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Impaired antibody response to COVID-19 vaccination in
patients with chronic myeloid neoplasms

The COVID-19 pandemic has had a severe impact on people
with blood cancers. Patients with blood cancer are at an
increased risk of poor outcomes after COVID-19 infection,
with more severe infections and a higher case fatality rate,'
which may reflect immunocompromise due to their underlying
disease and/or immunosuppressive treatments. As a result, reg-
ulatory approval and the subsequent rapid roll out of COVID-
19 vaccines has been extremely well received by the blood can-
cer community. However, the registry trials of the currently
approved vaccines largely excluded patients with blood cancers.
Immune responses in this diverse group therefore require
urgent study to ensure that these vulnerable patients are ade-
quately protected from severe COVID-19 infection.

A recent study demonstrated substantially reduced sero-
conversion rates post-COVID-19 vaccination in oncology
patients, when compared to healthcare worker (HCW) con-
trols, following a single dose of the Pfizer-BioNTech
BNT162b2 vaccine. Response rates were >90% in HCWs but
<40% in patients with solid cancers, and strikingly low
(<15%) in the 56 patients studied with haematological malig-
nancy.* Impaired immunity and reduced seroconversion are
unsurprising in a heavily treated patient group, those with
aggressive disease, marked cytopenias, and those with B-cell
neoplasms. This study only included three patients with
myelodysplastic syndrome (MDS)/myeloproliferative neo-
plasms (MPNs) and myelofibrosis (MF) and none with
chronic myeloid leukaemia (CML). Responses in patients
with chronic myeloid neoplasms, many of whom are mini-
mally treated and have normal or only mildly deranged
blood counts, might be expected to be less severely impaired,
and therefore warrant specific study.

We therefore sought to gather real-world data by measur-
ing anti-SARS-CoV-2 IgG spike (S) antibody levels, more
than two weeks following a single dose of either BNT162b2
or the AstraZeneca-Oxford ChAdOx1 nCoV-19 (AZD1222)
vaccines in patients with CML, essential thrombocythemia
(ET), polycythaemia vera (PV), MF and MDS attending the
Churchill Hospital Myeloid Clinic, Oxford University Hospi-
tal, UK. Patients with clinical or laboratory evidence of prior
COVID-19 infection were excluded from the study. As part
of routine clinical blood sampling, quantitative anti-S anti-
body titres were measured using the EU compliant (CE-
marked) Abbott SARS-CoV-2 IgG II Quant Assay (Maiden-
head, UK) (positive threshold: > 50 AU/ml) and anti-nucleo-
capsid (N) antibodies (indicative of past infection) were
measured using the Abbott SARS-CoV-2 IgG assay. Leuco-
cyte immunophenotyping (T/B/NK cell subsets) and serology

to other previous immunizations (tetanus and pneumococ-
cus) were also measured. Deidentified data on HCWs was
used as a comparative cohort, obtained from the Infections
in Oxfordshire Research Database (Research Ethics Commit-
tee, Health Research Authority and Confidentiality Advisory
Group approvals: 19/SC/0403, 19/CAG/0144).

Between Ist January and 30 April 2021, samples were col-
lected on 60 myeloid cancer patients with no prior clinical or
laboratory evidence of prior COVID-19 infection (CML,
n = 12; ET, n = 17; MF/pre-fibrotic MF, n = 7; PV, n = 11
and MDS, n = 13; Table I). One patient with ET (ID 19)
was subsequently found to have anti-N antibodies indicative
of past COVID-19 infection, and was therefore excluded
from further analysis. The median age of the cohort was 62
[interquartile range (IQR) = 52-73], with a similar number
being male (n = 27) and female (n = 32). The majority were
of white ethnicity, reflecting the local patient population.
Seventy-one percent (42/59 patients) were on active thera-
pies, including hydroxycarbamide (n = 11), pegylated inter-
feron (n = 8), ruxolitinib (n = 4), hydroxycarbamide and
ruxolitinib (n = 1), BET inhibitor (n=1) and tyrosine
kinase inhibitors (TKI; imatinib n = 6; dasatinib n = 2; nilo-
tinib # = 2; bosutinib # = 2). MDS patients were receiving
azacitidine (n = 3), erythropoietin (n = 3) or an IDHI inhi-
bitor (n = 1). Twenty-nine percent of patients (17/59) were
not receiving any cytoreductive treatments or TKI. The med-
ian interval between vaccination and anti-S antibody mea-
surement was 34 days (IQR 28-56).

Serological responses >14 days after a single dose of
BNT162b2 or AZD1222 vaccine in HCWs (i.e. predominately
healthy adults) with no clinical or laboratory evidence of past
COVID-19 exposure have been reported at almost 100%
(2706/2720 [99-5%)] after BNT162b2 and 864/890 [97-1%]
following AZD1222).> As a comparative control group for
our patient cohort, we collated the serological responses from
a large cohort of 232 HCWs aged >60 years [median age 62
(range 60-76)]. In HCWs of a comparable age to our patient
cohort, seroconversion rates were also extremely high [166/
169 (98%) and 58/63 (92%) for BNT162b2 and AZD1222
respectively], >14 days following the first vaccine dose
(Fig 1A,B).

In stark contrast, seroconversion measured using the same
anti-S antibody assay >14 days after a single vaccination dose
in patients with chronic myeloid blood cancers was only
58%, significantly lower than in HCWs of similar age [224/
232 (97%) HCW vs 34/59 (58%) patients; P < 0-0001;
Fig. 1A]. The median anti-S antibody titre was also
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Fig 1. Seroconversion of patients with chronic myeloid neoplasms compared to controls post a single COVID-19 vaccination. (A) Percentage of
patients with a chronic myeloid malignancy (n = 59) versus healthcare worker (HCW) controls (n = 232) of a similar age (>60 years), with posi-
tive anti-spike (anti-S) serology and no evidence of past COVID-19 infection [224/232 (97%) HCW vs 34/59 (58%) patients; P < 0-0001]. (B)
Median anti-S titre (AU/ml) after a single dose of vaccine in HCWs aged >60 years and in patients with a chronic myeloid malignancy {HCWs
630 [interquartile range (IQR) 2841 328] vs. myeloid 75 (IQR 19-328); P < 0-0001}. (C) Percentage patients with positive anti-S serology
according to disease subtype: chronic myeloid leukaemia (9/12 = 75%), essential thrombocythemia (ET 10/16 = 63%), polycythaemia vera (PV 4/
11 = 46%), myelofibrosis (MF 3/6 = 50%) and myelodysplastic syndrome (MDS 6/13 = 46%). (D) Percentage patients with positive anti-S serol-
ogy according to vaccine received (AZD1222 19/31 [59%] vs. BNT162b 212/21 [55%]; P = 0-79). Mann—Whitney U and Fisher’s exact test were
used for statistical comparisons of continuous and categorical variables respectively. [Colour figure can be viewed at wileyonlinelibrary.com]

significantly lower [630 (IQR 284-1328) vs 75 (IQR 19-328);
P < 0-0001; Fig 1B].

When split into disease subgroups, seroconversion was
highest in patients with CML (75%; Fig. 1C), and observed
in 5/6 (83%) of CML patients receiving imatinib (Table I).
There was no difference in seroconversion according to
which vaccine was received [22/37 (59%) and 12/22 (55%);
P=079] for AZDI1222 and BNT162b2 respectively
(Fig. 1D). While robust interrogation of responses according
to treatment regimens was limited by the cohort size, highest
response rates (88%, or 7/8 patients) were observed in MPN

patients receiving pegylated interferon, but none of the four
patients receiving ruxolitinib (MF n=1; ET n=1; PV
n=2) and only 36% receiving hydroxycarbamide (4/11
patients; PV n = 5; ET n = 6) had positive anti-S serology
following the first dose of COVID-19 vaccination (Table I).
Only 65% (11/17) of patients not receiving any cytoreductive
therapy or TKI seroconverted.

There was no difference in the median time from vaccine
to anti-S testing in the patients with positive anti-S antibod-
ies compared to those without [positive anti-S: median
34-5 days (IQR 28-56); negative anti-S median 32 days (IQR
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23-5-62-5)], suggesting that the lower rate of seroconversion
in the patients with myeloid neoplasms compared to the
HCWs was not due to a decline in antibody levels over time.

Tetanus and pneumococcal serology were available for 27
patients and demonstrated immunity in all but one patient.
In addition to a complete blood count differential, detailed
lymphocyte subset analysis by flow cytometry was performed
in 39/59 patients, of whom 15% (6/39) were lymphopenic
(lymphocyte count <1-0 x 10°/1). Among the lymphopenic
patients, 4/6 had a reduction in both absolute CD19 and
CD3 cell counts (Table SI). No association was found
between absolute lymphocyte count and anti-S seroconver-
sion [positive anti-S: median lymphocyte count 1-74 x 10°/1
(IQR 1-46-2.2); negative anti-S median lymphocyte count
1-5 x 10°/1 (IQR 1-1-1.8)].

There is a clear need to protect patients with haemato-
logical disorders from COVID-19 infection and its compli-
cations, and to design effective vaccination programmes.
This analysis demonstrates that seroconversion rates in
patients with chronic myeloid neoplasms are higher than
those reported in more aggressive blood neoplasms or those
on intensive treatments,® or studies in patients with B-cell
neoplasms.®” We observed here reasonably high seroconver-
sion rates following a single vaccine dose in patients with
CML and in MPN patients receiving interferon, but
humoral responses in certain MPN and MDS patients, espe-
cially those in patients receiving ruxolitinib and hydroxycar-
bamide, were found to be substantially impaired as
compared to responses in healthy adults of a similar age
group. T-cell-mediated immunity was not assessed, which
may have slightly underestimated the functional response
rates to vaccination. Nonetheless, these findings clearly
demonstrate an impairment of humoral response. The
mechanism for this is not yet known, but is suggestive of
both disease- and treatment-mediated immune dysfunction.
Although our data show almost ubiquitous presence of
anti-tetanus and pneumococcus antibodies, previous studies
in patients with MPNs have also suggested reduced B- and
T-cell-mediated immune responses following vaccination
against influenza A strains.®®

The poor seroconversion rates in a group of patients with
chronic blood cancers, including those who are not on
cytoreductive treatments, those who are in complete haema-
tological remission or major molecular response, suggest a
clear need for detailed study and careful interrogation of
COVID-19 vaccination regimens in potentially vulnerable

patient groups.'®!!

Further study with longer-term follow-up
is required to determine responses to booster vaccine doses,
and whether the observation of reduced seroconversion fol-
lowing first vaccine dose will be associated with higher rates
of COVID-19 infection. While it is expected that a higher
proportion of patients will respond following booster vaccine
doses, the suboptimal responses observed here to the first
vaccine dose highlight an unexpected and potentially impor-
tant immunocompromise in this patient group, which will

be informative for planning our ongoing response to this
evolving pandemic.
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