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Abstract.
BACKGROUND: Breast cancer (BC) patients’ diagnosis and management was affected by a global reorganization after the
Coronavirus disease 2019 (COVID-19). Our study aimed to assess the impact of the pandemic on the pathological stage of newly
diagnosed patients with BC compared to pre-pandemic and to identify predictive factors of tumor advanced stage.
METHODS: Pathological records of all consecutive newly operated BC patients between March 2020 and December 2021 were
reviewed retrospectively. Clinical and pathological prognostic factors of BC were collected and compared between pre-pandemic
and pandemic periods. Then, predictive factors of tumor advanced stage were identified.
RESULTS: Of the 225 cases included in the analysis, 98.7% were females and 1.3% were males. The median time from first
histological diagnosis to first surgical treatment was enlarged by 42 days with a significant difference between the two periods (p =
0.002). Newly diagnosed BC patients during the COVID-19 pandemic were operated at a more advanced stage (54.1% vs 36.2%,
p = 0.007), had a greater lymphovascular invasion (p = 0.002), lymph node metastasis (p = 0.015) and are more commonly of IBC
NST histological type (p = 0.005). Moreover, multivariate analyses showed that the pandemic period (AOR = 2.28; p = 0.016) and
the lympho-vascular invasion (p < 0.001) were independently associated with advanced stage of tumors.
CONCLUSION: Our findings proved an increase in alarming rates of advanced stage BC associated with the COVID-19 crisis.
These findings support recommendations for a quick restoration of BC screening at full capacity, with adequate prioritization
strategies to mitigate harm.

Keywords: Breast cancer, COVID-19, impact, pathology, Stage, Tunisia

1. Introduction

Breast cancer (BC) is the most prevalent cancer and
the first leading cause of cancer death in women in
the word, with an estimated 3092 new cases and 986
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deaths from cancer in 2020 [1]. The incidence of BC
in Tunisia is 32.2/100000 women and the mortality
is 10.3/100000 women [2]. Screening programs have
significantly increased the diagnosis of BC in the early
stages with an estimated prognosis improvement of
45% in western countries during the past 10–20 years
[3]. Tunisia implemented a national cancer prevention
screening program for BC since the early 2000 [2,4]. A
study conducted in the north of Tunisia comparing clin-
ical and pathological features of BC issued from a large
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scale mammography program to those diagnosed in
symptomatic patients, found favorable results in terms
of clinical and histological tumoral size, number of
positive nodes, number of mastectomies and the sur-
vival rates [5]. Because early detection plays a crucial
role in BC management and outcome, it is imperative
to ensure that the screening is uninterrupted due to
external factors.

In March 2020, the World Health Organization
(WHO) declared the Coronavirus Disease 2019
(COVID-19) a global pandemic [6]. On March
2023, there are 687 million infections and over 6
million deaths in the word. The first case of COVID-19
infection in Tunisia was reported on the 3rd March 2020
[7]. As the number of infected patients and deaths rose,
Tunisian authorities imposed a general lockdown in the
late March 2020. Since then, COVID-19 infected over
one million patients with almost 30 thousand deaths
[8]. The pandemic has forced healthcare professionals
to tailor their recommendations for treatment and
management to ensure that patients can be safely treated
without also risking infection [9]. Thus, many national
and international associations, cancer centers and
research groups published their recommendations, by
reorganizing BC management strategies. The majority
of these guidelines agreed that population mammo-
graphic screening and screening of mutation carriers
should be suspended until the pandemic subsides [10].

Unfortunately, measures that aim to control the
COVID-19 pandemic do not stop cancer progression
and could lead to diagnosis at more advanced stages
and thus poor clinical outcomes. Recent studies suggest
that pausing BC screening programs during lockdown
produced delayed cancer diagnoses associated with sig-
nificant repercussions on cancer mortality and health
economic losses [11,12].

This study aimed to evaluate whether the COVID-19
pandemic was associated with more advanced patho-
logical stage and changes in clinical presentation for
patients with BC compared to the pre-pandemic period
in Tunisia. We also aimed to identify predictive factors
of tumor advanced stage.

2. Materials and methods

2.1. Study design and population

This was a single-center retrospective study that
included all consecutive patients undergoing BC

surgery and diagnosed in the department of pathol-
ogy at Habib Bourguiba University Hospital in Sfax,
Tunisia between January 2018 and December 2021.

Patients with relapsed BC or with breast metastases
from cancer of a different organ were excluded.

This report follows the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines. All procedures performed in studies involv-
ing human participants were in accordance with the
ethical standards of the institutional and the national
research committee of Habib Bourguiba and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.

2.2. Dataset details

Patient’s clinical and pathological data at the time
of diagnoses were collected from their pathological
records. Clinical data concerned, age at diagnosis, gen-
der, as well as time interval between the first histologi-
cal diagnosis and the first surgical treatment.

Pathological data concerned, bilateral tumors, histo-
logical subtype, lympho-vascular invasion, pathologi-
cal stage (pT), lymph node involvement (pN), patho-
logical stage group, histopathological grade, molecular
subtype, estrogen receptor (ER) status, progesterone
receptor (PR) status, human epidermal growth factor
receptor 2 (Her2) status and Ki67 index.

The histological type was determined according to
the fifth edition of the WHO classification of breast
tumors [13].

The pathological classification (pT, pN, Pathological
stage group) was determined according to the eighth
edition of the Tumor-Node-Metastasis (TNM) staging
system adopted by the American Joint Committee on
Cancer (AJCC) [14]. The histopathological grade was
assessed according to the Nottingham combined his-
tologic grade (Elston-Ellis modification of the Scarff-
Bloom-Richardson grading system) [15].

ER, PR and Her2 status were determined by
immunohistochemistry either on the biopsy specimen
or on the corresponding surgical resection, according
to the American Society of Clinical Oncology/College
of American Pathologists ASCO/CAP Guideline [16].

2.3. Outcomes

Patients were divided into two groups according
to the surgery date. The COVID-19 pandemic period
was defined from March 2020 to December 2021 and
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Fig. 1. Selection criteria of study population.

the pre COVID-19 pandemic period was defined from
January 2018 to February 2020.

The primary outcome was an advanced pathological
stage group at diagnosis defined by the stage III. As
secondary outcomes, we assessed whether the COVID-
19 pandemic impacted on the time interval between
histological diagnosis and primary surgical treatment
of BC, clinical and pathological prognostic factors.

2.4. Statistical analysis

All statistical analyses were performed using the
software package SSPS 20.0. Clinical and pathological
characteristics were presented using count and percent-
age for categorical variables, median, and interquar-
tile range for continuous variables when they are non-
normally distributed. To compare BC characteristics
between pandemic and pre-pandemic periods, Pearson
chi-square or Fisher’s exact tests were used to com-
pare categorical variables. As for continuous variables,
Student t-test, or the Mann-Whitney U-test to com-
pare two mean values. To identify factors associated
with advanced pathological stage, univariate logistic
regression was performed, and crude odds ratio (COR)
was calculated accompanied by their 95% confidence
interval (95% CI; p). Then, variables with p-value less
than 0.05 in the univariate analysis were fitted into a
multivariate binary logistic regression model in order to
identify independent factors of advanced pathological
stage, Adjusted Odds Ratio (AOR) (95% CI; p). Poten-
tial risk factors reported in the literature and confound-
ing variables were also systematically put into the final
model. To evaluate the validity of the model, calibra-
tion was assessed using the Hosmer-Lemeshow test for

goodness of fit, which evaluated expected and observed
probabilities in population deciles. This test allows to
evaluate the difference between values predicted by the
model and the observed values. According to the results
of this test, we have chosen the model with the best fit
and the highest level of significance. Then, the discrim-
inatory power of the prediction model was expressed
as the area under the receiver operating characteristic
curve (AUROC). The sensitivity and the specificity of
the prediction model were calculated. The results were
considered statistically significant at p < 0.05.

3. Results

3.1. Patients’ and tumor characteristics

A total of 225 patients was included in the study
(Fig. 1). The overall median age at diagnosis was 53
years (IQR = [46, 61]). Male patients accounted for
1.3% of the total included patients. The tumor was
bilateral in nine cases (4%). The overall median time
interval between the first histological diagnosis and the
first surgical treatment was 90.5 days (IQR = [53,192]).
Invasive breast carcinoma of no special type (IBC-
NST) was the most common histological type (N =
177; 78.7%). The tumor had mainly a histopathologi-
cal grade 2 (G2) (N = 116; 53.2%). The pathological
stage (pT) was high (pT3/pT4) in 50 cases (22.2%).
One hundred forty-three cases were associated with
nodal metastases (pN+) (63.6%). The main tumor
pathological stage group was III (N = 100; 44.4%).
The positive rates for ER, PR and Her2 were 76.3%
(145 cases), 70.2% (132 cases) and 30.8% (60 cases),
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respectively. Ki67 index was high (≥14%) in 58.3% of
cases (Table 1). The most common molecular subtype
was luminal A in 92 cases (49.7%) (Table 1).

3.2. Comparison of tumor characteristics and tim-
ing between pathological diagnosis and surgical
treatment between pre-pandemic and pandemic
periods

The histological subtype was significantly more fre-
quent between the two periods for the IBC NST type
(p = 0.005). A statistically higher frequency was also
noted during the pandemic period for the lympho-
vascular invasion (57.1% vs 36.2%; p = 0.002), the high
pathological stage (pT) (30.6% vs 15.2%, p = 0.008),
the lymph node involvement (pN+) (72.4% vs 56.7%,
p = 0.015), and pathological stage group (p = 0.031).
Specifically, in pandemic period, BC patients were less
likely to be diagnosed with early-stage disease (stage
I–II) compared to the pre-pandemic period (45.9% vs
63.8%, p = 0.007). On the other hand, no statistical sig-
nificance between the periods was observed regarding
the tumor bilaterality, histopathological grade, ER sta-
tus, PR status, Her2 status, Ki67 index, and molecular
subtype (Table 1).

Looking at BC patients’ management, time interval
between the first histological diagnosis and the first
surgical treatment was significantly enlarged in the
pandemic period (median 118 vs 76 days, p = 0.002)
(Table 1).

3.3. Comparison of patient and tumor characteristics
according to advanced stage

Univariate analysis showed that tumors at an ad-
vanced stage were significantly associated with patients
operated during the pandemic period (COR = 2; p
= 0.008), positive lympho-vascular invasion (COR =
6.48; p < 0.001), and high histopathological grade (G3)
(COR = 1.99; p = 0.013) (Table 2).

At multivariate analysis, the pandemic period (AOR
= 2.28; p = 0.016) and the lympho-vascular invasion
(AOR = 5.85; p < 0.001) were independently associated
with advanced stage of tumors (Table 2).

3.4. Validity of the model

A good calibration of the depressive symptom model
(Hosmer-Lemeshow test p = 0.06) was noted. The
AUROC of the predictive logistic regression model
was 0.75 (95%CI = [0.68-0.83]; p < 0.001), indicating

a good predictive power in discriminating depressive
symptoms, with a sensitivity of 73% and a specificity
of 75%.

4. Discussion

To the best of our knowledge, this is the first study to
evaluate whether the COVID-19 pandemic has affected
the stage of BC in Tunisia.

The dreadful consequences of COVID-19 put an
unprecedented pressure on health-care services across
the globe. Consequently, there was a complete reor-
ganization of the National Health System, including
reallocation of crucial human and economic health
resources. This inevitably impacted on hospital admis-
sions for non-communicable diseases hampering both
inpatients and outpatients care. In particular, all elective
activities were paused or postponed in order to preserve
the health care system capacity for COVID-19 patients
[17].

Diagnostic procedures and screening programs were
deprioritized, routine clinical practices (such as follow
up visits and multidisciplinary tumor meetings) reori-
ented to virtual care, to reduce risk exposure and ease
the pressure on hospital facilities [18]. Cancer patients,
as a highly vulnerable population to better manage at
a safe distance [19]. Telehealth visits were encour-
aged for non-emergent cases and follow-up appoint-
ments [20]. On these grounds, the American Society of
Breast Surgeons, the National Accreditation Program
for Breast Centers, the National Comprehensive Cancer
Network, the Commission on Cancer, the American
College of Radiology as well as the Italian Association
of Medical Oncology provided preliminary guidance
on the prioritization and treatment of BC during this
particular period [10,21].

BC screening in the asymptomatic population leads
to early diagnosis and treatment. This prospect results
in improved survival and may avert BC deaths [22].
It is noteworthy that screen-detected BC shows some
peculiarities. In particular, women diagnosed through
the mammographic screening programs usually present
with tumors with luminal-like subtype, more frequently
of low grade, small size and node-negative [23].

As the most common diagnosed tumor globally,
mainly benefitting in the early stage disease from
screening detection, it is of utmost importance to con-
sider the potential effect of BC delayed diagnoses
on patients’ outcome, ultimately resulting in diver-
gent therapeutic intents (curative vs palliative) [24].
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Table 1
Comparison of the sample characteristics between pre-pandemic and pandemic periods

Variables Overall sample Prepandemic period Pandemic period p value

Overall N = 225 N = 127 N = 98
Median age (years (IQR)) 53 [46-61] 53 [46-62] 53.5 [46-62] 0.65
Gender N (%)

Males N (%) 3 (1.3) 0 (0) 3 (3.1) 0.08
Females N (%) 222 (98.7) 127 (100) 95 (96.9)

Median time interval between the first histological
diagnosis and the first surgical treatment (days (IQR))

90.5 [53-192] 76 [48-120] 118 [61.5-234] 0.002

Bilateral tumor, N (%) 9 (4) 5 (3.9%) 4 (4.1) 0.9
Histological subtype N (%)

IBC-NST 177 (78.7) 90 (70.9) 87 (88.8) 0.005*
Invasive lobular carcinoma 17 (7.6) 13 (10.2) 4 (4.1)
Other 31 (13.8) 24 (18.9) 7 (7.1)

Lympho-vascular invasion N (%)
Present 102 (45.3) 46 (36.2) 56 (57.1) 0.002
Absent 123 (55.7) 81 (63.8) 42 (42.9)

Pathological T(pT) N (%)
pT1/pT2 175 (77.8) 107 (84.3) 68 (69.4) 0.008
pT3/pT4 50 (22.2) 20 (15.7) 30 (30.6)

Nodal involvement (pN) N (%)
pN0 82 (36.4) 55 (43.3) 27 (27.6) 0.015
pN+ 143 (63.6) 72 (56.7) 71 (72.4)

Pathological stage group N (%)
I 29 (12.9) 17 (13.3) 12 (12.2) 0.031
II 96 (42.7) 63 (49.6) 33 (33.7)
III 100 (44.4) 47 (37) 53 (54.1)

Pathological Stage class N (%)
Early stage (I/II) 126 (56) 81 (63.8) 45 (45.9) 0.007
Advanced stage (III) 99 (44) 46 (36.2) 53 (54.1)

Histopathological Grade N (%)
G1/G2 123 (56.4) 71 (59.2) 52 (53.1) 0.36
G3 95 (43.6) 49 (40.8) 46 (46.9)

Estrogen receptor N (%)
Positive 145 (76.3) 83 (78.3) 62 (73.8) 0.46
Negative 45 (23.7) 23 (21.7) 22 (26.2)

Progesterone receptor N (%)
Positive 132 (70.2) 77 (72.6) 55 (67.1) 0.4
Negative 56 (29.8) 29 (27.4) 27 (32.9)

Her2 N (%)
Positive (score 3+) 60 (30.8) 32 (29.6) 28 (38.2) 0.7
Negative (score 0,1,2) 135 (69.2) 76 (70.4) 59 (67.8)

Ki67 N (%)
<14% 75 (41.7) 46 (46) 29 (36.3) 0.18
≥14% 105 (58.3) 54 (54) 51 (63.7)

Molecular subtype N (%)
Luminal (A/B) 140 (75.7) 82 (78.1) 58 (72.5) 0.48
Her2+ 17 (9.2) 10 (9.5) 7 (8.8)
TN 28 (15.1) 13 (12.4) 15 (18.8)

Abbreviations: IBC NST: Invasive breast cancer of no special type, Her2: human epidermal growth factor receptor 2, TN: triple negative.
*Statistically significant difference between precovid and covid period for IBC NST subtype.
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Table 2
Comparison of the clinical and the pathological characteristics according to the primary outcome of advanced stage

Variables COR (95% CI) p value AOR (95% CI) p value

Period
Prepandemic 1 0.008 1 0.016
Pandemic 2 [1.2-3.5] 2.28 [1.16-4.59]

Age class
≤45y 1 0.28 - -
>45y 0.71 [0.38-1.32]

Gender
Females 1 0.44 - -
Males 2.55 [0.23-28.84]

Tumors location
Unilateral 1 0.97 - -
Bilateral 1.01 [0.26-3.89]

Histological subtype
IBC-NST 1 0.23 - -
Invasive lobular carcinoma 0.47 [0.16-1.49] 0.17
Other 0.62 [0.28-1.37] 0.24

Lymphovascular invasion
Absent 1 <0.001 1 <0.001
Present 6.48 [3.61-1.62] 5.85 [2.97-11.50]

Histopathological grade
G1/G2 1 0.013 - -
G3 1.99 [1.15-3.44]

Molecular subtype
Luminal (A/B) 1 0.46 1 0.94
Her2+ 1.84 [0.67-5.08] 0.23 1.13 [0.36-3.57] 0.82
TN 1.23 [0.54-2.80] 0.62 1.14 [0.45-2.92] 0.77

Abbreviations: IBC NST: Invasive breast cancer of no special type, Her2: human epidermal growth factor receptor 2, TN: triple negative; COR:
Crude Odds Ratio; AOR: Adjusted odds ratio; CI: Confidence interval.

Numerous associations have issued serious warnings
about the disastrous impact of reducing cancer screen-
ing programs [25].

The real impact of temporary mammographic
screening suspension on BC outcomes remains uncer-
tain. Yong et al. [26] have recently estimated the long-
term clinical impact of BC screening interruptions in
Canada using a validated mathematical model. The
authors found that a 3-month interruption in BC screen-
ing could increase cases diagnosed at advanced stages
and cancer deaths in 2020–2029. Moreover, longer
interruptions and reduced volumes when screening
resumes would further increase excess cancer deaths.
Similarly, Sharpless [27] reported the results of a com-
parable analysis in the USA, using the CISNET can-
cer simulation model. This analysis predicted approxi-
mately 5300 additional BC deaths in the USA over the
next decade.

In this regard, our study has proved that new diag-
nosed BC during COVID-19 pandemic were operated
at a more advanced stage (54.1% vs 36.2%, p = 0.007).
Our univariate and multivariate analyses showed also,
that the advanced stage of BC was significantly asso-
ciated with the pandemic period as an independent
factor.

These results confirm the estimates obtained through
the mathematical models of Yong et al. [26] and Harp-
less [27], Toss et al. [28] and Mentrasti et al. [17] in
terms of increased advanced stages at diagnosis. These
results can be explained by the chronic stress due to
COVID-19 which caused delayed referring and health
resources reallocation.

In particular, analysis of the secondary outcomes
showed that patients who underwent surgery during
the COVID-19 pandemic period had a greater lympho-
vascular invasion (p = 0.002), lymph node metastasis
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(p = 0.015) and are more commonly of IBC NST histo-
logical type (p = 0.005). These are worrisome finding,
because they are related with a poor prognosis and a
poor overall survival in patients with BC [13,29,30].

Additionally, since treatment of more advanced can-
cers generally involves more widespread use of sys-
temic therapy and invasive surgery, we may also con-
clude that these delays in cancer diagnosis could be
associated with increased morbidity and higher costs
for our national health system.

Our study failed to find any significant difference
between the two periods in ER, PR, Her2 status, Ki67
index and molecular subtype. There was also no differ-
ence in the median age, the sex, although males were
seen only in the pandemic period, bilateral tumors, and
histopathological grade. These findings were consistent
with the studies of Toss et al. [28] and Mentratsi et al.
[17].

Previous concerning findings worldwide demon-
strated the greater diagnostic backlog after the shut-
down of screening programs and also patient reluc-
tance to visit hospital outpatient clinics amid concerns
regarding the transmission of COVID-19 [31,32].

Our analysis showed that the procedures to obtain
a definitive diagnosis and start surgical treatment were
subsequently carried out with a longer delay in the
pandemic period. The median time from first histolog-
ical diagnosis to first surgical treatment was enlarged
by 42 days with a significant difference between the
two periods (p = 0.002). This is essentially due to
the absence of a dedicated COVID-free hospital and
the reorganization of all national resources to COVID-
19 patients. Giuliani et al. [33] evaluated the effect of
COVID-19 crisis in cancer diagnosis and showed a
drop of 15.4% of the newly diagnosed solid tumors,
including BC. Despite this, the diagnosis care was not
affected during COVID-19 lockdown and the median
time of pathological diagnosis has no statistically sig-
nificant differences between pre-lockdown and after
lockdown period.

Our work has potential limitations. The present
study is limited by the single-center retrospective
design relying on pathological reports. Although very
important in establishing the pathological stage group
especially the stage IV, metastatic status of patients
was unavailable in the pathological reports. Moreover,
patients with recurrent disease were excluded in order
to analyze a homogeneous sample of new BC diagnoses
and to avoid potential biases related to the oncological

management during the follow up period for patients
with previous BC. This decision could be considered
a potential limitation of the work, taken into account
that COVID-19 might have also and equally impacted
on diagnosis and treatment of BC relapses. Since the
COVID-19 vaccination campaign started in April 2021
in Tunisia, this prevention plan could have a potential
effect on cancer care in the study period [34]. Finally,
the sample size of 225 patients may not have enough
power for all types of statistical analyses.

5. Conclusion

Ultimately, from our analysis we can conclude that,
while COVID-19 has left its trail on cancer care, the
impact of the advanced stage BC diagnoses might
clearly unfold in the years to come. Pandemic’s chal-
lenges considered, our study offers a valuable picture
of the Tunisian oncology and pathology departments’
performances to ensure diagnosis, and staging for BC
patients during the first pandemic year. In this setting,
the quick restoration of BC screening at its full capacity
and adequate prioritization strategies to mitigate harm
and comply with infection prevention are required. Fur-
ther multicentric and larger prospective studies with
longer follow-up are needed to evaluate the outcomes of
these patients (mostly disease-free survival and overall
survival).
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