declining responses®.

Our data show that nearly half of patients with hematological malignancies do not
generate antibodies after completing their COVID-19 vaccine series, which is in stark contrast
with the results of phase 1 mRNA vaccine immunogenicity trials, in which robust antibody
responses were seen in essentially 100% of participants****. This lack of response was
particularly pronounced among patients with CLL, in whom the results of qualitative testing
demonstrated significantly lower antibody signals compared to patients without CLL, suggesting
that patients with CLL are unable to develop any antibody response after COVID-19
vaccination. These findings cannot be explained by age, cancer therapy, or IgG levels, and are
therefore likely a result of the humoral defects that are characteristic of CLL™.

Our findings underscore the importance of adherence to non-pharmaceutical
interventions to prevent COVID-19 in hematological malignancy patients, particularly in the
context of the limited arsenal of SARS-CoV-2 antiviral therapies, the high mortality rates of
cancer patients with COVID-19"3, and the emerging risk of prolonged SARS-CoV-2 replication
and variant generation in cancer patients*’. Indeed, as the March 2021 CDC guidance has

been madified to allow for unmasked gatherings between vaccinated individuals and low-risk
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unvaccinated individuals®®, clinicians caring for patients with hematological malignancies and
other immunocompromising conditions should be aware of the possibility of COVID-19 vaccine
failure. Although immunological correlates of vaccine protection may be more complex than the
presence or absence of antibody responses'’, these patients should be advised to wear masks
and observe social distancing regardless of vaccination status.

Limitations of this study include a small sample size, lack of serial measurements, and
lack of a control group. In addition, we did not determine whether antibodies from vaccine
responders are able to neutralize SARS-CoV-2. Nonetheless, these early findings suggest that
COVID-19 vaccine responses in hematological malignancy patient are suboptimal, and that
patients with CLL are at a very high risk for vaccine failure. Future studies should focus on post-
vaccine antibody durability, B-cell and T-cell responses after vaccination, and novel strategies of
COVID-19 prevention in hematological malignancy patients, such as administration of additional
vaccine doses or the use of monoclonal antibodies for primary prophylaxis'®. Routine
measurement of SARS-CoV-2 antibody responses in immunocompromised patients should be

considered.
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103

104 Table 1. Comparison of hematological malignancy patients with positive versus negative
105 SARS-CoV-2 antibody results after administration of two doses of an mRNA COVID-19
106  vaccine.

SARS-CoV-2 antibody result
Positive Negative P-value
(N=36) (N=31)*

Age (media, IQR) 70 (62.5 — 73.5) 74 (68 — 79) 0.009
Sex (N, %)

Male 19 (54.3%) 16 (45.7%) 0.92

Female 17 (53.1%) 15 (46.9%) '
Vaccine type (N, %)

BNT162b2 15 (44.1%) 19 (55.9%) 0.31

MRNA-1273 16 (57.1%) 12 (42.9%) '
Days between 2" dose
of vaccine and
antibody level (median, 23 (14-33) 25 (16-31) 0.93
IQR)
IgG level (mg/dL) i i
(median, IQR)" 723.5 (510-1045) 549 (472-939) 0.22
Therapy (N, %)

Active treatment 15 (50%) 15 (50%) 0.58

Observation 21 (56.8%) 16 (43.2%) '
Cancer type (N, %)

CLL 3 (23.1%) 10 (76.9%)

Non-CLL 33 (61.1%) 21 (38.9%) 0.01°
Lymphomas 11 (52.4%) 10 (47.6%) '
Multiple myeloma 19 (65.5%) 10 (34.5%)

Other* 3 (75.0%) 1 (25.0%)

107

108  CLL, chronic lymphocytic leukemia; IgG, immunoglobulin G; IQR, interquartile range

109  ’Includes 31 patients with non-reactive tests and 1 patient with an equivocal test.

110  "Represents lowest IgG level obtained within 90 days of the SARS-CoV-2 antibody. IgG levels
111 available for 55 patients. Only 2 patients had received intravenous immunoglobulin during this
112  time period.

113 *Includes 2 patients with acute myelogenous leukemia (1 of whom had undergone a

114  hematopoietic cell transplant 10 years prior) and with 2 chronic myeloid leukemia.

115  SComparison between CLL versus non-CLL patients

116

117
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Figure 1. Extinction coefficient (signal/cutoff) ratios of SARS-CoV-2 Spike IgG stratified
by vaccine responders (1A) and non-responders (1B), based on whether they had
chronic lymphocytic leukemia (CLL) or other hematological malignancies.
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Figure 1A (responders)

SARS-CoV-2 IgG extinction coefficient ratio

1.01

0.81

0.61

0.41

0.21

0.0-

A
A

| ]

p <0.001* -
A
A

+

A
" i
Sttenee FTE S A
v S (e

\/ (g
@) \006‘ ®o®

K ®
O N
R
»

Figure 1B (non-responders)

"Comparisons between CLL versus non-CLL patients. Extinction coefficient ratios for the 4
patients with other myeloid malignancies were not available. Solid lines indicate medians.
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