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ORIGINAL RESEARCH

unparalleled toll on global health care sys-
tems as a direct result of these infections, 
COVID-19 has had drastic secondary 
consequences for routine care of all kinds, 
including the regular care of patients with 
cancer.4  COVID-19 has been shown to 
disrupt all aspects of cancer care, including 
screening, surgical management, systemic 
chemotherapy administration, and routine 
follow-up.5–10 

In 2020, breast cancer surpassed lung 
cancer and is now the most commonly diag-
nosed cancer worldwide, with an estimated 
2.3 million new cases diagnosed per year.11 
Particularly in the beginning of the pan-
demic, well-established screening programs 
for breast cancer were disrupted, leading to 
fewer women being diagnosed.6,8,9 It has 
been reported previously that up to 54% 
of breast cancer patients have experienced 
treatment delays as a result of the COVID-

19 pandemic.7 Such treatment delays in breast cancer have been 
associated with worse overall survival.5 It is unknown to what 
extent and what types of treatment delays have occurred in our 
own center.

Patients with cancer often are more vulnerable to infections due 
to the immunosuppressive effects of treatment and their underly-
ing malignancy.12 To date, most published literature on the out-
comes of patients with cancer who were diagnosed with COVID-
19 do not differentiate based on cancer type. Additionally, there 
are varying accounts on the association between cancer-specific 
risks such as recent chemotherapy treatment and patient out 
comes with COVID-19 infection.13–20 It is unknown whether the 
outcomes of patients with breast cancer and SARS-CoV-2 infec-
tion differ from the general population. 

ABSTRACT
Introduction: In this retrospective matched case control study, we aim to identify breast cancer-
related risk factors associated with developing COVID-19 and describe outcomes of patients with 
breast cancer diagnosed with COVID-19.

Methods: Women with breast cancer treated at the Medical College of Wisconsin and diagnosed with 
COVID-19 from March through December 2020 served as cases, and those without COVID-19 within 
the same timeframe served as controls. Univariate and multivariate comparisons were performed.

Results: Twenty-five cases and 77 controls were identified. All cases were fully matched by age, obe-
sity, county, and race. Mean age was 54.6 versus 54.9, body mass index 31.0 versus 31.6, 48% lived in 
Milwaukee County, and 68% were White.  Regarding COVID-19 outcomes, 24.0% (n = 6) of cases were 
hospitalized, median length of stay was 2 days, 8% (n=2) needed oxygen, 4% (n = 6) were intubated, 
and 4% (n = 6) died. COVID-19 led to treatment delays in 40% of cases. On univariate analysis, there 
was no statistically significant difference in hormone receptor status or breast cancer stage. Being on 
active chemotherapy (OR 5.8, P = 0.043) significantly increased the likelihood of developing COVID-19.

Conclusions: In this matched case control study of patients with breast cancer, active chemotherapy 
was significantly associated with an increased likelihood of developing COVID-19, with a trend seen 
for triple negative disease. These findings support continued strict precautions for those on active 
chemotherapy and warrant further analysis in those with triple negative disease.
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Matched Case Control Analysis of Breast Cancer- 
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INTRODUCTION
In December 2019, a novel coronavirus designated severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) was first 
detected in the Wuhan province of China. It rapidly spread across 
the world, causing a clinical syndrome of viral infection known 
as coronavirus disease 2019 (COVID-19).1–3 In addition to the 



VOLUME 122 • NO 5 419

Table 1. Demographic Information of COVID Cases and Matched Controls

Patient Characteristics	 Case	 Control 
		  (n=25)	 (n=77)
Mean age at diagnoses of COVID, or last follow-up	 54.6 (2.4)	 54.9 (0.8)
if control (SE)	
Mean body mass index (SE)	 31.0 (1.4)	 31.6 (0.7)
Residence
	 Milwaukee County	 48%	 48%
	 Suburban county	 52%	 52%
Diabetes	 16%	 4%
Tobacco use	 40%	 37.2%

Abbreviation: SE, standard error.

Table 2. Univariate Analysis of COVID-19 Cases and Controls
		  Case	 Control 	 P value
		  (n=25)	 (n=77)
Stage at Last Contact		
	 0 – I	 52.0%	 66.0%	 0.433
	 II	 16.0%	 12.7%
	 III – IV	 32.0%	 21.3%
ER/PR positive	 64%	 74.7%	 0.309
HER2 positive	 12%	 20.3%	 0.340
Triple negative	 28%	 13.4%	 0.103
Active treatment at time of COVID diagnosis, 	 72%	 74%	 0.850
or last contact if control	
On chemotherapy at time of COVID diagnosis, 	 20.8%	 4%	 0.007
or last contact if control	
On endocrine therapy at time of COVID, or last 	 44%	 52%	 0.488
contact if control
Breast cancer radiation prior to COVID, or at last	 60%	 63.3%	 0.763
contact if control 

Controls are weighted to match the number of cases.
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER, human 
epidermal growth factor receptor.

The risk of severe illness from SARS-CoV-2 is known to 
increase with age.21 This association seems to persist in patients 
with and without cancer.14,17,19,20 For patients newly diagnosed 
with breast cancer, the median age at diagnosis is 62, putting a 
majority of patients with breast cancer at increased risk of severe 
illness due to age alone.3,22 However, data also suggest that women 
are at decreased risk compared to men of developing severe ill-
ness from SARS-Cov-2.3 We aim to describe the characteristics 
and outcomes of patients with active breast cancer diagnosed with 
SARS-CoV-2 infection at our own academic medical center. Our 
goal is to identify risk factors associated with SARs-CoV-2 infec-
tion specific to breast cancer patients. 

METHODS
After institutional review board approval, patient data were gath-
ered retrospectively from the electronic medical record. Data 
collected included tumor pathology, cancer stage, demographic 
characteristics, comorbidities, types of treatment received (sur-
gery, radiation, chemotherapy and/or endocrine therapy), treat-
ment disruptions (as defined by ≥1 day delay in active treatment), 
method of determination of SARS-CoV-2 infection, COVID-19 
symptoms, hospitalization, and severity of COVID-19 infection 
(need for hospitalization, need for intensive care unit [ICU] stay, 
supplemental oxygen, intubation status, disposition from hos-
pital). 

Women with breast cancer treated at the Medical College of 
Wisconsin and diagnosed with COVID-19 from March through 
December 2020 served as cases. Women with breast cancer with 
at least one clinic visit from January through July 2020, but with-
out COVID-19 diagnosis within the same time frame were identi-
fied as potential controls. Controls were chosen by matching for 
age (≥ 60 vs < 60), obesity (BMI <30 vs ≥ 30), county (Milwaukee 
vs suburban), race (White vs non-White), and diabetes with 3:1 
matching planned. These variables were chosen for matching as 
they have been known to affect outcomes of COVID-19 infec-
tion.1-3,21 The same control could be used for multiple cases. For 
calculation of summary statistics, controls were weighted by the 
inverse of the number of matches for the case. Univariate compari-
sons between cases and controls were done via Rao-Scott strati-
fied chi-square test for categorical outcomes and stratified t test 
for continuous variables. Conditional logistic regression was per-
formed to evaluate the joint effect of multiple characteristics on 
the odds of being a COVID-19 case. The multivariable analysis 
included predictors that were significant at the 0.1 level in the 
univariate analysis.

RESULTS
Twenty-five cases and 77 controls were identified. All cases were 
fully matched by age, obesity, county, and race. Three cases were 
not able to be matched for diabetes. Full demographic information 
is included in Table 1. Mean age at diagnosis of COVID-19 was 

54.6 years, mean BMI was 31.0, 48% of cases lived in Milwaukee 
County, and 68% of cases were in White patients. Breast cancer-
specific information is included in Table 2. Fifty-two percent of 
cases had stage I disease at time of COVID-19 diagnosis, 64% had 
estrogen receptor (ER)/progesterone receptor (PR) positive cancer, 
12% had human epidermal growth factor receptor 2 (HER2) pos-
itive cancer, and 28% had triple negative disease. Seventy-two per-
cent were on active treatment at the time of COVID-19 diagnosis, 
44% were receiving endocrine therapy, and 20.8% were on active 
chemotherapy at the time of COVID-19 diagnosis. All patients 
had received surgery for their breast cancer, 76% had received che-
motherapy, and 60% had received radiation therapy.   

Of the 25 patients diagnosed with COVID-19, 6 (24%) needed 
hospitalization, with a median length of hospital stay of 2 days. 
Two patients (8%) required supplemental oxygen, and 1 patient 
(4%) required intubation. Of the 6 hospitalized patients, 4 (16%) 
received only supportive care, 1 patient (4%) received hydroxy-
chloroquine, and 1 patient (4%) received convalescent plasma and 
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remdesivir. COVID-19 diagnosis resulted 
in a treatment delay for 10 patients (40%). 

As reported in Table 2, univariate 
analysis of cases versus controls showed 
64% versus 74.7% were ER/PR posi-
tive (P = 0.31), 12% versus 20.3% HER2 
positive (P = 0.34), and 28% versus 13.4% 
triple negative (P = 0.10). There was no 
statistically significant difference in breast 
cancer stage. At time of COVID diagnosis, 
or their last contact with clinic if a con-
trol, 16% versus 14% had active disease 
(P = 0.81), 72% versus 74% were on active 
treatment (P = 0.85), with 20.8% versus 
4% being on chemotherapy (P = 0.007) 
and 44% versus 52% on endocrine therapy 
(P = 0.49). On multivariate conditional 
logistic regression, current treatment with 
chemotherapy significantly increased the 
risk of COVID-19 infection (OR 5.66, 
P = 0.044) as shown in Table 3. There was a trend toward triple 
negative disease, but it did not cross the boundary of statistical 
significance (OR 2.69, P = 0.08).   

DISCUSSION
Existing literature on breast cancer and COVID-19 is limited. We 
set out to identify and describe breast cancer-specific risk factors 
for developing COVID-19 infections and to describe our institu-
tional experience. Our cohort of cases was relatively representative 
in terms of both cancer stage and hormone receptor status, with 
perhaps triple negative breast cancer overrepresented in compari-
son to our patient population as a whole. Of all cancer-specific 
patient factors, we found that only current treatment with chemo-
therapy was significantly associated with developing COVID-19. 
One potential mechanism for this finding is the common neu-
tropenia experienced with cytotoxic chemotherapy and more fre-
quent clinic visits.

Chemotherapy has been implicated inconsistently as a risk fac-
tor for severe COVID-19 and/or death in previous studies, but 
to our knowledge, it has not been described as a risk factor for 
development of COVID-19 itself. Multiple cohort studies have 
suggested that advanced age and comorbidities are associated with 
increased mortality from COVID-19 but that recent chemo-
therapy was not.14,16 Unfortunately, those studies have included 
all types of cancer, which can impact cancer-specific attributions. 
A French cohort study by Vuagnat et al prospectively described 
breast cancer patients diagnosed with COVID-19 and found that 
age and hypertension were associated with higher risk of ICU stay 
and/or death, while current treatment with chemotherapy was 
not associated with patient outcomes.15  In contrast to these stud-
ies, multiple retrospective cohort studies from China have iden-

Table 3. Multivariate Conditional Logistic Regression for Odds of Being a COVID-19 Case 
Predictor	 Comparison	 Univariate OR 	 Univariate	 Multivariate OR	 Multivariate 
			   (95% CI)	 P value	 (95% CI)	 P value

Stage at last contact	 II vs 0 – I	 1.81 (0.44 – 7.41)	 0.4084		
		  III – IV vs 0 – I	 2.10 (0.67 – 6.61)	 0.2052

Previous radiation	 yes vs no	 0.86 (0.34 – 2.14)	 0.7410		

ER/PR-positive	 yes vs no	 0.59 (0.22 – 1.58)	 0.2963		

HER2-positive	 yes vs no	 0.50 (0.14 – 1.84)	 0.2994		

Triple negative	 yes vs no	 2.69 (0.88 – 8.20)	 0.0813	 2.65 (0.78 – 9.03)	 0.1186

Active treatment at time of 	 yes vs no	 0.89 (0.32 – 2.43)	 0.8143
COVID diagnosis, or last 
contact if control		

Active chemotherapy at time	 yes vs no	 7.50 (1.46 - 38.66)	 0.0160	 5.66 (1.05 – 30.43)	 0.0435
of COVID diagnosis, or last 
contact if control
On endocrine therapy at time	 yes vs no	 0.71 (0.28 - 1.80)	 0.4685
of COVID diagnosis, or last 
contact if control		

Abbreviations: OR, odds ratio; ER, estrogen receptor; PR, progesterone receptor; HER, human epidermal 
growth factor receptor.

tified recent chemotherapy as a risk factor for developing severe 
COVID-19 infection and/or death.17–19 

Similar to previously reported pandemic-related treatment 
delays, 40% of our patients experienced cancer treatment delays 
as a result of COVID-19 infection. A recent population study 
of the impact of timely treatment on breast cancer-specific sur-
vival by Ho and colleagues found that delayed first treatment 
(as defined by more than 90 days from time of diagnosis) was 
associated with worse overall survival in both the nonmetastatic 
and metastatic settings.5 In addition to the deleterious effect on 
patient survival, treatment delays can contribute to significantly 
worse patient-reported outcomes. One study in China found that 
46.2% of patients with breast cancer had to modify planned, 
necessary anticancer treatment, and these changes were associ-
ated with significant anxiety, depression, and overall distress.23 
Additionally, a European registry enrolling adult patients with 
cancer and COVID-19 infection found that as a result of sequelae 
from SARS-CoV-2 infection, 38.2% of patients required a sys-
temic therapy regimen or dose adjustment, and 15% of patients 
permanently discontinued anticancer therapy.24 Thus, COVID-19 
infection can have lasting repercussions for cancer patients. 

It has been established that cancer patients are at higher risk 
of developing infections, including COVID-19. We endeavored 
to elucidate risk factors specific to patients with breast cancer in 
the development of COVID-19 infection. While our study found 
no association between hormone receptor status or breast cancer 
stage with the development of COVID-19, there was an asso-
ciation between COVID-19 infection and recent chemotherapy 
treatment. 

One limitation of our study is that it was conducted prior 
to widespread availability of COVID-specific therapeutics and 
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COVID-19 vaccination. However, there are some data to sug-
gest that COVID-19 vaccination in patients with solid tumors 
receiving cytotoxic chemotherapy results in less immunogenicity 
and therefore lower immune response.25-28 Thus, this highlights 
a continued need for further protective measures for this patient 
population. 

CONCLUSIONS
COVID-19 infection represents a significant risk to the health of 
patients with breast cancer and a substantial disruption to their 
routine care. We found that factors specific to breast cancer, such 
as hormone receptor status and endocrine therapy, had no bearing 
on the risk of developing COVID-19 but that recent treatment 
with cytotoxic chemotherapy significantly increased risk of infec-
tion. The percentage of patients experiencing treatment delays as a 
result of COVID-19 infection was similar to previously published 
values. 

Funding/Support: This project was supported by the National Center for 
Advancing Translational Sciences, National Institutes of Health (NIH), Award 
Number KL2TR001438. The content is solely the responsibility of the author(s) 
and does not necessarily represent the official views of the NIH.

Financial Disclosures: Dr Chaudhary reports receiving consulting fees for 
serving on the advisory boards of Seattle Genetics, AstraZeneca, Novartis 
Oncology, and Puma Biotechnology.  

REFERENCES
1. Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus outbreak of global 
health concern. Lancet. 2020;395(10223):470-473. doi:10.1016/S0140-6736(20)30185-9
2. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus disease 2019 in 
China. N Engl J Med. 2020;382(18):1708-1720. doi:10.1056/NEJMoa2002032
3. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in the 
New York City area. JAMA. 2020;323(20):2052-2059. doi:10.1001/jama.2020.6775
4. Dietz JR, Moran MS, Isakoff SJ, et al. Recommendations for prioritization, treatment, 
and triage of breast cancer patients during the COVID-19 pandemic. The COVID-19 
pandemic breast cancer consortium. Breast Cancer Res Treat. 2020;181(3):487-497. 
doi:10.1007/s10549-020-05644-z
5. Ho PJ, Cook AR, Binte Mohamed Ri NK, Liu J, Li J, Hartman M. Impact of delayed 
treatment in women diagnosed with breast cancer: a population-based study. Cancer 
Med. 2020;9(7):2435-2444. doi:10.1002/cam4.2830
6. Gathani T, Clayton G, MacInnes E, Horgan K. The COVID-19 pandemic and impact 
on breast cancer diagnoses: what happened in England in the first half of 2020. Br J 
Cancer. 2021;124(4):710-712. doi:10.1038/s41416-020-01182-z
7. Papautsky EL, Hamlish T. Patient-reported treatment delays in breast cancer care 
during the COVID-19 pandemic. Breast Cancer Res Treat. 2020;184(1):249-254. 
doi:10.1007/s10549-020-05828-7
8. Miller MM, Meneveau MO, Rochman CM, et al. Impact of the COVID-19 pandemic on 
breast cancer screening volumes and patient screening behaviors. Breast Cancer Res 
Treat. 2021;189(1):237-246. doi:10.1007/s10549-021-06252-1
9. Tsai HY, Chang YL, Shen CT, Chung WS, Tsai HJ, Chen FM. Effects of the COVID-19 
pandemic on breast cancer screening in Taiwan. Breast. 2020;54:52-55. doi:10.1016/j.
breast.2020.08.014
10. Hawrot K, Shulman LN, Bleiweiss IJ, et al. Time to treatment initiation for breast 
cancer during the 2020 COVID-19 pandemic. JCO Oncol Pract. 2021;17(9):534-540. 
doi:10.1200/OP.20.00807
11. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN 

estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA 
Cancer J Clin. 2021;71(3):209-249. doi:10.3322/caac.21660
12. Rolston KVI. Infections in cancer patients with solid tumors: a review. Infect Dis Ther. 
2017;6(1):69-83. doi:10.1007/s40121-017-0146-1
13. Dai M, Liu D, Liu M, et al. Patients with cancer appear more vulnerable to 
SARS-CoV-2: a multicenter study during the COVID-19 outbreak. Cancer Discov. 
2020;10(6):783-791. doi:10.1158/2159-8290.CD-20-0422
14. Lee LY, Cazier JB, Angelis V, et al. COVID-19 mortality in patients with cancer on 
chemotherapy or other anticancer treatments: a prospective cohort study. Lancet. 
2020;395(10241):1919-1926. doi:10.1016/S0140-6736(20)31173-9
15. Vuagnat P, Frelaut M, Ramtohul T, et al. COVID-19 in breast cancer patients: a cohort 
at the Institut Curie hospitals in the Paris area. Breast Cancer Res. 2020;22(1):55. 
doi:10.1186/s13058-020-01293-8
16. Kuderer NM, Choueiri TK, Shah DP, et al. Clinical impact of COVID-19 on patients 
with cancer (CCC19): a cohort study. Lancet. 2020;395(10241):1907-1918. doi:10.1016/
S0140-6736(20)31187-9
17. Yang K, Sheng Y, Huang C, et al. Clinical characteristics, outcomes, and risk factors 
for mortality in patients with cancer and COVID-19 in Hubei, China: a multicentre, 
retrospective, cohort study. Lancet Oncol. 2020;21(7):904-913. doi:10.1016/S1470-
2045(20)30310-7
18. Zhang L, Zhu F, Xie L, et al. Clinical characteristics of COVID-19-infected cancer 
patients: a retrospective case study in three hospitals within Wuhan, China. Ann Oncol. 
2020;31(7):894-901. doi:10.1016/j.annonc.2020.03.296
19. Wei J, Wu M, Liu J, et al. Characteristics and outcomes of COVID-19 infection in 45 
patients with breast cancer: a multi-center retrospective study in Hubei, China. Breast. 
2021;59:102-109. doi:10.1016/j.breast.2021.06.006
20. Liang W, Guan W, Chen R, et al. Cancer patients in SARS-CoV-2 infection: a 
nationwide analysis in China. Lancet Oncol. 2020;21(3):335-337. doi:10.1016/S1470-
2045(20)30096-6
21. Jordan RE, Adab P, Cheng KK. COVID-19: risk factors for severe disease and death. 
BMJ. 2020;368:m1198. doi:10.1136/bmj.m1198
22. Howlander N, Noone AM, Krapcho M, et al. SEER cancer statistics review, 1975-
2017. Table 1.11: median age of cancer patients at diagnosis, 2013-2017, by primary 
cancer site, race, and sex. National Cancer Institute. Released April 15, 2020. Accessed 
July 1, 2020. https://seer.cancer.gov/csr/1975_2017/
23. Juanjuan L, Santa-Maria CA, Hongfang F, et al. Patient-reported outcomes of 
patients with breast cancer during the COVID-19 outbreak in the epicenter of China: a 
cross-sectional survey study. Clin Breast Cancer. 2020;20(5):e651-e662. doi:10.1016/j.
clbc.2020.06.003
24. Pinato DJ, Tabernero J, Bower M, et al. Prevalence and impact of COVID-19 
sequelae on treatment and survival of patients with cancer who recovered from SARS-
CoV-2 infection: evidence from the OnCovid retrospective, multicentre registry study. 
Lancet Oncol. 2021;22(12):1669-1680. doi:10.1016/S1470-2045(21)00573-8
25. Funakoshi Y, Yakushijin K, Ohji G, et al. Safety and immunogenicity of the COVID-
19 vaccine BNT162b2 in patients undergoing chemotherapy for solid cancer. J Infect 
Chemother. 2022;28(4):516-520. doi:10.1016/j.jiac.2021.12.021
26. Agbarya A, Sarel I, Ziv-Baran T, et al. Efficacy of the mRNA-based BNT162b2 
COVID-19 vaccine in patients with solid malignancies treated with anti-neoplastic drugs. 
Cancers (Basel). 2021;13(16):4191. doi:10.3390/cancers13164191
27. Cavanna L, Citterio C, Toscani I. COVID-19 vaccines in cancer patients. Seropositivity 
and safety. Systematic review and meta-analysis. Vaccines (Basel). 2021;9(9):1048. 
doi:10.3390/vaccines9091048
28. Tran S, Truong TH, Narendran A. Evaluation of COVID-19 vaccine response in 
patients with cancer: an interim analysis. Eur J Cancer. 2021;159:259-274. doi:10.1016/j.
ejca.2021.10.013



WMJ (ISSN 1098-1861) is published through a collaboration between The Medical 
College of Wisconsin and The University of Wisconsin School of Medicine and Public 
Health. The mission of WMJ is to provide an opportunity to publish original research, 
case reports, review articles, and essays about current medical and public health 
issues.  

© 2023 Board of Regents of the University of Wisconsin System and The Medical 
College of Wisconsin, Inc.

Visit www.wmjonline.org to learn more.


