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Abstract: Background: Coronavirus disease-19 (COVID-19) has spread worldwide since December
2019 and was officially declared a pandemic in March 2020. Due to the rapid transmission and the
high fatality rate, drastic emergency restrictions were issued, with a negative impact on routine
clinical activities. In particular, in Italy, many authors have reported a reduction in the number of
breast cancer diagnoses and critical problems in the management of patients who accessed the breast
units during the dramatic first months of the pandemic. Our study aims to analyze the global impact
of COVID-19 in the two years of the pandemic (2020-2021) on the surgical management of breast
cancer by comparing them with the previous two years. Methods: In our retrospective study, we
analyzed all cases of breast cancer diagnosed and surgically treated at the breast unit of “Citta della
Salute e della Scienza” in Turin, Italy, making a comparison between the 2018-2019 pre-pandemic
period and the 2020-2021 pandemic period. Results: We included in our analysis 1331 breast cancer
cases surgically treated from January 2018 to December 2021. A total of 726 patients were treated in
the pre-pandemic years and 605 in the pandemic period (—121 cases, 9%). No significant differences
were observed regarding diagnosis (screening vs. no screening) and timing between radiological
diagnosis and surgery for both in situ and invasive tumors. There were no variations in the breast
surgical approach (mastectomy vs. conservative surgery), while a reduction in axillary dissection
compared to the sentinel lymph node in the pandemic period was observed (p-value < 0.001).
Regarding the biological characteristics of breast cancers, we observed a greater number of grades
2-3 (p-value = 0.007), pT stage 3—4 breast cancer surgically treated without previous neoadjuvant
chemotherapy (p-value = 0.03), and a reduction in luminal B tumors (p-value = 0.007). Conclusions:
Overall, we report a limited reduction in surgical activity for breast cancer treatment considering the
entire pandemic period (2020-2021). These results suggest a prompt resumption of surgical activity
similar to the pre-pandemic period.
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1. Introduction

Coronavirus disease-19 (COVID-19), the infectious disease caused by the novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was first reported in Wuhan
(China) in December 2019 and officially declared as a pandemic by the World Health
Organization (WHO) on 11 March 2020 [1].

The transmission of SARS-CoV-2 mainly occurs through respiratory droplets and
aerosols that are generated when an infected person coughs, sneezes, or talks. The virus can
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also spread through contact with contaminated surfaces or objects. The incubation period of
COVID-19 ranges from 1 to 14 days, with a median of 5 days. The symptoms of COVID-19
vary from mild to severe and include fever, cough, shortness of breath, loss of taste or smell,
headache, fatigue, and diarrhea. Some people may develop more serious complications,
such as pneumonia, acute respiratory distress syndrome, septic shock, multiorgan failure,
and death [2].

In March 2020, due to the rapid spread of SARS-CoV-2 and the high mortality es-
pecially observed among frail and elderly patients, drastic and urgent measures were
introduced in Italy. These severe measures to contain the spread of SARS-CoV-2 have
led to the cessation of most work activities, local school closures, quarantine for those
affected by COVID-19, and social isolation [3,4]. The Italian health system, which offers
universal access to health care, faced enormous pressure from the pandemic. The Na-
tional Healthcare Service was close to collapse in the most affected regions, especially
Lombardy, where hospitals were overwhelmed by the number and severity of cases [5].
The health system faced a shortage of medical supplies, equipment, and personnel, as
well as a surge in hospitalizations and intensive care admissions [5]. Health workers
were exposed to a high risk of infection and burnout while trying to provide care under
challenging conditions [6,7]. In this context, several hospitals had been converted into
centers for the treatment of COVID-19 with the relocation of specialist personnel and a
slowdown in other medical activities. In particular, the management of patients affected by
breast cancer (BC) suffered the effect of the pandemic, with a reduction in BC screening,
diagnoses, and consequently access to treatment [8-13]. The common challenges faced by
surgeons and oncologists included the prioritization of patients according to their risk and
urgency, the adaptation of surgical techniques and protocols to minimize hospital stays and
complications, the coordination of multidisciplinary teams and resources, and the imple-
mentation of telemedicine and remote follow-up. The COVID-19 pandemic has also raised
ethical dilemmas regarding the balance between providing optimal care for BC patients
and protecting them and healthcare workers from infection. Moreover, the pandemic has
disrupted ongoing clinical trials and research activities in BC surgery, as well as educational
and training opportunities for surgeons [14-17]. According to a multicenter study, the
COVID-19 pandemic forced surgical oncologists to change their daily practice and adopt
alternative de-escalation strategies as the situation deteriorated. However, physicians have
been instinctively reluctant to abandon standard criteria of care whenever possible [18].
An observational study conducted in an Italian academic hospital examined the impact of
the pandemic on BC patients scheduled for surgery. The study found that 71% of patients
reported increased stress and anxiety, 23% had difficulty contacting their doctor, and 18%
had surgery delays [19].

Another Italian multicenter study evaluated the impact of the pandemic on breast
cancer patients undergoing neoadjuvant therapy (NACHT). The study showed a reduction
in the number of patients undergoing NACHT, with no changes in terms of indications,
clinical presentation, and tumor response [20].

By this scenario, in a previous report about the experience of our institution, we
analyzed the trend of oncological surgical resections during the most critical and dramatic
period of the pandemic (9 March 2020 to 8 May 2020) by making a comparison with the
same period of the previous 3 years. Not surprisingly, BC surgery showed the largest
drop in surgical interventions (109 vs. 160; —31.9%) compared with other tumor types [21].
Given these premises, the purpose of this study is to evaluate the impact of COVID-19 on
the surgical management of BC in our referral center by comparing the two pandemic years
(2020-2021) with the two years before the SARS-CoV-2 outbreak.

2. Materials and Methods
2.1. Study Design and Study Population

Our main objective was to investigate the impact of the COVID-19 outbreak on the
time interval between BC diagnosis and surgery and the pathological characteristics of
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the tumors. Moreover, we wanted to assess whether there were any differences in the
type of surgical procedures (more or less conservative) or the indication for NACHT dur-
ing the pandemic. In our single-institution retrospective study, we analyzed all cases of
operable BC diagnosed at the Pathology Unit in “Citta della Salute e della Scienza” in
Turin, the largest academic hospital in Piedmont region, and the fourth largest nation-
wide (Italy), making a comparison between the 20182019 pre-pandemic period and the
2020-2021 pandemic period. The following clinical and pathological data were retrieved
from medical charts: age at diagnosis, if BC was diagnosed through screening or not, date
of histological diagnosis, date of surgery, clinical stage at diagnosis, type of breast surgery
(conservative vs. mastectomy), axillary surgery (sentinel lymph node biopsy or axillary
dissection), tumor invasiveness (in situ vs. invasive tumor), tumor grade (G1-2 vs. G3),
tumor size (mm), histotype, estrogen receptors (ER), progesterone receptors (PR), HER2
and Ki67 expression, pathological T and N stage, NACHT.

Regarding tumor histotype, we divided the BCs of our cohort into non-special type
(NST) and lobular cancers according to the WHO Classification of Tumors, 5th Edition [22].
All BCs that were not classifiable as NST or lobular were included in a third group. Tumor
size was dichotomized by 15 mm, as suggested by previous studies [23-25].

The cut-off for ER and PR positivity was determined at <1%, according to the Con-
sensus of St. Gallen 2011 [26]. HER2 was evaluated as recommended by the American
Society of Clinical Oncology/College of American Pathologists [27]. Ki67 proliferation
index was assessed on surgical specimens evaluating a minimum of 1000 cells. Luminal
subtypes were defined according to St. Gallen’s proposal using a Ki67 cut-off value of 20%,
in line with previously published studies [25,28,29]. BC was divided into five molecular
subtypes based on ER, PR, Ki67 expression, and HER2 expression/gene amplification:
luminal A-like, luminal B-like (HER2 negative), luminal B (HER2 enriched), HER2 positive
(non-luminal), and triple negative. We administered NACHT to patients with advanced-
stage BC or specific subtypes (triple negative, HER2 positive tumors). We selected cytotoxic
chemotherapy and targeted biological therapies based on the tumor characteristics and
the stage at diagnosis. Clinical and pathological staging was performed based on the
TNM classification of malignant tumors, 8th edition [30]. We estimated the time between
radiological diagnosis and surgery as the difference between the date of the mammography
and the date of surgical intervention. All the cases were pseudonymously recorded into a
dedicated database.

2.2. Statistical Analysis

Statistical analyses were performed using IBM® SPSS® v.23 (SPSS Inc., Chicago, IL,
USA) software. Data were analyzed descriptively and represented as counts and percent-
ages. All qualitative variables were analyzed through the Chi-square test. Bonferroni
correction for multiple comparisons was used. Quantitative variables were reported as
a median, range, and standard deviation (SD). Kolmogorov-Smirnov test was used to
test data normality, and then the Mann—-Whitney U-test was used for data comparison.
Analyses were conducted with a 95% confidence interval (CI), and a p-value of 0.05 was
considered statistically significant. All statistical tests were two-tailed.

2.3. Ethical Approval

This study was approved by the Research Ethics Committee for Human Biospeci-
men Ultilization (Department of Medical Sciences—ChBU) of the University of Turin (n°
9/2019). This study was conducted by The Code of Ethics of the World Medical Association
(Declaration of Helsinki).

3. Results
3.1. Clinicopathological Features of the Entire Study Population

In this study, we collected and analyzed data from 1331 BC patients who received sur-
gical treatment at our institution from January 2018 to December 2021. The patients’ mean
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age at diagnosis was 62 years (SD =+ 13, range 25-91), and 18% of them were diagnosed
through screening. The mean intervals between histological diagnosis performed by tumor
biopsy and surgical treatment were 69 days (SD =+ 25, range 11-136) for BC in situ and
67 days (SD =+ 26, range 11-155) for invasive tumors. Most of the patients were at clinical
stage O-I-1I at the time of diagnosis and underwent conservative surgery (67%), while
sentinel lymph node biopsy was performed for lymph node staging in 84% of cases. Most
of the tumors were invasive (86%) and had a diameter of >15 mm (52%) with grades 2-3
(83%). As expected, most of the tumors were NST (66%) with a luminal A molecular profile
(54%). NACHT was administered to 20% of the patients. Among patients undergoing
surgery without NACHT, the majority were staged as pT1 (73%) tumors and/or pNO (74%);
similarly, patients who underwent NACHT predominantly showed a ypT1 (45%) and/or a
ypNO (58%) stage after surgery. All demographic, clinical, and pathological features of the
whole cohort are summarized in Table 1.

Table 1. Patient’s characteristics of the entire period (2018-2022).

Variable All Patients (N = 1331)
Median age (years) SD (range) 62 + 13 (25-91)
Screening

Yes 237 (18%)

No 1094 (82%)

Median time (days) between radiological diagnosis and

surgery (in situ tumors) SD (range) 69 +25 (11-133)

Median time (days) between radiological diagnosis and

surgery * (excluding NACHT) SD (range) 67 26 (11-155)

Clinical stage at diagnosis

Stage 0-I-1I 1266 (95%)

Stage III 65 (5%)
Breast surgery

Conservative 895 (67%)

Mastectomy 436 (35%)
Axillary dissection *

No 970 (84%)

Yes 178 (16%)
Invasiveness

In situ 183 (14%)

Invasive 1148 (86%)
Diameter (mm) *

<15 556 (48%)

>15 592 (52%)
Grade *

1 270 (27%)

2-3 878 (73%)
Histotype *

NST 779 (66%)

Lobular 175 (16%)

Others 194 (18%)
Molecular profile *

Luminal A 635 (54%)

Luminal B 305 (30%)

HER2+ HR+ 69 (5%)

HER2+ HR— 28 (2%)

Triple-negative 111 (9%)
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Table 1. Cont.

Variable All Patients (N = 1331)
NACHT *

No 1026 (77%)

Yes 122 (33%)
Pathological T stage (excluding NACHT) *

1 750 (73%)

2 229 (22%)

34 47 (5%)
Pathological N stage (excluding NACHT) *

0 408 (74%)

1 107 (19%)

2-3 40 (7%)
Pathological T stage (considering only NACHT) *

0 35 (29%)

1 55 (45%)

2 26 (21%)

34 6 (5%)
Pathological N stage (considering only NACHT) *

0 71 (58%)

1 31 (26%)

2 12 (10%)

3 8 (6%)

* For this subgroup, only invasive tumors were considered. HR: hormone receptor; NACHT: neoadjuvant
chemotherapy; SD: standard deviation.

3.2. Comparison of Clinicopathological Features between the Pre-Pandemic and Pandemic Periods

Overall, 726 patients with BC were surgically treated in the pre-pandemic years vs.
605 patients in the pandemic period (—121, 9%). The median age of patients with BC was
slightly higher in the pandemic period (61 years SD =+ 13, range 26-89 vs. 64 years SD =+ 14,
range 25-91, p-value = 0.03). We did not find any differences between patients who were
diagnosed with BC within the screening program and those who were diagnosed outside
the screening program. We also did not find any significant differences in the median time
(days) from the histological diagnosis to the surgical resection for both in situ and invasive
BC. The type of surgical treatment performed did not vary, maintaining a constant ratio
between conservative surgery, which was the most common one (67% in both groups),
and mastectomy. Therefore, the surgical management and the alternative surgical options
were similar for the patients in the pre-COVID and COVID two-year periods. However,
we observed a significant decrease in the number of patients who underwent axillary
dissection during the pandemic (21% vs. 8%, p = < 0.001). Even though no difference was
detected in terms of the median size of invasive BC, the number of patients presenting
a higher pT on the surgical specimen (pT2 and pT3) in the two-year COVID period was
significantly superior to the one of the pre-pandemic period (6% vs. 3%, p = 0.03), albeit
exclusively in the subgroup of invasive tumors that had not received NACHT.

The most frequent histotype was NST, while the other special histotypes constituted
34% of cases in 2018-2019 and 30% in 2020-2021, with a prevalence of lobular BC.

Regarding molecular subtypes, luminal A was the most frequent one in both groups,
whereas, in the pandemic period, a statistically significant decrease in luminal B was
observed (22% 2020-2021 vs. 30% 2018-2019, p = 0.015). Concerning grading, a decrease in
grade 1 and an increase in higher grade (2-3) tumors was observed in the years 2020-2021
(20 % grade 1 in 2020-2021 vs. 27% in 2018-2019; 80% grade 2-3 in 2020-2021 vs. 73% in
2018-2019).

An additional indicator of interest was NACHT: data were similar (90% of patients
treated with NACHT in 2020-2021 vs. 89% in 2018-2019) without observing differences in
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pathological staging in this subgroup of patients. All the characteristics of the BC according
to the pandemic and pre-pandemic period are summarized in Table 2.

Table 2. Patients’ characteristics according to the pandemic and pre-pandemic periods.

Years 2018-2019

Years 2020-2021

Variable (N = 726) (N = 605) p-Value
Median age (years) SD (range) 61 4+ 13 (26-89) 64 + 14 (25-91) 0.002
Screening

Yes 133 (18%) 104 (17%) 0.529

No 593 (82%) 501 (83%) ’
Median time (days) between radiological diagnosis and 67 + 25 (17-133) 72 + 25 (11-136) 0.238
surgery (in situ tumors) SD (range)
Median time (days) between radiological diagnosis and B 3
surgery * (excluding NACHT) SD (range) 67 427 (12-154) 66 (11-155) 0.66
Clinical stage at diagnosis

Stage 0-I-1I 688 (95%) 578 (96%) 0.56

Stage 111 38 (5%) 27 (4%) :
Breast surgery

Conservative 490 (67%) 405 (67%) 0.831

Mastectomy 236 (33%) 200 (33%) ’
Axillary dissection

No 488 (79%) 482 (92%) 0.001

Yes 136 (21%) 42 (8%) <0-
Invasiveness

In situ 102 (14%) 81 (13%) 0727

Invasive 624 (86%) 524 (87%) )
Diameter (mm) *

<15 299 (48%) 257 (49%) 0.703

>15 325 (52%) 267 (51%) ’
Grade *

1 166 (27%) 104 (20%) 0.007

2-3 458 (73%) 420 (80%) )
Histotype *

NST 412 (66%) 367 (70%)

Lobular 97 (16%) 78 (15%) 0.266

Others 115 (18%) 79 (15%)
Molecular profile *

Luminal A 337 (54%) a 298 (57%) a

Luminal B 188 (30%) a 117 (22%)

HER2+ HR+ 31 (5%) a 38 (7%) a 0.015

HER2+ HR— 11 (2%) a 17 (3%) a

Triple-negative 57 (9%) a 54 (10%) a
NACHT *

No 555 (89%) 471 (90%) 0.606

Yes 69 (11%) 53 (10%) )
Pathological T stage (excluding NACHT) *

1 407 (73%) a 343 (73%) a

2 131 (24%) a 98 (21%) a

34 17 (3%) 30 (6%) 0.03
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Table 2. Cont.
. Years 2018-2019 Years 2020-2021
Variable (N = 726) (N = 605) p-Value
Pathological N stage (excluding NACHT) *
0 408 (74%) 363 (77%)
1 107 (19%) 80 (17%) 0.411
2-3 40 (7%) 28 (6%)
Pathological T stage (considering only NACHT) *
0 16 (23%) 19 (36%)
1 32 (46%) 23 (43%)
2 17 (25%) 9 (17%) 0.422
34 4 (6%) 2 (4%)
Pathological N stage (considering only NACHT) *
0 36 (52%) 35 (66%)
1 19 (27%) 12 (23%)
2 8 (12%) 4(7%) 0.410
3 6 (9%) 2 (4%)

* For this subgroup, only invasive tumors were considered. HR: hormone receptor; NACHT: neoadjuvant
chemotherapy; SD: standard deviation. Significant p-values in bold. Subscripted letters indicate differences
between subgroups estimated with Bonferroni’s correction.

4. Discussion

The COVID-19 pandemic has disrupted the whole spectrum of cancer care, leading
to diagnostic and therapeutic delays and hampering clinical trials. According to a global
collaborative study, the pandemic has caused a widespread detrimental impact on cancer
care, with varying magnitude among centers worldwide. The most common disruptions re-
ported were postponement or cancellation of elective surgery, chemotherapy, radiotherapy,
immunotherapy, screening programs, follow-up visits, and supportive care. The reasons
for these disruptions included overwhelmed health systems, lack of personal protective
equipment, staff shortages, restricted access to medications, and infection control measures.
The disruption of cancer care can lead to worse outcomes for cancer patients, such as
disease progression, increased morbidity and mortality, and reduced quality of life [31].

In a large cross-sectional study that looked at the number of new cancers diagnosed be-
fore and after the COVID-19 pandemic in the United States, a reduction in newly diagnosed
cancers was observed for six common types of tumors (breast, colorectal, lung, pancreatic,
gastric, and esophageal) [31]. In particular, BC is the tumor type with the greatest decline
in newly diagnosed cases (51.8%, from 2208 to 1064 new cases; p < 0.001) [32]. The causes
of this serious collapse of new BC diagnoses may include the lockdown, social distancing,
fear of accessing hospital facilities, and the reduction in medical staff dedicated to BC
management. In addition, there has been a dramatic reduction in access to preventive
screening, an issue that has also been observed in our country [33,34].

In our breast unit, a 9% reduction in BC patients who underwent surgery was observed.
This reduction was lower than the preliminary estimate of 31.9% reported by our group [21]
and lower than in another recent Italian multicenter study [35]; however, in the present
study, we considered not only 2020 but also 2021, so the impact of COVID-19 was probably
greater in the first months of lockdown compared with the longer time interval now
considered. The authors of the previous study also reported that the decline in BC diagnosis
had reached its highest value (26%) after the flattening of the first epidemic curve and the
resumption of cancer screenings (June 2020) [35]. It is interesting to note that, despite a
reduction in BC screening program activity, in our study, the proportion of cases diagnosed
between the pandemic and the pre-pandemic period remained constant.

The median time from diagnosis to surgery was always less than 90 days regardless
of the period considered and the invasiveness of the tumor, which represents, according
to the literature, the biological cut-off potentially leading to a poorer prognosis [36,37]. In
some patients with invasive BC, the time between diagnosis and surgery was over 100 days,
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but in most of these cases, the delay was due to patient characteristics and not because of
pandemic-related events. For example, in elderly patients with large tumors and important
comorbidities, it was preferred to first administer hormone therapy for an average of
three to four months and then re-evaluate the surgery feasibility. In contrast to other
studies [34,35], we did not observe an increase in cases of late-stage disease at presentation
compared to the pre-pandemic period. However, this finding could be due to the study
focus (i.e., surgically treated tumors only) and/or to the longer period analyzed, which
could have balanced the impact of the initial critical months of the pandemic. Regarding
the type of surgery, we found no differences between conservative surgery and mastectomy
rates; however, we did observe a significant reduction in axillary dissections during the
pandemic period. A similar result was also observed in the study proposed by the Italian
Senonetwork [38], which observed a greater number of cases staged with sentinel node
biopsy compared to axillary dissection. The authors of this study suggest that the lower
rate of axillary dissections could be due to an increase in cNO cases selected for upfront
surgery (actually, in our study, we have an increase in pNO, albeit not significant) and
probably reflects the paradigm shift due to the progressive acceptance of the Z0011 trial
findings on the possibility of omitting axillary dissection in selected low-risk tumors [39].

Furthermore, axillary dissection is associated with higher morbidity and complications,
such as lymphedema, pain, infection, nerve injury, and reduced shoulder mobility, and may
not provide additional prognostic or therapeutic benefit for patients with limited nodal
involvement, especially those who receive systemic therapy and/or radiotherapy [40]; also,
in this specific setting, it finally may have increased the risk of exposure to COVID-19.

Regarding the pathological features of the analyzed BC, in the pandemic period, we
detected a significant increase in higher grade (2-3) tumors, pT stage 3-4 BC without
previous NACHT, and a reduction in luminal B tumors. No significant differences in
invasiveness, tumor diameter, histotypes, and pT and pN after NACHT were observed.

Overall, these data may suggest an increase in locally advanced tumors that have
been surgically treated upfront, probably considering their biological characteristics not
suitable for NACTH (e.g., locally advanced luminal A tumors). In addition, despite a
non-significant difference, we observed a reduction in the number of NACHTs admin-
istered in the pandemic period (69 vs. 53, p = 0.606), a finding that may help explain
the increase in pT4 tumors. A significant decrease in NACHT utilization has also been
observed by other authors analyzing a shorter time interval [38]. These data are in contrast
with some international guidelines which promoted the use of neoadjuvant treatments.
However, there are also some challenges and limitations associated with NACHT during
the pandemic, such as the lack of standardized criteria for patient selection, treatment
duration, response evaluation, and surgical planning; the variability in the availability
and accessibility of NACHT across different settings; the uncertainty about the long-term
efficacy and safety of NACHT compared with immediate surgery; and the potential toxicity
and immunosuppression caused by NACHT [41,42].

Another strategy to mitigate the possible negative impact of surgical delay is neoad-
juvant endocrine therapy (NET). NET showed several advantages during the pandemic:
first, NET can be administered orally at home, avoiding hospital visits and exposure to
COVID-19. Second, NET has a favorable toxicity profile, with fewer side effects and lower
immunosuppression than NACT, reducing the risk of complications and infections. Third,
NET can achieve tumor shrinkage and downstaging in a significant proportion of patients,
especially those with low-grade and low-proliferative tumors, facilitating breast-conserving
surgery and reducing the need for axillary dissection. Fourth, NET can provide prognostic
information based on the response to treatment, allowing for personalized therapy and
de-escalation of adjuvant therapy.

Several national and international guidelines and consensus statements have recom-
mended the use of NET for ER+ BC patients during the pandemic, especially for those with
early-stage or operable locally advanced disease who were not candidates for NACHT or
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immediate surgery. The preferred drugs for NET are tamoxifen for premenopausal women
and aromatase inhibitors for postmenopausal women [43-46].

Several studies have reported the impact of NET on BC surgery during the pandemic
in different countries and regions [43-46]. The results showed that NET has been widely
adopted as a strategy to defer surgery safely and effectively, with no major differences in
surgical outcomes compared with the pre-pandemic period. However, there are also some
challenges and limitations associated with NET, such as the lack of standardized criteria
for patient selection, treatment duration, response evaluation, and surgical planning; the
variability in the availability and accessibility of NET across different settings; the uncer-
tainty about the long-term efficacy and safety of NET compared with immediate surgery;
and the potential psychological distress and anxiety caused by delaying surgery [44,47]. In
our Breast Unit, given that the times between diagnosis and surgery have been respected,
this strategy has not been adopted.

This study has some strong points and limitations that should be considered. The
main merits of this study are related to the fact that it examined a large group of consecutive
BC patients who received treatment in a large referral center deployed in a real-world
setting. On the other hand, the major limitations are associated with the unvoidable
retrospective design of this study, although all BC cases were managed by dedicated
and experienced physicians who participated in regular multidisciplinary tumor boards
despite the ongoing pandemic. Other researchers have reported a 13% decrease in the
number of multidisciplinary BC cases that were discussed after the pandemic (60% vs. 73%,
p < 0.01) [35]; however, our breast unit quickly adapted the discussion of the BC cases to an
online format to preserve the multidisciplinary consultations and provide the best possible
standard of care [48].

5. Conclusions

The SARS-CoV-2 pandemic had a devastating impact on healthcare services in several
countries around the world, and the management of some diseases, such as BC, has
particularly suffered from the reorganization put in place to address the pandemic. Many
authors have analyzed the impact of SARS-CoV-2 in the pandemic’s most intense period,
confirming a reduction in diagnoses and changes in the management of BC [8-13,35].

However, our study reports that by comprehensively analyzing the most critical two
years of the pandemic (2020-2021), the difference in the number of surgically treated
cases had been limited (9%), and the management of tumors has not undergone major
differences (except for fewer axillary dissections and a relatively small increase in pT4 cases
not subjected to NACT), suggesting a prompt resumption of a surgical activity similar
to the pre-pandemic period. To date, our study is one of the few that has evaluated the
impact of the pandemic on BC surgery over a long period of time, covering both the first
and second wave of COVID-19 infections. Most of the previous studies have focused on a
shorter time frame, mainly including the first wave, when the lockdown measures were
stricter, and the screening programs were suspended or postponed. Therefore, our study
provides a more comprehensive picture of how BC surgery has adapted to the changing
scenario and how it has recovered after the initial disruption.

One of the main challenges faced by BC surgeons during the pandemic was to pri-
oritize patients according to their risk and urgency while minimizing hospital stays and
complications. To achieve this goal, several strategies were implemented, such as using
NACHT to delay surgery for patients with high-risk tumors or operable locally advanced
disease, performing breast-conserving surgery instead of mastectomy when feasible, avoid-
ing axillary dissection for patients with clinically negative nodes or low-volume disease,
and using telemedicine and remote follow-up for postoperative care.

These strategies were consistent with the recommendations issued by several consen-
sus groups [41,49,50]. However, there was also some variability in how these recommenda-
tions were applied in different settings and regions, depending on the local resources and
policies. Therefore, it is important to gather data and compare the outcomes of BC surgery
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during and after the pandemic across different centers and countries, as well as to evaluate
the long-term effects of these changes on patients’ survival and quality of life.

We hope that our findings will contribute to improving BC surgery practice in the face
of future pandemics or similar emergencies.

Author Contributions: Writing—original draft preparation: E.B. and L.B. Statistical analyses: EB.
and L.B. Data curation: ED.G., G.W.,, G.O. and A.A.R. Literature research: EB., L.B., ED.G., G.W,,
G.O. and A.AR. Pathological diagnosis: A.P. and I.C. Conceptualization: P.C. Project supervision:
P.C. Resources: 1.C. and P.C. Writing—review, and editing: all authors. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee for Human Biospecimen Utilization
(Department of Medical Sciences—ChBU) of the University of Turin n°® 9/2019.

Informed Consent Statement: All the patients included in this study signed informed consent to the
pseudonymous use of clinical and imaging data for research purposes at the time of surgery.

Data Availability Statement: Data are encrypted and are available on reasonable request from
the authors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  WHO. Coronavirus Disease (COVID-19)—Events as They Happen. Available online: https://www.who.int/emergencies/
diseases/novel-coronavirus-2019/events-as-they-happen (accessed on 25 October 2022).

2. Shereen, M.A ; Khan, S.; Kazmi, A.; Bashir, N.; Siddique, R. COVID-19 infection: Origin, transmission, and characteristics of
human coronaviruses. J. Adv. Res. 2020, 24, 91-98. [CrossRef] [PubMed]

3.  Guzzetta, G.; Riccardo, F.; Marziano, V.; Poletti, P.; Trentini, F; Bella, A.; COVID-19 Working Group. Impact of a Nationwide
Lockdown on SARS-CoV-2 Transmissibility, Italy. Emerg. Infect. Dis. 2021, 27, 267-270. [CrossRef]

4. Porto, E.D.; Naticchioni, P.; Scrutinio, V. Lockdown, essential sectors, and COVID-19: Lessons from Italy. J. Health Econ. 2022,
81,102572. [CrossRef] [PubMed]

5. Grasselli, G.; Pesenti, A.; Cecconi, M. Critical Care Utilization for the COVID-19 Outbreak in Lombardy, Italy: Early Experience
and Forecast During an Emergency Response. JAMA 2020, 323, 1545-1546. [CrossRef] [PubMed]

6.  Puci, M.V,; Nosari, G.; Loi, F,; Puci, G.V.; Montomoli, C.; Ferraro, O.E. Risk Perception and Worries among Health Care Workers
in the COVID-19 Pandemic: Findings from an Italian Survey. Healthcare 2020, 8, 535. [CrossRef]

7. Gorini, A.; Fiabane, E.; Sommaruga, M.; Barbieri, S.; Sottotetti, F.; La Rovere, M.T.; Gabanelli, P. Mental health and risk perception
among Italian healthcare workers during the second month of the COVID-19 pandemic. Arch. Psychiatr. Nurs. 2020, 34, 537-544.
[CrossRef]

8. Vanni, G,; Pellicciaro, M.; Materazzo, M.; Palombi, L.; Buonomo, O.C. Breast Cancer Diagnosis in Coronavirus-Era: Alert from
Italy. Front. Oncol. 2020, 22, 938. [CrossRef]

9. Casella, D.; Fusario, D.; Cassetti, D.; Miccoli, S.; Pesce, A.L.; Bernini, A.; Neri, A. The patient’s pathway for breast cancer in the
COVID-19 era: An Italian single-center experience. Breast ]. 2020, 26, 1589-1592. [CrossRef]

10.  Veronesi, P; Corso, G. Impact of COVID-19 pandemic on clinical and surgical breast cancer management. eClinicalMedicine 2020,
26,100523. [CrossRef]

11. Toss, A.; Isca, C.; Venturelli, M.; Nasso, C.; Ficarra, G.; Bellelli, V.; Armocida, C.; Barbieri, E.; Cortesi, L.; Moscetti, L. Two-month
stop in mammographic screening significantly impacts on breast cancer stage at diagnosis and upfront treatment in the COVID
era. ESMO Open 2021, 6, 100055. [CrossRef]

12.  Spadea, T.; Di Girolamo, C.; Landriscina, T.; Leoni, O.; Forni, S.; Colais, P.; Gnavi, R. Mimico-19 working group. Indirect impact of
COVID-19 on hospital care pathways in Italy. Sci. Rep. 2021, 11, 21526. [CrossRef]

13. Fortunato, L.; d’Amati, G.; Taffurelli, M.; Tinterri, C.; Marotti, L.; Cataliotti, L. Severe Impact of COVID-19 Pandemic on Breast
Cancer Care in Italy: A Senonetwork National Survey. Clin. Breast Cancer 2021, 21, e165—e167. [CrossRef]

14. Richards, M.; Anderson, M.; Carter, P.; Ebert, L.B.; Mossialos, E. The impact of the COVID-19 pandemic on cancer care. Nat.
Cancer 2020, 1, 565-567. [CrossRef] [PubMed]

15.  Rusch, VW.; Wexner, S.D.; Atala, A.; Atkinson, ].L.; Denneny, ].C., III; Eberlein, T.].; Wood, D.E. The American College of Surgeons
Responds to COVID-19. J. Am. Coll. Surg. 2020, 231, 490-496. [CrossRef] [PubMed]

16. Thornton, J. Clinical trials suspended in UK to prioritise COVID-19 studies and free up staff. BM]J 2020, 368, m1172. [CrossRef]

17.  Ndumele, A.; Park, K.U. The Impact of COVID-19 on National Clinical Trials Network Breast Cancer Trials. Curr. Breast Cancer

Rep. 2021, 13, 103-109. [CrossRef]


https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://doi.org/10.1016/j.jare.2020.03.005
https://www.ncbi.nlm.nih.gov/pubmed/32257431
https://doi.org/10.3201/eid2701.202114
https://doi.org/10.1016/j.jhealeco.2021.102572
https://www.ncbi.nlm.nih.gov/pubmed/34958981
https://doi.org/10.1001/jama.2020.4031
https://www.ncbi.nlm.nih.gov/pubmed/32167538
https://doi.org/10.3390/healthcare8040535
https://doi.org/10.1016/j.apnu.2020.10.007
https://doi.org/10.3389/fonc.2020.00938
https://doi.org/10.1111/tbj.13958
https://doi.org/10.1016/j.eclinm.2020.100523
https://doi.org/10.1016/j.esmoop.2021.100055
https://doi.org/10.1038/s41598-021-00982-4
https://doi.org/10.1016/j.clbc.2020.10.012
https://doi.org/10.1038/s43018-020-0074-y
https://www.ncbi.nlm.nih.gov/pubmed/35121972
https://doi.org/10.1016/j.jamcollsurg.2020.06.020
https://www.ncbi.nlm.nih.gov/pubmed/32673759
https://doi.org/10.1136/bmj.m1172
https://doi.org/10.1007/s12609-021-00417-z

Curr. Oncol. 2023, 30 4777

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Rocco, N.; Montagna, G.; Di Micco, R.; Benson, J.; Criscitiello, C.; Chen, L.; Di Pace, B.; Esgueva Colmenarejo, A.J.; Harder, Y.;
Karakatsanis, A.; et al. The Impact of the COVID-19 Pandemic on Surgical Management of Breast Cancer: Global Trends and
Future Perspectives. Oncologist 2021, 26, e66—€77. [CrossRef]

Magno, S.; Linardos, M.; Carnevale, S.; Dilucca, M.; Di Leone, A.; Terribile, D.A.; Franceschini, G.; Masetti, R. The impact of the
COVID-19 pandemic on breast cancer patients awaiting surgery: Observational survey in an Italian University hospital. Breast ].
2020, 26, 1597-1602. [CrossRef] [PubMed]

Vanni, G.; Pellicciaro, M.; Combi, F,; Papi, S.; Materazzo, M.; Segattini, S.; Rizza, S.; Chiocchi, M.; Perretta, T.; Meucci, R.; et al.
Impact of COVID-19 Pandemic on Surgical Breast Cancer Patients Undergoing Neoadjuvant Therapy: A Multicentric Study.
Anticancer Res. 2021, 41, 4535-4542. [CrossRef] [PubMed]

Vissio, E.; Falco, E.C.; Collemi, G.; Borella, F.; Papotti, M.; Scarmozzino, A.; Cassoni, P.; Bertero, L. Impact of COVID-19
lockdown measures on oncological surgical activity: Analysis of the surgical pathology caseload of a tertiary referral hospital in
Northwestern Italy. J. Surg. Oncol. 2021, 123, 24-31. [CrossRef]

WHO; Classification of Tumours Editorial Board. Breast Tumours, 5th ed.; WHO Classification of Tumours Series; International
Agency for Research on Cancer: Lyon, France, 2019; Volume 2.

Duffy, S.W.; Tabar, L.; Vitak, B.; Warwick, J. Tumor size and breast cancer detection: What might be the effect of a less sensitive
screening tool than mammography? Breast |. 2006, 12, S91-595. [CrossRef]

Castellano, I.; Chiusa, L.; Vandone, A.M.; Beatrice, S.; Goia, M.; Donadio, M.; Arisio, R.; Muscara, F.; Durando, A.; Viale, G.; et al.
A simple and reproducible prognostic index in luminal ER-positive breast cancers. Ann. Oncol. 2013, 24, 2292-2297. [CrossRef]
Vissio, E.; Metovic, J.; Osella-Abate, S.; Bertero, L.; Migliaretti, G.; Borella, F.; Benedetto, C.; Sapino, A.; Cassoni, P.; Castellano, L.
Integration of Ki-67 index into AJCC 2018 staging provides additional prognostic information in breast tumours candidate for
genomic profiling. Br. J. Cancer 2020, 122, 382-387. [CrossRef] [PubMed]

Goldhirsch, A.; Winer, E.P; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thiirlimann, B.; Senn, H.-J. Personalizing the treatment
of women with early breast cancer: Highlights of the st gallen international expert consensus on the primary therapy of early
breast Cancer 2013. Ann. Oncol. 2013, 24, 2206-2223. [CrossRef]

Wolff, A.C.; Hammond, M.E.H.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.; Bartlett, ].M.S.; Bilous, M.;
Fitzgibbons, P; et al. Recommendations for human epidermal growth factor receptor 2 testing in breast cancer: American Society
of Clinical Oncology/College of American Pathologists Clinical Practice Guideline Update. J. Clin. Oncol. 2013, 31, 3997-4013.
[CrossRef] [PubMed]

Goldhirsch, A.; Wood, W.C.; Coates, A.S.; Gelber, R.D.; Thiirlimann, B.; Senn, H.-].; Panel members. Strategies for subtypes-
dealing with the diversity of breast cancer: Highlights of the St Gallen international expert consensus on the primary therapy of
early breast cancer 2011. Ann. Oncol. 2011, 22, 1736-1747. [CrossRef] [PubMed]

Bustreo, S.; Osella-Abate, S.; Cassoni, P.; Donadio, M.; Airoldi, M.; Pedani, F.; Papotti, M.; Sapino, A.; Castellano, I. Optimal Ki67
cut-off for luminal breast cancer prognostic evaluation: A large case series study with a long-term follow-up. Breast Cancer Res.
Treat. 2016, 157, 363-371. [CrossRef]

Brierley, ]J.D.; Gospodarowicz, M.K.; Wittekind, C. TNM Classification of Malignant Tumours, 8th ed.; John Wiley and Sons:
Chichester, UK, 2017.

Jazieh, A.R.; Akbulut, H.; Curigliano, G.; Rogado, A.; Alsharm, A.A.; Razis, E.D.; Mula-Hussain, L.; Errihani, H.; Khattak, A.; De
Guzman, R.B,; et al. International Research Network on COVID-19 Impact on Cancer Care. Impact of the COVID-19 Pandemic on
Cancer Care: A Global Collaborative Study. JCO Glob. Oncol. 2020, 6, 1428-1438. [CrossRef]

Kaufman, HW.,; Chen, Z; Niles, J.; Fesko, Y. Changes in the number of US patients with newly identified cancer before and
during the Coronavirus disease 2019 (COVID-19) pandemic. JAMA Netw. Open 2020, 3, €2017267. [CrossRef]

Vanni, G.; Pellicciaro, M.; Materazzo, M.; Bruno, V.; Oldani, C.; Pistolese, C.A.; Buonomo, C.; Caspi, J.; Gualtieri, P;
Chiaravalloti, A.; et al. Lockdown of Breast Cancer Screening for COVID-19: Possible Scenario. In Vivo 2020, 34, 3047-3053.
[CrossRef]

Vanni, G.; Tazzioli, G.; Pellicciaro, M.; Materazzo, M.; Paolo, O.; Cattadori, F; Combi, E; Papi, S.; Pistolese, C.A.; Cotesta, M.; et al.
Delay in Breast Cancer Treatments During the First COVID-19 Lockdown. A Multicentric Analysis of 432 Patients. Anticancer Res.
2020, 40, 7119-7125. [CrossRef] [PubMed]

Mentrasti, G.; Cantini, L.; Vici, P.; D’Ostilio, N.; La Verde, N.; Chiari, R.; Paolucci, V.; Crocetti, S.; De Filippis, C.; Pecci, E; et al.
Rising incidence of late stage breast cancer after COVID-19 outbreak. Real-world data from the Italian COVID-DELAY study.
Breast 2022, 65, 164-171. [CrossRef] [PubMed]

Bleicher, R.J. Timing and Delays in Breast Cancer Evaluation and Treatment. Ann. Surg. Oncol. 2018, 25, 2829-2838. [CrossRef]
Xu, J.; Bromley, L.; Chew, G.; Yeo, B. “First Do No Harm": Significance of Delays from Diagnosis to Surgery in Patients with
Non-metastatic Breast Cancer. World J. Surg. 2020, 44, 3812-3820. [CrossRef] [PubMed]

Losurdo, A.; Lisa, A.V.E; Tomatis, M.; Ponti, A.; Montemezzi, S.; Bonzano, E.; Fortunato, L. Senonetwork Working Group. Highly
specialized Breast Centers did not experience delay of care during COVID-19 pandemic in Italy: The Senonetwork experience.
Breast Cancer Res Treat. 2022, 196, 87-95. [CrossRef]


https://doi.org/10.1002/onco.13560
https://doi.org/10.1111/tbj.13889
https://www.ncbi.nlm.nih.gov/pubmed/32677117
https://doi.org/10.21873/anticanres.15265
https://www.ncbi.nlm.nih.gov/pubmed/34475080
https://doi.org/10.1002/jso.26256
https://doi.org/10.1111/j.1075-122X.2006.00207.x
https://doi.org/10.1093/annonc/mdt183
https://doi.org/10.1038/s41416-019-0656-6
https://www.ncbi.nlm.nih.gov/pubmed/31780778
https://doi.org/10.1093/annonc/mdt303
https://doi.org/10.1200/JCO.2013.50.9984
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://doi.org/10.1093/annonc/mdr304
https://www.ncbi.nlm.nih.gov/pubmed/21709140
https://doi.org/10.1007/s10549-016-3817-9
https://doi.org/10.1200/GO.20.00351
https://doi.org/10.1001/jamanetworkopen.2020.17267
https://doi.org/10.21873/invivo.12139
https://doi.org/10.21873/anticanres.14741
https://www.ncbi.nlm.nih.gov/pubmed/33288611
https://doi.org/10.1016/j.breast.2022.08.007
https://www.ncbi.nlm.nih.gov/pubmed/35998429
https://doi.org/10.1245/s10434-018-6615-2
https://doi.org/10.1007/s00268-020-05725-6
https://www.ncbi.nlm.nih.gov/pubmed/32776194
https://doi.org/10.1007/s10549-022-06694-1

Curr. Oncol. 2023, 30 4778

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Giuliano, A.E.; Ballman, K.V.; McCall, L.; Beitsch, P.D.; Brennan, M.B.; Kelemen, P.R.; Ollila, D.W.; Hansen, N.M.; Whitworth, PW.;
Blumencranz, PW.,; et al. Effect of axillary dissection vs no axillary dissection on 10-Year overall survival among women with
invasive breast cancer and sentinel node metastasis: The ACOSOG Z0011 (Alliance) randomized clinical trial. JAMA 2017,
318,918. [CrossRef]

Magnoni, F.; Galimberti, V.; Corso, G.; Intra, M.; Sacchini, V.; Veronesi, P. Axillary surgery in breast cancer: An updated historical
perspective. Semin. Oncol. 2020, 47, 341-352. [CrossRef] [PubMed]

Sheng, J.Y.; Santa-Maria, C.A.; Mangini, N.; Norman, H.; Couzi, R.; Nunes, R.; Wilkinson, M.; Visvanathan, K.; Connolly, RM.;
Torres, E.-T.R.; et al. Management of Breast Cancer During the COVID-19 Pandemic: A Stage- and Subtype-Specific Approach.
JCO Oncol. Pract. 2020, 16, 665—674. [CrossRef] [PubMed]

Korde, L.A.; Somerfield, M.R.; Carey, L.A.; Crews, J.R,; Denduluri, N.; Hwang, E.S.; Khan, S.A.; Loibl, S.; Morris, E.A,;
Perez, A ; et al. Neoadjuvant Chemotherapy, Endocrine Therapy, and Targeted Therapy for Breast Cancer: ASCO Guideline.
J. Clin. Oncol. 2021, 39, 1485-1505. [CrossRef]

Dietz, ]J.R.; Moran, M.S,; Isakoff, S.J.; Kurtzman, S.H.; Willey, S.C.; Burstein, H.J.; Bleicher, R.J.; Lyons, J.A.; Sarantou, T.;
Baron, PL.; 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, 487-497. [CrossRef]

Dowsett, M.; Ellis, M.].; Dixon, ].M.; Gluz, O.; Robertson, J.; Kates, R.; Suman, V.J.; Turnbull, A.K; Nitz, U.; Christgen, M.; et al.
Evidence-based guidelines for managing patients with primary ER+ HER2— breast cancer deferred from surgery due to the
COVID-19 pandemic. NPJ Breast Cancer 2020, 6, 21. [CrossRef] [PubMed]

Thompson, C.K.; Lee, M.K,; Baker, ].L.; Attai, D.J.; DiNome, M.L. Taking a Second Look at Neoadjuvant Endocrine Therapy for
the Treatment of Early Stage Estrogen Receptor Positive Breast Cancer During the COVID-19 Outbreak. Ann. Surg. 2020, 272,
€96—€97. [CrossRef] [PubMed]

Park, K.U.; Gregory, M.; Bazan, J.; Lustberg, M.; Rosenberg, S.; Blinder, V.; Sharma, P.; Pusztai, L.; Shen, C.; Partridge, A.; et al.
Neoadjuvant endocrine therapy use in early stage breast cancer during the COVID-19 pandemic. Breast Cancer Res. Treat. 2021,
188, 249-258. [CrossRef] [PubMed]

Marti, C.; Sanchez-Méndez, ].I. Neoadjuvant endocrine therapy for luminal breast cancer treatment: A first-choice alternative in
times of crisis such as the COVID-19 pandemic. Ecancermedicalscience 2020, 14, 1027. [CrossRef] [PubMed]

Gross, M.W.; Laubli, H.; Cordier, D. Multidisciplinary tumor boards as videoconferences—A new challenge in the COVID-19 era.
Ann. Oncol. 2021, 32, 572-573. [CrossRef]

Highton, L.R.; Dave, R.V.; Barnes, N.L.P. Breast cancer surgery during the COVID-19 pandemic. Br. J. Surg. 2020, 107, e380.
[CrossRef]

Kara, H.; Arikan, A.E.; Dulgeroglu, O.; Tutar, B.; Tokat, F; Uras, C. Has the COVID-19 Pandemic Affected Breast Cancer Stage
and Surgical Volume? Front. Surg. 2022, 9, 811108. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1001/jama.2017.11470
https://doi.org/10.1053/j.seminoncol.2020.09.001
https://www.ncbi.nlm.nih.gov/pubmed/33131896
https://doi.org/10.1200/OP.20.00364
https://www.ncbi.nlm.nih.gov/pubmed/32603252
https://doi.org/10.1200/JCO.20.03399
https://doi.org/10.1007/s10549-020-05644-z
https://doi.org/10.1038/s41523-020-0168-9
https://www.ncbi.nlm.nih.gov/pubmed/32550266
https://doi.org/10.1097/SLA.0000000000004027
https://www.ncbi.nlm.nih.gov/pubmed/32675509
https://doi.org/10.1007/s10549-021-06153-3
https://www.ncbi.nlm.nih.gov/pubmed/33651271
https://doi.org/10.3332/ecancer.2020.1027
https://www.ncbi.nlm.nih.gov/pubmed/32368252
https://doi.org/10.1016/j.annonc.2021.01.002
https://doi.org/10.1002/bjs.11819
https://doi.org/10.3389/fsurg.2022.811108
https://www.ncbi.nlm.nih.gov/pubmed/35198597

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Clinicopathological Features of the Entire Study Population 
	Comparison of Clinicopathological Features between the Pre-Pandemic and Pandemic Periods 

	Discussion 
	Conclusions 
	References

