LETTER TO THE EDITOR

SARS-CoV-2-specific cellular response following third

COVID-19 vaccination in patients with chronic

lymphocytic leukemia

With great interest we read the study published by Blixt
et al. showing that compared to healthy controls (HC), half
as many of chronic lymphocytic leukemia (CLL) patients
developed a T-cell response after two COVID-19 vaccine
doses.! Effects of a third vaccine dose on T cells in CLL
patients is yet unknown, while approximately 20% fail
achieving a humoral immune response.? In this prospec-
tive cohort study we investigated the interplay of humoral
and cellular response and report follow-up data of CLL
patients 31 days (range, 19-94 days) after third vaccination
(V3).?

Blood samples of CLL registry (clinicaltrials gov. Identifier:
NCT02863692) patients were evaluated after three COVID-
19 vaccinations. Six of the initially 21 patients® were in-
cluded in the analyses, three with homologous and three
with heterologous vaccination schedule (mean interval
between vaccination 2 [V2] and V3 163 days; minimum 117
days and maximum 189 apart). Four vaccinated health
care workers served as HC (mean interval between V2 and
V3 266 days; range, 254-291 days). Both studies were ap-
proved by the local ethics committee. Patient and disease
characteristics as well as vaccination schedules are sum-
marized in Table 1.

SARS-CoV-2 spike receptor binding domain (RBD)-specific
immunoglobulin G (IgG) antibodies, determined using the
Alinity ci SARS-CoV-2 IgG Il Quant assay (Abbott), were
detectable in four of six (66.7%) CLL patients after com-
pared to two of six (33.3%) before booster vaccination
(Figure 1A), cut-off 271 BAU/mL. In the one individual with
detectable RBD-specific I1gG after V2, V3 resulted in in-
creased levels. In another individual, the V3 raised the IgG
titer to similar levels as seen shortly after V2 (Figure 1B
and C). Detectable neutralizing serum activity, determined
by a lentivirus-based pseudovirus neutralization assay
against the WuO01 strain of SARS-CoV-2 was limited to the
two individuals with the highest levels of RBD-binding 1gG
(Figure 1D).

Peripheral blood mononuclear cells (PBMC) were used for
SARS-CoV-2 spike-specific T-cell analyses (Human IFNy
ELISpotPYs [ALP] kit [Mabtech]). Results are reported as
spot-forming cells (SFC) per million PBMC. A SARS-CoV-2
peptide pool (15-mers overlapping by 11 amino acids which
stimulate responses mediated by both CD4 + and CD8 +
T cells) spanning the entire spike protein was used for
measuring T-cell responses. The median number of SARS-
CoV-2 spike-specific T cells in the CLL cohort after V2

BNT162b was 31 SFC (interquartile range [IQR], 4.0-96.0)
(Figure 2A). The response after V2 in the here described
subgroup was significantly lower (1.7 SFC; IQR, 0.0-3.8 but
increased to 8 SFC; IQR, 5.7-21.3) after booster vaccina-
tion. Overall, four of six (66.7%) showed a detectable in-
crease of T-cell activity and two a decrease (Figure 2B). In
comparison, T-cell responses in HC remained above the
cut-off in 100% (4/4), but did not increase further.

Of the included patients, all received either B-cell-deplet-
ing (anti-CD20 monoclonal antibodies) or -directed (bru-
ton tyrosine kinase inhibitors) treatment within 6 months
prior to V3. Despite B-cell-affecting treatment, the ma-
jority (4/6) showed an increase of serum IgG (Figure 1C).
Patients under B-cell-depleting treatment (2/6) mounted
low levels of IgG antibodies after boost that did not result
in detectable neutralizing serum activity (Table 1). Patients
without detectable T cells prior to boost that received a
heterologous booster immunization showed an increase
in T-cell response. In contrast, homologous booster led to
an increase in only one of three patients and did not show
an effect on the remaining two patients (Figure 2B). A dis-
cordant immune response with T cell, but lacking humoral
response was seen in two of six patients, indicating that
cellular protection may be generated, probably in patients
with lesser extent of CLL-associated T-cell exhaustion,
whereas treatment-associated B-cell impairment may not
be overcome.

In conclusion, we report an increase of vaccine-induced
cellular and humoral immune responses in CLL patients
by a V3 COVID-19 vaccination.

Recent data showed a significant increased humoral re-
sponse after COVID-19 vaccination, but less pronounced
enhancement of the cellular response in healthy individ-
uals, likely to be dependent on the specific booster vac-
cine.*® Our data from the HC cohort - all vaccinated with
a homologous BNT162b2 dose — confirm these findings
and show a stable, but not relevantly increased T-cell re-
sponse. As already shown for rheumatologic and solid
organ transplant patients, this may not generally be the
case for immunocompromised patients.”®

We here report an increase of the humoral response in
CLL patients after COVID-19 V3 despite B-cell-depleting
treatment, as reported elsewhere,’ and in addition, an in-
crease of the cellular response in four of six patients.
Our data show that V3 enhances IgG response in CLL pa-
tients, also in those that lacked detectable IgG after V2.

Haematologica | 107 October 2022
2480



‘aAlleg8au :8au ‘uoissiwal Jeilied (yd ‘oseasip
aAlssaigoud :ad ‘uolssiwal 9191dwod YD ‘ZqzoLLINg :LNg ‘TTTLAZY :ZV ‘TAOD 9ZPY AV ‘esop anoayul :¥q) ejew |\ ‘eewsy 4 ‘9 unngojgounwiwil 53| ‘UOITBUIOOBA PJIYl :EA ‘UOIJBUIDOBA
pu028s :ZA ‘(SnJinopnasd LONAM 0S|l Wnias) A1IAI30E UOITeZI|BIINOU vy ((TW/NVYE) D3] 914109dS-Ag9Yxx ((S1190 Jesjonuouow pooiq jesaydiiad 40L/s1190 Sulwiol-10ds) s1199 | O13109ds-Sy

LETTER TO THE EDITOR

€L 9Lt /lc 1Ng INE/LNg 514 = 14
8¢y 269 A 1Ng ING/LNg 8¢ = €
14014 €8¢ 8¢ 1Ng INE/LNg 0€ N 4
1'20c €99l 8¢ 1Ng INE/1INg Gc = 3

SER S ER 193s00q
SNIL S99l idye (3soog) (swiad) sieal s 1043U02
sundwes audoep aulddep  ul I8y AynesH

ENIBYY CA YV jo sfea
dd SOA ON E o> ‘Bau €e 0> ‘Bau € 1Ng ING/LNg (A N 9
d40 ON SOA I8 (0] 2 8LL 0 o> ‘Bau 9€ av ING/1LNg €L | S
d40 SOA SOA JA (0] B €8 0 oL> ‘Bau €9 av INE/LNg (A N 14
dd SOA ON 0 vig'6l 66601 € 90c’t Gec'e 8¢ 1Ng INE/LNg 9/ N €
Hd SOA ON 6 o> ‘Bou 0 o> ‘Bou e azv LINg/INg 8. N c
dd SOA ON 14 144 6°CY 14 o= €e el 1Ng INE/LNg 8/ N 3

0s 0s
wxx Al e Al J93sooq
aseaslIp Adeisyy Adesayy — speo ) wnias w931 SN2 L wnJas w93 Jaye (3soog) (dwiid) saealk
: pajoaaip Sunajydep : X3S juaed
Jo ajels 55 55 sundwes auiooep aulddep  ul I8Y
-1192-9 -1192-a €N 191V CN\ 13YY Jo sfeq

'S10J3U0D AY3jBaY SNSISA SBUI0DINO0 puUe SOIISII910BIBYD JUdIIEd L @)qel

Haematologica | 107 October 2022

2481



LETTER TO THE EDITOR

5

A _ 100- B o 15000 Co 15000 D 10
S * = - .
2 go 1 "’i-’ 10000 ‘g 10000 104- —|—
< @ 5000~ ® 5000 3
3 gy i il ey Q 1034 _°
S 60 ok a £ E 1
2 ) 232 S 402
2 40- e 40- N 40- / § 107 :
> > >
S o 0 PRVTE I S i
Q 204 Q 20 Q 20
.'g (;) ‘b boood XX E)
€ 4 4
E < < / 100 T T

0 [ [ (/2] 0 | | (2] o T T v2 v3
V2 V3 V2 V3 V2 V3

Figure 1. Humoral immune responses after COVID-19 vaccination (A) Antibody response rate in chronic lymphocytic leukemia
(CLL) patients after second (V2) and after third (V3) vaccination. (B) SARS-CoV-2 spike receptor binding domain (RBD)-specific
immunoglobulin G (IgG) in CLL patients after V2 and V3 (median 10.05 BAU/mL, range 0.1-10,998.6) measured by chemiluminescent
microparticle immunoassay. (C) Individual course of I1gG anti-bodies in CLL patients after V2 and V3. (D) Serum neutralizing
activity (560% inhibitory serum dilution) determined in a pseudovirus neutralizing assay against the Wu-01 pseudovirus strain.
Bars indicating geometric mean ID_, with 95% confidence intervals. Dashed line indicates limit of detection (LOD, 10). Samples
with no detectable neutralization (ID,, <10) were plotted with an ID,  of 5 (1/2 LOD) for graphical representation.
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Figure 2. T-cell immune responses after COVID-19 vaccination. (A) Interferon-y T-cell ELISpot response in chronic lymphocytic
leukemia (CLL) patients and healthy controls (HC). Shown values are mean spots of duplicate wells, where background in negative
control wells is subtracted from peptide-stimulated wells. The line displays the median response after second (V2) (left) and
third (V3) vaccination (right). The limit of detection is 8 spot-forming cells/10° peripheral blood mononuclear cells. Samples were
acquired 28 days after V3 in HC and at a median of 47 and 31 days (V2 and V3, respectively) in CLL patients. (B) Individual course

of Interferon-y T cell ELISpot response in HC (left) and CLL patients (right) after V2 and V3.

We found that anti-SARS CoV-2 antibodies were higher in
patients who received three doses of BNT162b2 compared
to two doses of BNT162b2 and a vector vaccine as booster,
but that the latter vaccine combination was able to mount
a serologic response in two of three previously negative
patients. Yet, neutralizing serum activity was only partly
detectable. In order to elicit a neutralizing serum re-
sponse, a fourth dose might be beneficial by further in-
creasing IgG levels.”"

We can confirm previous data from immunocompromised
patients with rheumatological disease,’ solid organ trans-
plantation® and solid malignancies™ within our CLL cohort
revealing that T-cell responses are enhanced following V3.
Further indepth analyses may provide insights into their
(poly-)functionality, proliferation capacity, or epigenetic
profile change after (booster) vaccination despite the low

response-altitude and whether the response is biased to-
wards CD4+ or CD8+ T cells.

Interestingly, all patients who received a heterologous
boost (vector vaccine) showed an increased T cell re-
sponse compared to our previous analysis, while only one
of three after homologous boost. This supports recently
published data from randomized controlled as well as ob-
servational studies suggesting a benefit of a heterologous
boost for eliciting stronger T-cell responses compared to
homologous immunization.* If this offers additional pro-
tection for patients with low or absent neutralizing anti-
bodies is yet unclear, particularly considering the low
response levels with respect to quantity. Considering re-
cent data on SARS-CoV-2-specific T cells from patients
with agammaglobulinaemia™'’™ showing protection from
severe disease and even in patients infected with variants
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of concern,* we hypothesize a potential benefit of in-
creased T-cell immunity. The impact of a fourth vaccine
dose on altitude and functionality of T cells should be
subject of forthcoming studies.

A limitation of this study is the small sample size. In ad-
dition, our small cohort consists of mostly male and com-
parably old patients. Male sex and advanced age known
as relevant factors for an impaired immune response
which likely affect our results, but also reflect the CLL pa-
tient population well.

In conclusion, we demonstrate an inferior T-cell response
to COVID-19 vaccines in CLL patients as compared to HC,
but possibly higher capacity in those patients to boost
such response by V3 COVID-19. While the ideal primeboost
regime is yet to determine, our data encourage to evaluate
heterologous immunization by clinical trials in CLL pa-
tients.
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