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Summary

Patients with haemato-oncological malignancies are one of the high-risk groups for

a severe course in case of COVID-19 infections. Furthermore, vaccination results in

significantly lower response rates in haematological malignancies and lower anti-

body levels in patients with solid cancer. We investigated efficacy and safety of a

heterologous booster vaccination with Ad26.COV2.S DNA vector vaccine in

haemato-oncological patients without antibody response after double-dose

BNT162b2 messenger (m-)RNA COVID-19 vaccine. A total of 32 haemato-

oncological non-responders to double-dose BNT162b2 received a heterologous

booster vaccination with Ad26.COV2.S. Blood samples were assessed directly before

the vaccination (T0) and four weeks after (T1). Safety assessment was performed

using a standardised questionnaire. The overall response rate was 31%, with a mean

(SD) antibody titre of 693�79 (1 096�99) binding activity units (BAU)/ml. Patients

with chronic lymphocytic leukaemia or lymphoma showed a significantly lower

response rate (P = 0�048). Adverse events were reported in 29�6% of patients, of

which 7�1% were graded as severe, including grade III and IV events following the

Common Terminology Criteria of Adverse Events (CTCAE). The heterologous

booster vaccination with Ad26.COV2.S led to a serological response in nine out of

29 patients without response after double-dose BNT162b2. Furthermore, the vacci-

nation was safe in our cohort, leading to mainly mild local and systemic reactions.

Overall, this vaccination regimen should be further evaluated to increase the

response rate in the highly vulnerable population of haemato-oncological patients.

Keywords: COVID-19, serological response, haemato-oncological patients,

heterologous booster vaccination, non-responders.

Introduction

Despite rapid advances in vaccination, the coronavirus dis-

ease 2019 (COVID-19) is an ongoing pandemic with >230
million infections worldwide, causing more than 4�8 million

deaths.1

Initial studies demonstrated 70–95% efficacy in preventing

symptomatic COVID-19 infection in the general population,

following immunisation with BNT162b2 messenger (m-)

RNA COVID-19 vaccine (Comirnaty�) from Pfizer/

BioNTech and Ad26.COV2.S DNA vector vaccine (Janssen�)

from Johnson & Johnson.2,3

In our previous study we demonstrated that patients with

haematological malignancies had a 6�4-fold increased risk of

serological non-response, which increased to 14-fold in case

of systemic treatment.4 Overall, in our cohort 28�6% of the

haematological patients did not respond to two doses

BNT162b2�4 Also, Roeker et al.5 reported that only half of

the vaccinated chronic lymphocytic leukaemia (CLL) patients

developed antibodies after immunisation with BNT162b2
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and Moderna’s mRNA-1273 vaccine (mRNA-1273). Further

data from Malard et al.6 and Pimpinelli et al.7 confirmed

those poor response rates in haematological patients com-

pared to the overall population, especially in those receiving

systemic treatment. Lower immunogenicity was also demon-

strated in solid-organ transplant recipients, with a positive

antibody response in 54% of patients after two doses of a

SARS-CoV-2 mRNA vaccine.8

In patients with solid cancer we showed response rates

comparable to those in the general population, a fact sup-

ported by several other studies.4,9,10 Despite these promising

results, current data imply that these high-risk patients have

lower antibody levels compared to the healthy population.9,10

Therefore, further strategies to improve protection against

COVID-19 are urgently needed for the high-risk group of

haemato-oncological patients. One approach currently under

investigation is the use of heterologous vaccination sched-

ules.11 The Com-COV trial conducted by Liu et al.12 presented

first results of a heterologous vaccination regimen combining

ChAdOx1 nCoV-19 vaccine and BNT162b2, showing ChA-

dOx1/BNT162b2 to be non-inferior in immunological

response compared to double-dose ChAdOx1 and therefore

supporting previously published data from Borobia et al.13

Another approach to improve the serological response in

immunocompromised patients, especially in those with

haemato-oncological malignancies, is the application of a

booster vaccination. Recently, Shroff et al.14 showed that a

third dose of BNT162b2 was safe in patients with solid

tumours and led to a significant increase in spike receptor

binding-domain-specific (S/RBD) antibody titres. Further

studies have investigated the additional benefit of a third

dose of SARS-CoV-2 mRNA vaccines in transplant recipients.

Kamar et al.15 reported an anti-SARS-CoV-2 antibody preva-

lence of 68% four weeks after the third dose of BNT162b2

compared to 40% before the third dose. Another trial with

mRNA-1273 supports these findings by proving a signifi-

cantly higher serological response, characterised by S/RBD-

antibody level ≥100 U/ml, of a third dose compared to pla-

cebo (55% vs. 18%, relative risk 3�1, P < 0�001).16
Up to now, there are still many unanswered questions

regarding the best vaccination strategy in immunocompromised

patients. One group that needs special attention are haemato-

oncological patients who did not respond to initial immunisa-

tion. The aim of the study was therefore to investigate the effi-

cacy and safety of a heterologous vaccination regimen in

patients without antibody response on double-dose BNT162b2

from our previously reported cohort4 using a booster vaccina-

tion approach with the vector vaccine Ad26.COV2.S.

Patients and methods

Objectives, participants and oversight

Between January and March 2021, we conducted two volun-

tary vaccination campaigns for haemato-oncological patients

at the Academic Teaching Hospital Feldkirch, after which 39

of the 259 patients did not respond after two vaccinations

with BNT162b2�4
In July 2021, we invited the 39 non-responders and three

additional haemato-oncological patients who had received the

two vaccinations with BNT162b2 elsewhere to voluntarily

participate in a heterologous boost with Ad26.COV2.S at the

Academic Teaching Hospital Feldkirch. A total of 32 patients

participated. The second dose of BNT162b2 was administered

either 124 or 167 days before the boost, with the exception of

three patients where the intervals were 47, 109 and 139 days.

Ad26.COV2.S was administered on the 23 July 2021, at a dose

of 59 1010 viral particles (0�5 ml) as a single intramuscular

injection into the deltoid muscle. Only patients without any

signs of infection received the vaccine and the therapy was

continued according to the treatment protocol.

The socio-demographic data were extracted from the med-

ical records. Blood samples were taken immediately before

the vaccination (T0) and 28 +/� three days after (T1), except

for one patient from whom the blood sample was taken 40

days after the first collection due to an interim hospitalisa-

tion. Overall, three patients were excluded from the analysis

as they already showed positive antibody titres on the day of

the third vaccination.

To evaluate serological response we used the Elecsys� Anti-

SARS-CoV-2-S immunoassay from Roche (Basel, Switzerland)

as well as the SARS-CoV-2 IgG II Quant assay from Abbott

(Abbott Park, IL, USA), both of which detect S/RBD-

antibodies to the SARS-CoV-2 spike (S) protein RBD.17,18 Per

definition, values >0�82 binding activity units per millilitre

(BAU/ml) indicated a positive antibody detection in the

Elecsys� immunoassay, whereas the threshold value for the

assay from Abbott was 50 arbitrary units per millilitre (AU/

ml) which corresponds to 7�1 BAU/ml.17,19

In addition, the following laboratory values were recorded:

neutrophil count, lymphocyte count, eosinophil count, total

immunoglobulin G (IgG), cluster of differentiation 4 (CD4+)

count and cytotoxic T-cell (CD8+) count. As in a previous

study at our clinic, patients were divided into two groups

based on IgG levels, with a cut-off of ≥550 mg/dl, according

to Herishanu et al.4,20

Local and systemic adverse events were evaluated up to

seven days after vaccination using a standardised safety ques-

tionnaire, according to Polack et al.2 This questionnaire was

handed out at the third vaccination and the participants noted

every symptom which occurred within seven days after the

booster vaccination. Thereafter, the investigators reviewed the

returned safety questionnaires and graded the severity from 1

to 5, following the Common Terminology Criteria of Adverse

Events (CTCAE), Version 5�0,21 summarising events of Grades

III and IV as severe adverse events. Specifically, the following

symptoms were addressed: pain at injection side, local redness

and swelling, fever, fatigue, headache, muscle pain, joint pain,

diarrhoea, nausea and occurrence of thrombosis. In addition,

participants could indicate other symptoms.
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During the four-week observation period, patients present-

ing with symptoms of respiratory or gastrointestinal infection

were tested for COVID-19 with a polymerase chain reaction

test and the result was documented. Also, occurrence and

cause of death was noted.

Our trial was conducted according to the Declaration of

Helsinki of 1975 (revised 2013) and Good Clinical Research

Practice. The study was approved by the Ethics Committee

of the Medical University of Innsbruck (EC No: 1088/2021)

and the Institutional Review Board.

Statistical evaluation

The aim of this study was to assess the safety and serological

response to a heterologous boost with Ad26.COV2.S in

haemato-oncological patients without seroconversion follow-

ing vaccination with double-dose BNT162b2. Sample size was

not pre-specified. The baseline characteristics were described

using percentages, means, medians, standard deviations and

interquartile ranges. Serological non-responding was defined

as no detectable S/RBD-antibodies at T1. The Clopper–Pear-
son method was used to calculate a 95% confidence interval

for response rate. Using descriptive statistics, patient charac-

teristics were compared regarding serological response. The

association between serological response and gender, therapy

as well as adverse events was tested for statistical significance

using cross tabulation and Fisher’s exact test. The non-normal

distributed variables were compared regarding serological

response using the Mann–Whitney U-test. A P value <0�05
was considered statistically significant. All analyses were per-

formed using the IBM Statistical Package for the Social Sci-

ences (SPSS), version 27 (IBM, Armonk, NY, USA).

Results

We observed all patients from the day of heterologous boost

with a median follow-up of 28 days. Socio-demographic

characteristics are shown in Table I. None of the participants

died and we lost no patient during follow-up. In addition,

no cases of COVID-19 occurred in any of the patients after

they received the booster vaccination. Patient flow is shown

in Fig 1.

Serological response

Among the 29 participants analysed in our study, the third

dose was administered a median of 124 days after the sec-

ond BNT162b2 vaccination. The antibody response was

measured a median of 28 days thereafter with a positive

serological response in nine patients (31%, 95% CI 15�3–
50�8). The mean (SD) antibody titre of responders was

693�79 (1096�99) BAU/ml (Fig 2). A subgroup of patients

with CLL or lymphoma was less likely to develop serologi-

cal response compared to the other patients (efficacy

16�7%, P = 0�048, Fig 3).

Due to the limited number of participants, we sum-

marised the patients with multiple myeloma (n = 6), amy-

loidosis of the lung (n = 1) and acute myeloid leukaemia

(n = 1). There was no significant difference in serological

response according to gender, therapy, age, adverse events

and immune status (all P not significant, Table II).

Safety results

Overall, 29�6% of the patients reported adverse events follow-

ing the heterologous vaccination, and two side effects (7�1%)

were graded as severe (Fig 4). The most commonly reported

side effects were fatigue (25%), followed by pain at the injec-

tion site (7�1%) as well as headache, fever and joint pain

(3�6% each). The two patients with severe adverse events suf-

fered from fatigue and fever, respectively. Furthermore, one

participant was hospitalised due to a hypertensive crisis.

Apart from this, no thrombotic event or anaphylactic reac-

tion occurred. Side-effect rates did not differ according to

gender, tumour entity or therapy (P not significant, respec-

tively). However, there was a trend towards more adverse

events in younger patients (P = 0�075).

Discussion

This study was able to demonstrate that a heterologous

boost with Ad26. CoV2.S was safe and led to a serological

Table I. Demographic characteristics of the patients.

Characteristic Value

Number of patients 29

Gender, n (%)

Female 8 (27�6)
Male 21 (72�4)

Age, years, median (IQR) 72 (60–78)

Tumour entity, n (%)

CLL/lymphoma* 18 (62�1)
Other haematologic malignancies§ 8 (27�6)
Solid cancer¶ 3 (10�3)

Time between second and third

vaccination, days, median (IQR)

124 (124–167)

Time between first and second blood

sample, days, median (IQR)

28 (28–28)

Active therapy at third vaccination, n (%)

Yes 20 (69)

No 9 (31)

CLL, chronic lymphocytic leukaemia; IQR, interquartile range;

*This group comprises: low-grade non-Hodgkin lymphoma (CLL,

mantle cell lymphoma, follicular lymphoma, marginal zone lym-

phoma) and high-grade non-Hodgkin lymphoma (diffuse large B-

cell lymphoma).

§This group comprises: multiple myeloma, amyloidosis of the lung

and acute myeloid leukaemia.

¶This group comprises: melanoma, adrenal carcinoma and breast

cancer.
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response in 31% of our haemato-oncological patients who

did not respond after a previous double dose of BNT162b2.

Similar results were reported by Kamar and colleagues15

who investigated a third dose of BNT162b2 in solid-organ

transplant recipients, with 44% of patients who were sero-

negative prior to the third vaccination showing a serological

response four weeks after the third dose. In addition,

another trial regarding transplant recipients reported a sub-

stantially higher immunogenicity after a third dose of

mRNA-1273 compared to placebo.16 Haemato-oncological

patients and transplant recipients seem to be comparable,

as both groups are considered immunosuppressed, a fact

known to lead to poorer response after COVID-19

vaccination.4,6–8,22,23

Previous studies reported markedly impaired serological

response after two doses of BNT162b2 in patients with CLL.

In the present cohort we showed preliminary data indicating

a significantly lower response rate in patients with CLL or

lymphoma even after a heterologous booster vaccination with

Ad26.COV2.S following immunisation with BNT162b2�4,20

Fig 1. Study profile. The number of patients (n) at key target points is indicated. The reasons for and time points of dropouts are shown.

BNT162b2 = BNT162b2 mRNA COVID-19 vaccine (Pfizer/BioNTech), Ad26.COV2.S = Ad26.COV2.S vaccine (Johnson & Johnson).
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Furthermore, in our cohort, there was no correlation

between serological response and immunoglobulin G level.

Also, no association between systemic treatment and response

occurred in our analysis. Despite the limitation of a small

sample size this result could lead to the indication for a third

vaccination regardless of therapy in haemato-oncological

patients without response to prior immunisation.

Heterologous vaccination with Ad26.COV2.S was safe in

our cohort, with a total of 29�6% of patients reporting

mainly mild local and systemic reactions. Two participants

Fig 2. Mean S/RBD antibody titre at T0 and T1 regarding serological response four weeks after the heterologous booster vaccination. The mean

antibody titres of the responders were 4�31 (SD = 3�31, R = 6�28) BAU/ml at T0 and 693�79 (SD = 1096�99, R = 2566�16) BAU/ml at T1. In the

group of non-responders the mean antibody titres were 1�45 (SD = 1�93, R = 6�28) BAU/ml at T0 and 1�13 (SD = 1�40, R = 6�28) BAU/ml at

T1. Responders and non-responders are determined using the Elecsys� Anti-SARS-CoV-2-S immunoassay (Roche) as well as SARS-CoV-2 IgG II

Quant assay (Abbott). BAU/ml, binding activity units per millilitre; R, range; S/RBD-antibody, antibody to the SARS-CoV-2 spike protein recep-

tor binding domain; SD, standard deviation; T0, immediately before the booster vaccination; T1, four weeks after booster vaccination. [Colour

figure can be viewed at wileyonlinelibrary.com]
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Fig 3. Serological response four weeks after heterologous booster vaccination (T1) regarding tumour entity. Tumour entity is differentiated into

patients with lymphoma or chronic lymphocytic leukaemia (CLL) versus participants with other haematological malignancies and solid cancers.

The number of patients (n) in each group is shown. Responders and non-responders are determined using Elecsys� Anti-SARS-CoV-2-S immu-

noassay (Roche) as well as SARS-CoV-2 IgG II Quant assay (Abbott). [Colour figure can be viewed at wileyonlinelibrary.com]
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reported a severe side effect. These findings are comparable

with data from various studies regarding vaccination with

BNT162b2 as well as Ad26.COV2.S.2,3,24 Regarding heterolo-

gous immunisation, Hillus et al.25 investigated the safety of

heterologous prime-boost immunisation with ChAdOx1 and

BNT162b2, demonstrating adverse events in 49% of recipi-

ents. In addition, Werbel and colleagues26 reported a higher

rate of adverse events in a small series of patients who

Table II. Association between patient characteristics, laboratory values and serological response after the booster vaccination with Ad26.COV2.S

following double-dose BNT162b2.

Variables

Serological response

P*Positive Negative

Gender, n (%)

Female 3 (33�3) 5 (25) 0�675
Male 6 (66�7) 15 (75)

Active therapy at third vaccination

Yes 8 (88�9) 12 (60) 0�201
No 1 (11�1) 8 (40)

Age, years, median (IQR) 73 (69–77) 70 (59–79) 0�627
Adverse events, n (%)§

Yes 3 (33�3) 5 (27�8) 1�000
No 6 (66�7) 13 (72�2)

IgG (mg/dl) at T0, median (IQR) 688 (537–770) 542 (342–666) 0�153
IgG (mg/dl) ≥550 at T0, n (%)

Yes 5 (55�6) 9 (45�0) 0�700
No 4 (44�4) 11 (55)

Neutrophil count (G/L) at T0, median (IQR) 3�2 (2�0–4�3) 3�93 (2�65–5�7) 0�317
Lymphocyte count (G/L) at T0, median (IQR) 1�5 (0�9–1�9) 1�2 (0�8–2�1) 0�871
CD4 cell count (cells/µl) at T0, median (IQR) 550 (244–637) 345 (188�5–570�5) 0�501
CD8 cell count (cells/µl) at T0, median (IQR) 448 (246–601) 494 (261–1048�5) 0�660
Eosinophil count (G/L) at T0, median (IQR) 0�21 (0�07–0�25) 0�05 (0�01–0�17) 0�062

Ad26.COV2.S, Ad26.COV2.S vaccine (Johnson & Johnson); BNT162b2, BNT162b2 mRNA COVID-19 vaccine (Pfizer/BioNTech); IQR, interquar-

tile range; T0, blood samples collected directly before vaccination.

*Significance: P < 0�05.
§Data available only for 27 patients.
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Fig 4. Occurrence of local and systemic adverse events within seven days after heterologous booster vaccination. The relative incidences of local

and systemic adverse events are given as percentages. Side effects are collected within seven days after booster vaccination. Severity is differenti-

ated using the Common Terminology Criteria of Adverse Events (CTCAE).21 No Grade IV or V events occurred. [Colour figure can be viewed at

wileyonlinelibrary.com]
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received a heterologous boost with BNT162b2, Ad26.COV2.S

or mRNA-1273 after being previously immunised with BNT

162b2 or mRNA-1273. However, both cohorts showed a

lower median age compared to the present study, which is

known to significantly correlate with higher rates of adverse

events.2,3 Another reason for the lower reactogenicity in our

cohort might be the relatively long interval between the sec-

ond dose and the booster vaccination, a hypothesis also put

forward in a previous investigation.25

Limitations of this study are the small number of patients

and the comparatively short follow-up period as well as the

absence of a control group. Also, the relatively long interval

between initial immunisation and booster vaccination has to

be noted. Furthermore, safety was assessed by means of a

questionnaire, which allows for potential bias. Considering

the heterogeneity in terms of diagnoses it is difficult to draw

conclusions about which diseases respond best to a heterolo-

gous booster vaccination.

In conclusion, a heterologous vaccination regimen com-

bining BNT162b2 and Ad26.COV2.S should be further evalu-

ated in haemato-oncological patients to increase the response

rates in this highly susceptible population. Further studies

are needed to evaluate potential differences between heterolo-

gous and homologous vaccination schedules to achieve the

very best serological response in these patients.

Acknowledgements

All authors of this research paper participated directly in the

planning, execution, or analysis of the study.

References

1. WHO. WHO coronavirus (COVID-19) dashboard [cited 12 Oct 2021].

https://covid19.who.int/

2. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S,

et al. Safety and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N

Engl J Med. 2020;383(27):2603–15. https://doi.org/10.1056/NEJMoa2034577

3. Sadoff J, Gray G, Vandebosch AN, C�ardenas V, Shukarev G, Grinsztejn B,

et al. Safety and efficacy of single-dose Ad26.COV2.S vaccine against

Covid-19. N Engl J Med. 2021;384(23):2187–201. https://doi.org/10.1056/

NEJMoa2101544

4. Benda M, Mutschlechner B, Ulmer H, Grabher C, Severgnini L, Volgger

A, et al. Serological SARS-CoV-2 antibody response, potential predictive

markers and safety of BNT162b2 mRNA COVID-19 vaccine in haematolo-

gical and oncological patients. Br J Haematol. 2021;195(4):523–31. https://

doi.org/10.1111/bjh.17743

5. Roeker LE, Knorr DA, Thompson MC, Nivar M, Lebowitz S, Peters N, et

al. COVID-19 vaccine efficacy in patients with chronic lymphocytic leuke-

mia. Leukemia. 2021;35(9):2703–5. https://doi.org/10.1038/s41375-021-

01270-w

6. Malard F, Gaugler B, Gozlan J, Bouquet L, Fofana D, Siblany L, et al.

Weak immunogenicity of SARS-CoV-2 vaccine in patients with hemato-

logic malignancies. Blood Cancer J. 2021;11(8):142. https://doi.org/10.1038/

s41408-021-00534-z

7. Pimpinelli F, Marchesi F, Piaggio G, Giannarelli D, Papa E, Falcucci P, et

al. Fifth-week immunogenicity and safety of anti-SARS-CoV-2 BNT162b2

vaccine in patients with multiple myeloma and myeloproliferative

malignancies on active treatment: preliminary data from a single institu-

tion. J Hematol Oncol. 2021;14(1):81. https://doi.org/10.1186/s13045-021-

01090-6

8. Boyarsky BJ, Werbel WA, Avery RK, Tobian AAR, Massie AB, Segev DL,

et al. Antibody response to 2-dose SARS-CoV-2 mRNA vaccine series in

solid organ transplant recipients. JAMA. 2021;325(21):2204–6. https://doi.

org/10.1001/jama.2021.7489

9. Massarweh A, Eliakim-Raz N, Stemmer A, Levy-Barda A, Yust-Katz S, Zer

A, et al. Evaluation of seropositivity following BNT162b2 messenger RNA

vaccination for SARS-CoV-2 in patients undergoing treatment for cancer.

JAMA Oncol. 2021;7(8):1133–40. https://doi.org/10.1001/jamaoncol.2021.

2155

10. Cavanna L, Citterio C, Toscani I. COVID-19 vaccines in cancer patients.

Seropositivity and safety. Systematic review and meta-analysis. Vaccines

(Basel). 2021;9(9):1048. https://doi.org/10.3390/vaccines9091048

11. Belda-Iniesta C. Optimising SARS-CoV-2 vaccination schedules. Lancet.

2021;398(10303):819–21. https://doi.org/10.1016/s0140-6736(21)01729-3

12. Liu X, Shaw RH, Stuart ASV, Greenland M, Aley PK, Andrews NJ, et al.

Safety and immunogenicity of heterologous versus homologous prime-

boost schedules with an adenoviral vectored and mRNA COVID-19 vac-

cine (Com-COV): a single-blind, randomised, non-inferiority trial. Lancet.

2021;398(10303):856–69. https://doi.org/10.1016/s0140-6736(21)01694-9

13. Borobia AM, Carcas AJ, P�erez-Olmeda M, Casta~no L, Bertran MJ, Garc�ıa-

P�erez J, et al. Immunogenicity and reactogenicity of BNT162b2 booster in

ChAdOx1-S-primed participants (CombiVacS): a multicentre, open-label,

randomised, controlled, phase 2 trial. Lancet. 2021;398(10295):121–30.

https://doi.org/10.1016/s0140-6736(21)01420-3

14. Shroff RT, Chalasani P, Wei R, Pennington D, Quirk G, Schoenle MV, et

al. Immune responses to two and three doses of the BNT162b2 mRNA

vaccine in adults with solid tumors. Nat Med. 2021;27(11):2002–11.

https://doi.org/10.1038/s41591-021-01542-z

15. Kamar N, Abravanel F, Marion O, Couat C, Izopet J, Del Bello A. Three

doses of an mRNA Covid-19 vaccine in solid-organ transplant recipients.

N Engl J Med. 2021;385(7):661–2. https://doi.org/10.1056/NEJMc2108861

16. Hall VG, Ferreira VH, Ku T, Ierullo M, Majchrzak-Kita B, Chaparro C, et

al. Randomized trial of a third dose of mRNA-1273 vaccine in transplant

recipients. N Engl J Med. 2021;385(13):1244–6. https://doi.org/10.1056/

NEJMc2111462

17. Roche Deutschland Holding GmbH. Elecsys anti-SARS-CoV-2-S [cited 21

August 2021]. https://www.roche.de/en/diagnostik-produkte/produktkatalog/

tests-parameter/elecsys-anti-sars-cov-2-s/

18. Abbott. SARS-COV-2 IMMUNOASSAYS [cited 21 August 2021]. https://

www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sar

s-cov-2-

19. Galli C, Daghfal D, Averhoff F. Antibody testing for SARS-CoV-2 infec-

tion, quantitative determination, response to vaccines and viral variability.

https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed9

5?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9n

FGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkd

UvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkB

x9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE

7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q

20. Herishanu Y, Avivi I, Aharon A, Shefer G, Levi S, Bronstein Y, et al. Effi-

cacy of the BNT162b2 mRNA COVID-19 vaccine in patients with chronic

lymphocytic leukemia. Blood. 2021;137(23):3165–73. https://doi.org/10.

1182/blood.2021011568

21. United States Department of Health and Human Services. Common ter-

minology criteria for adverse events (CTCAE). https://ctep.cancer.gov/

protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_

5x7.pdf

22. Fung M, Babik JM. COVID-19 in immunocompromised hosts: what we

know so far. Clin Infect Dis. 2021;72(2):340–50. https://doi.org/10.1093/

cid/ciaa863

23. Vijenthira A, Gong IY, Fox TA, Booth S, Cook G, Fattizzo B, et al. Out-

comes of patients with hematologic malignancies and COVID-19: a

Short Report

ª 2021 British Society for Haematology and John Wiley & Sons Ltd 583
British Journal of Haematology, 2022, 196, 577–584

https://covid19.who.int/
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2101544
https://doi.org/10.1056/NEJMoa2101544
https://doi.org/10.1111/bjh.17743
https://doi.org/10.1111/bjh.17743
https://doi.org/10.1038/s41375-021-01270-w
https://doi.org/10.1038/s41375-021-01270-w
https://doi.org/10.1038/s41408-021-00534-z
https://doi.org/10.1038/s41408-021-00534-z
https://doi.org/10.1186/s13045-021-01090-6
https://doi.org/10.1186/s13045-021-01090-6
https://doi.org/10.1001/jama.2021.7489
https://doi.org/10.1001/jama.2021.7489
https://doi.org/10.1001/jamaoncol.2021.2155
https://doi.org/10.1001/jamaoncol.2021.2155
https://doi.org/10.3390/vaccines9091048
https://doi.org/10.1016/s0140-6736(21)01729-3
https://doi.org/10.1016/s0140-6736(21)01694-9
https://doi.org/10.1016/s0140-6736(21)01420-3
https://doi.org/10.1038/s41591-021-01542-z
https://doi.org/10.1056/NEJMc2108861
https://doi.org/10.1056/NEJMc2111462
https://doi.org/10.1056/NEJMc2111462
https://www.roche.de/en/diagnostik%2010produkte/produktkatalog/tests%2010parameter/elecsys%2010anti%2010sars%2010cov%20102%2010s/
https://www.roche.de/en/diagnostik%2010produkte/produktkatalog/tests%2010parameter/elecsys%2010anti%2010sars%2010cov%20102%2010s/
https://www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sars-cov-2-
https://www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sars-cov-2-
https://www.corelaboratory.abbott/int/en/offerings/segments/infectious-disease/sars-cov-2-
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://cdn.pepperapps.io/diagnostics-cms/public/60dcbed551c1ff090981ed95?signature=eyJhbGciOiJkaXIiLCJlbmMiOiJBMTI4Q0JDLUhTMjU2In0..9nFGX43vdCD-Qd2XE-NzdA.e5mgnWdULSy2PGkSwfQ10kEG1UQzLUxIzkdUvU7F1xv06WNo-c47joEl46OgfiQdEoako-TvRl4CwkLYtVIVYRR7v2jcqnkBx9SFQIzw-nqvFqHkx_WlydBAcI4ZA_wEKCPydLqBtvFu7APi9pVFVDt-WE7028r1nMWpvAe5CiYb2tzNgCGlvM09-oxpfdsY.vWBKl-boWE1UxgZgSc1K6Q
https://doi.org/10.1182/blood.2021011568
https://doi.org/10.1182/blood.2021011568
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_<?tjl=20mm?>5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_<?tjl=20mm?>5x7.pdf
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/ctcae_v5_quick_reference_<?tjl=20mm?>5x7.pdf
https://doi.org/10.1093/cid/ciaa863
https://doi.org/10.1093/cid/ciaa863


systematic review and meta-analysis of 3377 patients. Blood. 2020;136

(25):2881–92. https://doi.org/10.1182/blood.2020008824

24. Waissengrin B, Agbarya A, Safadi E, Padova H, Wolf I. Short-term safety

of the BNT162b2 mRNA COVID-19 vaccine in patients with cancer trea-

ted with immune checkpoint inhibitors. Lancet Oncol. 2021;22(5):581–3.

https://doi.org/10.1016/s1470-2045(21)00155-8

25. Hillus D, Schwarz T, Tober-Lau P, Vanshylla K, Hastor H, Thibeault

C, et al. Safety, reactogenicity, and immunogenicity of homologous

and heterologous prime-boost immunisation with ChAdOx1 nCoV-

19 and BNT162b2: a prospective cohort study. Lancet Respir Med.

2021;9(11):1255–65. https://doi.org/10.1016/s2213-2600(21)00357-x

26. Werbel WA, Boyarsky BJ, Ou MT, Massie AB, Tobian AAR,

Garonzik-Wang JM, et al. Safety and immunogenicity of a third dose

of SARS-CoV-2 vaccine in solid organ transplant recipients: a case

series. Ann Intern Med. 2021;174(9):1330–2. https://doi.org/10.7326/l21-

0282

Short Report

584 ª 2021 British Society for Haematology and John Wiley & Sons Ltd
British Journal of Haematology, 2022, 196, 577–584

https://doi.org/10.1182/blood.2020008824
https://doi.org/10.1016/s1470-2045(21)00155-8
https://doi.org/10.1016/s2213-2600(21)00357-x
https://doi.org/10.7326/l21-0282
https://doi.org/10.7326/l21-0282

