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Abstract

Background: Cancer patients are at higher risk of COVID-19 complications and mortality than
the rest of the population. Breast cancer patients seem to have better prognosis when infected
by SARS-CoV-2 than other cancer patients.

Methods: We report a subanalysis of the OnCovid study providing more detailed information in
the breast cancer population.

Results: We included 495 breast cancer patients with a SARS-CoV-2 infection. Mean age was
62.6 years; 31.5% presented more than one comorbidity. The most frequent breast cancer
subtype was luminal-like (n = 245, 49.5%) and 177 (35.8%) had metastatic disease. A total

of 332 (67.1%) patients were receiving active treatment, with radical intent in 232 (47.6%]) of
them. Hospitalization rate was 58.2% and all-cause mortality rate was 20.3%. One hundred
twenty-nine (26.1%) patients developed one COVID-19 complication, being acute respiratory
failure the most common (n = 74, 15.0%). In the multivariable analysis, age older than 70
years, presence of COVID-19 complications, and metastatic disease were factors correlated
with worse outcomes, while ongoing anticancer therapy at time of COVID-19 diagnosis
appeared to be a protective factor. No particular oncological treatment was related to higher
risk of complications. In the context of SARS-CoV-2 infection, 73 (18.3%]) patients had some
kind of modification on their oncologic treatment. At the first oncological reassessment
(median time: 46.9 days * 36.7), 255 (51.6%) patients reported to be fully recovered from the
infection. There were 39 patients (7.9%) with long-term SARS-CoV-2-related complications.
Conclusion: In the context of COVID-19, our data confirm that breast cancer patients appear to
have lower complications and mortality rate than expected in other cancer populations. Most
breast cancer patients can be safely treated for their neoplasm during SARS-CoV-2 pandemic.
Oncological treatment has no impact on the risk of SARS-CoV-2 complications, and, especially
in the curative setting, the treatment should be modified as little as possible.
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Introduction

In December 2019, a novel SARS-CoV-2 infec-
tion was first documented in Wuhan, China, and
quickly escalated to a global pandemic by March
2020. As of April 2021, there have been more
than 149 million confirmed cases and more than
3 million deaths. In Europe, the number of con-
firmed cases is more than 51 million, with United
Kingdom, Spain, and Italy being three of the
most affected countries.! In most cases, COVID-
19 causes mild flu-like symptoms; however, about
20% of cases experience a more severe form of the
disease and 5% become critically ill.? Advanced
age and presence of comorbidities are associated
with severe COVID-19.3 Patients with cancer
infected with SARS-CoV-2 have more severe out-
comes compared with patients without cancer.* A
Belgian population-based analysis with 10,486
COVID-19 patients, 892 of whom with solid
tumors, confirmed higher in-hospital mortality
from COVID-19 in patients with cancer com-
pared with those without cancer [31.7% wversus
20.0%, respectively; adjusted odds ratio (aOR)
1.34; 95% confidence interval (CI) 1.13-1.58].5
Similar figures have emerged from a UK cohort
study of 20,000 hospitalized COVID-19 patients,
where the hazard ratio (HR) for in-hospital death
was 1.13 in patients with cancer.® A key limitation
of these studies as well as many other registries is
that mortality rates are derived from patients with
a variety of cancer subtypes, different cancer stag-
ing, and receiving a wide range of anticancer
treatments including chemotherapy, immuno-
therapy, targeted therapies, and endocrine treat-
ments. The lack of data stratification is a major
challenge in providing accurate recommendations
for specific oncological scenarios. This is particu-
larly true for breast cancer, where it is key to
achieve successful oncological outcomes through
a careful multimodal integration of surgery, radi-
otherapy, chemotherapy, targeted treatments,
and hormonal manipulation.

The OnCovid study is an observational European
multicenter study which analyzed the characteris-
tics and evolution of 890 patients with cancer and
SARS-CoV-2 infection at its first publication
(data cut off 1 April 2020). The findings demon-
strated a 33.6% mortality rate during the ‘first
wave’ of the pandemic. Male sex, older age, and
number of comorbidities were identified as nega-
tive prognostic factors, while delivery of oncologic
treatment did not worsen mortality. Interestingly,
patients with breast cancer (n = 258) were char-
acterized by a remarkably lower mortality rate

(15.2%), a finding that cannot be solely explained
by the protective effect of female sex, given the
high rates of mortality reported in gynecological
cancers (37.5%).7

With the goal of providing data focused on
patients with breast cancer and SARS-CoV-2
infection, we have designed an ad hoc subanalysis
of the OnCovid study providing more detailed
information on patients’ characteristics and
impact of COVID-19 in this special population.
Breast cancer is the most common tumor in
women and possesses unique features that differ-
entiate it from other solid tumors. Of note, cure
rates are high, and the different subtypes of breast
cancer require a wide range of anticancer treat-
ments. The early reports of Chinese patients with
SARS-CoV-2 infection and cancer did not have
sufficient cases of breast cancer. Preliminary data
from a single US hospital suggest that a signifi-
cant proportion of patients with breast cancer
recovers from SARS-CoV-2.8

To protect patients with cancer from SARS-
CoV-2 infection, urgent measures were imple-
mented such as limiting hospital attendance and
delaying or disrupting anticancer treatments.®
For patients receiving active treatment, the Italian
Association of Medical Oncology as well as other
International Associations suggested to evaluate
the risks and benefits of delaying oncological
therapy on a case-by-case basis.!? Individual risks
were assessed based on cancer subtype, cancer
staging, oncologic treatment, and additional
comorbidities that could increase the risk of acute
respiratory failure in the context of SARS-CoV-2
infection. It remains unclear whether these rec-
ommendations are optimal for breast cancer,
given its special characteristics and, in general,
the better prognosis, compared with most solid
tumors. It is highly relevant to describe actions
taken by oncologists in the management of
breast cancer patients during the ‘first wave’ of
COVID-19 to learn how to improve the manage-
ment of our patients in this pandemic that is still
ongoing.!!

In this report, we describe the features and out-
comes of patients with a history of breast cancer
and confirmed diagnosis of SARS-CoV-2 infec-
tion from 32 European Centers. We compared
our findings in this patient subpopulation with
previous studies. The aim of this study was to
investigate the clinicopathologic features underly-
ing the lower overall mortality observed in patients
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with breast cancer in previous studies, and to
describe the outcome of oncologic treatment deci-
sions upon resolution of the infection. The results
from this study can be used to inform future deci-
sions on the oncologic management of this spe-
cific patient population.

Methods

The OnCovid registry includes patients older than
18 years with confirmed diagnosis of SARS-
CoV-2 infection by reverse-transcriptase polymer-
ase chain reaction (RT-PCR) of a nasopharyngeal
swab.12 For the present subanalysis, we focused
exclusively on patients with a history of invasive
breast cancer at any time before COVID-19 diag-
nosis. Patients with insufficient clinical and/or
follow-up data were excluded.

At database lock (1 March 2021), the registry
included 495 breast cancer patients consecutively
diagnosed with COVID-19 in 32 European aca-
demic centers between March 2020 and February
2021. A list of participating centers is provided in
Supplemental material.

This study is a subanalysis from the main
OnCovid registry which included all types of
tumors and was granted central approval by the
UK Health Research Authority (20/HRA/1608)
and by the corresponding research ethics com-
mittees at each participating institution outside
the United Kingdom. Competent authorities
waived prospective informed consent due to the
retrospective nature of data collection and the use
of anonymized data.

Multisite access and data curation was coordi-
nated by the Medical Statistics Unit in Novara,
Italy. Clinical data were collected into a case
report form designed using Research Electronic
Data Capture software (REDCap, Vanderbilt
University). Clinical data were collected from the
medical history of the patients and all data were
fully anonymized. The clinical definition of the
symptoms, clinical syndromes, and complica-
tions associated with COVID-19 followed crite-
ria published by the World Health Organization.!3

Patients with active malignancy were defined as
those who, at the time of COVID-19 diagnosis,
presented with evaluable oncological disease
defined by radiologic criteria employed for clini-
cal monitoring breast cancer, including patients

receiving neoadjuvant treatment and those with
metastatic disease.

Breast cancer subgroups were summarized into
luminal-like [hormone receptor (HR)-positive/
human epidermal growth factor receptor 2
(HER2)-negative (HR+/HER2-)], HER2-positive
(HER2+, any HR status), or triple-negative (HR—/
HER2-). The definitions for HR and HER?2 status
followed local diagnostic standards within each
institution. Stage of the disease was divided into
localized and metastatic depending on the absence
or presence of systemic spread (i.e. M1 disease).

We defined menopausal status utilizing as approx-
imation the cut-off of 60 years of age to ensure
the menopausal status above 60.14

Age was analyzed as a continuous variable but we
considered too two cut-offs: 60 (as indicator of
age at menopause) and 70 (for studying old

people).

Patients were defined as receiving active therapy
if they were receiving systemic anticancer agents
(i.e. chemotherapy, immunotherapy, targeted therapy,
endocrine therapy, or combination of previous
therapies) with an interval between the last dose
of treatment and SARS-CoV-2 diagnosis of less
than 4 weeks. Targeted therapies included anti-
HER?2 therapies, CDK4/6 inhibitors, and PI3K/
mTOR inhibitors.

The primary outcomes of this study were mortal-
ity and development of complications from
SARS-CoV-2 infection during hospitalization.
Patients’ overall survival (OS) was computed
from the date of SARS-CoV-2 swab positivity to
the date of death or last follow-up.

Statistical analysis

Normally distributed data were presented as
mean and standard deviation (SD), whereas data
following a non-normal distribution were pre-
sented as median and interquartile range (IQR).
Categorical variables were summarized as counts
and percentages.

We examined the association between the study
variables and complications using univariable and
multivariable logistic regression model. The pre-
dictors were included into a multivariable logistic
regression model using a stepwise selection
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process. We used forward selection using a value
of p < 0.05 as the entry criterion. The analysis
was computed considering all the patients in the
study in the analysis for complications and mor-
tality as well.

Univariable and multivariable Cox proportional
hazards models stratified by center were used to
assess the impact of the factors on risk of death.
Results of Cox analysis were presented as HR
with a 95% CI and corresponding p values.

A two-sided value of p < 0.05 was considered
statistically significant. Analyses of patients’ sur-
vival followed Kaplan—Meier methodology.

Analyses were performed using STATA software,
version 15 (Stata-Corp. 2017. Statistical Software:
Release 15.0. College Station, TX: Stata
Corporation).

Results

Demographics and oncologic characteristics
From March 2021 to February 2021, 495 patients
with history of breast cancer (either active or in
remission) and a diagnosis of SARS-CoV-2 infec-
tion were included in 32 centers from United
Kingdom (6 sites, n = 132 patients, 26.7%),
Italy (15 sites, n = 175 patients, 35.4%), Spain
(8 sites, n = 145 patients, 29.3%), Germany (1
site, n = 8 patients, 1.6%), Belgium (1 site,
n = 5 patients, 1.0%), and France (1 site, n = 30
patients, 6.0%).

Demographics and breast cancer features are
shown in Table 1. Mean age of patients included
was 62.6 years (SD 14.7). Approximately half of
the patients had never smoked and 31.5% pre-
sented more than one comorbidity. The most fre-
quent comorbidities reported were hypertension
(33.9%), diabetes (14.6%), and cardiovascular
disease (9.9%). Most breast cancers were lumi-
nal-like (n = 245, 49.5%), 98 (19.8%) were
HER2+, and 63 (12.7%) were triple-negative.
Two hundred sixty-six (53.7%) patients had an
active neoplasm at the time of SARS-CoV-2
infection, 332 (67.1%) were receiving some onco-
logic treatment, and in 301 (61%), the interval
between last dose and SARS-CoV-2 diagnoses
was less than 4 weeks. In 232 (47.6%) patients,
therapy was delivered with radical intent and the
most frequent systemic treatment was endocrine
therapy in 173 (34.9%) patients, followed

by targeted therapy in 106 (21.4%). Within the
subgroup of targeted treatments, the most com-
mon were CDK4/6 inhibitors (24.5%).

Features of COVID-19 disease

Clinical, radiologic, and laboratory features at
COVID-19 diagnosis are shown in Table 2. The
most common presenting symptoms of SARS-
CoV-2 infection were fever (n = 254, 51.3%),
cough (n = 216, 43.6%), and dyspnea (n = 151,
30.5%).

Radiologic tests were performed in 351 patients
(70.9%), X-ray in 260 (74.1%), and/or computed
tomography (CT) in 134 (38.2%).

Two hundred -eighty-eight (58.2%) patients
required hospitalization and in 34 of them (11.8%),
intensive or subintensive care unit admission was
needed. The median length of hospitalization was
9 days (IQR 6-16) and the median time at an
intensive or subintensive care unit was 7 days
IQR 4-11).

Oxygen therapy was administered in 177 (35.8%)
patients and 26 patients (5.3%) required mechan-
ical ventilation. Two hundred forty-six (49.7%)
patients received empirical therapy for SARS-
CoV-2, mostly of them (n = 131, 53.2%) with
chloroquine or hydroxychloroquine.

One hundred twenty-nine (26.1%) patients
developed one complication derived from
COVID-19 and 36 (7.3%) patients developed at
least two. Acute respiratory failure was the most
common complication ( = 74, 15.0%).

Factors associated with COVID-19 outcomes

We analyzed the association between basal
characteristics of the patients, their oncological
disease, and the emergence of at least one compli-
cation from SARS-CoV-2 infection throughout
the observation period. Most nonhospitalized
patients had no complications (195/199), but
analysis was computed for all the patients in the
cohort and not only considering the hospitalized
patients (288).

As shown in Table 3, age greater than 70 years
(OR 2.43, 95% CI 1.53-3.86, p < 0.0001) and
having two or more comorbidities (OR 1.72, 95%
CI 1.08-2.77, p = 0.02) were associated with a
significantly higher risk of complications. Active
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Table 1. Baseline characteristics. Table 1. (Continued) Alessandra Gennari
Department of

Translational Medicine,

Characteristic Total (%) Characteristic Total (%) University of Piemonte
Orientale, Azienda
Age (years), mean + SD 62.6 + 14.7 Tumor stage Ospedaliero-Universitaria
Maggiore della Carita,
. Novara, Italy
Menopausal status (=60 versus <60 years) Localized 296 (59.8) Department of Surgery
. and Cancer, Imperial
PremenopausaL 226 [45.7] Metastatic 177 [35'8] College London, London,
UK
Postmenopausal 269 (54.3) Unknown 22 (4.4) *Both authors contributed

equally as first authors.

Status at COVID-19 diagnosis

*Both authors contributed
equally as last authors.

Smoking history

Lifetime nonsmoker 273 (55.2) Active malignancy 266 (53.7)
Former smoker 85(17.2) Remission 221 (44.7)
Active smoker 36 (7.3) Unknown 8(1.6)
Unknown 101 (20.4) Ongoing anticancer therapy

Number comorbidities Yes 332 (67.1)
0-1 339 (68.5) No 146 (29.5)
>1 156 (31.5) Missing 17 (3.4)

Comorbidities Treatment intent and type of therapy

Hypertension 168 (33.9) Neoadjuvant chemotherapy 40(8.1)
Diabetes 72 (14.6) Adjuvant chemotherapy 29 (5.9)
Cardiovascular disease 49 (9.9) Palliative chemotherapy 71(14.3)
Chronic pulmonary disease 46(9.3) Immunotherapy 611.2)
Obesity 21 (4.2) Radical 1(16.7)
HR (ER and/or PR) Palliative 5(83.3)
Positive 338 (68.3) Targeted therapy 106 (21.4)
Negative 90(18.2) Radical 30(28.3)
Unknown 67 (13.5) Palliative 76 (71.7)
HER? Endocrine therapy 173 (34.9)
Positive 98 (19.8) szl 84 (48.6)
Negative 312 (63.0) Palliative 78 45.0]
Unknown 85(17.2) SIS 1 6.4)
Breast cancer subtype Radiotherapy 14(2.8)
Radical 9 (64.3
Luminal-like disease (HR+/ 245 (49.5) adica (64.3)
HER2-) Palliative 5(35.7)
HER2+ disease 98(19.8) ER, estrogen receptor; HER2, human epidermal growth
factor receptor 2; HR, hormone receptor; PR, progesterone
Triple-negative (HR- and HER2-) 63 (12.7) receptor; SD, standard deviation.
[Continued]
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Table 2. Clinical, laboratory, and radiological Table 2. (Continued)

features.
Lopinavir/Ritonavir 54 (22.0)
Symptoms n (%)
Remdesivir 7(2.9)
Fever 254 (51.3)
Tocilizumab 13(5.3)
Cough 216 (43.6)
COVID-19 complications
Dyspnea 151 (30.5)
Acute respiratory failure 74 (15.0)
Diarrhea 57 (11.5)
ARDS 33(6.7)
Anosmia/Dysgeusia 53 (10.7)
Acute kidney injury 18 (3.6)
Fatigue 105 (21.2)
Secondary infection 18 (3.6)
Myalgia 57 (11.5)
Acute cardiac injury 10 (2.0)
C L t 30 (6.1
oryzat symproms 6.1 Acute liver injury 5(1.0)
Sore throat 16 (3.2)
ARDS, acute respiratory distress syndrome; I1QR,
Headache 43 (8.7) interquartile range.
Nausea or vomiting 30(6.1)
Laboratory parameters, median (IQR) . . .
anticancer therapy at COVID-19 diagnosis (OR
Albumin (g/l] 36.0(30.0-41.0) 0.56, 95% CI 0.36-0.88, p = 0.01) was identi-
Bilirubin (umol/l 8.1 (6.0-12.4) fied as prqteCFlve factor in front of having COVID-
19 complications.
Alanine aminotransferase (1U/) 26.0(18.0-43.0)

At the time of the analysis, 387 patients were alive
(78.2%). Survival was 78.8% at 3 months and
75.3% at 6 months (Figure 1). Survival was 67.3%
at 3 months and 63.1% at 6 months in patients

Sodium (mEg/U) 138.0 (135.0-140.0)

Creatinine (umol/U) 65.0 (54.0-80.0)

Hemoglobin (g/l)

Total leukocyte count
(cells 103/mm3)

Neutrophil count (cells 103/
mm3)

Lymphocyte count (cells 103/
mm3)

Platelet count (cells 103/mm3)

Radiologic features (X-ray)

116.0 (99.0-129.0)

5.6 (3.7-9.3)

4.1(2.5-6.9)

0.9 (0.6-1.5)

210.5 (164.0-284.0)

No lesion 89 (34.2)
Ground-glass opacities 75 (28.9)
Focal consolidation 56 (21.5)
Others 40 (15.4)
COVID-19-specific treatment

Chloroquine or 131 (53.2)
hydroxychloroquine

Corticosteroids 71 (28.9)
Antibiotics 201 (81.7)

[Continued]

with metastatic disease versus 85.0% and 81.5%,
respectively, in patients with early breast cancer.

As shown in Table 4, age older than 70 years (HR
2.07,95% CI 1.26-3.40, p < 0.004), presence of
COVID-19 complications (HR 9.18, 95% CI
5.05-16.71, p < 0.0001), and evidence of meta-
static disease (HR 2.74, 95% CI 1.62-4.63,
p < 0.0001) were associated with higher mortality.
Ongoing anticancer therapy at time of COVID-
19 diagnosis was included in the analysis, but
there is a collinearity between mortality and
complications, and for that reason, this factor was
not considered in the multivariable analysis.

Impact of COVID-19 on oncologic treatment,
follow-up, and prognosis

In the context of SARS-CoV-2 infection in alive
patients at the time of analysis, 11 patients (2.2%)
stopped the oncologic treatment permanently
and 62 (12.5%) had their treatment regimen
modified. Most patients (n = 57, 91.9%) with
treatment modifications had their planned dose
delayed, while in five patients (8.1%), the dose
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Table 3. COVID-19 complications.

Characteristics Univariable  95% CI p value Multivariable  95% CI p value
OR OR

Age, <60/=60 2.93 1.89-4.55 0.0001

Age, <70/=70 3.17 2.10-4.80 <0.0001  2.43 1.53-3.86  <0.0001

Age (continuous variable) 1.04 1.03-1.06 <0.0001 1.04 1.03-1.6 <0.0001

Comorbidities, 0-1/=2 2.45 1.61-3.71 <0.0001 1.72 1.08-2.77  0.02

Metastasis, no/yes 1.00 0.66-1.52 1.00

Bone metastasis only/Visceral metastasis 0.86 0.25-2.90 0.80

HR (positive/negative) 1.04 0.61-1.79 0.88

HER2 (positive/negative) 1.38 0.80-2.43 0.25

Ongoing anticancer therapy at COVID 0.50 0.33-0.77 0.002 0.56 0.36-0.88  0.01

diagnosis (no/yes)

Immunotherapy ongoing (no/yes) 1.82 0.33-10.18 0.49

Chemotherapy ongoing (no/yes) 1.05 0.62-1.78 0.86

Targeted therapy ongoing (no/yes) 0.73 0.40-1.32 0.30

Endocrine therapy ongoing (no/yes) 1.05 0.61-1.81 0.87

Radiotherapy ongoing (no/yes) 0.27 0.03-2.11 0.21

Cl, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; OR, odds ratio.

was reduced and in five patients (8.1%), the ther-
apeutic agents were changed. Of the 11 patients
whose treatment was permanently stopped, four
(36.4%) were receiving chemotherapy with radi-
cal intent, two (18.2%) endocrine therapy, and
three (27.3%) palliative chemotherapy. Among
the 62 patients whose treatment was modified, 25
(40.3%) were receiving ongoing chemotherapy
with radical intent, 17 (27.4%) palliative chemo-
therapy, and 26 (41.9%) targeted treatment alone
or in combination. In 40% of patients, we have
almost no information about what definitely hap-
pened with cancer treatment.

The mean time between the COVID-19 diagnosis
and the first oncological reassessment was 46.9 days
(£36.7). At that moment, 246 (49.7%) patients
presented Eastern Cooperative Oncology Group
(ECOG) 0 or 1 and 255 (51.6%) were reported
with full clinical recovery from the infection. Within
the 39 patients (7.9%) with long-term SARS-CoV-
2-related complications, the most frequent were
asthenia (n = 7, 17.9%), dyspnea (n = 8, 20.5%),
and arthromyalgia (n = 7, 17.9%).

Discussion

Since December 2019, the emergence and rapid
expansion of the SARS-CoV-2 infection has
forced oncologic decisions to be primarily based
on the prognosis of the malignancy, the risk—
benefit assessment of the anticancer therapy, and
the predicted outcome of a potential COVID-19
infection.!> In patients with cancer, the SARS-
CoV-2-related mortality rate ranges from 13% to
33.6%.71617 There is some evidence suggesting
that patients with cancer are more vulnerable to
SARS-CoV-2 infection and at greater risk of com-
plications and death.!® However studies with
larger number of patients including an observa-
tional UK study of 800 patients with cancer have
shown prognosis to be mainly driven by sex, age,
and higher comorbidity burden. This study also
found that provision of cancer treatment did not
have a significant effect on mortality.!® In another
US study of COVID-19-positive patients which
included 117 patients with cancer matched to 468
patients without cancer, there was no difference in
mortality (p = 0.894) between the two groups.?0
Collectively, these studies suggest that the poorer
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Figure 1. Overall survival analysis

prognosis of patients with cancer following SARS-
CoV-2 infection might be due to additional risk
factors rather than the active malignancy or onco-
logic therapy. In our study, most patients were low
risk and thus account for the good outcomes fol-
lowing SARS-CoV-2 infection.

Recent data suggest that following SARS-CoV-2
infection, patients with breast cancer have better
clinical outcomes compared with other malignan-
cies.”-21,22 For this group of patients, we observed
a hospitalization rate of 58.2% and a mortality
rate of 20.3% compared with the 85.4% and
33.6% observed in patients with all cancers
included in the OnCovid project. To our knowl-
edge, the first focused analysis of patients with
breast cancer and COVID-19 is a French study
which included 41 patients with SARS-CoV-2
receiving anticancer treatment. Of these, 47%
were hospitalized and mortality was 9.7%. The
authors suggested that mortality rates following
SARS-CoV-2 infections were more likely to be
driven by separate comorbidities rather than
active malignancy or anticancer treatment.?? In
another small report including 27 patients with
breast cancer in New York City, the rate of hospi-
talization was 26% and only one elderly patient
with multiple comorbidities died.® The difference
in mortality and hospitalization rates observed in
our study could be explained by the larger num-
ber of patients included in our analysis.
Comorbidities as well as tumor subtypes were
similar in the different studies; however, in the
French study, the proportion of metastatic

patients was slightly higher. The percentage of
patients with a positive PCR test was 100% in our
study, 69% in the French, and 81% in the
American study. Another difference to note is
that the percentage of patients receiving antican-
cer treatment was 100% in the studies by Vuagnat
et al. and Kalinsky ez al. and 61% in our study.
However, in the French study, active oncologic
treatment was defined as receiving active cancer
therapy with an interval between last dose and
COVID-19 diagnosis within 6 months, while in
the American and our study, this interval was 4
months and 4 weeks, respectively.

In line with prior studies, we identified older age
(=60 or 70 years) and having two or more comor-
bidities as risk factors for developing COVID-19
complications. Obesity is one of the comorbidities
that have been associated with worse prognosis.23 It
has been reported that high body mass index (>40)
could predict critical illness.?* This may be relevant
in our patient population, given the positive associa-
tion between obesity and luminal-like breast cancer.
However, given the low obesity incidence found in
our study (3%), a significant correlation could not
be determined. In a prospective UK cohort study, a
significant lower risk of death from COVID-19 was
found in patients with breast (OR 0.53) and gyneco-
logical cancers (OR 0.36) compared with other
tumor types.?> In our study, all patients were
women, younger, and with fewer comorbidities
than the cancer population described in most stud-
ies. In addition, 59.8% of patients had localized dis-
ease, 49.5% had luminal-like breast cancer, and in
44.7% of the cases, the malignancy was in remission
at the time of COVID-19 diagnoses. Overall, this is
a population of patients with good prognostic fea-
tures. Within our study population, having COVID-
19 complications and the presence of metastatic
disease were associated with higher mortality.

No specific anticancer treatment including chem-
otherapy, endocrine treatment, immunotherapy,
targeted therapy, or radiotherapy has been shown
to increase the risk of COVID-19 complications.
We have observed that ongoing active anticancer
treatment at COVID-19 diagnosis is associated
with a lower risk of COVID-19 complications
and mortality rate. This could be due to the sig-
nificant benefit of anticancer treatments used in
breast cancer, both in the early setting as well as
advanced disease. We have a lot of missing infor-
mation about what happened definitely with
oncologic treatments after COVID-19 diagnosis,
so we can only draw hypotheses about the
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Table 4. COVID-19 overall risk mortality.

Characteristics Univariable 95% CI p value Multivariable 95% CI p value
HR HR

Age, <60/=60 2.43 1.43-4.13 0.001

Age, <70/=70 3.28 1.98-5.42 <0.0001 2.07 1.26-3.40 0.004

Age (continuous variable) 1.04 1.02-1.06 <0.001 1.05 1.03-1.07 <0.0001

Complications (=1 versus 0) 9.53 5.52-16.46 <0.0001 9.18 5.05-16.71  <0.0001

Comorbidities, 0-1/=2 1.67 1.02-2.72 0.04

Metastasis, no/yes 2.27 1.40-3.67 0.001 2.74 1.62-4.63 <0.0001

Bone metastasis only/Visceral metastasis ~ 2.93 0.75-11.50 0.12

HR (positive/negative) 0.92 0.51-1.66 0.78

HER2 (positive/negative) 1.62 0.80-3.24 0.18

Ongoing anticancer therapy at COVID 0.50 0.30-0.83 0.007

diagnosis (no/yes)

Immunotherapy ongoing (no/yes) 1.92 0.42-8.80 0.40

Chemotherapy ongoing (no/yes) 1.14 0.63-2.06 0.67

Targeted therapy ongoing (no/yes) 0.7 0.34-1.49 0.37

Endocrine therapy ongoing (no/yes) 0.91 0.49-1.68 0.76

Radiotherapy ongoing (no/yes) 0.54 0.07-4.11 0.55

Cl, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.

possible protective effect of anticancer treatment.
This information in combination with the results
reported by other authors supports medical deci-
sions into the clinic to continue active systemic
treatments in this pandemic era for patients with
breast cancer. However, in some instances, treat-
ment modifications may be a good option for
patients; particularly in low-risk luminal tumors,
surgery could be delayed while patients were
receiving endocrine treatment. This type of atti-
tude has been adopted by a vast majority of the
physicians treating breast cancer, and although
we have not analyzed their outcomes, probably
favored the patients in terms of risk/benefit.

During the follow-up period of our study, the
mean time of first oncologic reassessment was
45.6 days. Interestingly, 51.6% of patients
reported being fully recovered from SARS-CoV-2
infection, while 7.9% described a complication
including asthenia (32.3%), dyspnea (17.6%),
and arthromyalgia (11.9%). Long-term conse-
quences are also relatively frequent in the general
population. In a large cohort study from China at

6 months after symptom onset, 63% patients
reported fatigue or muscle weakness, 26% sleep
difficulties, and 23% anxiety or depression.?® In
another 3-month follow-up survey, physical
decline or fatigue, postactivity polypnea, and alo-
pecia were more common in women.2? Our data
suggest that patients with breast cancer do not
develop different or more aggressive COVID-19
complications compared with other COVID-19
patients, at least during the first 1.5 months after
the acute infection; however, long-term follow-up
studies are needed to confirm this. When inter-
preting these data, it is also important to consider
that most of the persistent symptoms reported in
COVID-19 survivors overlap with common tox-
icities from anticancer treatment.

A limitation of our study is that data collection
was made by clinicians in different countries
while the pandemic was still ongoing, with some-
times incomplete documentation or missing data
due to the unavailability of breast cancer-related
information at the site where patient was treated
for SARS-CoV-2 infection. In addition, some
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patients treated by their family physicians or
referred to other hospitals without any notifica-
tion to the responsible oncologist at the time of
our analysis might have been excluded from our
study. It is important to remark that the vast
majority of nonhospitalized patients did not
develop serious complications but probably some
information was lost in this population.

Our main strength is that this is the largest study
specifically analyzing the characteristics and evolu-
tion of patients with breast cancer and SARS-
CoV-2 infection. Our data suggest that most breast
cancer patients can be safely treated for their breast
cancer during the SARS-CoV-2 pandemic.
Provision of anticancer treatment does not increase
the risk of SARS-CoV-2 complications. Collectively
the data support continuation of anticancer treat-
ment particularly in the curative setting and in the
first-lines of treatment in patients with advanced
disease. Regimen modifications and treatment
breaks should be minimized prioritizing breast
cancer treatment over potential complications of
SARS-CoV-2. Follow-up studies are necessary to
understand the long-term consequences from
COVID-19 in breast cancer patients.
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