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A--RBD Ab levelsinallo -HCT
recipients at/days 21, 28 and 49. Further, 49% ofi&€llgatients versus 88% of healthy adults had detectable NT50
Ab at day 49|while aHdCT recipients had signi cantly lower NT50 Ab titers than healthy agh@89(®). Ongoing
moderate/seviere chronic GVHD (P <0.01) as well as rituximab administration in the year prior to vaccination (P <0.05)
correlated with low anti-RBD and NT50 Ab titers at 49 days after the first vaccination in multivariate analyses. Com-
pared to healthy adults, allo-HCT patients without chronic GVHD or rituximab therapy had comparable anti-RBD Ab
levels and NT50 Ab titers at day 49. Flow cytometry analyses before vaccination indicated that Ab responses in allo-

HCT patients yere strongly correlated with the number of memory B cells and of naive CD4

*Tcells (r>0.5,P<0.01)

and more weakly with the number of follicular helper T cells (r=0.4, P=0.01).
-
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Background

Allogeneic hematopoietic stem cell transplantation (allo-
HCT) has remained the best treatment option for many
patients with life-threatening hematological disorders
such as acute myeloid leukemia [1]. Unfortunately, the
procedure induces severe immunosuppression persist-
ing several months to several years after transplantation,
particularly in patients su ering from chronic graft-ver-
sus-host disease (GVHD). s is due to defects in B-cell,
T-cell, monocyte and dendritic cell compartments [2—4].
As a consequence, infection of allo-HCT recipients with
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Terminology Criteria for Adverse Events (CTC) version
5.0.

Flow cytometry
After cell counting on pocH-100i automated whole blood
counter (Sysmex, Kobe, Japan), PBMCs were isolated
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t-SNE space of each t-SNE plot, a probability per data
point was calculated following the same approach as in
the t-SNE algorithm. From these point probabilities, the
distribution of cross-entropy in the t-SNE space relative
to the original space was obtained for each group rep-
resented in the plot. All pairwise comparisons between
groups were evaluated with Kolmogorov—Smirnov tests
on the di erence between the cross-entropy distribu-
tions. Dendrograms were obtained from hierarchical
clustering, using as distance the Kolmogorov—Smirnov
statistic, that is, the L-infinity distance between the cross-
entropy distributions.

Statistical analyses

Comparisons of Ab titers between various groups were
done with the Mann—Whitney test. Comparisons of
frequencies (%) of FlowSOM clusters between various
groups were also done with the Mann—Whitney test.
Correlations between age, time from HCT to vaccina-
tion, absolute immune cell counts and Ab titers were
done with the Spearman r test. Comparison of the pro-
portion of responding patients according to chronic
GVHD was done with the Fisher’s exact test. Variances
between samples were calculated using the F test. Anal-
yses of clinical factors (i.e., the presence or not of mod-
erate/severe chronic GVHD, delay from allo-HCT to
vaccination, patient age and rituximab administration
within 1 year before vaccination) associated with Ab
response and Ab titers were performed using univariate
and multivariate logistic regression (with Firth correction
when indicated) and univariate and multivariate linear
regression, respectively. For these analyses, delay from
HCT to vaccination and Ab titers underwent logarithmic
transformation. Multivariate linear regressions were also
used to assess the associations between baseline counts
of class-switched memory B cells, naive CD4+T cells and
TFH cells and Ab levels at day 49. P values<0.05 were
considered as statistically significant and all P values were
2-sided. Statistical analyses were carried out with Graph-
pad Prism 9.0 (Graphpad Software, San Diego, CA, USA)
and SAS version 9.4.

Results
Patients
We report here the data of the first 40 patients included
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Table 1 Characteristics of the patients (n=40)
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Age at vaccination (years); median (min, p25, p75, max)
Sex (# males/# females)

Delay between vaccination and transplantation (months); median (min, p25, p75, max)

Donor type (# MSD/MUD/ MMUD/Haplo)
Donor age at transplantation (years); median (min, p25, p75, max)
Conditioning regimen (# patients)
Fludarabine +2 Gy TBI
Fludarabine + Melphalan
Fludarabine + busulfan
Cyclophosphamide + 12 Gy TBI
Thiotepa + busulfan + fludarabine
Sequential
Fludarabine + Cyclophosphamide + 2 or 4 Gy TBI
ATG (# yes/no)
PTCY (# yes/no)
Chronic GVHD
Never/only mild
Prior moderate/severe solved*
Ongoing moderate/severe
Rituximab (none or

60 (26, 54, 69, 76)
19/21

31(6, 14, 42, 57)
8/26/1/5

34 (18, 23, 46, 62)

N WO

29/11
6/34

29

* and >3 months out of systemic immunosuppression. MSD, HLA-identical sibling donor; MUD, 10/10 HLA-matched unrelated donor; MMUD, 1/10 HLA-mismatched
unrelated donor; Haplo, HLA-haploidentical donor; TBI, total body irradiation; ATG, anti-thymocyte globulin; PTCY, post-transplant cyclophosphamide; MMF,

mycophenolate mofetil; mPDN, methyl-prednisolone

equality of two variances yielded a P=0.0005 at day 49).
is prompted us to look for factors associated with Ab
levels in allo-HCT recipients.

We first observed that patients with ongoing moderate/
severe chronic GVHD had lower anti-RBD Ab levels than
those with mild chronic GVHD or none. Specifically, 19
out of 28 patients without versus 1 out of 9 patients with
ongoing moderate/severe chronic GVHD had detectable
anti-RBD Ab at day 21 (P=0.0055). At day 49, the fig-
ures were 28 out of 28 patients versus 4 out of 9 patients
(P=0.0003) (Additional file 1: Figure 3B, C). In addition,
Ab titers were significantly lower in patients with than in
those without moderate/severe chronic GVHD at days 21
(P=0.002), 28 (P=0.002) and 49 (P<0.001) (Fig. 1b).

We then looked at the impact of rituximab on Ab
responses in the cohort of naive allo-HCT patients

without moderate/severe chronic GVHD (n=28). We
observed that those given rituximab <1 year before vac-
cination (»==6) had lower anti-RBD Ab levels than the
remaining 22 patients on days 21, 28 and 49 after vac-
cination (P<0.05 at each time point) (Fig. 1b).

We next assessed the impact of age in allo-HCT
recipients on anti-RBD Ab levels. We observed a nega-
tive correlation between COVID-19 naive allo-HCT
patient age (»=237) and anti-RBD Ab levels at day 21
(Spearman r=— 0.36, P=0.029), day 28 (Spearman
r=— 0.38, P=0.019) and day 49 (Spearman r=— 0.38,
P=0.020; univariate linear regression, P=0.029). In
addition, there was a weak correlation between time
from allo-HCT to vaccination and anti-RBD Ab lev-
els at day 21 (Spearman r=0.41, P=0.012), day 28
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(Spearman r=0.38, P=0.022) and day 49 (Spearman
r=0.31, P=0.06; univariate linear regression, P=0.13).

In multivariate analysis, ongoing moderate/severe
chronic GVHD (n=9) was the only factor significantly
associated with an absence of response to the vaccine
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We next compared NT50 Ab in naive healthy adults
and naive allo-HCT recipients at day 49 after vaccina-
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Day 49 anti-RBD Ab
Day 49 NT50 Ab
Naive CD4

Naive B cells

SM B cells

UM B cells

TFH
Age

1.0
Day 49 anti-RBD Ab

Day 49 NT50 Ab
0.5
Naive CD4
TFH

Naive B cells
SM B cells

UM B cells

Age
-1.0
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WBeells 0.00002863463374 0.00001913847706 0.0679 | 0.008 | 5.47@ -008 6.2 922e-02 | 0.785
yMBeells 0.00000802931544 0.00002654706497 0.0491 [ 0.013 | 2.18% -006 | 6.82932 -012 0590
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us to examine whether absolute B cell and B cell subset
counts calculated using manual gating correlated with
anti-RBD Ab levels. We observed a weak correlation
between absolute B cell counts and anti-RBD Ab levels:
at day 21 (Spearman r=0.34, P=0.039), day 28 (Spear-
man r=0.39, P=0.02) and day 49 (Spearman r=0.43,
P=0.007). A weak correlation was also observed with
naive B cells: at day 21 (Spearman r=0.31, P=0.06), day
28 (Spearman r=0.37, P=0.02) and day 49 (Spearman
r=0.41, P=0.01). ere was however a much stronger
correlation between class-switched memory B cell counts
and anti-RBD Ab levels at day 21 (Spearman r=0.56,
P=0.0003), day 28 (Spearman r=0.53, P=0.0007) and
day 49 (Spearman r=0.63, P<0.0001). Unswitched mem-
ory B cell counts correlated also with anti-RBD Ab levels:
at day 21 (Spearman r=0.51, P=0.0011), day 28 (Spear-
man r=0.53, P=0.0008) and day 49 (Spearman r=0.66,
P<0.0001) (Fig. 3). Finally, looking at associations
between B cell subset frequencies among absolute lym-
phocytes and anti-RBD Ab levels at day 49, we observed

Page 9 of 12



Canti et al. J Hematol Oncol (2021) 14:174

anti-RBD Ab 28 days after the second dose [22]. Com-
paring anti-RBD Ab levels in allo-HCT patients and in
adult controls, we observed significantly lower Ab levels
in allo-HCT patients at each time point. In addition, only
half of allo-HCT patients had detectable neutralizing Ab
against WT SARS-CoV-2 at day 49 while allo-HCT recip-
ients had significantly lower neutralizing Ab titers than
healthy controls at that time point. Restricting the anal-
yses to allo-HCT patients without GVHD and without
rituximab administration in the year before vaccination,
we still observed significantly lower Ab levels in allo-
HCT recipients at day 21 but Ab levels were comparable
to healthy controls at day 49. e same was true for neu-
tralizing Ab titers.  ese results emphasize the impor-
tance of a timely second vaccination in this population.

A second important observation was that ongoing
moderate/severe chronic GVHD was associated with a
lower Ab response to the vaccine both after 1 and 2 vac-
cine doses. Indeed, 5 out of 9 patients with moderate/
severe chronic GVHD failed to develop anti-RBD Ab fol-
lowing the 2 vaccine doses, while 3 additional patients
had anti-RBD Ig titers below 200 1U/mL on day 49.
Accordingly, none of the patients with ongoing moder-
ate/chronic GVHD had neutralizing antibodies against
the WT SARS-CoV-2 at day 49. e impaired response to
MRNA vaccine in patients with chronic GVHD is likely
due to delayed/disrupted return to immune homeostasis
in chronic GVHD patients leading to defects in key cell
populations. Indeed, it is well known that chronic GVHD
(and its treatment) has a profound impact on immunity
after allo-HCT, a ecting many cell subtypes such as B
cells, CD4™ T cells, naive CD4* T cells, TfH and CD8"
T cells [8, 23, 24]. Alternatively, ongoing chronic GVHD
might distract from coordinated immune response to
MRNA vaccine by driving concurrent immune responses
against host antigens. Previous clinical studies have
observed lower response rates to pneumococcal con-
jugate vaccine, hepatitis B vaccine, tetanus vaccine and
influenza vaccine in patients with chronic GVHD [25—
28]. However, chronic GVHD had a modest or no impact
on the response to diphtheria and hemophilus influenza
type B vaccination [27].

In our cohort, all allo-HCT patients without chronic
GVHD had detectable Ab on day 49 after vaccination.
However, only 64% of them had neutralizing antibod-
ies against the WT SARS-CoV-2 at day 49. Looking
at factors associated with Ab levels in the subgroup
of naive patients without moderate/severe chronic
GVHD, we observed that patients given rituximab
6 months to 1 year before vaccination had lower Ab
titers. isisin line with what was observed in patients
with chronic lymphocytic leukemia [14], B-cell non-
Hodgkin lymphoma [29], and multiple sclerosis [30].
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We also observed a negative correlation between Ab
levels and age, particularly in the subgroup of patients
without chronic GVHD and without recent rituxi-
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poor responses to the vaccine in aged and in allo-HCT
(and particularly those with chronic GVHD) patients
[33].

Conclusions

In summary, we observed that allo-HCT patients without
moderate/severe chronic GVHD and not given rituximab
within 1 year before vaccination had comparable anti-
RBD Ab levels to those of healthy adults following two
doses of the vaccine. However, moderate/severe chronic
GVHD and rituximab administration were associated
with lower Ab levels in allo-HCT recipients. Administra
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