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Serological response following BNT162b2 anti-SARS-CoV-2
mRNA vaccination in haematopoietic stem cell transplantation

patients

Adult patients with haematological malignancies (HM) and
coronavirus disease 2019 (COVID-19) have a higher mortal-
ity than healthy subjects." In particular, haematopoietic
stem-cell transplantation (HSCT) recipients have a poor
prognosis,™> strongly supporting the role of vaccination.
Patients with HM also show an attenuated immune response
to severe acute respiratory syndrome coronavirus 2 (SARS-
CoV—Z)infection,6 predicting a low rate of seroconversion
after vaccination, as confirmed in several recent studies, par-
ticularly in B cell malignancies.”"> However, autologous or
allogeneic HSCT recipients were reported to have the highest
numerical responses.”

In the absence of dedicated trials and considering the
importance of real-life data on anti-SARS-CoV-2 vaccination
in HSCT recipients, we conducted a single-institution, prospec-
tive, cohort study. Eligibility criteria included autologous or

Table I. Patients’ characteristics.

allogeneic HSCT received >3 months before the first dose and
completion of the programme. Patients with previous SARS-
COV2 infection were excluded. Age and sex matched health-
care workers were employed as healthy controls (HC). Study
population and control group received two doses of COVID-
19 mRNA vaccine (Pfizer BioNTech) on days 1 and 21
between 1 April and 15 May 2021. Quantitative determination
of anti-spike immunoglobulin G (IgG) antibodies was per-
formed with the Abbott immunoassay. Results were reported
as arbitrary units (AU), with a positivity cut-off of >50 AU/ml.

Primary objectives of the study were the rate of response
to the vaccine and the titre of anti-spike antibodies, 4 weeks
after vaccination completion. Secondary outcomes included
comparisons of IgG titres between HSCT recipients and HC,
as well as the identification of factors influencing the
response.

Allo-HSCT (N = 62)

Auto-HSCT (N = 52)

Sex: M/F, n 33/29
Age, years, median (range) 56 (28-70)

Haematological disease (1)

AML (38), ALL (5), SAA (4), CML (3), MDS (3), NHL (3),

32/20
57 (20-71)
MM (26), NHL (19), HL (7)

MM (2), CMML (1), MF (1), CLL (1), HL (1)

Disease status at vaccination: active 1/61
disease/complete remission, 1

G1/G2/G3, n

Conditioning regimen, #

14/23/25
47 MAC/15 RIC

HSCT type, n Sibling/MUD/HAPLO
28/31/3

Donor sex: M/F, n 39/23

Donor age, years, median (range) 34 (16-62)

a-GVHD/c-GVHD 22/17

9/43

5/29/18

26 MEL200

23 FEAM

2 BEAM

1 TEAM
Single/double (MM)
34/18

N/A

N/A

N/A

M: male; F: female.

a-GVHD, acute graft-versus-host disease; c-GVHD, chronic graft-versus-host disease; allo-HSCT, allogeneic haematopoietic stem cell transplanta-
tion; auto-HSCT, autologous haematopoietic stem cell transplantation; ALL, acute lymphoblastic leukaemia; AML, acute myeloid leukaemia;
BEAM, carmustine, etoposide, cytarabine, melphalan; CLL, chronic lymphocytic leukaemia; CML, chronic myeloid leukaemia; CMML, chronic
myelomonocytic leukaemia; FEAM, fotemustine, etoposide, cytarabine, melphalan; G1, Group 1 (vaccination within 1 year after transplantation);
G2, Group 2 (vaccination between 1 and 5 years after transplantation); G3, Group 3 (vaccination >5 years after transplantation); HAPLO, hap-
loidentical donor; HL, Hodgkin lymphoma; MAC, myeloablative conditioning; MDS, myelodysplastic syndrome; MEL200, melphalan, 200 mg/m?;
MF, myelofibrosis; MM, multiple myeloma; MUD, matched unrelated donor; N/A, not applicable; NHL, non-Hodgkin lymphoma; RIC, reduced-
intensity conditioning; SAA, severe aplastic anaemia; TEAM, thiotepa, etoposide, cytarabine, melphalan.
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Comparisons between groups were performed using (ii) allogeneic recipients; (iii) all responders to the vaccine;
Mann—Whitney test. Statistical analyses were carried out and (iv) responders in the autologous subgroup (Fig 1C). In
using GraphPad Prism version 8.3.0 (GraphPad Software contrast, all the autologous recipients had lower antibody
Inc., San Diego, CA, USA). titres than HC, whereas allogeneic recipients responding to

A total of 107 HC [60 males, 47 females; median (range) the vaccine had significantly higher titres than HC. Respon-
age 53 (16-69) years] and 114 HSCT patients [65 males, 49 ders in the allogeneic subgroup showed significantly higher
females; median (range) age 56 (20-71) years], were enrolled. antibody titres than responders in the autologous subgroup
Patients’ characteristics are reported in Table I. Patients were (Fig 1C). In G1, all patients, allogeneic recipients and autolo-
stratified in three groups, according to the time elapsed from gous recipients had significantly lower antibody levels than
transplant to vaccination: G1 < 1 year (19 patients); G2 1- HC, whereas no differences were found in G2. In G3, no dif-
5 years (52 patients); G3 > 5 years (43 patients). ferences emerged between HC and either all patients or allo-

All HC responded to vaccine, but only 96/114 patients geneic recipients, but autologous recipients had significantly
(84%) achieved a response: 47/62 (76%) allogeneic recipients lower titres than HC (Fig 1D-F).
and 49/52 (94%) autologous recipients (Fig 1A,B). No differences were found when comparing autologous

Rate of responders in the different groups and antibody versus allogeneic HSCT, age of all patients, age of allogeneic
titres are reported in Table II. The median antibody titres recipients, sex, donor matching, conditioning, age and sex of
did not differ between HC and: (i) all transplanted patients; donors, graft-versus-host disease, disease type and number of
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Fig 1. Characteristics of serological response to anti SARS-CoV-2 vaccination in HSCT patients. (A, B) Percentage of patients responding to vac-
cination. (C-F) Comparisons of anti-SARS-CoV-2 spike IgG titre (AU/ml) among different groups (Mann—Whitney test). Where not indicated,
comparisons are not statistically significant. HC, healthy controls; HSCT, haematopoietic stem cell transplant; ALL, all patients; ALLO, allogeneic
recipients; AUTO, autologous recipients; RESPONDERS, responders to vaccination (>50 AU/ml); G1, Group 1 (vaccination within 1 year after
transplantation); G2, Group 2 (vaccination between 1 and 5 years after transplantation); G3, Group 3 (vaccination >5 years after transplantation).
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Table II. Rates of response to vaccination and serum anti-SARS-
COV2 antibody levels after vaccination.

Responders/non Antibody titre, AU/ml,

responders, n (%) median (mean; range)

107/0 (100/0)
96/18 (84-2/15-8)

7132 (9701; 21767 282)
4481 (12 497; 0-104 689)

Healthy controls
All patients

Allo-HSCT 47/15 (75-8/242)  6:576 (13 701; 077 673)
Auto-HSCT 49/3 (94-2/5-8) 4-023 (11 062; 1-3-104 689)
Gl 7/19 (36-8/63-2) 13 (2308; 1-3-14 211)

G2 49/52 (94-2/5-8) 10 673 (15 834; 0-104 689)
G3 40/43 (93/7) 5090 (12 694; 1-3-74 676)

Allo-HSCT, allogeneic haematopoietic stem cell transplantation;
Auto-HSCT, autologous haematopoietic stem cell transplantation;
G1, Group 1 (vaccination within 1 year after transplantation); G2,
Group 2 (vaccination between 1 and 5 years after transplantation);
G3, Group 3 (vaccination >5 years after transplantation).

autologous HSCT (Figure SIA-M). Patients with myeloma
in remission phase showed significantly higher antibody
titres than patients with active disease (Figure SIN); autol-
ogous HSCT recipients younger than 57 years (median
age) had significantly higher titres than older patients (Fig-
ure S10).

No relevant side-effects were recorded. With a median fol-
low-up of 12 weeks, no cases of COVID-19 occurred.

The most relevant available data on the response to a
complete vaccination cycle after HSCT refer to 192 autolo-
gous and 122 allogeneic recipients.” In both groups, median
antibody titres, 7-21 days after the second dose, were com-
parable to HC, with no patients failing to respond. Notably,
the large majority of patients had been transplanted >1 year
before vaccination. Another recent study found that only
38% of 55 allogeneic recipients, after a single dose of Pfizer-
BioNTech or Astra-Zeneca vaccines, had a response. Older
age and concurrent immunosuppression were significantly
associated with lack of response.'*

Overall, our present study confirms that most of the trans-
planted patients respond to a complete vaccination cycle.
Responders in the allogeneic group had even higher antibody
levels than HC. Conversely, all autologous recipients had sig-
nificantly lower antibody titres than HC. Around 16% of
patients failed to respond at all, mostly among those trans-
planted within 1 year before vaccination. Allogeneic and
autologous recipients had instead antibody levels comparable
to HC if vaccination was performed between 1 and 5 years
after transplant. Among the patients vaccinated >5 years after
HSCT, allogeneic recipients had antibody titres comparable
to HC; in contrast, autologous recipients had significantly
lower titres than HC.

After allogeneic and autologous HSCT, both the quantita-
tive and functional recovery of B and T cells are delayed up
to 1 year or more. This might explain the lower antibody
titres and the larger number of non-responders in G1. The
reduced serological response of autologous recipients in G3,
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compared to HC, might reflect the possible role of an under-
lying, still active disease and of ongoing salvage treatments,
in the absence of a ‘healthy’ and consolidated immune sys-
tem provided by the donors in the allogeneic setting. As
numbers are too low, we cannot draw any definitive infer-
ence on other possible predictors of response that would
warrant further investigation.

In conclusion, in our present experience, HSCT recipients
tolerated the BNT162b2 vaccine well and mounted an anti-
body response in the majority of cases 1 month after the sec-
ond dose. However, lack of response was not rare, especially
within allogeneic recipients. The main factor influencing the
response was the time elapsed from HSCT, with lower
responses occurring within the first year from transplant and
differences between autologous and allogeneic groups in
patients transplanted >5 years before vaccination. Here, a
consolidated, complete immune reconstitution in allogeneic
HSCT recipients, as well as age and a still-active disease in
the autologous setting, could have played opposite pivotal
roles and might be considered, if confirmed in larger studies,
to plan ‘tailored’ vaccination programmes.
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Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the article.

Fig S1. Comparison of anti-SARS-CoV-2 spike IgG titre
(AU/ml) among different groups [Mann—Whitney test; statis-
tically significant differences (<0-05) were observed only in
the last two comparisons].

References

1. Passamonti F, Cattaneo C, Arcaini L, Bruna R, Cavo M, Merli F, et al;
ITA-HEMA-COV Investigators. Clinical characteristics and risk factors
associated with COVID-19 severity in patients with haematological malig-
nancies in Italy: a retrospective cohort study. Lancet Haematol. 2020;7:
€737-45.

2. Vijenthira A, Gong 1Y, Fox TA, Booth S, Cook G, Fattizzo B, et al. Out-
comes of patients with hematologic malignancies and COVID-19: a sys-
tematic review and meta-analysis of 3377 patients. Blood. 2020;136:2881—
92.

3. Sharafeldin N, Bates B, Song Q, Madhira V, Yan Y, Dong S, et al. Out-
comes of COVID-19 in patients with cancer: report from the National
COVID Cohort Collaborative (N3C). J Clin Oncol. 2021;39:2232—-46.

4. Sharma A, Bhatt NS, St Martin A, Abid MB, Bloomquist J, Chemaly RF,
et al. Clinical characteristics and outcomes of COVID-19 in haematopoi-
etic stem-cell transplantation recipients: an observational cohort study.
Lancet Haematol. 2021;8:e185-93.

5. Ljungman P, de la Camara R, Mikulska M, Tridello G, Aguado B, Zahrani
MA, et al. COVID-19 and stem cell transplantation; results from an
EBMT and GETH multicenter prospective survey. Leukemia. 2021;2:1-10.

. Passamonti F, Romano A, Salvini M, Merli F, Porta MGD, Bruna R, et al.

COVID-19 elicits an impaired antibody response against SARS-CoV-2 in
patients with haematological malignancies. Br J Haematol. 2021. https://
doi.org/10.1111/bjh.17704 [Online ahead of print].

. Maneikis K, Sablauskas K, Ringeleviciuté U, Vaitekénaite V, Cekauskiené

R, Kryzauskaité L, et al. Immunogenicity of the BNT162b2 COVID-19
mRNA vaccine and early clinical outcomes in patients with haematological
malignancies in Lithuania: a national prospective cohort study. Lancet
Haematol. 2021;8:¢583-92.

. Herzog Tzarfati K, Gutwein O, Apel A, Rahimi-Levene N, Sadovnik M,

Harel L, et al. BNT162b2 COVID-19 vaccine is significantly less effective
in patients with hematologic malignancies. Am ] Hematol. 2021. https://
doi.org/10.1002/ajh.26284 [Online ahead of print].

. Greenberger LM, Saltzman LA, Senefeld JW, Johnson PW, De Gennaro LJ,

Nichols GL. Antibody response to SARS-CoV-2 vaccines in patients with
hematologic malignancies. Cancer Cell. 2021. https://doi.org/10.1016/j.ccell.
2021.07.012 [Online ahead of print].

. Griffiths EA, Segal BH. Immune responses to COVID-19 vaccines in

patients with cancer: promising results and a note of caution. Cancer Cell.
2021;39:1045-7.

. Vijenthira A, Gong I, Betschel SD, Cheung M, Hicks LK. Vaccine response

following anti-CD20 therapy: a systematic review and meta-analysis of 905
patients. Blood  Adv. 2021;5:2624-43. https://doi.org/10.1182/
bloodadvances.2021004629.

. Bird S, Panopoulou A, Shea RL, Tsui M, Saso R, Sud A, et al. Response to

first vaccination against SARS-CoV-2 in patients with multiple myeloma.
Lancet Haematol. 2021;8:e389-92. https://doi.org/10.1016/52352-3026(21)
00110-1.

. 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;137:3165-73. https://doi.org/10.1182/
blood.2021011568.

. Easdale S, Shea R, Ellis L, Bazin ], Davis K, Dallas F, et al. Serologic

responses following a single dose of SARS-Cov-2 vaccination in allogeneic
stem cell transplantation recipients. Transplant Cell Ther. 2021;27:
880.e1—e4.

© 2021 British Society for Haematology and John Wiley & Sons Ltd


https://doi.org/10.1111/bjh.17704
https://doi.org/10.1111/bjh.17704
https://doi.org/10.1002/ajh.26284
https://doi.org/10.1002/ajh.26284
https://doi.org/10.1016/j.ccell.2021.07.012
https://doi.org/10.1016/j.ccell.2021.07.012
https://doi.org/10.1182/bloodadvances.2021004629
https://doi.org/10.1182/bloodadvances.2021004629
https://doi.org/10.1016/S2352-3026(21)00110-1
https://doi.org/10.1016/S2352-3026(21)00110-1
https://doi.org/10.1182/blood.2021011568
https://doi.org/10.1182/blood.2021011568

