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abstract

PURPOSE The COVID-19 pandemic has posed significant pressures on healthcare systems, raising concern that
related care delays will result in excess cancer-related deaths. Because data regarding the impact on patients
with breast cancer are urgently needed, we aimed to provide a preliminary estimate of the impact of COVID-19
on time to treatment initiation (TTI) for patients newly diagnosed with breast cancer cared for at a large academic
center.

METHODS We conducted a retrospective study of patients with newly diagnosed early-stage breast cancer
between January 1, 2020, and May 15, 2020, a time period during which care was affected by COVID-19, and
an unaffected cohort diagnosed between January 1, 2018 and May 15, 2018. Outcomes included patient
volume, TTI, and initial treatment modality. Adjusted TTI was compared using multivariable linear regression.

RESULTS Three hundred sixty-six patients were included. There was an 18.8% decrease in patient volume in
2020 (n5 164) versus 2018 (n5 202). There was no association between time of diagnosis (pre-COVID-19 or
during COVID-19) and adjusted TTI (P 5 .926). There were fewer in situ diagnoses in the 2020 cohort (P 5
.040). There was increased use of preoperative systemic therapy in 2020 (43.9% overall, 20.7% chemotherapy,
and 23.2% hormonal therapy) versus 2018 (16.4% overall, 12.4% chemotherapy, and 4.0% hormonal therapy)
(P , .001).

CONCLUSION TTI was maintained among patients diagnosed and treated for breast cancer during the COVID-19
pandemic at a single large academic center. There was a decrease in patient volume, specifically in patients with
in situ disease and a shift in initial therapy toward the use of preoperative hormonal therapy.
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INTRODUCTION

Even before COVID-19, time from breast cancer di-
agnosis to treatment initiation had increased by ap-
proximately 10 days in the last decade.1 This
potentially puts the 275,000 women who are diag-
nosed with breast cancer in the United States every
year at risk of inferior outcomes.2 Delays in treatment of
breast cancer have been linked with increased mor-
tality, such that each 60-day delay in surgery was
shown to be associated with a 26% increased risk of
death because of breast cancer among patients with
early-stage invasive breast cancer.3-5 This finding
helped drive development of time-based quality metric
and guideline recommendations for receipt of che-
motherapy and radiation following early-stage breast
cancer diagnosis.6,7

The COVID-19 pandemic has posed significant
pressures on healthcare system resources and treat-
ment decisions at the provider and patient level. This
has led to growing concern that delays in diagnosis
and care will result in thousands of excess cancer
deaths over the next several years.8-12 As a result,
several organizations have published consensus
guidelines for management of breast cancer during
the pandemic, aiming to preserve hospital resources
for patients being treated for COVID-19 by deferring
breast cancer treatments without significantly com-
promising the outcomes and quality of care for indi-
viduals with breast cancer.8

Data regarding the impact of the pandemic on volume
of patient with breast cancer, time to treatment initi-
ation (TTI), stage at presentation, and treatment
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sequence are urgently needed. However, these are not
readily available from national databases without sub-
stantial delay. To meet this need, we aimed to evaluate the
impact of COVID-19 on patients receiving care for newly
diagnosed breast cancer at a large academic center via
collection of current patient-level data. We hypothesized
that TTI would be longer in the 2020 COVID-19 era
compared with our 2018 comparator cohort.

METHODS

Setting

Penn Medicine is a six-hospital health system head-
quartered in Philadelphia, caring for more than 17,000
patients with new adult cancer every year.13 The Hospital of
the University of Pennsylvania (HUP) is the primary aca-
demic medical center and includes the main campus and
two additional outpatient satellite sites.

Data Source and Study Population

2020 Cohort. Eligible patients had a new histologic diag-
nosis of invasive breast cancer, ductal carcinoma in situ
(DCIS), or lobular carcinoma in situ (LCIS) between January
1, 2020, and May 15, 2020, and were treated at HUP or
one of its satellite sites. Inclusion start date was chosen
based on the estimated TTI of 2 months, and treatment
courses were expected to extend several months. Thus, an
early threshold maximized capture of all patients whose
evaluation and treatment overlapped with a pandemic-
affected period, late February and early March 2020.
Patients who did not continue their care at HUP after initial
consultation were excluded. Patients were identified by
electronic medical record report of new patient visits to an
oncology specialist with diagnosis of breast cancer at HUP
and satellite sites between January 1, 2020, and May 15,
2020. Data integrity was verified by manual chart review of
systematically sampled patients, with every fifth patient
reviewed. Review indicated that all eligible patients had
new patient visits with a breast surgical specialty and
subsequently, patients without a breast surgery visit were
excluded. These data were merged with prospectively
collected log of patients with new histologic diagnosis of
invasive breast cancer between April 1, 2020, and May 15,
2020, maintained by pathology. This log was a response by
operational leadership to track patients whose treatment
might have been affected by the COVID-19 pandemic. By
merging pathology-identified new diagnoses of breast
cancer with our report of new patient visits with breast
surgery, we ensured that all patients with an early breast
cancer diagnosis were included in the study period. Manual
chart review was then conducted by two overlapping re-
viewers. Study data were collected and managed using
REDCap electronic data capture tools hosted at the Uni-
versity of Pennsylvania. In March 2020, as part of disease
team operational response to COVID-19, a standardized
electronic medical record element, here referred to as the

Covid delay questionnaire, was added to visit notes in which
the clinician or a retrospective reviewer denoted any type of
care delay attributable to the COVID-19 pandemic. The
COVID delay questionnaire enabled analysis of sequencing
of initial treatments, including patients who were started on
preoperative hormonal therapy to delay surgery during the
COVID-19 pandemic.

2018 Cohort. This cohort served as a comparison cohort to
the primary 2020 cohort and included patients identified
from the Penn Medicine Cancer Registry, a system
maintained by professional certified tumor registrars that
abide by state and national standards for submission to the
Pennsylvania State Cancer Registry and Commission on
Cancer National Cancer Database (NCDB). The registry is
organized by hospital site, with any hospital with a primary
role in the diagnosis or treatment of a tumor reporting.
There is approximately a 10-month lag period for complete
reporting. Thus, to receive complete data and account for
potential seasonality, the comparator time period was
established as January 1, 2018-May 15, 2018, the most
recent year for which data were available for a comparable
time period. Eligible patients had new diagnoses of invasive
breast cancer, DCIS, or LCIS diagnosed between January 1,
2018, and May 15, 2018, at HUP and two satellite sites.
Registry data were confirmed by systematic sampling for
manual chart review.

Outcomes

The primary outcome was TTI, defined as time in days from
diagnosis to the start of a patient’s initial treatment. Date of
diagnosis was defined as date of histologic diagnosis (core
biopsy, punch biopsy, and fine needle aspiration of breast
or lymph node) in the 2020 cohort. Date of diagnosis for the
2018 cohort is a registrar collected field; investigators’
manual chart review confirmed that this date corresponded
to the date of histologic diagnosis. Initial treatment was
defined as the recorded date when a patient received their
first step in treatment (surgery, chemotherapy, hormonal
therapy, or radiation therapy). This was collected bymanual
chart review for the 2020 cohort and registrar collected in
the 2018 cohort, which was subsequently systematically
confirmed by manual chart review.

Exploratory outcomes available only for the 2020 cohort
included type of initial presentation (mammography versus
self-palpation) and more detailed descriptors of initial
therapy, including surgery type with or without recon-
struction and use of human epidermal growth factor re-
ceptor 2 (HER2)–targeted agents.

Independent Variables

The exposure was year of diagnosis (pre-COVID-19 or
during COVID-19). Covariates included clinical stage at
diagnosis (American Joint Committee on Cancer 8th edi-
tion), breast cancer subtype for invasive cancers, age at
diagnosis, race, and histology.
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Statistical Analyses

Adjusted TTI was compared between the exposed and
unexposed cohorts using multivariable linear regression
with robust standard errors. We tested for an association
between exposure and TTI using a Wald test. We evaluated
for differences in patient characteristics between the ex-
posed and unexposed cohorts using chi-squared tests. We
conducted secondary analyses to determine whether
changes in TTI pre-COVID-19 and during COVID-19 dif-
fered by race by including interaction terms between the
exposure and race variable in our model. A significance
level of two-sided P value, .05 was set a priori. All analyses
were performed using Stata/IC 15.1 for Windows (Stata-
Corp, College Station, TX). This data collection and analysis
were determined to be quality improvement and quality
assurance related by operational leaders and were exempt
from Institutional Review Board review.

RESULTS

Population

A total of 366 patients met our inclusion criteria. Patient
volume of new breast cancer diagnosis decreased by
18.8% in 2020 (n5 164) compared with 2018 (n5 202).
Patient characteristics were similar between the 2018 and
2020 cohorts: the majority of patients were between 50 and
70 years old and White race (Table 1). Breast cancer
subtype (P 5 .941) and histology (P 5 .062) among in-
vasive cancers were also similarly distributed between the
two cohorts. Most patients with invasive cancer had hor-
mone receptor–positive (HR1 HER22) disease, repre-
senting 66.4% and 69.7% in the 2018 and 2020 cohorts,
respectively (Table 1). Two patients missing clinical stage at
presentation (0.5%) and six patients who refused treatment
(1.6%) were excluded from the regression analysis (Ap-
pendix Fig A1, online only).

Clinical stage at presentation differed between the 2018
and 2020 cohort (P5 .040). Specifically, presentation with
clinical stage 0 (DCIS) was more common in 2018 as
compared with 2020 (n 5 53, 26.2% v n 5 22, 13.4%).
Patients with clinical stage I and II disease at presentation
were represented in lower proportion of newly diagnosed
patients in the 2018 versus 2020 cohort; however, the
number of patients diagnosed at each of these stages was
similar pre-COVID-19 and during COVID-19 (Table 1).
Additionally, the type of initial therapy differed between
cohorts (P , .001), with fewer patients beginning with
preoperative systemic therapy in 2018 as compared with
2020 (16.4% v 43.9%, respectively). This was largely
driven by changes in preoperative hormonal therapy (4.0%
in 2018 v 23.2% in 2020) rather than chemotherapy
(12.4% chemotherapy in 2018 v 20.7% in 2020) (Table 1).

Time to Treatment Initiation

The mean unadjusted TTI in 2018 was 45 days (median
41, IQR 29-55) versus 44 days (median 36, IQR 27-52) in

2020 (Appendix Table A1, online only). After adjusting for
race, age, clinical stage, breast cancer subtype, and his-
tologic subtype, there was no association between time of
diagnosis (pre-COVID-19 or during COVID-19) and TTI
(P5 .926) (Table 2). This was true regardless of a patient’s
race for interaction between exposure and race in our
secondary analysis. However, across cohorts, patients who
are Black were treated 16 days slower as compared with
those who are White (15.7; 95% CI, 6.9 to 24.6; P5 .001).
Given that unadjusted TTI was shorter than that estimated
at time of inclusion criteria determination, sensitivity ana-
lyses were conducted with only patients diagnosed after
February 1, 2020, and March 1, 2020. In both cases,
unadjusted mean TTI was less than the analyzed 2020
cohort such that conclusions of this study were unchanged.

2020 Cohort Exploratory Outcomes

The mean time from presentation to histologic diagnosis
was 38 days (median 23, IQR 13-48), from histologic di-
agnosis to initial appointment 17 days (median 14, IQR 8-
21), and from initial appointment to initial treatment
27 days (median 22, IQR 15-33). 52.4% of patients pre-
sented because of screening mammogram, followed by
self-palpated mass (41.8%), and others (5.8%) (Table 3).

Among the 2020 cohort, initial therapy in order of fre-
quency included breast conserving surgery (34.8%),
neoadjuvant hormonal therapy (23.2%), neoadjuvant
chemotherapy (12.8%), mastectomy without reconstruc-
tion (7.9%), neoadjuvant chemotherapy with HER2–tar-
geted therapy (7.9%), mastectomy with tissue-based
reconstruction (5.5%), and mastectomy with implant-
based reconstruction (4.9%). Of the patient group that
received neoadjuvant hormonal therapy (38 patients), 11
remained on hormonal therapy at time of analysis and the
mean duration of hormonal therapy was 67 days (median
61, IQR 41-96). Additionally, review of the 13 patients who
underwent mastectomy without reconstruction indicated
that four of the 13 preferred to have reconstruction, two of
whom were counseled against reconstruction because of
clinical factors, and thus, only two planned for delayed
reconstruction presumably because of COVID-19–related
circumstances.

Of the 99 patients with completed COVID-19 delay ques-
tionnaires, 55 (55.6%) patients had no care delay and 44
(44.4%) had delay in care, of which surgery (n 5 41) and
radiation therapy (n 5 27) were the most frequent. Among
patients identified on questionnaires as having a delay in
surgery because of COVID-19, 70.7% (n5 29) were started
on preoperative hormonal therapy.

DISCUSSION

Patients with newly diagnosed early-stage breast cancer
treated at our institution during the COVID-19 pandemic did
not wait longer to start therapy than those treated in pre-
vious years. Although similar numbers of patients were
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diagnosed with invasive breast cancer during this period as
compared with previous years, fewer patients were diag-
nosed with noninvasive disease during COVID-19. We also
found that during COVID-19, choice of initial therapy for

newly diagnosed HR1 patients shifted from surgery toward
hormonal therapy. Collectively, these findings suggest that,
at our institution, treatment delays for patients with newly
diagnosed early-stage breast cancer were avoided by in-
creasing the use of preoperative hormonal therapy along
with multidisciplinary mitigation strategies.

There is concern that the COVID-19 pandemic will lead to
care delays and poor outcomes for patients with cancer.
Current understanding of the impact of the COVID-19
pandemic on patients with breast cancer is limited and
subject to significant reporting delays with typical state and
national reporting outlets.

TABLE 1. Patient Characteristics

Characteristic

2018
n 5 202

2020
n 5 164

Pn % n %

Age, years .307

, 50 63 31.2 42 25.6

50-70 96 47.5 91 55.5

. 70 43 21.3 31 18.9

Race .217

White 136 67.7 104 63.4

Black 54 26.5 42 25.6

Others 12 5.8 18 11.0

Clinical stage at presentation .040

0 53 26.2 22 13.4

I 102 50.5 93 56.7

II 33 16.3 35 21.3

III 10 5.0 12 7.3

Unknown or not applicable 4 2.0 2 1.2

Type of initial therapy , .001

Definitive surgery 167 82.7 87 53.1

Neoadjuvant chemotherapy 25 12.4 34 20.7

Radiation 2 1.0 0 3.1

Preoperative hormonal therapy 8 4.0 38 23.2

Breast cancer subtype (invasive cancer only) n 5 149 n 5 142 .941

HR-positive 99 66.4 99 69.7

HER2-positive 24 16.1 21 14.8

TNBC 24 16.1 20 14.1

Unknown or not applicable 2 1.3 2 1.4

Histology (invasive cancer only) n 5 149 n 5 142 .062

Invasive ductal 110 73.8 115 81.0

Invasive lobular 18 12.1 18 12.7

Invasive mixed 9 6 7 4.9

Others 12 8.1 2 1.4

NOTE. Clinical stage based on American Joint Committee on Cancer Cancer Staging Manual, Eighth Edition (2017).
Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; TNBC, triple-negative breast cancer.

TABLE 2. Adjusted TTI by Cohort
Cohort TTIa (days) 95% CI P

2018 44.7 41.2 to 48.2 .926

2020 44.4 40.5 to 48.4

Abbreviation: TTI, time to treatment initiation.
aReported at means of covariates: race, age group, clinical stage, breast cancer

subtype, and histologic subtype.
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Consistent with our hypothesis, there was an 18.8% de-
crease in number of patients diagnosed with breast cancer
between January and May 2020 compared with historical
data from 2018, suggesting that fewer patients were
seeking breast cancer care or breast cancer preventive
services, such as screening mammography, during the
pandemic period. This reduction in caseload was largely
driven by DCIS, presumably because of suspension of
screening mammography in late March and April at our
institution. A higher proportion of breast cancer was de-
tected by self-palpation in 2020 compared with historical
cohorts.14 This finding has important implications in that
missing in situ diagnoses over this time period may lead to a
bolus of in situ cases over the next few months as screening
mammography is resumed and possibly even a shift toward
higher clinical stage I disease.

Reassuringly, there was no difference in TTI among pa-
tients diagnosed in 2020 compared with 2018. This may be

due to care delay mitigation efforts undertaken at the in-
stitution during the pandemic, which included increased
frequency of multidisciplinary tumor board from one to
three times weekly to facilitate presentation and triage of
new cases (99 of the 164 patients in the 2020 cohort),
tracking of these presented cases, and increasing use of
upfront hormonal therapy for newly diagnosed early-stage
patients with HR1, HER22 disease. In addition, several
other care-delivery interventions might have also helped
prevent treatment delays. There was increased adoption of
every 3- or 2-week dosing schedules, where appropriate,
for patients being treated with systemic therapy for both
early- and late-stage breast cancer to avoid weekly
schedules and decrease patient and provider volumes in
the clinic. Our institution also substantially increased home
administration of luteinizing hormone releasing hormone
agonist for patients with breast cancer during the study
pandemic period.15 Although clinicians and operational
reviewers cited care delays among 44.4% of patients in our
COVID-19 tracking cohort, most of this reflected a delay in
surgery that is not captured in the TTI end point mainly
because of the substitution of preoperative hormonal
therapy. Before COVID-19, many of these patients would
have gone directly to definitive surgery without preoperative
hormonal therapy and/or would have received neoadjuvant
chemotherapy.

Although our data suggest that TTI at our institution did not
worsen during COVID-19, it is also notable that both the
2018 and 2020 cohorts have a higher TTI than the national
median of 24 days for breast cancer reported in studies
using the National Cancer Database.2 Quality improvement
efforts to address this difference have been underway at our
sites, and it is possible that part of these gains might have
been negatively affected by COVID-19. It is known that
increased time to surgery and time to chemotherapy are
associated with lower overall and disease-specific survival,
with studies showing delayed time to chemotherapy being
particularly detrimental to patients with triple-negative
breast cancer (TNBC).3,5

Additionally, we acknowledge that treatment of breast
cancer has evolved rapidly since 2018, with a shift toward
neoadjuvant systemic therapy for TNBC andHER21 breast
cancer. Thus, the high proportion of patients receiving
neoadjuvant systemic chemotherapy and targeted therapy
in 2020 is expected and unlikely attributable to pandemic-
related factors in the TNBC and HER21 groups. However,
the increased use of hormonal therapy before surgery in the
HR1 group does represent a practice shift at this institu-
tion, noting that the duration of hormonal therapy of mean
67 days would be better described as temporizing hor-
monal therapy as opposed to neoadjuvant hormonal
therapy with intent of downstaging, which is typically ad-
ministered for a duration of 3-9 months.16-20 This practice
shift toward preoperative hormonal therapy is consistent
with delivery of quality care and concordant with national

TABLE 3. Exploratory Outcomes in the 2020 Cohort

Characteristic

2020

Mean Median IQR

Time, days (n 5 164)

Time from presentation to histologic diagnosis 38 23 13-48

Time from histologic diagnosis to initial
appointment

17 14 8-21

Time from initial appointment to treatment 27 22 15-33

Time from histologic diagnosis to treatment 44 36 27-52

Type of initial presentation (n 5 103) n %

Screening mammogram 54 52.4

Self-palpated mass 43 41.8

Others 6 5.8

Type of delay (n 5 99)

No care delay 55 55.6

Care delay identified 44 44.4

Surgery 41

Radiation therapy 27

Chemotherapy 4

Type of initial therapy (n 5 164)

Breast conserving surgery 57 34.8

Neoadjuvant hormonal therapy 38 23.2

Neoadjuvant chemotherapy 21 12.8

Mastectomy without reconstruction 13 7.9

Neoadjuvant chemotherapy with
HER2-targeted therapy

13 7.9

Mastectomy with tissue-based reconstruction 9 5.5

Mastectomy with implant-based reconstruction 8 4.9

Patient declined therapy 5 3.1

Abbreviation: HER2, human epidermal growth factor receptor 2.
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working group recommendations for the treatment of
hormone receptor breast cancer during COVID-19,8 which
cited studies of tamoxifen with or without surgery that
demonstrated no difference in survival within the first 3
years, suggesting that short-term deferment of surgery with
hormonal therapy should not adversely affect breast
cancer–specific survival.21-23 However, the preoperative
use of hormonal therapy confounds interpretation of gene
expression profiles typically conducted on the surgical
specimen. Thus, the preoperative use of hormonal therapy
resulted in a downstream practice shift in that gene ex-
pression profiles such as Oncotype DX or MammaPrint
were ordered on the diagnostic breast core biopsy (rather
than on their surgically excised breast tumor) at time of
diagnosis.

Limitations of this study include the small sample size and
the single-institution cohort design. However, these find-
ings represent important early data to assess the impact of
COVID-19 on breast cancer care until larger registry data
become available. Additionally, the use of a comparison
cohort from 2018 cancer registry data limits our ability to
control for secular trends when comparing COVID-19
versus pre-COVID-19 TTI and patient volume. However,

because secular trends suggest an increasing TTI over
time, this would likely bias our findings away from, rather
than toward, the null. Additionally, the primary outcome of
TTI relies on the patient receiving treatment for their breast
cancer. Thus, patients who refused care potentially be-
cause of COVID-19 would not have met our inclusion
criteria. However, in the 2020 cohort, only five patients
refused treatment and five patients had no follow-up, which
is unlikely to have a significant impact on the results
(Appendix Fig A1).

In summary, our findings demonstrate that patients treated
for breast cancer did not experience higher rates of
treatment delays during COVID-19. This may be due to the
adoption of consensus guidelines and mitigation strategies
surrounding treatment of patients with breast cancer during
the pandemic. Because these strategies were evidence-
based, this also suggests that timely, high-quality care
continued to be delivered during this period. Although this
is reassuring, the decrease in number of in situ diagnoses
and short follow-up period mean that ongoing monitoring is
needed to determine the downstream effects of the pan-
demic, particularly with respect to overall survival, which
are likely to be seen for years to come.
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APPENDIX

TABLE A1. Unadjusted TTI by Cohort

Characteristic

2018 2020

Mean Median IQR Mean Median IQR

Time to treatment initiation, days

Overall 45 41 29-55 44 36 27-52

Clinical stage

0 53 48 34-67 55 46 32-69

I 44 41 28-51 45 37 28-49

II 44 42 30-55 41 36 28-51

III 31 33 18-37 30 32 20-36

Age, years

, 50 45 42 31-56 39 35 27-46

50-70 48 41 30-55 45 39 28-54

. 70 40 37 26-47 47 34 26-55

Breast cancer subtype (invasive cancer only)

HR-positive 42 38 26-52 46 37 29-55

HER2-positive 44 42 24-51 34 35 26-39

TNBC 44 44 32-54 35 34 24-44

NOTE. Clinical stage based on American Joint Committee on Cancer Cancer Staging Manual, Eighth Edition (2017).
Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; TNBC, triple-negative breast cancer; TTI, time to treatment

initiation.
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Metastatic or recurrent
disease (n = 6)

Diagnosis outside of
time window (n = 3)

No pathologic
diagnosis (n = 2)

Re-excision, not initial
diagnosis (n = 2)

Benign disease at
initial diagnosis (n = 6)

Metastatic or
recurrent disease (n = 16)

Diagnosis outside of
time window (n = 93)

Benign disease at
initial diagnosis (n = 3)

No follow-up (n = 5)

Initial treatment
outside of HUP or
satellite site (n = 84)

Two primaries,
higher stage
selected (n = 5)

Duplicate entry (n = 1)

Merge with
prospective
pathology log and
resolve duplicate
entries (n = 76)

Patient refused treatment
(n = 5)

Clinical stage at
presentation not
documented (n = 2)

Patient refused
treatment (n = 1)

Clinical stage at
presentation not
documented (n = 2)

(n = 164)(n = 202)

Analytic cohort
(n = 366)

Complete cases
included in the

regression model
(n = 356)

Newly diagnosed early-stage
 breast cancer,

histologic diagnosis
January 1, 2018-

May 15, 2018, cared for
at HUP sites

(n = 208)

2018 assessed for
eligibility: HUP sites,

early stage breast cancer
 diagnosis January 1, 2018-

May 15, 2018
(n = 227)

Newly diagnosed early-stage
 breast cancer,

histologic diagnosis
January 1, 2020-May 15, 2020, 

cared for at HUP sites
(n = 240)

2020 assessed for
eligibility: new patient
visit to breast surgery

at HUP sites,
documented breast

cancer diagnosis, visit
January 1, 2020-May 15, 2020

(n = 441)   

FIG A1. Patient flow diagram.
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