British Journal of Cancer

ARTICLE

Clinical Studies

www.nature.com/bjc

W) Check for updates

Natural immunity to SARS-CoV-2 and breakthrough infections
in vaccinated and unvaccinated patients with cancer

Alessio Cortellini®’

Alessandra Gennari'® and David J. Pinato@®"'®

© The Author(s) 2022

2™ juan Aguilar-Company>*, Ramon Salazar®, Mark Bower®, Ailsa Sita-Lumsden’, Andrea Plaja®, Alvin J. X. Lee®,
Alexia Bertuzzi'®, Carlo Tondini'!, Nikolaos Diamantis'?, Clara Martinez-Vila'?, Aleix Prat

' Eleanor Apthorp'>,

BACKGROUND: Consolidated evidence suggests spontaneous immunity from SARS-CoV-2 is not durable, leading to the risk of
reinfection, especially in the context of newly emerging viral strains. In patients with cancer who survive COVID-19 prevalence and
severity of SARS-CoV-2 reinfections are unknown.

METHODS: We aimed to document natural history and outcome from SARS-CoV-2 reinfection in patients recruited to OnCovid
(NCT04393974), an active European registry enrolling consecutive patients with a history of solid or haematologic malignancy
diagnosed with COVID-19.

RESULTS: As of December 2021, out of 3108 eligible participants, 1806 COVID-19 survivors were subsequently followed at
participating institutions. Among them, 34 reinfections (1.9%) were reported after a median time of 152 days (range: 40-620) from
the first COVID-19 diagnosis, and with a median observation period from the second infection of 115 days (95% Cl: 27-196). Most of
the first infections were diagnosed in 2020 (27, 79.4%), while most of reinfections in 2021 (25, 73.5%). Haematological malignancies
were the most frequent primary tumour (12, 35%). Compared to first infections, second infections had lower prevalence of COVID-
19 symptoms (52.9% vs 91.2%, P =0.0008) and required less COVID-19-specific therapy (11.8% vs 50%, P = 0.0013). Overall, 11
patients (32.4%) and 3 (8.8%) were fully and partially vaccinated against SARS-CoV-2 before the second infection, respectively. The
14-day case fatality rate was 11.8%, with four death events, none of which among fully vaccinated patients.

CONCLUSION: This study shows that reinfections in COVID-19 survivors with cancer are possible and more common in patients
with haematological malignancies. Reinfections carry a 11% risk of mortality, which rises to 15% among unvaccinated patients,

highlighting the importance of universal vaccination of patients with cancer.
British Journal of Cancer (2022) 127:1787-1792; https://doi.org/10.1038/s41416-022-01952-x

INTRODUCTION

In the general population the seroconversion rate following
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
infection exceeds 95%, with clear evidence of neutralising
antibody response leading to protective immunity [1]. Whilst
anti-SARS-CoV-2 antibodies may not be an optimal predictive
correlate of protection from SARS-CoV-2, several studies have
shown a decline in neutralising antibody titres over time [2, 3]. In
addition, even though SARS-CoV-2 infection can elicit a potent,
antigen-specific memory T-cell response in the host [4], evidence
suggests that virus-specific CD4 +and CD8 + T cells may lose

protective capacity over time [5]. Waning immunity from SARS-
CoV-2 and the emergence of new viral strains with varying
capacity to escape immunity [6] are key immunologic mechanisms
explaining mounting cases of SARS-Cov-2 reinfections [7, 8]. Whilst
mechanisms underlying natural and vaccinal immunity are
different [9], the question of durability of protection is central to
vaccinal efficacy, having led to the recommendation to offer
“booster” doses in an attempt to prevent reinfection and adverse
consequences from it [10].

Patients with cancer are especially vulnerable from coronavirus
disease 2019 (COVID-19) [11], but similar degree of seroconversion
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Data lock 22/12/2021
3237 patients entered

Missing information about date of COVID-19 diagnosis
66 patients

Missing mortality outcome
63 patients

(diagnosed between the 27/02/2020 and the 30/11/2021)

Study population: 3108 patients

Died within 28 days after COVID-19 diagnosis
812 patients

Missing post-COVID-19 reassessment (mortality outcome available)
490 patients

v

Median post-COVID-19 observation period: 158 days (IQR: 28-321)

1806 post COVID-19 reassessed

v

34 patients with documented SARS-CoV-2 reinfections

Median interval between infections: 152 days (range: 40-620).

Fig. 1 Study flowchart. IQR interquartile range.

after recovery compared to the general population has been
reported from large real-world case series [12]. However, weaker
immune responses to the infection, with possible implications for
the risk of reinfection, are reported [13]. No reliable evidence
exists as to the prevalence and severity of SARS-CoV-2 reinfections
in patients with cancer. To address this gap in knowledge, we
interrogated the OnCovid study and described the natural course
and clinical outcome of SARS-CoV-2 breakthrough infections after
prior COVID-19 in our study population.

METHODS

OnCovid (NCT04393974) is an active European registry study that, since
the beginning of the pandemic, has collected data from consecutive
patients with a history of solid or haematologic malignancy diagnosed
with COVID-19. Patients’ observation time started from the date of first
SARS-CoV-2 infection confirmation until patient’ death or loss to follow-up.
Clinical information of patients who survived COVID-19 and were
subsequently followed at the participating institutions according to local
practice are regularly entered the registry in the context of the post-
COVID-19 follow-up analysis [14-16].

In the present analysis, we evaluated the prevalence and clinical
characteristics of SARS-CoV-2 breakthrough infections among COVID-19
survivors who underwent a formal clinical post-COVID-19 follow-up in the
study population.

By the data lock of 22nd of December 2021, the registry included 3237
consecutive patients from 37 institutions across six countries (UK, Italy,
Spain, France, Belgium and Germany), and included patients diagnosed
with COVID-19 between February 27, 2020 and November 30, 2021. A list
of the participating centres with eligible patients for this analysis is
provided in Supplementary Table 1.

We first described baseline demographics and oncological character-
istics of patients who experienced a second SARS-CoV-2 infection among
the study population. The vaccination status prior the first and the second
infection was also reported. COVID-19 sequelae stemming from the first
SARS-CoV-2 infection were also described in patients who underwent a
clinical assessment between the two infections. We compared COVID-19
symptoms and COVID-19 severity between the first and the second
infections. As measures of severity, we described proportions of COVID-19
complications, receipt of COVID-19-specific therapy, hospitalisation rates
and requirement for oxygen therapy. We established the all-cause case
fatality rate (CFR) at 14 days following the second infection as a measure of

COVID-19-related mortality, in an attempt of differentiating early (COVID-
19 related) from late (cancer-related) mortality as already done in with our
registry [17].

SARS-CoV-2 vaccination status prior to both infections were also
reported. Patients were categorised as fully vaccinated if they had
received two doses for the BNT162b2, mRNA-1273 and ChAdOx1-S
vaccines at least 14 days prior to COVID-19 diagnosis or in case of
infection diagnosed at least 28 days after a single dose of the Ad.26.COV2.S
vaccine. Patients who received at least one vaccination, without meeting
the above-mentioned criteria, were considered partially vaccinated. A
detailed description of study methodology is provided in Supplementary
Methods.

RESULTS

After the exclusion of 129 patients (66 due to missing date of
COVID-19 diagnosis, 63 due to missing mortality outcome), out of
3108 eligible participants, 1806 COVID-19 survivors were subse-
quently followed at participating institutions, with a median post-
COVID-19 observation period of 158 days (interquartile range:
28-321 days). Among the 1302 excluded patients, 812 (62.4%)
died within 28 days of COVID-19 diagnosis whilst post-COVID-19
information was not available for 490 (37.6%) patients. Overall, 34
reinfections (1.9%) were reported after a median time of 152 days
(range: 40-620) from the first COVID-19 diagnosis (Fig. 1). Baseline
demographics and oncological characteristics are reported in
Supplementary Table 2. The majority of patients were female
(18, 52.9%), aged =65 years old (20, 58.8%) and presented at least
one comorbidity (26, 76.5%). The most frequent primary tumour
were haematological malignancies (12, 35%), of which 4 lym-
phoma (4, 33.3%), 1 Hodgkin’s disease (8.3%), 2 (16.7%) multiple
myeloma, 2 (16.7%) myeloid leukaemia.

No reinfected patient was fully vaccinated against SARS-CoV-2
prior to the first infection. Overall, 11 (32.4%) patients were
receiving systemic anticancer therapy (SACT) at first COVID-19, in
detail: 4 (36.4%) chemotherapy (either alone or in combination
with other agents), 1 (9.1%) immune checkpoint inhibitors,
5 (45.4%) monoclonal antibodies/tyrosine kinase inhibitors, and
1 (9.1%) endocrine therapy. Of note, among patients on SACT at
the moment of the first infection (within 4 weeks prior to
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Table 1.
First infection
N =34 (%)

Presenting COVID-19 symptoms

No 3 (8.8)

Yes 31 (91.2)
Fever 19 (61.3)
Fatigue 9 (29)
Cough 13 (41.9)
Dyspnoea 13 (41.9)
Coryzal symptoms 1(3.2)
Dysgeusia 2 (6.4)
Anosmia 2 (6.4)
Myalgia 1(3.2)
Headache 2 (6.4)
Diarrhoea 3(9.7)
Nausea/vomiting 2 (6.4)
Others 6 (19.3)

>2 symptoms 23 (67.6)

Need of COVID-19 oriented therapy

No 17 (50)

Yes 17 (50)
Chloroquine/hydroxicholoroquine 7 (41.2)
Corticosteroids 8 (47.2)
Antivirals 4 (23.6)
Interleukin-6 inhibitors 1(3.2)
Others 2 (6.4)

Complicated COVID-19

No 26 (76.5)

Yes 8 (23.5)
Acute cardiac injury 1(12.5)
Acute kidney injury 1(12.5)
ARDS/acute respiratory failure 6 (75)
Secondary infection 2 (25)
Others 1(12.5)

Hospitalisation

Not required 10 (29.4)

Required due to COVID-19 10 (29.4)

Pre-existing 14 (41.2)

Oxygen therapy requirement

No 21 (64.7)

Yes 12 (35.3)

Intensive care unit admission

No 32 (94.1)

Yes 2 (5.9)

Mechanical ventilation requirement

No 32 (94.1)

Yes 2 (5.9)

COVID-19), one (9.1%) permanently discontinued the treatment,
five (45.4%) resumed the treatment following a regime/dose
adjustment, and four (36.4%) continued the same regimen
without changes.

Among the 29 patients who underwent a clinical assessment
between the two infections, 7 (25%) reported COVID-19 sequelae

British Journal of Cancer (2022) 127:1787 -1792

Comparison of COVID-19 symptoms and surrogates of COVID-19 severity between the first and the second infections.

Second infection
N =34 (%)

16 (47.1) 0.0008
18 (52.9)

7 (38.9)

5 (27.8)

6 (33.3)

3 (16.7)

1 (5.6)

2 (11.1)
6 (33.3)
10 (29.4) 0.0003
30 (88.2)
4 (11.8)

0.0013

3 (75)
2 (50)
2 (50)
2 (50)
28 (82.4)
6 (17.6)
1 (16.6)
2 (333)
2 (33.3)
2 (333)
2 (33.3)

0.5516

15 (44.1)
5(14.7)
14 (41.2)

0.2636

27 (79.4)
7 (20.6)

0.1552

32 (94.1)
2 (5.9)

1.0000

33 (97.1)
1(2.9)

1.0000

(6, 85.7% respiratory, 2, 28.6% others). A stage migration from
non-advanced to advanced disease in-between infections was
reported for only 1 (2.9%) patient.

Viral genome sequencing was not available in our database.
Paired exact timings for each of the first/second infections are
reported in Supplementary Table 3; most of the first infections
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Fig.2 Histogram plot reporting COVID-19 symptoms and surrogates of COVID-19 severity for first and second infections. Visual summary
of COVID-19 symptoms (a) and proxies of COVID-19 severity (b) prevalence across infections. The prevalence of each specific symptom is
computed using the number of symptomatic patients as the denominator.

Patients with cancer experiencing SARS-CoV-2 reinfection

Bl Dead
= Alive

B8 Unvaccinated
mm Partially vaccinated
3 Fully vaccinated

14-days CFR: 13%

Fig. 3 COVID-19 mortality according to vaccination status. Visual
summary of the 14-day case fatality rates among patients experien-
cing SARS-CoV-2 reinfection.

were diagnosed in 2020 (27, 79.4%), while most of reinfections in
2021 (25, 73.5%).

Table 1 summarises COVID-19 symptoms and characteristics of
COVID-19 severity prevalence across infections. A lower preva-
lence of symptoms (52.9% vs 91.2%, P=0.0008) and need of
COVID-19 specific therapy (11.8% vs 50%, P=0.0013) was
reported for the second infection as compared to the first (Fig. 2),
while no difference in terms of hospitalisation (P=0.2636),
intensive care unit admission (P=1.0000), oxygen therapy
(P=0.1552) and mechanical ventilation (P = 1.0000) requirements
were found. Of note, 11 patients (32.4%) and 3 (8.8%) were fully
and partially vaccinated against SARS-CoV-2 before the 2nd
infection, respectively. The prevalence of COVID-19 symptoms at
the second infection was slightly lower among fully vaccinated
patients (63.6%, 7/11) than unvaccinated patients (70.0%, 14/2),
while the need of COVID-19 therapy was slightly higher (18.2%, 2/
11 vs 15.0%, 3/20). The median follow-up from the second
infection was 115 days (95% Cl: 27-196) and the 14-day CFR was
11.8%, with 4 death events overall, none of which occurred
among fully vaccinated patients. Among 20 unvaccinated patients
prior to the second infection, 3 deaths occurred within 14 days
from COVID-19 diagnosis, with a 14-day CFR of 15% (Fig. 3).

Among patients who died within 14 days from the second
infection, most prevalent primary disease were gastrointestinal
tumours [2], followed by breast cancer [1] and thoracic
malignancy [1], while three patients (75%) had advanced-stage
cancer.

DISCUSSION

This study is the first to report on SARS-CoV-2 breakthrough
infections in patients with cancer who developed prior natural
immunity, suggesting that ~2% of patients with cancer can
experience reinfections. Although outpacing the initial <1% rate
reported among the general population [18], this result should be
seen in the context of the study recruitment timeframe, which
covers infections contracted up to December 2021, when the
reported reinfection rates for the general population ranged from
1.4 and 6.1% [19, 20].

We found a high proportion of patients with haematological
malignancies amongst second infections, a finding that is aligned
to the lower seroconversion rate following natural infection in this
population [21] and also reflects the evidence of at least partially
impaired immunogenicity of COVID-19 vaccines in patients with
cancer, especially in those with haematological malignancies
[22, 23].

Another factor potentially involved in defining the incidence of
reinfections in patients with cancer is the deployment of periodic
asymptomatic SARS-CoV-2 screening, which was largely recom-
mended in the years 2020/2021 ahead of anticancer therapy or
other diagnostic/therapeutic procedures [24, 25], although clear
evidence of its clinical utility is still lacking [26-28].

In our study, SARS-Cov-2 reinfections appear to lead to milder
disease manifestations, characterised by a lower symptomatic
burden, reduced need for COVID-19 specific therapy mirrored by
lower rates of hospitalisations, complications and oxygen
therapy requirement. Whilst the reported 14-day CFR of 11.8%
from reinfection is lower than ~30% CFRs for primary COVID-19
reported from most Cancer & Covid registries, including
Oncovid, during the first phase of the pandemic [11] this is
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comparable to more modern estimates of COVID-19 mortality,
where a reduction in CFR to ~14% was seen as a likely result of
increased testing capacity and improved disease management
[17], factors that in turn could even be linked to the lower rate of
COVID-19 symptoms and therapy requirement reported during
the second infection. On the other hand, the reinfected
population carries an inherent selection towards negative
baseline features for COVID-19 outcomes compared to primary
infections reports, being haematological malignancies more
represented [29].

Although this is a preliminary analysis with a limited sample
size, it is important to note that no deaths were reported within
14 days from infection among fully vaccinated patients. On the
other hand, the 14-days CFR for unvaccinated patients was 13%.
These results, placed on the background of vaccine hesitancy,
which can affect a considerable population of patients with cancer
[30, 31], further highlight the importance of immunisation
campaigns even in patients who gained natural immunity after
a previous infection. At the same time, ~50% of reinfections were
diagnosed during late 2020/early 2021, when first immunisation
campaigns were still ongoing in European countries.

In our study, reinfections were diagnosed in absence of a pre-
defined, prospectively planned re-testing strategy: a clear
limitation that may have led to the underestimation of
reinfection rates. On the other hand, patients with cancer are
used to undergo regular asymptomatic SARS-CoV-2 screening, as
above-mentioned [26-28]. In addition, our analysis lacked viral
genomic data, an important factor to consider given the
different capacities of viral strains to evade immunity. None-
theless, our detailed reconstruction of timing of infection
supports that most reinfections occurred when new variants,
including the B1.351 and B.1.617.2, were at their peak of
community transmission, suggesting viral immune escape to be
an important determinant of the reinfection risk [32, 33], and
supporting the need to monitor clinical outcomes from
recurrent infections in patients with cancer [34]. Lastly, as an
additional source of bias, we need to acknowledge that despite
mortality outcome availability, not all COVID-19 survivors in our
study population were subsequently followed at participating
centres, therefore we could not reconstruct the exact prevalence
of reinfections for the whole population.

Despite these limitations, this is, to our knowledge, the first
study to document SARS-CoV-2 reinfections in patients with
cancer. Whilst documenting comparable reinfection prevalence to
the general population, our study highlights haemato-oncology
patients to be at high risk of reinfection. The mortality rates in
excess of 11%, occurring exclusively in unvaccinated patients
experiencing a second infection, highlights the importance of
adequate vaccinal coverage in patients with cancer as a measure
to protect from adverse consequences from COVID-19.

DATA AVAILABILITY

Study data made available upon reasonable request.
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