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he global COVID-19 pandemic caused by SARS-CoV-2
is still ongoing and challenges societies and their health
systems. While overall mortality rate is 1%-3% in the
general population, death rates are up to 37% among
hematological patients.!?> These patients are prone to severe
COVID-19 associated complications, for example, higher hospi-
talization and invasive ventilation rates. Considering the constant
appearance of new mutations with potentially higher infection
and mortality rates, and the fact that vaccination represents
the most effective preventive measure for severe COVID-19,
identification and prioritization of vulnerable patients is of
utmost importance.>* In most hematological patients, a com-
promised immune system due to the disease per se, the treat-
ment, or a combination of both, might be responsible for an
increased risk for severe or even life-threatening COVID-19.
Thus, identification of patient subgroups with appropriate vac-
cination responses is of clinical relevance. Numerous studies
have meanwhile shown that immunocompromised (including
hematologic or oncologic) patients have a risk to completely
fail or mount only a suboptimal humoral immune responses to
SARS-CoV-2 vaccines.”™
At the time when COVID-19 vaccines became available for
hematological patients in Austria, studies had not been pub-
lished. At our department all hematological patients, irrespec-
tive of the underlying disease, current therapy status or age were
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vaccinated. Pursuing this strategy, we conducted a retrospective
analysis in adult patients with malignant hematological diseases
who received two doses of either BNT162b2 (Biontech/Pfizer),
mRNA-1273 (Moderna Biotech) or AZD1222 (AstraZeneca)
between January 2021 and May 2021 (Suppl. Figure S1A and B
and Table S1). The trial protocol was approved by the ethics com-
mittee at Innsbruck Medical University (approval: 1331/2021).

In total, we analyzed n = 123 patients, of these n = 43 patients
suffered from myeloid,n = 63 from lymphoid malignancies,and n
=17 have undergone allogeneic peripheral blood stem cell trans-
plantation (allo-SCT) (Suppl. Figure S1A). Antibodies against
the nucleocapsid protein and the receptor-binding domain of the
spike protein of SARS-CoV-2 were detected in serum using the
Roche Elecsys Anti-SARS-CoV-2 assay on the Cobas €602 plat-
form and the Abbott SARS-CoV-2 IgG II Quant assay on the
ARCHITECT i platform, respectively (for details, see Suppl.
Digital Methods). After the second vaccine dose (median: 35 d;
interquartile range: 25-52 d) 102 patients (82.9%) mounted a
humoral response to vaccination [defined by >7 binding anti-
body unit (BAU)/ml]. Patients with lymphoid malignancies
have a significantly lower response rate as compared to myeloid
malignancies or allo-SCT (71.4% lymphoid, 97.7% myeloid,
and 88.2% allo-SCT, P = 0.0068; Figure 1A). Antibodies
against the nucleocapsid protein were seen only in few patients
(n = 4/2/2 in myeloid/lymphoid/allo-SCT), all of them mount-
ing a vaccination response, excluding that differences between
the groups are due to imbalances in previous SARS-CoV-2
infection.

As treatment status has been found to be a relevant predic-
tor for serological response rate to SARS-CoV-2-vaccination,
we further subdivided the disease cohorts into the following
categories: “treatment naive,” “off treatment > 6 months,” and
“on therapy” (ie, currently receiving or having received therapy
within the last 6 mo). Therapy status neither affected antibody
titer width nor the overall vaccination response rate (Suppl.
Figure S2B). However, in the lymphoid malignancy subset, we
could observe a tendency towards lower SARS-CoV-2 vaccina-
tion response in patients under treatment (53.8% vs 77.8% in
naive and 14.3% in therapy-off, Figure 1B). In contrast, patients
with myeloid malignancies have a favorable humoral response
rate, despite ongoing therapy.
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Figure 1. Humoral vaccination responses according to disease and treatment. Frequency of positive vaccination response (>7 BAU/mL) according to
underlying malignancy (A) and treatment status (B). (C) Antispike antibody titer in the individuals with positive antibody response (C) was investigates in the study

participants stratified by malignancy type and therapy status. Statistical significance was determined by 2 (A) and one-way ANOVA and corrected for multiple
testing with Benjamin Hochberg method (C). Significant test P values are presented in the plot captions.

The negative correlation of lymphoid disease with positive
response rate was corroborated by univariate logistic model-
ing (odds ratio [OR]: 0.0595; 95% confidence interval [CI]

0.0032-0.308 vs. myeloid; Figure 2A, Suppl. Table S3). In addi-
tion, lymphoid disease patients tended to correlate with lower
antibody titers (B: -0.26, 95% CI -0.59 to 0.072 vs myeloid,
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Figure 2. Univariable modeling of the positive vaccination response and post-vaccination antibody titer. Correlation of the candidate factors affect-
ing the probability of positive vaccination response (A, > 7 BAU/mL) and antispike antibody titer in the individuals with positive antibody response (B) was
investigated by a series of univariable logistic and linear regression models, respectively. Significance of the model estimates was determined by Wald Z test
(logistic regression: OR/odds ratio) or T test (linear regression: (3), as appropriate, and corrected for multiple testing with Benjamini-Hochberg method. Estimate
values with 95% confidence intervals are presented in Forest plots. Ranges of complete observations are indicated under the plots. (C) Antispike antibody
titer in the individuals with positive antibody response was investigated in the study participants stratified by pre-vaccination circulating IgG, CD19*B cells and
CD3*HLA-DR* T-cells levels. Statistical significance was determined by two-tailed T test. Test p values are presented in the plot captions. allo-SCT = allogeneic stem
cell transplantation; B = B cells; IgG = immunoglobulin G; LYM = lymphoid malignancy; NK = natural killer cells; T =T cells; Tc = cytotoxic T-cells; Th =T helper cells; WBC = white blood cells.
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Figure 2B) and this phenomenon was especially evident in patients
undergoing treatment during vaccination (Figure 1C). This under-
scores that patients suffering from lymphoid malignancies have
an impaired vaccination response. To which extent this trans-
lates into an increased risk of infection and/or severe COVID-19
remains unclear, as it is currently unknown which antibody titers
confer sufficient protection. Antibody responses to SARS-CoV-2
vaccines are substantially impaired in patients receiving inhibitors
of Bruton tyrosine kinase, Janus kinase, or Bcl-2, or antibodies
targeting CD20 or CD38.5-1° This data are in line with our results,
where only one patient on anti-CD20 therapy mounted a weak
antibody response (titer of 7.2 BAU/ml), despite complete absence
of measurable circulating CD19* B cells (CD19*Bc¢). The remain-
ing n = 8 individuals being currently treated (CD20-antibodies or
Bcl-2-inhibitor) did not mount a measurable humoral response.

We next sought to define easy to measure immunological
predictors for vaccine-responders. To this end, qualitative and
quantitative analysis of the lymphocyte subpopulations in the
peripheral blood in form of a cellular immune profile was car-
ried out using a Canto II flow cytometer and lyophilized 8-color
tubes from Becton Dickinson (for details, see Suppl. Digital File).
Univariable logistic modeling revealed that the probability of
vaccination response is negatively influenced by low CD19*Bc
(<100/uL; OR: 0.301 95% CI 0.07-0.562; Figure 2A, Suppl.
Table S3). This result was substantiated by univariate linear
modeling of the antispike levels in individuals with positive anti-
body response: low CD19*Bc (B: -0.57, 95% CI -0.88 to -0.27)
and also low IgG values (<600mg/dL, p: -0.91, 95% CI -1.3
to =0.48) and high HLA-DR3* T-cells (>190/uL, p: -0.42, 95%
CI -0.72 to 0.11) are negatively linked to antibody titer height
(Figure 2B and C). Importantly, lymphoid malignancy (OR
= 0.077), bone marrow transplantation (OR = 0.16), and low
CD19* Bc counts were identified independent negative predictors
of vaccination response in the study cohort identified by LASSO
(least absolute shrinkage and selection operator) multivariate
modeling (for details, see Suppl. Digital Methods and Table S4).
Furthermore, elevated counts of T cells and low circulating NK
cell levels were associated with the lower probability of the vac-
cination response in the multivariate setting (Suppl. Table $4). In
turn, low circulating CD19*Bc¢ and low IgG were the sole inde-
pendent unfavorable correlates of antispike titers in the multivar-
iate analysis (Suppl. Table S4). These results are partly in contrast
to results obtained by Benda et al,!" reporting a negative influence
of low lymphocyte but also an influence of lower NK-cell counts
on vaccination response. Importantly, the multiparameter LASSO
model displayed a superior sensitivity (0.8) and accuracy (area
under the curve = 0.92 [0.86-0.98]) at predicting the vaccination
response over single risk factors such as Bc levels or malignancy
type (Suppl. Figure S3A). The multiparameter LASSO model was
also substantially better at predicting the antibody titer than IgG
and CD19* B¢ levels alone (Suppl. Figure S3). Collectively, this
suggest that comprehensive immunoprofiling may help to identify
vaccination responders amongst hematological patients.

Patients receiving B-cell-targeting agents and having reduced
or even absent circulating CD19Bc are particularly prone to
insufficient antibody responses. Thus, we took a more detailed
look into patients with low CD19*Bc. Of these 50 patients, 35
patients were responder (titer > 7 BAU/mL), which is in line with
rheumatological patients receiving rituximab, showing that once
peripheral CD19*Bc are present (even at very low amounts of
1%),a humoral vaccination response can be mounted.'> However,
data interpretations are limited by the lack of knowledge how
peripheral CD19+Bc reflect CD19+Bc and plasma cell abundance
in the bone marrow. Notably, individual patients (COAK_45)
mounted an antibody titer (37.6 BAU/mL) even though circu-
lating CD19*Bc were absent. This patient, after rituximab treat-
ment until June 2017 and idelalisib until October 2019 currently
undergoes PD-1 antibody therapy for metastatic skin cancer.
Checkpoint inhibitor therapies may impact serological outcome
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after vaccination,'® whereas in our patient, it may explain the
humoral response even in the absence of CD19+Bc.

In summary, our data put forward lymphoid malignancy, low
CD19*Bc and IgG values as clinically applicable predictors for
an insufficient immune response to SARS-CoV-2 vaccination
and characteristic of the patient subset requiring dense serolog-
ical monitoring, boosting vaccination and additional preventive
measures. Moreover, hematological patients without humoral
immune response to the SARS-CoV-2 vaccine may mount
T cell-mediated immunity.'* Future studies will demonstrate how
the subsequent booster-vaccination(s) may overcome insufficient
humoral responses particularly in patients with lymphoid dis-
eases and how efficient (fully) vaccinated hematological patients
are protected from severe COVID-19 as the humoral response
is only one of the manifold adaptive and innate immunological
mechanisms induced by vaccines.” Finally, the great majority
of the investigated individuals mounted a measurable humoral
response to the immunization despite ongoing therapy or lym-
phoid disease. Hence, we advise all patients to be vaccinated irre-
spective of their underlying malignancy type, their therapy and
immune status.
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