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IMPORTANCE To our knowledge, little is known about antibody development after
SARS-CoV-2 vaccination in immunocompromised individuals, such as patients with cancer.

OBJECTIVE To determine whether hematooncological patients develop anti–SARS-CoV-2
antibodies after vaccination.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study included 2 independent
cohorts of patients who were treated for hematological and solid malignant tumors between
October 2020 and May 2021, comprising 901 samples from 595 patients and 58 health care
workers (HCWs). Serum samples were collected from patients who were treated at an
academic center and a community hospital in a rural area and a control group of HCWs, all of
whom received SARS-CoV-2 vaccination.

MAIN OUTCOMES AND MEASURES Total anti–SARS-CoV-2 nucleocapsid (anti-NC) and antispike
protein (anti-S) antibodies were measured retrospectively.

RESULTS In total, 595 patients (320 women [53.8%] and 275 men [46.2%]; median [range]
age, 67 [19-96] years) and 58 HCWs (40 women [69.0%] and 18 men [31.0%]; median
[range] age, 42 [24-60] years) were included. Previous SARS-CoV-2 infection was
documented in 43 of 595 (7.2%), while anti-NC antibodies that suggested previous infections
were observed in 49 of 573 evaluable patients (8.6%). In both cohorts, anti-S antibody levels
were higher in fully vaccinated patients compared with patients who received 1 dose. After
the first vaccination, patients with hematological cancer who received B cell–targeting agents
had lower anti-S levels (median, 1.6 AU/mL; range: 0-17 244 AU/mL) than patients who
received other therapies (median, 191.6 AU/mL; range, 0-40 000; P < .001) or patients with
solid tumors (median, 246.4 AU/mL; range, 0-40 000 AU/mL; P < .001). Anti-S levels after
the first vaccination differed according to ongoing antineoplastic treatment modalities, with
the lowest median levels in patients who received chemotherapy alone (157.7 AU/mL; range,
0-40 000 AU/mL) or in combination with immunotherapy (118.7 AU/mL; range, 14.1-38 727
AU/mL) and the highest levels in patients with no ongoing antineoplastic treatment (median,
634.3 AU/mL; range, 0-40 000 AU/mL; P = .01). Antibody levels after full immunization were
higher in HCWs (median, 2500 U/mL; range, 485-2500 U/mL) than in patients with cancer
(median, 117.0 U/mL; range, 0-2500 U/mL; P < .001).

CONCLUSIONS AND RELEVANCE In this cohort study of patients with hematooncological
diseases and a control group of HCWs, anti-SARS-CoV-2 antibodies after vaccination could be
detected in patients with cancer. Lower antibody levels compared with HCWs and differences
in seroconversion in specific subgroups underscore the need for further studies on
SARS-CoV-2 vaccination in patients with hematooncological disease.
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P atients with cancer are at high risk of mortality when
infected with SARS-CoV-2, with up to 30% mortality in
inpatient populations.1 Although regular hospital vis-

its seem safe if strict safety measures are used, antineoplastic
therapy might increase the risk for adverse outcomes.2-4 There-
fore, COVID-19 vaccination is recommended for all patients
with cancer.5

As immunocompromised patients were not included in the
studies on messenger RNA (mRNA) or viral vector vaccines,
COVID-19 vaccine efficacy data are limited in this vulnerable
subgroup.6-8 The immunogenicity of mRNA vaccines in solid
organ transplant recipients was lower than in immunocom-
petent study populations.9,10 The first data showed antibody
responses in approximately 80% of patients with tumors who
were receiving active therapy after the second mRNA vaccine
dose.11,12 However, patients with hematooncological disease
showed lower seroconversion rates and lower antibody titers
than healthy individuals.12-16 Antibody responses were sub-
stantially reduced in patients with chronic lymphocytic leu-
kemia who were receiving active or previous anti-CD20 anti-
body treatment.15,16

Still, large-scale real-life studies that assess the response
of patients with hematooncological disease to SARS-CoV-2 vac-
cines are rare. In this article, we aim to identify factors asso-
ciated with antibody responses in patients with solid tumors
and hematological cancer and compare them with health care
workers (HCWs).

Methods
Patient Cohorts
Samples from 2 cohorts with patients with hematooncologi-
cal disease and 1 control group with HCWs were included. On-
going treatments included cytotoxic chemotherapy, immune
checkpoint inhibitors (ICIs), targeted therapies (eg, tyrosine
kinase inhibitors, monoclonal antibodies except ICI), and com-
binations thereof. Patients who were undergoing treatment
and HCWs were routinely tested by nasopharyngeal swabs,
and control measures were established, as described
previously.2,17,18 In all cohorts, individuals with verified SARS-
CoV-2 infections were defined as individuals for whom SARS-
CoV-2 RNA could be detected by reverse transcriptase poly-
merase chain reaction (rt-PCR) in respiratory specimens.

All included patients and HCWs provided written in-
formed consent, and study procedures were performed ac-
cording to the Declaration of Helsinki and its amendments and
according to local and institutional guidelines. The study was
approved by the ethics committee of the Medical University
of Vienna and the Südtiroler Sanitätsbetrieb. This article fol-
lows the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guidelines for cohort
studies as appropriate.

Vienna Patient Cohort
Patients with cancer treated at the Department of Medicine I,
Division of Oncology (Medical University of Vienna; Vienna,
Austria) and included in the biobanking program after provid-

ing written informed consent were identified and included if
documentation of SARS-CoV-2 vaccination was available in pa-
tient records. BioNTech/Pfizer (BNT162b2), Moderna (mRNA-
1273), or AstraZeneca (AZD1222) COVID-19 vaccines were used
according to approval status and Austrian federal regula-
tions. Blood samples were processed and stored by the MedUni
Wien Biobank facility according to standard operating proce-
dures in an ISO 9001:2015–certified environment19 as part of
the biobanking program of the Division of Oncology. Anti-
nucleocapsid (anti-NC) antibodies were measured in serum
samples using the Elecsys Anti–SARS-CoV-2 N immunoassay
(Roche Diagnostics). A cutoff index of greater than 1.0 as de-
termined by electrochemiluminescence was regarded as posi-
tive. Antispike protein (anti-S) antibodies were quantified using
the Elecsys Anti-SARS-CoV-2 S (Roche) electrochemilumines-
cence sandwich immunoassay (quantification range, 0.4-
2500.0 U/mL). Anti-NC and anti-S assays detected total anti-
bodies (immunoglobulin [Ig] A, IgG, and IgM) directed against
the respective epitopes and were measured on Cobas e801
modular analyzers (Roche).

Meran Patient Cohort
All patients treated for hematological or oncological cancers
between October 15, 2020, and May 1, 2021, at the day hospi-
tal unit of the Franz Tappeiner Hospital (Meran, Italy) were in-
cluded and received the BNT162b2 vaccine. Blood samples for
anti-S and anti-NC antibodies were taken on the day of the ad-
ministration of the second vaccination dose. Repeated sam-
pling 21 days after the second dose was performed in patients
for whom no anti-S seroconversion (<50 AU/mL) could be
observed at the first point. The SARS-CoV-2 IgG II Quant-test
(Abbott Laboratories) was used to quantify anti-S antibodies
(measurement range, 0-40000 AU/mL). Anti-NC antibodies
were detected using the Abbott SARS-CoV-2 IgG assay (che-
miluminescent microparticle assay) on the Abbott Alinity plat-
form, in which chemiluminescence was measured as relative
light units that were associated with the amount of IgG anti-
bodies. A calibrated index of 1.4 or greater was regarded as
positive.

Key Points
Question Do patients with cancer develop antibodies after
SARS-CoV-2 vaccination, and how do their antibody levels
compare with those of health care workers?

Findings In this cohort study of 901 samples from 595 patients
with hematooncological diseases and a control group of health
care workers, anti–SARS-CoV-2 spike antibodies after full
immunization could be detected, although antibody levels were
lower in patients than in health care workers. However, specific
subgroups, such as patients who received B-cell–targeting therapy,
showed impaired seroconversion.

Meaning The study findings suggest that lower SARS-CoV-2
antibody levels in patients with cancer after vaccination compared
with vaccinated health care workers, and particularly weak
seroconversion in specific subgroups, highlight the need for
dedicated vaccination trials in patients with cancer.
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HCW Cohort
The HCW cohort comprised physicians, nurses, physical thera-
pists, environmental service workers, administrative staff, and
dietitians working at the Division of Oncology (Medical Uni-
versity of Vienna). Blood biobanking throughout the COVID-19
pandemic was continued as described previously.20 Data on
demographic parameters, known SARS-CoV-2–infected con-
tact persons, quarantines, SARS-CoV-2 rt-PCR test results, and
information on SARS-CoV-2 vaccination were collected using
a structured questionnaire. Plasma of HCWs was retrieved from
the biobank, and measurements of anti-NC/anti-S levels were

performed as described previously for the Vienna patient
cohort.

Statistical Analysis
The independence of categorical variables was assessed using
the χ2 test. Means of continuous variables were assessed with
the Mann-Whitney U, Wilcoxon signed-rank, and Kruskal-
Wallis tests. Correlations between metric variables were evalu-
ated using the Spearman correlation coefficient. Results were
considered significant at P ≤ .05. Because of the hypothesis-
generating scope of the study, no correction for multiple test-
ing was applied.21 Statistical analysis was performed using
GraphPad Prism, version 9.1.2 and R, version 4.0.2 (The R Foun-
dation for Statistical Computing), with RStudio, version
1.3.1056 (RStudio Inc).

Results
Patient Characteristics
In the Vienna patient cohort, 111 patients (18.7%) with solid
tumors were included. The median age was 64 years (range,
19-87 years). Most patients received a diagnosis of lung can-
cer (35 of 111 [31.5%]) and underwent chemotherapy (42 of
111 [37.8%]).

In the Meran patient cohort, 484 patients (81.3%) with a
median age of 69 years (range, 24-96 years) were enrolled. Of
these, 271 patients (56.0%) had solid tumors, and 213 (44.0%)
received a diagnosis of hematological cancer. Most patients re-
ceived chemotherapy (156 of 484 [32.2%]). Thirty-seven pa-
tients (7.6%) received a B cell–targeting agent (eg, rituximab,
obinutuzumab, or ibrutinib). Further baseline characteristics
are described in Table 1.

SARS-CoV-2 Seroprevalence and COVID-19 Infections
in Patients With Hematooncological Disease
SARS-CoV-2 infections could be verified in 5 of 111 patients
(4.5%) in Vienna and 38 of 484 patients (7.9%) in Meran
(P = .22). Anti-NC antibodies could be detected in 7 of 111 pa-
tients (6.3%) in Vienna and 42 of 462 patients (9.1%) in Meran
(P = .35). Three of 111 patients (2.7%) in Vienna and 11 of 462
(2.4%) in Meran showed anti-NC antibodies in the absence of
prior positive SARS-CoV-2 rt-PCR results, suggesting unno-
ticed past infection. Conversely, in 1 of 111 patients (0.9%) in
Vienna and 7 of 462 patients (1.5%) in Meran with verified
SARS-CoV-2 infections, no anti-NC antibodies could be de-
tected (eTable 1 in the Supplement).

Seroconversion After SARS-CoV-2 Vaccination in Patients
With Hematooncological Disease
Patient characteristics for vaccinated patients are described in
Table 2. In the Vienna cohort, sampling after vaccination was
available in 24 of 111 patients (21.6%). Applied vaccines in-
cluded BNT162b2 in 14 of 24 (58.3%), mRNA-1273 in 6 of 24
(25.0%), and AZD1222 in 4 of 24 (16.7%). Sampling was avail-
able in 15 of 24 (62.5%) partially vaccinated patients (1 dose
of the vaccination schedule) and 9 of 24 (37.5%) fully vacci-
nated (2 doses) patients, of whom 2 had documented prior

Table 1. Baseline Characteristics of the Patient Cohorts

Characteristic

Cohort, No. (%)

Vienna Meran
No. 111 484

Age, median (range) 64 (19-87) 69 (24-96)

Sex

Men 55 (49.5) 220 (45.5)

Women 56 (50.5) 264 (54.5)

Solid tumors 111 (100) 271 (56.0)

Cancer

Lung 35 (31.5) 26 (9.6)

Breast 14 (12.6) 69 (40.4)

Head and neck 14 (12.6) 2 (0.7)

Pancreatic 12 (10.8) 8 (3.0)

Colorectal 4 (3.6) 34 (12.5)

Upper gastrointestinal 4 (3.6) 11 (4.0)

Kidney 1 (0.9) 14 (5.2)

Ovarian NA 24 (8.6)

Prostate NA 28 (10.3)

Other 27 (24.3) 55 (20.3)

Hematological cancer 0 213 (44.0)

Essential thrombocythemia

NA

42 (19.7)

Chronic lymphocytic leukemia 35 (16.4)

Multiple myeloma 27 (12.7)

Chronic myeloid leukemia 16 (7.5)

Polycythemia vera 16 (7.5)

Follicular lymphoma 15 (7.0)

Myelodysplastic syndrome 15 (7.0)

Diffuse large B-cell lymphoma 10 (4.7)

Other 37 (17.4)

Ongoing treatment

Chemotherapy 42 (37.8) 156 (32.2)

Targeted therapy 1 (0.9) 127 (26.2)

Immune checkpoint inhibition 30 (27.0) 29 (6.0)

Chemotherapy + targeted therapy 15 (13.5) 42 (8.7)

Chemotherapy + ICI 16 (14.4) 5 (1.0)

Targeted therapy + ICI 4 (3.6) 0

No ongoing antineoplastic treatment 3 (2.7) 95 (19.6)

Othera NA 30 (6.2)

B cell–targeting agent (rituximab,
obinutuzumab, ibrutinib)

NA 37 (7.6)

Abbreviations: ICI, immune checkpoint inhibitors; NA, not applicable.
a Other included hormonal therapy, intravenous immunoglobulins,

radiotherapy, and bisphosphonates.
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SARS-CoV-2 infection. In partially vaccinated patients, the me-
dian time from vaccination to sampling was 14 days (range, 2-35
days), while in fully vaccinated patients, sampling was per-
formed a median of 13 days after the second dose (range, 2-25
days). Median anti-S levels were 0.0 U/mL (range, 0.0-135
U/mL; less than detection range [<0.4 U/mL], 11 of 15 [73.3%])
in partially vaccinated patients, 57.7 U/mL (range, 0.0-2007
U/mL; <0.4 U/mL, 1 of 7 [14.3%]) in fully vaccinated patients,
and 295 as well as 2500 U/mL in fully vaccinated patients who
had prior SARS-CoV-2 infection (Figure 1). Observed differ-
ences were significant between partially and fully vaccinated
patients (P = .01) as well as between partially and fully vacci-
nated patients with prior SARS-CoV-2 infection (P = .007). In
partially vaccinated patients, no difference in seroconver-
sion according to the used vaccine could be detected (anti-
body levels [median (range)]: AZD1222, 0.0 U/mL [0.0-7.28];
<0.4 U/mL, 3 of 4 [75.0%]; BNT162b2, 0.0 U/mL [0.0-135.0];
<0.4 U/mL, 5 of 7 [71.4%]; mRNA-1273, 0.0 U/mL [0.0-2.02];
<0.4 U/mL, 3 of 4 [75.0%]; P = .80). Statistical testing accord-
ing to the administered vaccination in fully vaccinated pa-
tients was not performed because of small sample sizes. Fur-
ther correction for tumor entities and applied anticancer
treatments in the Vienna cohort was not feasible because of
small sample sizes in subgroups. There were no documented
SARS-CoV-2 infections after the first or second vaccination un-
til data cutoff in the Vienna cohort.

In the Meran cohort, all patients were vaccinated with
BNT162b2 and underwent blood sampling after the first dose.
No serious adverse events after vaccination were observed. The
median anti-S level after the first dose was 201.2 AU/mL (range,
0-40 000 AU/mL). In 125 of 484 patients (25.8%) with anti-S lev-
els of less than 50 AU/mL, a repeated measurement after the sec-
ond vaccination dose was performed. Anti-S levels increased in
those patients after the second dose (median [range] first vac-
cination, 1.7 AU/mL [0-49.4 AU/mL] vs second vaccination:
50 AU/mL [0-40 000 AU/mL]; P < .001; Figure 2A). Still, 62 of
125 patients (49.6%) with impaired seroconversion after the first
dose had low anti-S levels after the second vaccination. Pa-
tients with hematological cancer had lower anti-S levels (me-
dian, 139.3 AU/mL; range, 0-40 000 AU/mL; below detection
range [<50 AU/mL], 69 of 213 [32.4%]) than patients with solid
tumors (median, 246.4 AU/mL; range, 0-40 000 AU/mL;
<50 AU/mL, 58 of 271 [21.4%]; P = .01). This difference was at-
tributable to patients with hematological cancer receiving B cell–
targeting therapies who had lower anti-S levels than those with-
out B cell–targeting therapy in hematological cancer and solid
tumors after the first (patients receiving B cell–targeting agents,
median 1.6 U/mL; range, 0-17244 AU/mL; <50 AU/mL, 26 of 37
[70.3%]; hematological cancer without B cell–targeting agents,
191.6 U/mL; range, 0-40 000 AU/mL; <50 AU/mL, 43 of 176
[24.4%]; solid tumors, 246.4 U/mL; range, 0-40 000 AU/mL;
<50 AU/mL, 58 of 271 [21.4%]; Figure 2B) and second vaccina-
tion dose (patients receiving B cell–targeting agents: median, 0
U/mL; range: 0-140.6 AU/mL; <50 AU/mL, 24 of 26 [92.3%]; he-
matological malignancies without B cell–targeting agents,
172.8 U/mL; range, 0.0-13346 AU/mL; <50 AU/mL, 18 of 41
[43.9%]; solid tumors, 124.9 U/mL; range, 0-40 000 AU/mL;
<50 AU/mL, 20 of 58 [34.5%]; Figure 2C). After the first dose, sero-

conversiondifferedaccordingtotheongoingantineoplastictreat-
ment in solid tumors, with the lowest median levels observed
in patients who were receiving chemotherapy (157.7 AU/mL;
range, 0-40 000 AU/mL; <50 U/mL, 33 of 101 [32.7%]) or chemo-
therapy plus ICI (118.7 AU/mL; range, 14.1-38 727 AU/mL;
<50 U/mL, 1 of 4 [25.0%]) and the highest median levels in pa-
tients with no ongoing antineoplastic treatment (634.3 AU/mL;
range, 0-40 000 AU/mL; <50 U/mL, 4 of 26 [15.4%]; Figure 2D).
In patients with solid tumors for whom a second sample was ob-
tained, no differences were observed (eFigure in the Supple-
ment). There were no correlations between age and anti-S
levels after the first (Spearman r = −0.11; P = .02) and second
(r = 0.005; P = .96) vaccination. Similarly, anti-S levels did not
differ between men and women after the first dose (median
[range] for men, 185.0 AU/mL [0-40 000 AU/mL]; <50 AU/mL,
59 of 220 [26.8%]; women: 237.7 AU/mL [0-40 000 AU/mL]; <50
AU/mL, 68 of 264 [25.8%]; P = .38) and dose 2 (men: 58.4 AU/mL
[0-13 346 AU/mL]; <50 AU/mL, 26 of 59 [44.1%]; women: 36.75
AU/mL[0-40 000AU/mL];<50AU/mL,36of66[54.5%];P = .35).

Table 2. SARS-CoV-2 Infection and Vaccination Characteristics
in Vaccinated Patients

Characteristic

Cohort, No. (%)

Vienna Meran
No. 24 484

Verified SARS-CoV-2 infections 2 (4.5) 38 (7.9)

Positive anti-NC antibodiesa 2 (4.5) 42 (9.1)

Used vaccine

BNT162b2 14 (58.3) 484 (100)

mRNA-1273 6 (25.0) NA

AZD1222 4 (16.7) NA

No. of received doses at time of sampling

1 (partially vaccinated) 15 (62.5) 484 (100)b

2 (fully vaccinated) 9 (37.5) 125 (25.8)b

Abbreviations: anti-NC, anti–SARS-CoV-2 nucleocapsid; AZD1222, AstraZeneca;
BNT162b2, BioNTech/Pfizer; mRNA-1273, Moderna; NA, not applicable.
a Available in 462 of 484 patients (95.5%) in the Meran cohort.
b Sampling after 1 dose was available in all patients in the Meran cohort, whereas

sampling after 2 doses was performed in patients with anti-S levels less than
50 AU/mL after the first vaccination.

Figure 1. Antispike (Anti-S) Antibody Levels in Partially and Fully
Vaccinated Patients in the Vienna Cohort and Fully Vaccinated Patients
With Prior SARS-CoV-2 Infection
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Two patients were infected between the first and second dose
of vaccination; no further SARS-CoV-2 infections after vaccina-
tions were recorded until end of the study.

HCW Cohort
Samples from 58 HCWs were available, including 19 physicians/
medical oncologists (32.8%), 24 nurses (41.4%), 6 administra-
tive staff members (10.3%), and 9 other professionals (15.5%).
In total, 37 participants (63.8%) worked primarily at the inpa-
tient ward and clinic, followed by 13 (22.4%) at the outpatient
department and 8 (13.8%) who worked in administrative/
laboratory environments and had no direct contact with pa-
tients. Baseline characteristics of the HCW cohort are de-
scribed in eTable 2 in the Supplement.

In our previous article based on blood samples taken be-
tween April and June 2020,20 2 individuals with verified SARS-
CoV-2 infection had detectable anti-NC antibodies that were
still measurable in November 2020. Additionally, 1 HCW had
anti-NC antibodies, although no prior SARS-CoV-2 infection
was documented. However, that individual underwent quar-
antine because of a SARS-CoV-2 infection of a household mem-
ber. In all 3 HCWs who previously had COVID-19, anti-S anti-

bodies were detected before vaccination (25.8 U/mL, 26.2
U/mL, and 2152 U/mL, respectively).

Longitudinal sampling could be performed in 49 HCWs
(84.5%). Until the second follow-up, 2 additional HCWs were
infected with SARS-CoV-2 and developed anti-NC antibodies.
In total, 33 of 49 individuals (67.3%) were vaccinated with
BNT162b2, followed by 10 HCWs (20.4%) who received
AZD1222. At the first follow-up, 31 of 48 evaluable HCWs
(64.6%) had received 1 dose (median days from dose 1 to sam-
pling, 17; range, 3-26 days), while 17 (35.4%) were unvacci-
nated. At the second follow-up, 31 of 48 evaluable HCWs
(64.6%) had undergone the full vaccination schedule (me-
dian days from dose 2 to sampling, 29; range, 19-48 days), while
9 (18.8%) were vaccinated with 1 dose (median days from vac-
cination to sampling, 18; range, 5-31 days) and 8 (16.7%) were
still unvaccinated. Anti-S levels after 1 dose showed a median
of 49.6 U/mL (range, 0-780 AU/mL; <0.4 U/mL, 8 of 31 [25.8%])
in those who received BNT162b2 and a median of 21.1 U/mL
(range, 0-2500 AU/mL;<0.4 U/mL, 2 of 9 [22.2%]) in those who
received AZD1222 (P = .99). Full follow-up after the first and
second doses was available for 30 HCWs (51.7%) (Figure 3A)
who were vaccinated with BNT162b2. All individuals devel-

Figure 2. Antispike (Anti-S) Levels in the Meran Cohort
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oped anti-S levels of greater than 100 U/mL after the second
dose.

Differences in Seroconversion After Vaccination
in Patients vs HCWs
As different assays were used, a direct comparison of anti-S
levels between patients and HCWs was only feasible with the
Vienna patient cohort. After the first dose, HCWs had median
anti-S levels of 30.60 U/mL (range, 0-2500 AU/mL; <0.4 U/mL,
10 of 40 [25.0%]) compared with 0 U/mL in patients (range, 0.0-
135 AU/mL; <0.4 U/mL, 11 of 15 [73.3%]; P < .001; Figure 3B).
Similarly, anti-S levels after full immunization were higher in
HCWs (median, 2500 U/mL; range, 485-2500 AU/mL; <0.4
U/mL, 0 of 31 [0%]) than in patients (median, 117 U/mL; range,
0-2500 AU/mL; <0.4 U/mL, 1 of 9 [11.1%]; P < .001; Figure 3C).

Discussion
Recent studies reported that 1 dose yields low seroconver-
sion in patients with cancer, whereas antibody levels were
considerably higher after the second dose,11,12,22,23 high-
lighting the importance of following the full vaccination
schedule in patients with cancer. Therefore, policies to
defer the second dose to reach broad single-dose coverage
in the population, such as those adopted in the UK, may not
be appropriate in patients with hematooncological
disease.24 The results from this study suggest that patients
with hematooncological disease have lower seroconversion
levels than HCWs after the first dose, with substantially
increasing antibody levels after the booster dose. In addi-
tion, our data suggest that fully vaccinated patients who
have had previous COVID-19 infection (with consequently
triple antigen exposure) have the numerically highest anti-
body levels. Previously published data showed that patients
with cancer who recovered from COVID-19 had high anti-
body levels even after 1 dose of the BNT162b2 vaccine.25

Conversely, it was observed that cellular and humoral
immune responses were not consistently more accentuated
in the 17 patients with prior SARS-CoV-2 infections com-
pared with naïve patients.22 These data highlight the impor-
tance of repeated antigenic exposure by full vaccination to
mount effective immune responses in patients with cancer.

Patients who were receiving anti–B-cell therapies exhib-
ited impaired serological immune responses, confirming
previous findings in patients with hematological cancer.15,16

Similar results have been reported in patients with chronic
inflammatory diseases who were receiving B cell–depleting
therapies,26 suggesting that impaired vaccination-induced
humoral responses are associated with ongoing anti–B-cell
therapies rather than the underlying conditions. Indeed,
overall anti-S antibody levels of patients with hematological
disease who were not treated with B cell–targeting agents
were comparable with patients with solid cancer in this
study cohort. Patients with myeloma were found to yield
IgG seroconversion rates of 56% after the first vaccination,27

which is similar to the percentage seen in solid tumors.13

Adequate immune activity after vaccinations is orches-
trated by a complex interplay between cellular and humoral
immunity. Still, data on cellular immune responses after
vaccinations in patients during rituximab therapy are
conflicting.28-30 Concerning SARS-CoV-2 vaccination, T cell–
mediated immune responses after BNT162b2 vaccination could
be observed in patients with rheumatic diseases, suggesting
that BNT162b2 vaccination may nevertheless exert activity in
B cell–depleted patients.31 Recently, it was similarly shown in
patients with cancer that CD4+ and CD8+ T cell responses could
be observed after mRNA vaccination.32 However, it remains
unclear whether these in vitro results translate to clinical ef-
ficacy and how stable these immune responses are given the
evolution of virus variants.

In the study’s patient cohorts, 4.5% and 7.9% had prior
SARS-CoV-2 infection, with anti-NC antibodies in 6.3% and 9.1%
in Vienna and Meran, respectively. In contrast, approxi-
mately 7% and 14% of the general population in the respec-
tive areas recovered from COVID-19 according to official num-
bers (effective June 18, 2021). Strict safety measures in
hematooncological departments and the self-protecting be-
havior of patients may have contributed to prevent uncon-
trolled viral spread throughout the pandemic.33 However, with
impaired vaccination-induced immune responses, contin-
ued measures and patient education are still necessary to en-
sure the safety of patients with hematooncological disease. This
is particularly relevant, as valid antibody thresholds or bio-
markers reflecting sufficient immunity from SARS-CoV-2 in-
fection are elusive,34 especially as SARS-CoV-2 variants are

Figure 3. Antispike (Anti-S) Antibody Levels in Health Care Workers and Patients With Cancer
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emerging that may hamper the efficacy of the currently avail-
able vaccines.

Limitations
This study has limitations. First, immunoassays from differ-
ent manufacturers were used in the Vienna and the Meran
cohorts, precluding pooled analyses of the included
cohorts. Although the World Health Organization issued an
international standard on SARS-CoV-2 antibody assays and
antibody levels can be converted to universal binding anti-
body units, it was recently shown that those values are not
interchangeable, underscoring the need for further
standardization.34 Second, the retrospective study design of
the included cohorts is inherently associated with heteroge-
neous cohorts and small numbers in specific subgroups.
Lastly, times between vaccination and sampling varied in
the Vienna patient and HCW cohorts. Thus, seroconversion
may not have been measurable at the time of sampling, con-
sidering the kinetics of humoral immune responses.

Conclusions

This cohort study of patients with hematooncological diseases
and a control group of HCWs suggests that patients with cancer
are able to develop SARS-CoV-2-specific antibodies. Based on 2
independent cohorts from an academic center and a communal
hospital in a rural area located in 2 European countries, we ob-
served that antibody levels were lower in patients than in a HCW
control group, and specific subgroups, such as patients who were
receivingchemotherapyandBcell–targetingagents,showedapar-
ticularly impaired serological response. To our knowledge, this
is the largest study to measure anti-SARS-CoV-2 antibody levels
after vaccination in this vulnerable population. The included pa-
tients represent a wide spectrum of solid tumors and blood can-
cer as well as antineoplastic treatments, providing real-life in-
sights. However, dedicated trials that evaluate the effectiveness
of SARS-CoV-2 vaccination in patients with cancer are needed to
ensure optimal cancer care during the pandemic and beyond.
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