T-cell immune responses following vaccination
with mRNA BNT162b2 against SARS-CoV-2 in
patients with chronic lymphocytic leukemia:
results from a prospective open-label clinical trial

The Coronavirus disease 2019 (COVID-19) pandemic
has seriously affected patients with chronic lymphocytic
leukemia (CLL).! Fatalities exceeding 30% has been
reported among hospitalized patients in international
surveys,”® and in consecutively identified CLL patients.*
Additionally, many patients with CLL do not achieve
seroconversion upon mRNA vaccination.”® We recently
confirmed those observations in the course of a prospec-
tive clinical trial involving the BNT1622b2 mRNA vac-
cine.” The study included five equally sized cohorts of
patients with different types of immunocompromised
disorders (total n=449) and 90 healthy controls. Sixty-
three percent of patients within the specific CLL cohort
(n=90) seroconverted after two vaccine doses. The low-
est seroconversion rate was found in patients on ibrutinib
followed by those who had stopped Bruton’s tyrosine
kinase inhibitor (BTKi)-therapy.” Even though T-cell
responses may occur in most patients with CLL following
SARS-CoV-2 infection,” there is still limited data on T-cell
immunity following vaccination of many immunocom-
promised patient groups including CLL. In the first report
on hematological malignancies, nine of 18 patients devel-
oped SARS-CoV-2-specific T-cell reactivity.® Similar
results were seen in a large patient group applying a
whole blood interferon-y (IFN-y) release assay.’

An early study'® of T-cell responses identified IFN-y as
a key cytokine produced by spike-specific CD4+ and
CD8+ T cell in BNT162b1 mRNA-vaccinated individuals.
We report here on T-cell immunity in patients with CLL
from our above mentioned prospective clinical trial” using
IEN-y ELISpot, a validated quantitative assay to measure
T-cell responses against SARS-CoV-2-specific peptides.*!!

Inclusion criteria and monitoring of our vaccine clinical
trial has been described earlier.” Patients with a previous
history or signs of COVID-19, or who tested positive for
SARS-CoV-2 or had spike protein-specific antibodies at
baseline were excluded. No patient with CLL developed
break-through infection during the study or early follow-
up. Fifty-two predefined patients from the CLL cohort
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(n=90) were subjected to repeated analysis of T-cell
immunity against SARS-CoV-2 specific peptides. Baseline
characteristics of the patients and controls are shown in
Table 1. Patient groups included i) previously untreated
(n=14), ii) individuals with ongoing ibrutinib therapy
(n=14), iii) individuals who had stopped ibrutinib =2
months ago due to remission as part of another study
addressing intermittent ibrutinib treatment (n=10), iv) or
individuals who had received CD20 monoclonal anti-
body (mAb)-containing chemoimmunotherapy 6-30
months ago (of which 11 received their last dose >12
months ago) (n=14). Cellular and humoral immunity was
measured at day (d) 0 (baseline), d10 (10 days after first
dose), d21 and d35 (21 days after first dose, day of second
dose). Seroconversion and antibody titres were analyzed
as reported’” with d35 data available in 48 of the 52 pre-
defined patients who were analyzed for T-cell immunity.
Additionally, 41 of 90 healthy controls in the trial” were
preselected for T- cell analysis (Table 1).

The ELISpot assay was applied as previously
described,'! using plates and reagents from a human IFN-
v ELISpot kit (3420-2APT-2, Mabtech). Briefly, 2.5x10°
peripheral blood mononuclear cells (PBMC)/well were
seeded and supplemented with 0.15 pg/mL of co-stimu-
latory anti-CD28/CD49d (347690, BD Biosciences). Cells
were stimulated for 20 hours (h) with a peptide pool cov-
ering the SARS-CoV-2 spike glycoprotein (0.5 pg/mlL,
LB01792; peptides&elephants) and equivalent dimethyl
sulfoxide (DMSO) in unstimulated wells. Spot-forming
units (SFU) were counted using the IRIS (Mabtech) auto-
mated reader system. Data points are presented as back-
ground corrected SFU/10° cells, calculated by subtracting
the mean value of the corresponding duplicate unstimu-
lated wells from the mean value of duplicate spike stim-
ulated wells. Negative values after background correction
are set to 1. The threshold for positive response corre-
sponds to the average SFU/106 cells of unstimulated wells
+ 2 standard deviations (30 SFU/10° cells). Data were
excluded when unstimulated wells had >100 SFU/10°
cells.

All analyses were prespecified as per protocol. Data is
summarized using descriptive statistics such as counts,
percentages, medians and range. Categorical variables are
presented as cross-tabulations and distributional differ-
ences were tested using the Chi-squared test.

Table 1. Baseline characteristics and immunological results 2 weeks after the second dose (d35) of the mRNA BNT162b2 vaccine in relation

to chronic lymphocytic leukemia patient subgroup and healthy controls.

Age, years 70 71 71 71 70 52
median (range) (23-86) (49-82) (56-84) (54-86) (23-84) (25-19)
Male sex 36 6 13 6 11 19

n (%) (69%) (43%) (93%) (60%) (719%) (46%)
Seroconverted d35 29/48 11/13 11/12 5/9 214 41/41
n (%) (60%) (85%) (92%) (56%) (14%) (100%)
Ab titres d35, U/mL* 24.6* 81.6 424 35.5 0.4 2696
median (range) (0.4-3,320)* (0.4-3,320) (0.4-1,343) (0.4-559) (0.4-170) (766—14,269)
ELISpot d35, SFU/10° PBMC 10 6 10 53 5 48
median (range) (1-1,096) (1-526) (1-490) (2-1,096) (2-10) (1-1,526)
Positive T-cell response 15/52 414 2/14 710 2/14 2441

n (%) (29%) (29%) (14%) (70%) (14%) (59%)

*Ab baseline = 0.4 U/mL; seropositive >0.8 U/mL.°n = 48 (with d35 data).Ab: antibodies; ELISpot: enzyme-linked immunospot; SFU: spot forming units; PBMC: peripheral

blood mononuclear cells; d35: day 35.
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Significance between time points with missing values
was assessed using Kruskal-Wallis test with Dunn’s post-
test. Correlation analysis was done using non-parametric
Spearman rank correlation. P-values <0.05 were consid-
ered significant. Graphs and associated statistical tests
were performed in Prism v.9 (GraphPad Software Inc.).
Seroconversion rates were in line with our full clinical
trial report’ and are summarized in Table 1 and Figure
1A. Seroconversion occurred in 29 of 48 patients (60%)
(4/52 patients had missing serology data at d35) com-
pared to 41 of 41 (100%) of controls. The time kinetics of
seroconversion are shown in Figure 1A. Only 4% and
18% of patients had seroconverted at d10 and d21,
respectively, followed by 60% at d35. Patients’ and con-
trols’ responses showed similar kinetics. There was no
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significant increase in SARS-CoV-2-specific immunoglob-
ulin G (IgG) after vaccination on d10 in either group. At
d21 and at d35, both groups had a significant response
compared to baseline (CLL: d0 vs. d21, P<0.05, dO vs.
d35, P<0.0001; controls: d0 vs. d21, P<0.0001; dO vs. d35,
P<0.0001).

Subgroup analysis revealed that seroconversion
occurred in 11 of 13 (85%) of previously untreated
patients, 11 of 12 (92%) of previously CD20 mAb-treated
patients, five of nine (56%) of previously ibrutinib-treat-
ed and two of 14 (14%) of patients with ongoing ibruti-
nib therapy. The difference between patients on or off
ibrutinib was significant (P=0.036). The median antibody
titer at d35 in each subgroup as above was 81.6 U/mL
(range, 0.4-3,320), 42.4 U/mL (range, 0.4-1,343), 35.5
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Figure 1. Humoral and cellular immune response in chronic lymphocytic leukemia patients. Longitudinal assessment (day O, 10, 21, 35 post-vaccination) of
SARS-CoV-2-specific immunglobulin G (IgG) (A) and IFN-y T cells (B) after spike glycoprotein stimulation, with summarized number and frequency of patients
tested positive. Subgroup analysis of chronic lymphocytic leukemia (CLL) patients at day 35 (C) and correlation day 35 (D). The dashed line indicates positive
threshold for SARS-CoV-2-specific IgG and IFN-Y spot forming units (SFU)/10° cells, 0.8 U/mL and 30 SFU/10° cells respectively. The dotted line represents the
lower limit of detection of both assays. Each dot represents one patient. R,=Spearman r value. Kruskal-Wallis test with Dunn’s correction for multiple compar-
isons. *P<0.05, **P< 0.01, ***P<0.001, ****P<0.0001.
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U/mL (range, 0.4-559) and 0.4 U/mL (0.4-170) respective-
ly. This compared to a median antibody titer of 2,696
U/ml (range, 766-14,269) in controls (Table 1).

Longitudinal assessment of T-cell immunity against
SARS-CoV-2 spike peptides (ELISpot) is shown in Figure
1B and summarized in Table 1. At d35, 15 of 52 patients
(29%) had a specific T-cell response (P<0.05 vs. baseline,
Figure 1B) compared to 24 of 41 (59%) in controls
(P<0.01). Pre-existing spike-cross-reactive T cells' was
observed at baseline in five of 50 patients; four patients
showed no vaccine response and one patient showed a
marginal increase in T-cell response (mean spot count
from 44 to 70 SFU/10° PBMC at d35). A positive T-cell
response was observed in nine of 50 tested patients
(18%) at d10 and in six of 51 (12%) at d21.

CLL subgroup results are shown in Figure 1C and Table
1. IFN-y positivity was observed in seven of ten patients
at d35 who were off ibrutinib, whereas only two of 14
patients on ibrutinib developed T-cell immunity (P<0.01).
The corresponding numbers were four of 14 among pre-
viously untreated patients and two of 14 if previously
treated with CD20 mAb (P<0.05 and P<0.01, respective-
ly, vs. patients off ibrutinib).

Finally, we analyzed correlation between seroconver-
sion and T-cell response (Figure 1D). A weak but signifi-
cant correlation was observed (r=0.2861, P=0.049).
Fifteen patients (29%) were double-negative i.e., neither
mounted a T-cell response nor seroconverted, whereas
nine (18%) came out positive in both assays. Twenty
patients (39%) were positive in serology only and only
three patients (2 in the off ibrutinib group) had an IFN-y
response in the absence of seroconversion. Most double-
negative patients (11/15) were found among patients on
ibrutinib. Double-positive patients were most frequent in
those off ibrutinib (4/9). Of the 20 seroconverted patients
with no T-cell response, one patient was found in the
ongoing ibrutinib and one in the previously ibrutinib
treated group, while eight were previously untreated and
ten were previously treated with CD20 mAb.

Following natural COVID-19 infection, durable immu-
nity including both antibodies and T cells seem to occur
in most healthy individuals'® as well as in patients with
CLL.* Most healthy individuals mount T-cell responses
following mRNA vaccination." This was reported also in
patients with solid tumors.”” Lower numbers were
recently reported in patients with hematological malig-
nancies.>’ The present study shows that, compared to
healthy controls, half as many of patients with CLL
developed IFN-y T-cell response (28% vs. 59%) after two
doses of mRNA vaccine. A limitation of the present T-cell
assay'! is capturing of only IFN-y positive cells e.g., miss-
ing-out on other cytokine-secreting antigen-specific T
cells. Despite this, we were able to capture both temporal
and group dynamic changes of the SARS-CoV-2 spike-
specific T-cell response, and were able to make compari-
son of patients with CLL with healthy controls. CLL sub-
group results were driven by patients who were off ibru-
tinib (7/10 responded) whereas other CLL sub-groups
had few T-cell responders. However, the data must be
viewed with caution due to the open-label trial design
and the small numbers within each subset. Thus, our
subgroup analysis should be confirmed in extended stud-
ies. Even though our healthy controls were younger
(median age 52 years) age did not impact on their T-cell
response (data not shown). Double-negativity was found
in most patients on ibrutinib who remain of major con-
cern, suggesting that temporary cessation of BTKi may be
explored onwards in future studies. Of note, Ehmsen et
al” found T-cell responses in 26% of seronegative hema-
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tology patients whereas we found it only in three of 52
patients with CLL (6%). A third dose is currently
explored in CLL and its effect on T-cell immunity, even
though its additional effect on T cells was limited in solid
tumors.'” CLL remain as a group of special concern in the
ongoing pandemic.
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