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Omicron neutralising
antibodies after third
COVID-19 vaccine dose
in patients with cancer

Patients with cancer are at greater risk
of severe COVID-19 and have been
prioritised for COVID-19 vaccination
globally. We previously showed that
following two doses of COVID-19
vaccines, neutralising antibody
(nAb) responses against the B.1.1.7
(alpha), B.1.351 (beta), and B.1.617.2
(delta) variants of concern (VOCs)
are decreased compared to the wild
type (WT) SARS-CoV-2, particularly
in patients with blood cancer." More
recently, we reported that following a
third vaccine dose, nAb responses to
these VOCs increase in most patients
with cancer, including those with no
or waning response following two
vaccine doses.” Since November,
2021, the B.1.1.529 (omicron) VOC
has rapidly become the dominant
SARS-CoV-2 VOC globally. Omicron
partially evades vaccine-induced
immunity,® but a third vaccine dose
increases omicron nAb responses
in the general population.*®
Comparable data in patients with
cancer are lacking, leaving patients
and cancer physicians without
the means to calibrate infection
risk” while maintaining necessary
cancer treatments. We used live-
virus micro-neutralisation assays
to evaluate response to omicron
following three doses of COVID-19
vaccine in participants of the
CAPTURE study (NCT03226886), a
prospective, longitudinal cohort of
patients with cancer.

We evaluated 199 patients with
cancer, 115 (58%) of whom had
solid cancer and 84 (42%) blood
cancer, all of whom received a third
dose of BNT162b2 (appendix p 1)
after two doses of either BNT162b2
(33%) or ChAdOx1 (67%). A matched
sample obtained before the third
dose was also evaluated in 179 of
199 patients (100 of 115 patients
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with solid cancer; 79 of 84 with blood
cancer). The median time between the
second and third doses was 176 days
(IQR 166-188). 23 of 199 patients had
a history of SARS-CoV-2 infection, all
before the second vaccine dose, and
none with omicron. nAb titres (nAbT)
against delta and omicron were
measured at a median of 11 days (IQR
0-78) before and 23 days (19-29) after
the third vaccine dose. As described
previously for this assay, nAbT was
categorised as undetectable (<40, the
lower limit of detection) or detectable
(>40).49

Among the 100 patients with solid
cancer, after two vaccine doses, nAbT
against omicron was detectable in
37 (37%) patients (appendix p 4),
whereas nAbT against delta was
detectable in 56 (56%) patients
(McNemar test, p=0-0002) and
nAbT against WT SARS-CoV-2 was
detectable in 97 (97%) patients
(p<0-0001).> Among the 115 patients
with solid cancer who had a third
vaccine dose, nAbT against omicron
was detectable in 104 (90%) patients,
whereas nAbT against delta was
detectable in 112 (97%) patients
(p=0-013), and nAbT against WT
SARS-CoV-2 was detectable in
114 (99%) patients (p=0-0044).”

Among 79 patients with blood
cancer, after two vaccine doses,
nAbT against omicron was detectable
in 15 (19%) patients (appendix
p 4), whereas nAbT against delta
was detectable in 31 (39%) patients
(McNemar test, p=0-0002) and
nAbT against WT SARS-CoV-2 was
detectable in 31 (89%) patients
(p<0.0001).> Among the 84 patients
who received a third vaccine dose,
nAbs against omicron was detectable
in 47 (56%) patients, whereas
nAbT against delta was detectable
in 60 (71%) patients (p=0.0009),
and nAbT against WT SARS-CoV-2
was detectable in 72 (86%)
patients (p<0-0001).” Considering
the 64 of 79 patients with blood
cancer who had undetectable nAbT
against omicron after two vaccine

doses, 29 (45%) developed nAbs
against omicron after the third dose,
indicating effective boosting in many
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correlated with nAbT against WT
SARS-CoV-2 and delta (appendix p 4)
but were consistently lower.

Overall, our data from patients
with cancer highlight the higher
immune evasive capacity of omicron
than delta, which is consistent with
the observations in the general
population. We found that a third
vaccine dose boosted the neutralising
response against omicron in patients
with cancer, but the effect was
blunted in patients with blood cancer
compared to those with solid cancer.

Multivariable logistic regression
analysis (appendix p 3) confirmed that
after three doses, detectable nAbT
against omicron was significantly
associated with cancer type (solid
vs blood cancer odds ratio [OR] 7-51
[95% Cl 4-05-14-63], p<0-001) but
not age, sex, or the vaccine type
administered as first and second dose
(BNT162b2 vs ChAdOx1).

In a separate multivariable logistic
regression analysis, we considered
only patients with blood cancer.
Treatment with anti-CD20 monoclonal
antibodies within 12 months, and
Bruton’s tyrosine kinase inhibitors
(BTKi) within 28 days of the third
vaccine dose was significantly
associated with undetectable
nAbT against omicron (OR 0-04
[95% Cl 0-003-0-21], p=0-0074. None
of ten patients who received anti-CD20
and one of five patients who received
BTKi had detectable nAbT against
omicron following three vaccine
doses. The presence of progressive
disease versus complete response
following the most recent anticancer
treatment was also significantly
associated with undetectable nAbT
against omicron (OR 0-08 [95% Cl
0-01-0-46], p=0-027). Blood cancer
subtype, vaccine type administered as
first and second dose, and age were not
significantly associated with detectable
nAbT against omicron.

https://doi.org/10.1016/
S0140-6736(22)00147-7
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For UK guidance on booster
vaccine see https://www.nhs.uk/
conditions/coronavirus-
covid-19/coronavirus-
vaccination/
coronavirus-booster-vaccine/
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Finally, we evaluated omicron
nAbT in four patients with a history
of breakthrough delta infection
after two vaccine doses. The time
from the second vaccine dose to
infection ranged from 112 to 176 days.
COVID-19 symptoms were mild (n=3
patients, WHO COVID-19 severity
index 2-3, including fever [n=2],
coryza [n=2], cough [n=2]), and one
patient was asymptomatic. None of
the patients had detectable nAbT
against omicron or delta®) before
infection. Following infection,
all patients developed detectable
nAbT against omicron (as well as
delta®, appendix p 5), suggesting
that two vaccine doses and a third
antigenic challenge via delta infection
can lead to a functional immune
response against omicron.®

There are limitations to our study.
Additional subgroup analyses were
limited by the heterogeneity and
size of the blood cancer cohort and
will require more patients. The exact
correlates of immune protection
against VOC remain undefined;
however, multiple studies have
shown that higher nAbT correlate
with reduced risk of symptomatic
infection.?*** Finally, we did not
evaluate vaccine-induced cellular
responses to omicron as we had for
other VOCs.2 We note that emerging
reports suggest T-cell responses
against omicron remain comparable
to ancestral variants in the general
population without cancer.:>*3

In conclusion, we show that most
of the patients with cancer in the
CAPTURE cohort lacked detectable
nAbT against omicron following
two vaccine doses, independent
of the vaccine type. A third dose of
BNT162b2 resulted in a significant
increase in patients with nAbT against
omicron. Whereas only a few patients
with solid cancer lacked nAbT against
omicron after three vaccine doses,
a substantial proportion of patients
with blood cancer, especially those
on B-cell-depleting therapies or with
progressive cancer, did not mount

a detectable response. We previously
showed that T-cell responses against
delta are detected in patients with
cancer even in the absence of humoral
response.” T cells probably continue
to offer a degree of protection against
severe COVID-19, and we note that
ancestral SARS-CoV-2-specific T cells
cross-recognise omicron.”” Given
the high transmissibility and current
prevalence of omicron, continued
mask-wearing, physical distancing, and
vaccination of close contacts will be
crucial to protecting patients with blood
cancer. Further, early treatment with
neutralising monoclonal antibodies® or
antivirals might be beneficial and are
being deployed to vulnerable patient
groups in the UK.** The incremental
benefit of a third vaccine dose in
boosting nAb responses in patients
with blood cancer lends support for a
fourth dose in this population, as per
UK guidance at the time of writing.
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COVID-19 booster doses
in pregnancy and global
vaccine equity

Immunisation against SARS-CoV-2
with mRNA vaccines remains the
most effective way of preventing
COVID-19-related morbidity and
mortality. Medium-term data
show that the efficacy of mRNA
vaccination (two doses) is robust for
up to 5-6 months, as supported by
immunogenicity studies. Thereafter,
the effectiveness of mRNA vaccines
diminishes, and booster doses have
been recommended for various
high-risk groups. In 2021, the
American College of Obstetricians
and Gynecologists recommended
booster doses for pregnant and post-
partum women on the basis of their
increased risk of COVID-19-related

complications.? However, data on the
durability of immune response in
pregnant women are scarce.

Barda and colleagues reported
the effectiveness of booster mRNA
vaccines in a large population
study from Israel.* A booster dose
administered at least 5 months
after the second dose significantly
reduced the rate of new COVID-19
infections, hospital admissions,
and severe infections in a cohort of
1158269 individuals with a median
follow-up time of 2 weeks. Based on
these results, the number-needed-to-
boost (NNB) to prevent one excess
case of hospital admission was lower
than the NNB to prevent severe
COVID-19 (table). However, for each
of these outcomes, NNBs were about
20 times higher in those younger
than 40 years, and 10-25 times higher
in those without comorbidities,
reflecting much lower absolute
complication rates. Although these
NNB estimates to prevent severe
COVID-19 might be an overestimate
for pregnant women, who have a
two to three times increased risk of
severe COVID-19 (compared with
other women of reproductive age),
even halving these NNBs based
on age would mean that more
than 10000 booster doses would
be required to prevent one case of
hospitalisation or severe COVID-19
in pregnancy when administered
5 months after the second dose. The
actual NNB to prevent hospitalisation

Hospital admissions Severe COVID-19
Excess cases Number-needed-  Excess cases Number-needed-
without boosters  to-boost to without boosters  to-boost to
(per 100 000) prevent one case (per 100 000) prevent one case
By age, years
16-39 4-9 20408 2.5 40000
40-69 967 1034 54-4 1838
By comorbidity
Without existing 119 8403 31 32258
comorbidities
One to two 1019 981 78-8 1269
comorbidities
Table: Rate of breakthrough cases without boosters and number-needed-to-boost to prevent one
case, by age and comorbidity*
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