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The prognosis of COVID-19 infection is poor in allogeneic hemato-
poietic stem cell transplant (HSCT) recipients.1 Immunocompro-
mised patients have been excluded from initial trials evaluating
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)mes-
senger RNA (mRNA) vaccines,2,3 and there is a crucial need to assess
vaccine efficacy among these patients. In several reports from solid
organ transplant (SOT) recipients4–6 as well as from patients with
hematologicmalignancies,7,8 a high proportionmounted a negative
antibody response after 2 doses of mRNA vaccine, and a third
booster dose improved the response rate.4,9–11 These results
prompted the French National Authority of Health to recommend
the use of a third dose in immunocompromised patients.12 How-
ever, regarding allogeneic HSCT recipients, data remains limited to
a small monocentric report of 88 patients.13,14 We therefore con-
ducted a multicentric retrospective nationwide study, aiming to
determine serologic response to 2-dose SARS-CoV-2 mRNA vac-
cines among allogeneic HSCT recipients and the effect of a third
dose inpatientswith undetectable orweak serologic response.

We evaluated humoral response to 2-dose SARS-CoV-2 mRNA
vaccines (BNT162b2 or mRNA-1273) among 687 consecutive
HSCT recipients from 15 French centers belonging to the Soci�et�e
Francophone de Greffe de Moelle et de Th�erapie Cellulaire
(SFGM-TC). All included patients completed the 2-dose SARS-
CoV-2 mRNA vaccine between 1 January and 15 July 2021 and
had an available semiquantitative antispike serologic testing after
the second dose (see supplemental Materials for details, available
on the Blood Web site; supplemental Tables 1 and 2). In France,
guidelines from the SFGM-TC recommended the vaccination for
all allogeneic HSCT recipients, except for patients within 3 months
of transplantation or in the case of uncontrolled graft-versus-host
disease (GVHD).15 We excluded patients with a history of COVID-
19 confirmed by serology or polymerase chain reaction. All
patients had given written consent before transplant for data

collection for future research in accordance with the Declaration
of Helsinki. The SFGM-TC scientific council approved this study.

Patients were mainly male (59%), with a median age of 59 years
old (interquartile range [IQR] 46 to 66), most transplanted for
myeloid (69%) or lymphoid (26%) malignancies (supplemental
Table 3). The median delay between the transplantation and the
initiation of vaccination was 27 months (IQR 14 to 56) and was
,12 months for 144 patients (21%). Donors were HLA-matched
unrelated for 51%, HLA-identical sibling for 29%, and haplo-
identical for 20%. Results for 81 patients from 1 center have
been previously partly published.13,14

The first 2 doses of the vaccine (96% with BNT162b2) were
administered 1 month apart. At a median of 33 days after dose 2
(IQR 27 to 52), an antibody response was detectable in 538
patients (78%; 95% confidence interval [CI], 75% to 81%) with a
median antibody level of 749 binding antibody units per mL16

(BAU/mL) (IQR 250 to 2500). Detectable antibody responses
were classified as “weak” (,250 BAU/mL) in 118 patients (17%)
and as “good” ($250 BAU/mL) in 420 (61%), with a threshold of
250 BAU/mL, which has been associated to �90% of mRNA-
1273 efficacy in the COVE trial17 (supplemental Table 2). The
serologic response rate increased with time from HSCT (supple-
mental Figure 1): 32% (95% CI, 15% to 50%) within the 6 months
from transplantation, 50% (95% CI, 42% to 61%) between 6 and
12months, and 87% (95%CI, 84% to 89%) after 1 year.

In the multivariate analysis (Figure 1; supplemental Table 4), fac-
tors associated with the absence of humoral responses were a
time-interval from HSCT ,12 months (adjusted odds ratio [aOR]
2.7, 95% CI, 1.6 to 4.6), an absolute lymphocyte count ,1 G/L
(aOR 3.1; 95% CI, 1.8 to 5.1), and systemic immunosuppressive
treatments within 3 months of vaccination (aOR 3.4; 95%, CI,
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2.1 to 5.6), together with the use of rituximab within 6 months
(aOR 13.7; 95% CI, 4.1 to 45.2). In a subsequent multivariate
analysis conducted on a subset of 352 patients with available
gammaglobulinemia, B-CD191, and T2CD41 lymphocytes
counts (supplemental Table 4), only low B-lymphocytes count
(aOR 5.7; 95% CI, 2.8 to 11.9), time-interval from HSCT ,12
months (aOR 4.7; 95% CI, 2.5 to 13.9), and ongoing immuno-
suppressive treatments (aOR 2.8; 95% CI, 1.4 to 5.5) remained
independently associated with the absence of antibody
response. These risk factors are largely consistent with studies
conducted in SOT recipients as well as patients with hematologi-
cal malignancies5–8 and could be used to stratify the risk of neg-
ative response among HSCT recipients (supplemental Figure 2).
In particular, patients receiving immunosuppressive treatments
had a 56% serologic response rate (supplemental Table 1), con-
sistent with reports from SOT recipients (ranging from 36% to

54% after 2 doses).4–6 As immunodepression decreases with dis-
tance from HSCT, we specifically analyzed patients vaccinated
within the first year from transplantation (supplemental Tables 5
and 6). In this subgroup, absolute lymphocyte count ,1 G/L,
use of rituximab, and history of GVHD necessitating systemic
treatment were found to be independently associated with the
absence of antibody response. Specifically, within this subgroup,
no independent association was found with time-interval from
HSCT (,6 months vs 6 to 12 months) in multivariate analysis,
although our study is likely underpowered to assess this point.

A systematic third dose was not recommended during the study
period and remained at the discretion of the attending physi-
cian. In this cohort, 181 allogeneic HSCT recipients received a
third dose of mRNA vaccine at a median of 54 days after dose
2, with subsequent semiquantitative antispike serological testing
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Figure 1. Antispike response by risk factors associated with immunization after 2 vaccine doses. Serologic response to a 2-dose vaccination according to main
factors associated with immunization after dose 2 (identified in multivariate analysis; see text and supplemental Tables 3 and 4). (A) Antispike antibody level. The violin
plots contain interior box plots with upper and lower horizontal edges the 25th and 75th percentiles of antibody level and middle line the 50th percentile. The shape
of the violin plots shows the smoothed probability density of the data. (B) Proportion of detectable antispike antibodies with 95% CI. The positivity threshold was given
by the manufacturer for each used serological assay as detailed in supplemental Materials.
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(Figure 2; supplemental Table 5). Among 70 patients with no
prior detectable response (supplemental Table 6), 29 (41%; 95%
CI, 30% to 54%) mounted a detectable response after dose 3,
with a median level of 65.6 BAU/mL (IQR 34.4 to 551). Among
46 patients with a detectable but weak (,250 BAU/mL)
response before the third dose, antibody level significantly
increased from a median of 52.3 BAU/mL (IQR 20 to 112.9) to
477.4 BAU/mL (IQR 250 to 1497), and 39 (85%) reached a good
serologic response ($250 BAU/mL). In all 65 patients who
received a third dose while having a good ($250 BAU/mL) sero-
logic response, the antibody level either increased or remained
the highest possible expressed by the used serologic assay
(data not shown). Sixty-five patients vaccinated within the first
year after HSCT received a third vaccine dose with similar results
to the whole sample (supplemental Figure 3). Taken together,
these elements support the systematic use of a third booster
dose in non- or weakly responding allogeneic HSCT recipients.

After a median follow-up of 156 days since dose 2 (IQR 141 to
191), COVID-19 was reported in 4 patients: 2 with no detectable
antibodies and 2 with good serologic responses (324 and 2654
BAU/mL). Only 1 patient, who had no detectable antibodies,
developed a severe COVID-19 requiring hospitalization.

Main limitations of this study include the lack of an immu-
nocompetent control group, its retrospective and observa-
tional design leading to a risk of selection bias, and the
absence of neutralizing antibody testing. However, 2 recent
analyses of COVID-19 vaccine trials showed a similar corre-
lation with vaccine efficacy for both neutralizing and bind-
ing antibodies17,18 consistently with in vivo experimental
studies on nonhuman primate.19 Also, we did not explore
the absence of B-cell memory and T-cell functional
responses. In particular, B-cell memory response may be
critical to warrant the longevity of the vaccine-induced pro-
tection, which will be a fundamental issue in the close
future. Also, we had no information about the severity of

chronic GVHD, and, as only 28 patients were vaccinated
within the 6 months after transplantation, this study is
clearly underpowered to confidently assess serologic
response rate early after HSCT.

To conclude, this study shows that the majority of allogeneic
HSCT recipients developed an antibody response after 2 doses
of SARS-CoV-2 vaccine and supports the use of a third vaccine
booster dose for non- or weakly responding patients.
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Figure 2. Antibody response after a third dose of SARS-CoV-2 vaccine. Antibody response before and after the third dose (D3). (A) Antibody levels (in BAU/mL)
after the second and third dose of vaccine. Dots represent individual values and are filled according to the response after dose 2 (red for no response and blue for
response weak response [,50 BAU/mL]). Antibody level significantly increased after dose 3 (P , .001, Mann-Whitney U test). (B-C) Antibody qualitative response to the
third dose classified according antibody levels among patients with no (B) or weak (C) prior detectable response. “No” for undetectable response, “weak” for response
,50 BAU/mL, and “good” for response $250 BAU/mL. The positivity threshold was given by the manufacturer for each used serological assay as detailed in supple-
mental Materials. D2, dose 2.
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Multiple myeloma (MM) comprises a plasma-cell neoplasia asso-
ciated with severe suppression of the cellular immune system
and reduced immunoglobulin production.1,2 Owing to the dis-
ease and continuous therapies, most patients with MM lack nor-
mal plasma and B cells; hence, they are susceptible to severe

infections. In line with that, the first US study on coronavirus dis-
ease 2019 (COVID-19) in MM patients reported mortality rates
of almost 20%.3 As soon as the first vaccines against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) became
available, cancer patients were immunized with high priority.4-6
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