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Summary

AIMS OF THE STUDY: Although the incidence of breast 
carcinoma in situ has been increasing, the prognosis of 
breast carcinoma in situ patients has not been extensively 
investigated. Thus, we aimed to compare the characteris-
tics of invasive breast tumours based on whether or not 
they were preceded by a breast carcinoma in situ and to 
estimate the 5-year net survival of patients diagnosed with 
different breast tumours.

METHODS: Data from women diagnosed with breast tu-
mours between 2003 and 2016 were used in our analyses. 
Net survival analyses were performed using inverse prob-
ability of censoring weights (nonparametric Pohar Perme 
estimator). Under certain assumptions, differences in sur-
vival between the cancer population and the general pop-
ulation can be considered to be attributable to the cancer 
diagnosis (NS).

RESULTS: Descriptive observation of tumour character-
istics indicated that invasive breast tumours following a 
breast carcinoma in situ were more frequently detected at 
an earlier stage and had less missing information in tu-
mour-specific variables, compared to invasive breast tu-
mours not preceded by a breast carcinoma in situ. Breast 
carcinoma in situ patients had a 5-year net survival of 1.02 
(95% CI: 1.01–1.03), whereas patients diagnosed with in-
vasive breast cancer without a recorded breast carcino-
ma in situ had a 5-year net survival of 0.89 (95% CI: 
0.88–0.90). Patients diagnosed first with breast carcinoma 
in situ and then with invasive breast cancer had a 5-year 
net survival of 0.92 (95% CI: 0.85–1.01).

CONCLUSION: Invasive breast tumours that were pre-
ceded by a breast carcinoma in situ were detected more 
frequently at an earlier stage, compared to those that were 
not. The estimated 5-year net survival of patients with 
breast tumours was good.

Introduction

Breast carcinoma in situ is a heterogeneous group of in-
traepithelial lesions that have malignant potential. Most 
studies in the existing literature consider breast carcinoma 
in situ either a non-obligatory precursor or a potential risk

factor for invasive breast cancer, depending on the mor-
phological subtype studied. The majority of in situ breast
tumours are detected via mammography, given that breast
carcinoma in situ patients seldom report symptoms before
their diagnosis [1].

The natural course of breast carcinoma in situ and the prog-
nosis of breast carcinoma in situ patients have not been
extensively investigated [2, 3]. The existing literature sug-
gests that the incidence of breast carcinoma in situ is in-
creasing worldwide [4–6] and women with breast carcino-
ma in situ are at a higher risk of developing a subsequent
invasive breast and possibly non-breast cancer compared
to the general population [7–12]. However, good survival
outcomes are reported for breast carcinoma in situ patients,
who do not have higher mortality from breast cancer than
the general population [7, 13–15].

One of the main difficulties in reporting cancer-specific
survival outcomes, whether using population-based data
(e.g. cancer registries) or other types of data, is that the
cause of death needs to be identified and correctly classi-
fied as cancer-specific or not. Due to the considerable un-
certainty in distinguishing between the two, the cause of
death may be misidentified or misclassified and therefore
inaccurate [16–20]. Estimating survival within a relative
survival framework is one way of overcoming this difficul-
ty, since it does not rely on information on cause of death.

We aimed to investigate the differences between invasive
breast tumour characteristics, based on whether or not the
patients had a previous, recorded breast carcinoma in situ
diagnosis. Furthermore, we estimated and compared the
net survival of patients diagnosed with different breast tu-
mours (breast carcinoma in situ, invasive cancer, or breast
carcinoma in situ and then invasive cancer) using a relative
survival framework.

Materials and methods

Study populations

Data were obtained from the cancer registry of each of the
cantons of Zurich, Zug, Schaffhausen and Schwyz. Given
that the registries of the cantons of Zug, Schaffhausen and
Schwyz became operational much later (2011 and 2020),
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Figure 1: Schematic representation of the populations used in the study.

only data from the canton of Zurich were used. To be in-
cluded in the study, women had to be living in the canton
of Zurich at the time of diagnosis, even if they were being
treated in another canton. Compulsory reporting to the can-
tonal cancer registry was approved by the Zurich Gov-
ernment Council in 1980; a national law on compulsory
reporting came into effect in 2020. The cancer registry re-
ceives cancer-related notifications from laboratories, hos-
pitals and physicians as well as death certificates from the
Swiss Federal Statistical Office. All women included in
our study were diagnosed with cancer between 2003 and
2016, and the latest possible date of follow-up was 31 De-
cember 2017.

A schematic presentation of the study populations is shown
in figure 1. The first population of interest included women
whose first ever cancer diagnosis was primary breast car-
cinoma in situ (D05.0 to D05.9 in International Classifica-
tion of Diseases 10th edition [ICD-10]) who did not devel-
op primary invasive breast cancer (C50 in ICD-10) during
the study period (2003–2016; n = 1136). From this pop-
ulation of interest were excluded: women diagnosed with
another type of cancer before breast carcinoma in situ;
women diagnosed with Paget disease of the breast; and
women in whom another cancer (including invasive breast
cancer) was diagnosed at the same time as breast carcino-
ma in situ (i.e. with the same cancer incidence date). The
first study population consisted of women who did not de-
velop primary invasive breast cancer (C50 in ICD-10) dur-
ing the study period. Women with primary breast carcino-
ma in situ who met the aforementioned inclusion criteria
and who later, during the study period, developed primary
invasive breast cancer were considered the second popula-
tion of interest (n = 93).

The third population of interest consisted of women whose
first ever cancer diagnosis was invasive breast cancer (C50
in ICD-10) diagnosed between 2003 and 2016 (n =
12,279). From this population of interest were excluded:
women diagnosed with another type of cancer before the
invasive breast cancer; women for whom invasive breast
cancer was first mentioned in their death certificate; and
women for whom another cancer was diagnosed simulta-
neously (i.e. with the same cancer incidence date) with the
invasive breast cancer.

Outcome of interest

Since the cause of death information can be inaccurately
reported, as previously mentioned, we decided to assess
the cause-specific survival of our populations of interest in
terms of net survival. In the relative survival framework,
net survival corresponds to the hypothetical situation
where cancer is the only possible cause of death for the
cancer population [21].

The assumptions underlying the relative survival frame-
work are: a) that mortality from other causes in the cancer
population is comparable to that of the general population;
and b) the cancer is rare, thus the cancer-specific deaths in
the general population are negligible.

If these assumptions are met, the term excess hazard can
be used to describe the hazard due to the disease in the fol-
lowing equation:

observed hazard = population hazard + excess hazard [21]

The survival function derived from the excess hazard alone
is the net survival. The differences in survival between the
cancer population and the general population are then con-
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sidered to be attributable to the cancer diagnosis (net sur-
vival).

In our study, women were followed from the date of their
tumour diagnosis (first primary tumour diagnosis for
women diagnosed with breast carcinoma in situ or invasive
breast cancer; second primary tumour diagnosis for women
diagnosed with breast carcinoma in situ and invasive breast
cancer) until the date of emigration, date of death or end
of follow-up (up to 5 years after cancer diagnosis or 31
December 2017), whichever came first. The follow-up was
conducted by obtaining information on women’s vital sta-
tus from the Citizen Services Department of the canton of
Zurich.

Variable classification

When looking at treatment, we only focused on the first
treatment received after an invasive breast cancer diagno-
sis. Treatment options were grouped as follows: breast-
conserving surgery including quadrantectomy and tu-
mourectomy, with or without lymph node dissection;
mastectomy; other surgery; chemotherapy; radiotherapy;
hormonal therapy; other therapy including immunotherapy
and natural compounds; treatment of metastases; and un-
known therapy.

Regarding oestrogen and progesterone receptor status, pos-
itive receptor status was defined as ≥10% cells stained,
similarly to previous publications [22].

The invasive tumour was staged using the TNM classifica-
tion. The pathological stage was used when available; oth-
erwise the clinical stage was used. Cases up to 2009 were
coded according to TNM 6, cases from 2010 onward ac-
cording to TNM 7. We set clinical M to zero if missing.
Missing N and T were set to missing if both clinical and
pathological N/T were missing. In stratified analyses, the
stage was dichotomised as early-stage (stages I and II) or
late-stage (stage III, IV or unknown).

Age at cancer diagnosis was dichotomised around 65 years
(<65 or ≥65) as in Howlader et al. [14]. For women diag-
nosed with breast carcinoma in situ who later developed
invasive breast cancer (second study population), we used
the age at diagnosis of invasive breast cancer; for women
who developed only breast carcinoma in situ (first study
population) or invasive breast cancer (third study popula-
tion) during our study period, we used age at their primary
tumour diagnosis.

Statistical analyses

Differences in the characteristics of invasive breast tu-
mours diagnosed in women with (second study population,
as shown in figure 1) or without (third study population) a
previously recorded breast carcinoma in situ tumour were
explored descriptively. Since we believe that descriptive
analyses should not be tested for statistical significance, no
tests were performed.

We performed net survival analyses in a relative survival
framework using the nonparametric Pohar Perme estimator
(relsurv package in R [23]), using the population life tables
for the canton of Zurich as the comparator population. The
life tables were produced by the National Institute for Can-
cer Epidemiology and Registration (NICER) and reported
the estimated probability of dying for ages 0 to 99. The

Figure 2: 5-year net survival according to cancer type (in situ
breast cancer [n = 1136], invasive breast cancer not preceded by a
recorded in situ breast cancer [n = 12,279], invasive breast cancer
preceded by a recorded in situ breast cancer [n = 93]). The dotted
lines represent the estimated 95% confidence interval for each
study population.

estimated probability of dying was reported separately for
each sex and was available from 2003 to 2017. Since the
package relsurv required the yearly probability of death
until 110 years of age for the calculations, we assigned the
probability of dying corresponding to 99 years old to ages
between 100 and 110 for each calendar year within our
study period. Results were presented as net survival and its
corresponding confidence intervals (CI).

Analyses were performed in R (Version 3.5.0, R Founda-
tion for Statistical Computing, Vienna, Austria).

Ethics

Cancer cases in the canton of Zurich are reported to the
registry with both consent and recording presumed on the
basis of a decision by the Zurich Government Council
in 1980 and the general registry approval by the Federal
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Commission of Experts for professional secrecy in medical
research in 1995. All data were used anonymously in this
analysis, so approval was not required from the Ethical
Committee of the canton of Zurich.

Results

The characteristics of invasive breast tumours diagnosed in
women with or without a previously recorded breast car-
cinoma in situ tumour are presented in table 1. While no
important difference was observed in the age at invasive
breast tumour diagnosis, invasive breast tumours diag-
nosed in women with a previously recorded breast carci-
noma in situ tumour were detected at an earlier stage and
had less missing information for tumour-specific variables
(e.g. oestrogen- or progesterone-receptor status) compared
to invasive tumours diagnosed in women without a previ-
ously recorded breast carcinoma in situ.

The overall 5-year net survival in the three study popula-
tions is shown in figure 2. breast carcinoma in situ patients
had a net survival of 1.02 (95% CI: 1.01–1.03), whereas
invasive breast cancer patients without a previous record-
ed breast carcinoma in situ had a net survival of 0.89 (95%
CI: 0.88–0.90). Patients diagnosed with breast carcinoma
in situ and then invasive breast cancer had a 5-year net
survival of 0.92 (95% CI: 0.85–1.01). However, the con-
fidence intervals of the net survival estimates between the
study populations were overlapping.

The 5-year net survival according to age at cancer diagno-
sis (<65 vs ≥65) is presented in figure 3. Breast carcino-
ma in situ patients diagnosed at an older age had higher
net survival compared to those diagnosed younger (net sur-
vival≥65: 1.07, 95% CI: 1.04–1.11 vs net survival<65: 1.00,

95% CI: 1.00–1.01; figure 3a). In patients diagnosed with
invasive breast cancer, net survival was slightly higher for
older patients diagnosed with breast carcinoma in situ and
then invasive breast cancer (net survival≥65: 0.94, 95% CI:
0.81–1.10 vs net survival<65: 0.91, 95% CI: 0.82–1.00; fig-
ure 3b). In those diagnosed with invasive breast cancer
without a previously recorded breast carcinoma in situ,
younger patients showed better net survival (net sur-
vival≥65: 0.86, 95% CI: 0.84–0.88 vs net survival<65: 0.92,
95% CI: 0.91–0.93; figure 3c). However, the confidence
intervals of the net survival estimates in the study popula-
tions overlapped.

Differences in 5-year net survival based on the stage of in-
vasive breast cancer are presented in figure 4. As expected,
net survival was better for patients with early-stage com-
pared to late-stage invasive breast tumours, irrespective of
whether these were preceded by a recorded breast carcino-
ma in situ. In patients diagnosed with early-stage invasive
breast cancer (stage I or II), the net survival was compara-
ble between those who had had an earlier breast carcino-
ma in situ (0.98, 95% CI: 0.92–1.05; figure 4a) and those
who had not (0.98, 95% CI: 0.97–0.99; figure 4b). How-
ever, in patients diagnosed with late-stage invasive breast
cancer (stage III, IV or unknown), 5-year net survival was
higher in those who had had an earlier breast carcinoma in
situ (0.78, 95% CI: 0.61–1.00 vs 0.66, 95% CI: 0.64–0.69),
although the confidence intervals overlapped.

Discussion

Our findings demonstrated differences in invasive breast
tumour characteristics according to whether or not the pa-
tients had previously been diagnosed with breast carcino-

Table 1:
Differences in invasive breast tumour characteristics based on whether or not they were preceded by a recorded breast cancer in situ in the canton of Zurich, Switzerland,
2003–2016.

Invasive breast tumour preceded by a
recorded breast cancer in situ (n = 93)

Invasive breast tumour not preceded
by a recorded breast cancer in situ (n =
12279)

Patient’s age at invasive tumour diagnosis, mean ± standard deviation 60.3 ± 12.7 61.8 ± 14.4

Treatment of the invasive tumour, n (%) Breast-conserving surgery 49 (52.7) 5634 (45.9)

Mastectomy 31 (33.3) 2236 (18.2)

Other surgery 3 (3.2) 421 (3.4)

Chemotherapy 4 (4.3) 590 (4.8)

Radiotherapy 3 (3.2) 1,173 (9.6)

Hormonal therapy 1 (1.1) 1589 (12.9)

Other therapy (including immunotherapy
and natural compounds)

1 (1.1) 191 (1.6)

Treatment of metastases – 20 (0.2)

Unknown 1 (1.1) 425 (3.5)

Stage of the invasive tumour, n (%) I 55 (59.1) 4140 (33.7)

II 14 (15.1) 4787 (39.0)

III 11 (11.8) 1907 (15.5)

IV 5 (5.4) 751 (6.1)

Unknown 8 (8.6) 694 (5.7)

Oestrogen receptor status, n (%) Positive 64 (68.8) 5399 (44.0)

Negative 4 (4.3) 947 (7.7)

Unknown 25 (26.9) 5933 (48.3)

Progesterone receptor status, n (%) Positive 50 (53.8) 4616 (37.6)

Negative 18 (19.4) 1725 (14.0)

Unknown 25 (26.9) 5938 (48.4)

HER2 receptor status, n (%) Overexpressed 12 (12.9) 948 (7.7)

Not overexpressed 55 (59.1) 5312 (43.3)

Unknown 26 (28.0) 6019 (49.0)
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ma in situ. Additionally, we showed that the net survival of
breast carcinoma in situ patients in the 5 years following
their diagnosis was very high. Differences were detected
between the three populations of interest (breast carcinoma
in situ patients; invasive breast cancer patients without a
previously recorded breast carcinoma in situ; and patients
diagnosed with invasive breast cancer following a breast
carcinoma in situ diagnosis), as well as according to the
age at diagnosis and the cancer stage. To the best of our
knowledge, this is the first study to report on the survival
of breast carcinoma in situ patients in Switzerland.

The proportion of stage I invasive breast cancers diagnosed
after breast carcinoma in situ in our study (59%) was sim-
ilarly high in a previous study: Romero and colleagues re-
ported that 51% of invasive breast cancers diagnosed af-
ter breast carcinoma in situ were stage I [15]. This finding
might indicate that the monitoring of breast carcinoma in
situ patients is more intensive after their initial diagnosis
and treatment.

Given that cause of death information can be inaccurately
reported in cancer patients, we assessed the cause-specific
survival of our populations of interest in terms of net sur-
vival [24]. In the relative survival framework, breast car-
cinoma in situ patients in our study showed very good
5-year net survival outcomes (net survival 1.02, 95% CI:
1.01–1.03), most probably indicating that breast carcinoma
in situ patients do not die of their cancer. These results are
comparable to breast cancer-specific estimates reported in
the literature of approximately 1% breast cancer-specific

mortality 5 years after breast carcinoma in situ diagnosis
[25, 26].

Patients diagnosed with invasive breast cancer after an ini-
tial breast carcinoma in situ diagnosis in our study exhibit-
ed high 5-year net survival. Our results are comparable to
the 5-year estimates of previous studies reporting 80–90%
breast cancer-specific survival in breast carcinoma in situ
patients after subsequent breast cancer diagnosis [13, 27].
Studies with longer follow-up reported that the 10-year
breast cancer-specific survival of breast carcinoma in situ
patients subsequently diagnosed with invasive breast can-
cer ranged between 60% and 85% [13, 15, 28]. Most of the
aforementioned studies were either randomised controlled
trials with the comparison between treatment regimens as
their primary endpoint or single hospital assessments in
which all patients followed the same treatment regimen.
The advantage of our study, which overcomes the lack of
detailed information on cause of death, is the ability to cap-
ture the events of the entire female population in the can-
ton of Zurich irrespective of treatment centre or treatment
regimen administered.

The majority of studies reported that women who were di-
agnosed with invasive breast cancer after breast carcinoma
in situ had higher overall and breast cancer-specific mor-
tality risk, compared to those who were diagnosed with in-
vasive breast cancer without a previous breast carcinoma
in situ [25, 27, 29, 30]. Our results showed similar net sur-
vival for patients diagnosed with invasive breast cancer af-
ter breast carcinoma in situ and those with invasive breast

Figure 3: 5-year net survival according to age at cancer diagnosis and cancer type: (a) In situ breast cancer (n<65 = 830, n≥65 = 306); (b) Inva-
sive breast cancer preceded by a recorded in situ breast cancer (n<65 = 58, n≥65 = 35); (c) Invasive breast cancer not preceded by a recorded
in situ breast cancer (n<65 = 6889, n≥65 = 5390). The dotted lines represent the estimated 95% confidence interval for each study population
and age group.
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cancer without a previous breast carcinoma in situ, with the
95% CIs of the two groups overlapping.

Comparison of the survival of patients diagnosed with
breast carcinoma in situ is complicated by the fact that
studies use different inclusion criteria (only ductal carci-
noma in situ or even specific morphological subtypes of
ductal carcinoma in situ compared to the inclusion of both
ductal carcinoma in situ and lobular carcinoma in situ in
our study), analytical strategies (relative survival, net sur-
vival or cause-specific survival), study durations and com-
parator populations. Despite these differences, all studies
agree that survival of breast carcinoma in situ patients later
diagnosed with invasive breast cancer is lower compared
to that of breast carcinoma in situ patients without a sub-
sequent invasive diagnosis [25, 27, 29, 30]. Our results are
in line with these publications. Breast carcinoma in situ pa-
tients without a subsequent invasive diagnosis had better
survival than those who were later diagnosed with invasive
breast cancer.

Our stratified results showed differences in net survival
based on age at cancer diagnosis. Our age-stratified find-
ings are comparable to the breast-cancer specific survival
reported by Howlader and colleagues (≥65: 98.6, 95% CI:
98.4–98.8 vs <65: 99.7, 95% CI: 99.6–99.8) [14], even
though our estimates indicate slightly increased cancer-
specific survival in both age groups. This difference could
be due to our division of the breast carcinoma in situ pop-
ulation into those with or without a subsequent invasive
breast cancer diagnosis.

Studies have attributed the higher relative survival of
breast carcinoma in situ patients to differences between
them and the general population included in the life tables
[14]. Similarly, favourable relative survival outcomes have
also been reported for other early-stage cancers, including
prostate cancer [31]. Studies consider breast carcinoma in
situ patients to be healthier and have longer life expectan-
cy than the general population [14]. Interestingly, however,
a study found little positive lifestyle modifications (smok-
ing cessation) in breast carcinoma in situ patients after di-
agnosis. Breast carcinoma in situ patients tended to gain
weight and showed little difference in fruit and vegetable
consumption or in alcohol intake after diagnosis, compared
to their retrospectively assessed pre-diagnostic habits [32].

Our study had several strengths. Given the high registry
coverage in the canton of Zurich, we are confident that
we captured almost all incident breast cancer events in the
canton during the study period [33]. Additionally, medical
and treatment information as well as patient and tumour
characteristics were available for a high proportion of our
study populations, allowing us to stratify our net survival
analyses and to compare the main tumour characteristics
between invasive breast tumours according to whether or
not they had been preceded by a recorded breast carcinoma
in situ. Estimation of the net survival in a relative survival
framework meant that information on cause of death was
not required and thus potential biases due to uncertainties
of death certification were avoided.

Our study also had some weaknesses. The low number of
patients diagnosed with invasive breast cancer following a
breast carcinoma in situ diagnosis did not allow us to in-

Figure 4: 5-year net survival according to stage of invasive breast cancer: (a) Invasive breast cancer preceded by a recorded in situ breast
cancer (nearly = 69, nlate = 24); (b) Invasive breast cancer not preceded by a recorded in situ breast cancer (nearly = 8927, nlate = 3352). The dot-
ted lines represent the estimated 95% confidence interval for each study population and cancer stage group.
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vestigate potential differences between invasive tumours
diagnosed in the ipsilateral or the contralateral breast or ex-
plore the results by the morphology of the initial breast car-
cinoma in situ tumour (ductal carcinoma in situ compared
to lobular carcinoma in situ). However, previous research
reported similar mortality in women diagnosed with ipsi-
lateral or contralateral invasive breast cancer after breast
carcinoma in situ [30]. Additionally, the low number of pa-
tients diagnosed with invasive breast cancer following a
breast carcinoma in situ diagnosis did not allow us to in-
vestigate the potential impact of different treatment regi-
mens on survival. We cannot exclude the possibility that
some breast carcinoma in situ cases were not reported to
the cancer registry, were diagnosed before 2003 or in a dif-
ferent part of Switzerland or abroad, or went undetected
due to lack of symptoms, before an invasive breast tumour
diagnosis.

Conclusions

Invasive breast tumours that were preceded by a recorded
breast carcinoma in situ diagnosis exhibited more-
favourable tumour characteristics (including earlier stage
at diagnosis and fewer missing values) than those that were
not. Breast carcinoma in situ patients have overall very
good net survival outcomes 5 years after their diagnosis.
The 5-year net survival of patients diagnosed with invasive
breast tumours was relatively high, irrespective of whether
the patient had a previously recorded breast carcinoma in
situ. Larger studies should aim to further investigate the
survival of breast carcinoma in situ patients who later de-
velop invasive breast cancer, as well as factors associated
with better breast cancer-specific survival outcomes.
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