UNIVERSITYOF
BIRMINGHAM

iversit}/]of iIrmingham
esearch at Birmingham

COVID-19 vaccines elicit robust cellular immunity
and clinical protection in chronic lymphocytic
leukemia

Parry, Helen; Bruton, Rachel; Roberts, Thomas; Mcilroy, Graham; Damery, Sarah; Sylla,
Panagiota; Dowell, Alexander C.; Tut, Gokhan; Lancaster, Tara; Bone, David; Willett, Brian;
Logan, Nicola; Scott, Sam; Hulme, Sam; Jadir, Azar; Amin, Umayr; Nicol, Sam; Stephens,
Christine; Faustini, Sian; Al-taei, Saly

DOI:
10.1016/j.ccell.2022.05.001

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Peer reviewed version

Citation for published version (Harvard):

Parry, H, Bruton, R, Roberts, T, Mcilroy, G, Damery, S, Sylla, P, Dowell, AC, Tut, G, Lancaster, T, Bone, D,
Willett, B, Logan, N, Scott, S, Hulme, S, Jadir, A, Amin, U, Nicol, S, Stephens, C, Faustini, S, Al-taei, S, Richter,
A, Blakeway, D, Verma, K, Margielewska-davies, S, Pearce, H, Pratt, G, Zuo, J, Paneesha, S & Moss, P 2022,
'‘COVID-19 vaccines elicit robust cellular immunity and clinical protection in chronic lymphocytic leukemia’,
Cancer Cell, vol. 40, no. 6, pp. 584-586. https://doi.org/10.1016/j.ccell.2022.05.001

Link to publication on Research at Birmingham portal

General rights

Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

*Users may freely distribute the URL that is used to identify this publication.

*Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.

*User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
*Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 27. Apr. 2024


https://doi.org/10.1016/j.ccell.2022.05.001
https://doi.org/10.1016/j.ccell.2022.05.001
https://birmingham.elsevierpure.com/en/publications/dd4e9702-d943-4ca4-a802-5ecbdc8aaf3d

COVID-19 vaccines elicit strong cellular immunity and robust clinical
protection in CLL

Helen Parry'2, Rachel Bruton’, Thomas Roberts'!, Graham Mcllroy?3, Sarah Damery?,
Panagiota Sylla’, Alexander C. Dowell', Gokhan Tut'!, Tara Lancaster’, David Bone', Brian
Willett®, Nicola Logan®, Sam Scott®, Sam Hulme', Azar Jadir', Umayr Amin', Sam Nicol’,
Christine Stephens, Sian Faustini!, Saly Al-Taei', Alex Richter’-2, Daniel Blakeway", Kriti
Verma', Sandra Margielewska-Davies', Hayden Pearce’, Guy Pratt?, Jianmin Zuo',
Shankara Paneesha?, Paul Moss'-?*

1. Institute of Immunology and Immunotherapy, University of Birmingham, Birmingham. B15
2TT, UK

2. University Hospitals Birmingham NHS Foundation Trust, Birmingham. B15 2GW, UK

3. Institute of Cancer and Genomic Sciences, University of Birmingham, Birmingham B15
2TT, UK

4. Institute of Applied Health Research, University of Birmingham, Birmingham, B15 2TT,
UK

5. MRC-University of Glasgow Centre for Virus Research, University of Glasgow, Glasgow
G61 1QH, UK

*Correspondence: p.moss@bham.ac.uk




B cell chronic lymphocytic leukaemia (CLL) is the most common subtype of adult leukaemia
and is associated with profound secondary immunodeficiency. SARS-CoV-2 infection has
been a significant cause of morbidity and mortality (Mato et al., 2020; Pagano et al., 2021)
and immunological responses against SARS-CoV-2 vaccines are impaired (Fendler et al.,
2021) in patients with CLL. In particular, reduced rates of seroconversion and antibody titre
have been reported (Parry et al., 2021; Greenberger et al., 2021; Herishanu et al., 2022)
and associate with reduced serum immunoglobulin level or use of medication such as Bruton
tyrosine kinase inhibitors or anti-CD20 antibodies (Parry et al., 2021; Herishanu et al., 2022).
However, questions regarding optimal immune protection remain unresolved including the
potential for additional vaccine doses to increase seroconversion rate, potential humoral and
cellular immune protection against Omicron, and the impact of vaccine delivery on

breakthrough infection rate and clinical outcome.

We determined antibody and cellular immune responses after 3" and 4" vaccine dose in
participants of the CLL-VR study together with age-matched healthy donor controls (n=93).
Blood samples were taken from 404 patients at a median time of 20 days following 3™ dose,
of which 161 (40%) had received the BNT162b2 vaccine (Pfizer/BioNTech) as primary
series and 243 (60%) had received the ChAdOx1 vaccine (Oxford/AstraZeneca). Aimost all
patients (393/404) received an mRNA vaccine for 3 dose (375: BNT162b2; 18: mRNA-
1273). Samples were also collected from 186 patients following the 4™ vaccine dose (Table
S1). Patients with clinical or serological evidence of prior natural SARS-CoV-2 infection were

excluded from analysis.

Spike-specific antibody responses have previously been reported to develop in 66%
(322/486) of patients within the CLL-VR study following the first 2 vaccine doses compared
to 100% of controls (Parry et al., 2021). This response rate improved to 80% following the
3" vaccine dose (298/374) (p<0.0001) (Figure S1A). Analysis of vaccine subtype received
during the first 2 doses showed no difference in seroconversion rate following a
heterologous or homologous 3™ dose (ChAdOx1/mRNA response rate 81% [187/230] vs.
BNT162b2/mRNA response rate 77% [111/144], p=0.28).

However, the seroconversion rate was not increased further after a 4" vaccine (77%;
132/171) indicating that the proportion of patients who develop a spike-specific antibody
response following COVID-19 vaccination plateaus after the 3™ vaccine (Figure S1A). Three

seronegative patients became available for study following a breakthrough infection and



natural infection also failed to generate spike-specific antibodies, indicating that
seronegative patient subgroup are broadly refractory to seroconversion. Regardless of
vaccine dose number, a low serum IgM, current BTKi therapy or imminent planned treatment
were independent predictors of poor response with an 81% (p=0.003), 90% (p=0.021) and
96% (p=0.027) reduction in probability of response respectively after the 4™ dose.

In those patients with a positive antibody response following vaccination, titers increased by
4.5-fold after the 3™ vaccine dose (Geometric mean [GM] 404 AU/ml [95% CI 311-526]
vs.1820 AU/mI [95% CI 1340-2480], p<0.0001) and became comparable to values seen
within healthy controls following primary series dual vaccination (GM 2317 [95% CI 1191-
4508] AU/ml) (Figure S1B). No difference in antibody titer was observed following
heterologous or homologous vaccination (ChAdOx1/mRNA GM 2580 [95% CI 1150-5780]
vs BNT162b2/mRNA: 1830 [95% CI 526-6340], p=0.72).

Cellular responses were initially assessed by IFNy-QuantiFERON after second (n=19) and
third vaccine dose (n=70). These were robust and comparable with values seen in control
donors after two vaccine doses (CLL: 2 doses: 0.25 [IQR 0.08-0.46] 1U/ml; 3 doses: 0.15
[IQR 0.03-0.3] IU/ml vs. controls: 2 doses: 0.14 [IQR 0.06-0.36] IU/ml) (Figure S1C).
Response was found to be markedly higher after 3™ dose in patients who had a heterologous
vaccine course (ChAdOx1/mRNA 0.22 [IQR 0.06- 0.55] 1U/ml vs mMRNA/mRNA 0.04 [IQR
0.02-0.25] IU/ml; p=0.009).

We next assessed the quality of humoral and cellular vaccine-induced immunity against the
Omicron variant that has become globally dominant since its original description in
November 2021. Neutralising antibody titers after 3rd vaccine dose were markedly reduced
against Omicron compared to ancestral variant but were equivalent in patients and controls
(ancestral: CLL GM 1780 [95% CI 969-3280] U/ml vs controls 2600 [95% CI 1423- 4738]
U/ml; Omicron: CLL 122 [95% CI 88-170] vs controls 215 U/ml [95% CI 99-465]) (Figure
S1D). In contrast, ELISpot analysis of peptide specific pools for ancestral and Omicron
showed no difference in the magnitude of the cellular responses amongst vaccinated CLL
patients, with a median 246 SFC/10° PBMC (IQR 85-679) against ancestral peptides
compared to 238 SFC/10° against Omicron peptides (IQR 71-725; p=0.33) (Figure S1E). As
such, vaccine-induced cellular responses in patients with CLL may provide strong cross-

protection against the Omicron variant.



Clinical data on breakthrough infection were collected from the whole cohort on 21 February,
2022. At that point, 491 participants remained in study (7 participants had withdrawn and 2
participants had non-COVID-related mortality). Data were obtained on 486 participants
(99%) and the remaining 5 were confirmed to be alive. 79/486 (16%) reported a confirmed
COVID-19 infection at least once since vaccination. A further 8 donors were found to be
nucleocapsid-specific antibody positive without a history of infection and together 18%
(87/486) of participants suffered SARS-CoV-2 breakthrough infection.

We next obtained information on breakthrough infection to assess if correlates of protection
might be observed within the CLL-VR cohort. 66 of 486 patients (14%) reported a COVID-
19 infection during the 14 months since the first vaccine dose was administered, of which 3
also had a reinfection. 5 infections (7.6%) occurred between January-June 2021 when the
Alpha variant was dominant, 22 (33%) between July-December 2021 during the Delta wave
and 39 cases (59%) in the last 3 months during Omicron transmission. The proportion of
patients requiring hospitalisation during these three phases was 20% (1/5), 32% (7/22) and
7.7% (3/39), respectively (Figure S1F).

Somewhat unexpectedly, patients who were seropositive after the second dose showed a
79% increase in infection rate (n=471; HR 1.79 [95% CI 1.0-3.1]; p=0.046) during median
follow up time of 46 (IQR 43-54) weeks. Younger age (p=0.001) and low total serum IgM
(p=0.03) were independent predictors for breakthrough infection by multivariate analysis.

These findings reveal the utility and limitations of current COVID-19 vaccines in patients with
CLL. Although 3 vaccine doses increase the rate of seroconversion to 80%, it represents a
plateau that is not overcome by further vaccine doses or natural infection. As a result, 20%
of patients continue to lack any detectable anti-spike response, reflecting the inherent
immunodeficiency of CLL and the immunosuppressive impact of CLL-directed therapy.
Indeed, hypogammaglobulinaemia and BTKi therapy were also associated with failure of
seroconversion in patients following breakthrough infection. This patient group appear
resistant to improvement in humoural immunity and require alternative approaches for

immune protection, such as prophylactic monoclonal antibody treatment.

However, there were also encouraging findings. Antibody titres after 3 vaccine doses in
those patients who did develop an antibody response were comparable with those seen in

healthy donors after primary series vaccination. Furthermore, cellular immune responses



were also comparable. Homologous and heterologous vaccination protocols elicited
comparable humoral responses although cellular immunity was stronger following ChAdOx1
primary series. A similar finding has been reported in healthy donors and patients with other
hematologic malignancies, and suggests that adenoviral-based vaccines may be particularly
effective in generating cellular immunity in patients with immune suppression (Collier et al.,
2021; Lim et al., 2022). Furthermore, we found neutralization of Omicron was low, although
values were broadly equivalent in both CLL participants and controls following a third
vaccine dose, whereas cellular responses against Omicron were equivalent to those seen

against the ancestral strain amongst vaccinated CLL patients.

The most important consideration in SARS-CoV-2 vaccination is clinical efficacy. Vaccine
breakthrough infection occurred in 14% of patients but encouragingly there were no COVID-
19-related deaths in this cohort that were recruited at the time of the vaccination roll out.
The observed increased risk of infection in seropositive patients is thought likely to reflect
differences in social behaviour and population mixing as this group was younger than the
group that remained seronegative. However, this observation emphasizes that definition of
an immune correlate of protection will be challenging in patients with immune suppression
and indicates a need for caution in predicting individual infection risk on the basis of antibody
status in the clinic. Hospitalisation rates were high, at 32% for the pre-Omicron variants
although falling to 7.7% during the Omicron wave. Monoclonal antibody therapy became
available in the community in December 2021 and may have contributed to the reduced rate
of hospitalisation, although only 36% of those testing positive during the same period

received therapy.

In conclusion, SARS-CoV-2 vaccines are currently providing robust clinical protection for
patients with CLL but approximately 20% of patients are refractory to seroconversion and
are at increased risk of infection. In contrast, cellular responses after vaccination are

comparable with healthy donors and may be critical for preventing severe disease.
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Supplemental Figure S1. COVID-19vaccinees elicit robust cellular immunity and
clinical protection in CLL.

A. Proportion of CLL participants who developed a positive antibody response following 15t (n=267),
2" (n=486), 3™ (n=374) and 4" (n=171) vaccine dose compared to healthy donors following 1st
(n=93), 2nd (n=93) and 3rd dose (n=9). Participants with evidence of natural infection were excluded
from analysis. B. Spike-specific antibody titer in participants with a positive antibody response
following 2" dose (n=257) compared to controls (n=85) (p<0.0001), and in CLL participants following
3 dose (n=54) (p<0.0001) (Post hoc Dunn analysis). Cut-off for positive response is indicated by
dotted line (GM and 95% CI shown). C. IFNy concentration following whole blood overnight
stimulation with SARS-CoV-2 peptide pools is shown in CLL participants after 2@ (n=19) and 3™
vaccine doses (n=70) and controls (n=61) following 2" dose (median and IQR shown). D. ND50
neutralising antibody titers against viral pseudotypes bearing ancestral, Delta and Omicron spike
glycoproteins following 3™ vaccine dose from age-matched controls (n=9) and participants with CLL
(n=37) (post hoc Dunn for Delta p= 0.03) (GM and 95% CI shown). E. IFN-y ELISpot assay following
3" vaccine dose in infection-naive CLL patients following peptide stimulation with either ancestral or
Omicron peptide pools (p=0.33) (Wilcoxon) (Median and IQR shown) (n=14). F. Bar chart to show
the number and timing of breakthrough infections since first vaccine dose (n=66). Colors indicate
dominant viral variants over the sample period. The proportion of infected participants who required

hospitalisation is shown by the black line.



Supplementary Table S1. Patient demographics by vaccine dose

post 2nd Post 3rd post 4th
vaccine vaccine vaccine

Number of patients 500 404 186
Age (years) Median 67 67 68

IQR 60 to 72 62to 73 63 to 72

Range 39to 89 40to 89 45 to 84
Sex Men 267 (53%) | 216 (54%) | 102 (55%)

Women 233 (47%) 188 (46%) | 84 (45%)
Vaccine received (first two doses) BNT162b2 204 (41%) 161 (40%) | 71 (38%)

ChAdOx1 296 (59%) | 243 (60%) | 115 (62%)
Vaccine received (third dose) BNT162b2 375 (93%)

MRNA1273 18 (5%)

NVX-Co02373 10 (3%)

ChAdOx1 1(0.2%)
Vaccine received (fourth dose) BNT162b2 150 (81%)

MRNA1273 36 (19%)
Time from vaccine dose to blood test (days) | Median 20 20 21

IQR 17 to0 29 17 to 27 17to 29

Range 4to0133 0to 163 0to 125
Time since CLL diagnosis (months) Median 73 77 75

IQR 34to0 133 36to 135 37to 124

Range 1to 408 1to 408 1to 373
CLL stage at diagnosis A 429 (86%) | 348 (86%) 158 (85%)

B 30 (6%) 21 (5%) 10 (5%)

C 41 (8%) 35 (9%) 18 (10%)
Previous treatment Watch and Wait 279 (56%) | 225 (56%) 102 (55%)

Treatment planned | 13 (3%) 10 (2%) 4 (2%)

1line 128 (26%) | 104 (26%) | 46 (25%)

2 lines 48 (10%) 40 (10%) 23 (12%)

3+ lines 32 (6%) 25 (6%) 11 (6%)
On BTKi 99 (20%) 82 (20%) 38 (20%)
On venetoclax 21 (4%) 18 (5%) 11 (6%)
Previous chemotherapy 143 (29%) | 117 (29%) | 56 (30%)
Previous anti-CD20 153 (31%) | 125(31%) | 61 (33%)
History of infection Frequent infections | 145 (29%) 114 (28%) | 59 (32%)

Hospitalisation with | 95 (19%) 72 (18%) 35 (17%)

infection
Prophylactic antibiotics 37 (7%) 31 (8%) 15 (8%)
IVIG 41 (8%) 33 (8%) 23 (12%)
Immunoglobulin deficiency Number 471 381 174

IgG (<6g/L) 236 (50%) | 188 (49%) | 97 (56%)

IgA (<0.8g/L) 232 (49%) | 189 (50%) | 88 (51%)

IgM (<0.5g/L) 177 (38%) | 136(36%) | 65 (37%)

*Patients on a delayed vaccine interval for first and second doses.




Supplementary methods

Study design and participants

Patients with a diagnosis of CLL or small lymphocytic leukaemia (SLL) were recruited to
study with no additional exclusion criteria. Informed consent was obtained by remote
consultation and work performed under the CIA UPH IRAS approval (REC 20\NW\0240)
from North-West and Preston ethics committee and conducted according to the Declaration
of Helsinki. The dates and type of SARS-CoV-2 vaccination were obtained with self-reported
information on stage and date of CLL diagnosis, CLL treatment and infection history as
previously described. Participant demographics can be found in Table S1.

Samples were obtained 2-3 weeks following the second, third and fourth dose of vaccination.
Local participants undertook phlebotomy whilst those more distant donated a dried blood
spot sample (DBS). 93 healthy donor controls were recruited from local primary care
networks (median age 73; (IQR 68-74.5); 56 were female (60%) and 59 received ChAdOx1
primary course and 34 received BNT162b2) .

Roche Elecsys® electrochemiluminescence immunoassay (ECLIA)

Using ECLIA, qualitative IgG/A/M Anti-nucleocapsid protein (NP) antibodies specific to
SARS-CoV-2 were detected (COV2, Product code: 09203079190); cut-off index value 21.0
considered positive for anti-nucleocapsid antibodies. Using the quantitative ECLIA assay,
anti-spike (S) receptor binding domain antibodies were detected (COV2 S, Product code
09289275190) with values =20.8 U/ml considered positive.

Dried blood spot ELISA analysis

Dried blood spot (DBS) analysis was carried out as previously described to ascertain the
sero-positive rate amongst donors (Cook et al., 2021). IgG, IgA and IgM antibody isotypes
against stabilised trimeric SARS-CoV-2 spike glycoprotein are reported with a positive result

classed as a ratio of 1 or more.

Serum Immunoglobulin concentration

Quantification of 1gG, IgA and IgM was evaluated using the COBAS 6000 (Roche) at the
University of Birmingham Clinical Immunology Service as previously described (Parry et al.,
2021).

Neutralization assays



HEK293, HEK293T and 293-ACE2 cells were maintained in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% foetal bovine serum, 200mM L-glutamine,
100pg/ml streptomycin and 100 IU/ml penicillin. HEK293T cells were transfected with the
appropriate SARS-CoV-2 spike gene expression vector in conjunction with lentiviral vectors
p8.91 and pCSFLW using polyethylenimine (PEI, Polysciences, Warrington, USA). HIV
(SARS-CoV-2) pseudotype-containing supernatants were harvested 48 hours post-
transfection, aliquoted and frozen at -80°C prior to use. The SARS-CoV-2 spike glycoprotein
expression constructs for ancestral Hu-1, B.1.617.2 and Omicron have been described
previously (Willett et al., 2022). The delta construct bore the following mutations relative to
the ancestral Hu-1 sequence (GenBank: MN908947): T19R, G142D, E156del, F157del,
R158G, L452R, T478K, D614G, P681R, D950N. 293-ACE2 target cells were maintained in
complete DMEM supplemented with 2ug/ml puromycin.

Neutralising activity in each sample was measured by a serial dilution approach. Each
sample was serially diluted in triplicate from 1:50 to 1:36,450 in complete DMEM prior to
incubation with approximately 1x10% CPS per well of HIV (SARS-CoV-2) pseudotypes,
incubated for 1 hour, and plated onto 239-ACE2 target cells. Luciferase activity was
quantified after 48-72 hours by the addition of Steadylite Plus chemiluminescence substrate
and analysis on a Perkin Elmer EnSight multimode plate reader (Perkin EImer, Beaconsfield,
UK). Antibody titer was then estimated by interpolating the point at which infectivity had been

reduced to 50% of the value for the ‘no serum’ control samples.

QuantiFERON assay

T cell responses were measured by QuantiFERON assay, using the QuantiFERON SARS-
CoV-2 assay (Catalogue 626715, QuantiFERON SARS-CoV-2 RUO, Qiagen). 1ml of whole
blood was added to the test tubes, including QuantiFERON Nil (negative control),
QuantiFERON Mitogen BCTs (positive control) and a QFN SARS CoV-2 Ag2 tube
containing epitopes from whole spike that simulate both CD4+ and CD8+ T cells. After 18hr
incubation, plasma was retrieved from each tube and an ELISA for IFN-y release performed
(Catalogue number 626410 QuanitFERON ELISA, Qiagen). The concentration of IFN-y in
IU/ml was confirmed after deduction of the QFN-SARS-CoV-2 Nil concentration.

ELISpot assay
250,000 PBMC were incubated overnight with peptide pools containing 15-mer peptides
overlapping by 10aa from SARS-CoV-2 spike S1 or S2 domains for either the ancestral



strain or the Omicron variant ( PepMix™ SARS-CoV-2 (Spike B.1.1.529 / Omicron)
Product Code: PM-SARS2-SMUT08-1

PepMix™ SARS-CoV-2 (Spike Glycoprotein) Product Code: PM-WCPV-S-2

JPT Peptide Technologies, Germany). T cell responses were determined using a Human
IFNy ELISpot PRO kit (3420-3PT Mabtech, Sweden) and plates read using the
Bioreader5000 (Bio-Sys, Germany)

Statistical analysis

For comparative analysis, Mann-Whitney U-tests or Spearman rank correlation were
performed and antibody data presented either as median or geometric means + 95%
confidence intervals. Kruskal-Wallis was performed with post-hoc Dunn’s analysis for
comparative groups and Wilcoxon’s matched-pairs signed rank test for paired responses.
Logistic regression of clinical variables was tested for associations with positive antibody
response after each vaccine dose. Chi-square analysis was used to compare proportions of
responders and Kaplan-Meier for time to first treatment with Gehan-Breslow-Wilcoxon test
reported. Analysis was performed using Graphpad prism v9.1.0 for Mac (San Diego,
California USA) and SPSS Statistics v27.0 for Windows (Armonk, NY: IBM Corp.)
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