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ABSTRACT

Background. Our objective was to assess the effects of
COVID-19 antiepidemic measures and subsequent changes
in the function of the health care system on the number of
newly diagnosed breast cancers in the Republic of Croatia.
Subjects, Materials, and Methods. We performed a retro-
spective, population- and registry-based study during 2020.
The comparator was the number of patients newly diag-
nosed with breast cancer during 2017, 2018, and 2019. The
outcome was the change in number of newly diagnosed
breast cancer cases.
Results. The average monthly percent change after the ini-
tial lockdown measures were introduced was −11.0% (95%
confidence interval − 22.0% to 1.5%), resulting in a 24%
reduction of the newly diagnosed breast cancer cases in
Croatia during April, May, and June compared with the
same period of 2019. However, during 2020, only 1% fewer
new cases were detected than in 2019, or 6% fewer than

what would be expected based on the linear trend during
2017–2019.
Conclusion. It seems that national health care system mea-
sures for controlling the spread of COVID-19 had a detri-
mental effect on the number of newly diagnosed breast
cancer cases in Croatia during the first lockdown. As it is
not plausible to expect an epidemiological change to occur
at the same time, this may result in later diagnosis, later ini-
tiation of treatment, and less favorable outcomes in the
future. However, the effect weakened after the first lock-
down and COVID-19 control measures were relaxed, and it
has not reoccurred during the second COVID-19 wave.
Although the COVID-19 lockdown affected the number of
newly diagnosed breast cancers, the oncology health care
system has shown resilience and compensated for these
effects by the end of 2020. The Oncologist 2021;9999:• •

Implications for Practice: It is possible to compensate for the adverse effects of COVID-19 pandemic control measures on
breast cancer diagnosis relatively promptly, and it is of crucial importance to do it as soon as possible. Moreover, as shown
by this study’s results on the number of newly diagnosed breast cancer cases during the second wave of the pandemic,
these adverse effects are preventable to a non-negligible extent.

INTRODUCTION

The first cases of infection with the SARS-CoV-2 virus, a
new strain of RNA coronavirus, in humans were detected in

December 2019 in Wuhan, Hubei Province, China [1]. By
February 15, 2021, 108.9 million cases and 2.4 million
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deaths from the effects of coronavirus disease 2019
(COVID-19) had been globally confirmed [2]. In the Republic
of Croatia, the first case of infection was confirmed on
February 25, 2020, and by February 15, 2021, there were
237,725 detected cases (58,481 per million inhabitants) and
5,339 deaths (1,313 per million inhabitants). Measures
taken to limit the spread of the infection, to stabilize and
“flatten the curve” of hospitalizations in the intensive care
units, and to better match available resources were, in prin-
ciple, based on the measures of social distancing (“lock-
down”). On March 15, 2020, the Croatian government
implemented lockdown measures with a reorganized health
care system to optimally manage the COVID-19 outbreak.
All around the globe, similar measures of postponing health
services of lower urgency such as breast reconstruction sur-
gery [3], performing evaluations and consultations via tele-
phone or video during virtual check-ups, allocation of
protective equipment [4], earlier discharges, limiting outpa-
tient visits [5], redeployment of health care professionals,
change in treatment from longer to shorter duration,
changes of intravenous to subcutaneous or oral treatments,
refill of prescriptions without the patient coming to the
clinic, home delivery of medications, reduction of nonessen-
tial follow-up visits, and rescheduling of appointments to
reduce waiting time have been introduced [6]. The conse-
quences of the lockdown measures could have a significant
impact on cancer outcomes worldwide. In Croatia, as well
as in many other countries [7], national secondary preven-
tion programs were halted during the pandemic, and recent
gains in the early diagnosis of breast cancer could have
been undermined in the short term [8]. Diagnosing breast
cancer in COVID-19-reprogrammed health systems became
markedly more challenging. As a consequence, delay of the
diagnosis may become more frequent, underpinning poorer
outcomes [8].

Breast cancer is the most frequent malignancy in
women globally, with more than 2.1 million newly diag-
nosed cases in 2018 [9]. Late diagnosis and potentially
upward stage migration could, together with other COVID-
19-associated oncology specificities (not optimal multi-
disciplinary work, suboptimal therapy, and insufficient
follow-up procedures as well as lack of diagnostics opportu-
nities), result in a significant increase in breast cancer mor-
bidity and mortality.

Our objective was to assess the effects of COVID-19 on
the number of patients with newly diagnosed breast cancer
in the Republic of Croatia.

SUBJECTS, MATERIALS, AND METHODS

Study Design
We performed a retrospective, population- and registry-
based study during 2020. The comparator was the number
of patients with newly diagnosed breast cancer in the same
registry during 2017, 2018, and 2019. The study was
approved by the Ethics Committee of Clinical Hospital Cen-
tre Split, School of Medicine, University of Split, Split, Croa-
tia, and was performed in accordance with the World
Health Organization Declaration of Helsinki of 1975 as

revised in 2013 [10] and the International Conference on
Harmonization Guidelines on Good Clinical Practice [11].
We fully protected the patients’ anonymity and did not col-
lect any data on individual patients. The study was not
preregistered.

Study Population
The targeted population was patients with newly diagnosed
breast cancer. Diagnosis was performed by tissue sample
pathohistological analysis. Tissues were obtained by needle,
stereotactic, or open tumor biopsy or surgery.

Sample Type and Needed Sample Size
We analyzed the total population from 25 Croatian hospi-
tals that cover >95% of all Croatian breast cancer cases.

Endpoints
The endpoint was the difference in the number of patients
with newly diagnosed breast cancer between comparable
periods in 2017, 2018, and 2019 and in 2020 after the
COVID-19 outbreak. We collected the data from hospital
pathohistological databases on the total number of newly
diagnosed patients in each of the participating institutions
on any given day without recording individual patient data.

Statistical Analysis
We performed the main analysis using segmented or
joinpoint regression and permutation tests with 10,000 per-
mutations and fit the autocorrelated errors model based on
the data, to identify changes in trends [12]. We described
the detected trends using the average annual percent
change as the summary measure, with their 95% confidence
intervals (CIs). We set two-tailed statistical significance at
p < .05 and calculated all CIs at the 95% level. We con-
trolled the false-positive rate using the Benjamini-Hochberg
procedure with the false discovery rate (FDR) set in advance
at FDR < 5%. We performed statistical analysis using
StataCorp 2019 (Stata Statistical Software: Release 16;
StataCorp LLC, College Station, TX) and the joinpoint regres-
sion using the Joinpoint Regression Program, version 4.8.0.1
- April 2020 (Statistical Methodology and Applications
Branch, Surveillance Research Program, National Cancer
Institute).

RESULTS

During 2017, 2018, and 2019, we did not detect any signifi-
cantly different trends in the number of newly diagnosed
breast cancer monthly, and these numbers were best
described by single linear trends over the entire years
(Table 1). The slope of this linear trend was not significantly
different from zero during 2017 when the annual percent
change was 1.2% (95% CI −0.9% to 3.3%; p = .128;
FDR > 5%). These single linear trends were significantly dif-
ferent from zero during 2018 and 2019 with the annual per-
cent changes 1.7% (95% CI 0.3% to 3.1%; p = .001;
FDR < 5%) and 2.9% (95% CI 1.6% to 4.1%; p < .001;
FDR < 5%), respectively. In contrast, during 2020, we
detected two distinct, significantly different trends in the
change of patients with newly diagnosed breast cancer,
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separated by one joinpoint in May (Fig. 1). The slope of the
first trend (January to May) was at the edge of significance
but with FDR <5% (Table 1). The annual percent change of
the first trend was −11.0% (95% CI −22.0% to 1.5%;
p = .052; FDR < 5%). The second trend was reversed and
significantly different from zero with the average weekly
percent change 7.6% (95% CI 2.2% to 13.3%; p = .007;
FDR < 5%). After the introduction of hospital lockdown on
March 15, 2020, the number of newly diagnosed breast
cancer cases during April decreased by 33% compared with
March. During April, May, and June 2020, 167 (24%) fewer
cancer cases were newly diagnosed as compared with the
same period in 2019. During the entire year of 2020,
27 (1%) fewer new cases were detected than during 2019.
Based on the linear trend in the number of newly diag-
nosed cases during 2017–2019, the expected number in
2020 was supposed to be 3,027, which is 179 (6%) more
patients than have actually been diagnosed during the
year 2020.

DISCUSSION

We have detected a significant decrease in the number of
patients with newly diagnosed breast cancer since the
detection of the first Croatian COVID-19 case on February
25, 2020, and since the consecutive lockdown antipandemic
measures were introduced. This decrease was significantly
different from the trend during the year before (2019) and
during 2017 and 2018, while there was no reason to expect
any sudden epidemiological change. Therefore, the basic
assumption is that the number of new breast cancer cases
remained comparable to the number of new cases in the
previous year, that is, before the outbreak of the COVID-19
pandemic, but during the follow-up period, fewer of these
new cases were successfully diagnosed. This could lead to a
later diagnosis in the natural course of the disease and the
later initiation of the treatment. The longer the duration of
undetected breast cancer, the higher the risk that it will be
in an advanced stage at the time of diagnosis [13]. In addi-
tion to that, it was estimated that each month’s delay in
diagnosis is associated with a 1.8% higher probability of a
more advanced cancer stage [14] and that 3 months’ delay
of the primary surgery resulted in decreased overall survival
[15]. This effect of the national lockdowns may be addition-
ally detrimental in low- and middle-income countries where
locally advanced or metastatic disease was already more
common among newly diagnosed breast cancer and where
we have been experiencing significant challenges in deliver-
ing optimal breast cancer care [16, 17], even before COVID-
19. Whether these diagnostic delays and later initiation of
the treatment will have relevant negative consequences in
terms of outcomes and prognosis depends on their dura-
tion. A delay of 3–6 months has been associated with worse
long-term prognosis and shorter survival [14, 18]. However,
shorter delays may have no relevant consequences [19]. A
delay of 3 months from surgery to adjuvant chemotherapy
is associated with a 60% higher hazard for a shorter overall
survival [19]. Taking all this into account, it is crucial to get
the system back to normal as quickly as possible so that we

may still be able to avoid, or at least minimize, the worst
consequences.

In addition to the described possible immediate conse-
quences on the diagnosis of breast cancer and oncology
care, the COVID-19 pandemic will also have a detrimental
effect on the economy, with lower tax revenues and avail-
able resources for public health care, leading to the possible
decrement of overall investment in cancer care and health
care in general [20]. These effects may be particularly
severe in the transitional countries of Central and Eastern
Europe, where the expenditure on oncology drugs per can-
cer case was already 2.5 times lower than that in Western
Europe before the COVID-19 outbreak [21]. This is impor-
tant because the expenditure on oncology drugs is nega-
tively correlated with the mortality-to-incidence ratio,
particularly in breast cancer [21]. More generally, socioeco-
nomic well-being indicated by a human development index,
living standard, or gross national income per capita are all
highly negatively correlated with the breast cancer
mortality-to-incidence ratio [22], and a poor general eco-
nomic situation is associated with a later-stage diagnosis of
breast cancer [16]. Moreover, different socioeconomic fac-
tors, that could or will likely be affected by the effects of
COVID-19 on the economy, have an impact on the breast
cancer stage at the time of diagnosis and, consequently,
overall survival [23].

Equally important is the fact that during the second
lockdown we did not experience a decrease in the number
of newly diagnosed breast cancer cases. The most probable
reason lies in the fact that medical systems, as well as the
general population, were better prepared and more orga-
nized and resilient during the second lockdown.

CONCLUSION

It seems that national health care system measures for con-
trolling the spread of COVID-19 had a detrimental effect on
the number of newly diagnosed breast cancer cases in Croa-
tia. As it is not plausible to expect an epidemiological
change to occur at the same time, this may result in later
diagnosis, later initiation of the treatment, and less favor-
able outcomes in the future. However, the effect has weak-
ened after the first lockdown when COVID-19 control
measures were more relaxed, and it has not reoccurred
during the second COVID-19 wave, defining a better and
more organized health system during the second part of
2020. Hence, although the formal lockdown of hospitals
affected the number of newly diagnosed breast cancers, the
oncology health care system has shown resilience and com-
pensated for these effects by the end of 2020.

AUTHOR CONTRIBUTIONS
Conception/design: Eduard Vrdoljak, Melita Peri�c Balja, Zlatko Maruši�c,
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Table 1. Detection of trends in the number of newly diagnosed breast cancer cases annually by joinpoint regression

Year No. of new diagnoses No. of joinpoints APC 95% CI p value

2017 2,535 0 1.2 −0.9 to 3.3 .128

2018 2,651 0 1.7 0.3 to 3.1 .001a

2019 2,875 0 2.9 1.6 to 4.1 <.001a

2020 2,848 1 0.4b −4.3 to 5.4 .423

2020 (January to May) 1,132 −11.0 −22.0 to 1.5 .052a

2020 (June to December) 1,716 7.6 2.2 to 13.3 .007a

Abbreviations: APC, annual percent change; CI, confidence interval; FDR, false discovery rate.
aFDR < 5%
bAverage APC.
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Figure 1. The number of newly diagnosed breast cancer cases monthly during the year 2020 (solid red line), and the average of
2017, 2018, and 2019 (dashed blue line); dotted trend lines represent joinpoint regression lines.
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