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Abstract

Introduction: The growing number of women diagnosed
with breast cancer (BCa) together with high survival has re-
sulted in an increasing population of survivors at risk of sub-
sequent primary cancers. This study aimed to estimate the
long-term risk and survival of third primary cancers (TPCs)
among females with a first primary BCa. Methods: Breast first
primary cancers (FPCs) from the Portuguese North Region
Cancer Registry, diagnosed between 2000 and 2010 (n =
15,981), were followed for a TPC (December 31, 2015) and
death from any cause (June 30, 2021). The cumulative inci-
dence of and mortality among TPCs were estimated. To com-
pare survival, female patients with a TPC were matched (1:1,
by age group, years between FPCand second primary cancer
[SPC] diagnosis, and SPC location) to FPC + SPC patients
without a TPC. Results: Overall, 67 (0.4% of FPCs and 5.4% of
SPCs) TPCs were diagnosed. The most common TPC sites
were digestive, breast, and female genital organs. Among all
FPCs, the 15-year cumulative incidence (95% confidence in-
terval [Cl]) of a TPC was 0.69% (0.47-0.90%) and among SPCs,

7.21% (4.99-9.43%). The 15-year cumulative mortality of
TPCs and matched patients was 70.0% and 51.5%, respec-
tively. For TPCs, compared to matched SPC only patients, the
age-adjusted hazard ratio (95% Cl) for death was 2.86 (1.61-
5.07). Discussion/Conclusion: The most common TPC sites
were digestive, breast, and female genital organs, with a 15-
year cumulative incidence of 0.69% among FPCs. TPCs had a
worse long-term survival compared to patients with an SPC
only. © 2022 S. Karger AG, Basel

Introduction

Breast cancer (BCa) is the most common malignancy
diagnosed worldwide, accounting for 7.8 million women
alive who were diagnosed with BCa in the past five years,
and the second leading cause of death from cancer [1].
The survival of patients with BCa has increased in the last
decades [2] due to improved access to early diagnosis [3]
and effective treatments, including new adjuvant drugs
and less aggressive surgeries [4], leading to a growing
number of BCa survivors. These patients have been
shown to be at increased risk for subsequent primary can-
cers at several sites due to shared etiology, including ge-
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netic susceptibility and environmental factors, as well as
treatment effects [5, 6]. Previous studies have described
the epidemiological and clinical characteristics of BCa
patients with second primary cancers (SPCs) [7-9], as
well as the occurrence of third primary cancers (TPCs) of
nonbreast origin among women with bilateral BCa [10].
Nevertheless, there is a lack of published data addressing
the risk and survival of BCa patients with higher order
primary cancers. Therefore, considering that BCa is the
most frequent malignancy in Northern Portugal [11] and
responsible for the highest proportion of SPCs among fe-
males [12], this study aimed to estimate the long-term
risk and survival of TPCs among patients with a breast
first primary cancer (FPC).

Methods

A population-based cohort of female breast (International Statis-
tical Classification of Diseases and Related Health Problems 10th Re-
vision C50 [13]) FPCs (n = 15,981) from the North Region Cancer
Registry of Portugal (RORENO) diagnosed in 2000-2010 was fol-
lowed for the diagnosis of multiple primary cancers (MPCs; Decem-
ber 31, 2015) and vital status (June 30, 2021). MPCs were defined as
proposed by the International Association of Cancer Registries and
International Agency for Research on Cancer [14]. These were con-
sidered SPCs (n = 1,229), TPCs (n = 67), and fourth or higher order
primary cancers (n = 4) when two, three, or more than three prima-
ry cancers, respectively, were diagnosed in the same individual.

Cumulative incidence and corresponding 95% confidence in-
tervals (CIs) for the occurrence of TPCs considering the date of
diagnosis of the breast FPC and of the SPC were estimated sepa-
rately, accounting for the competing event of death [15]. The max-
imum possible follow-up time from FPC to TPC and from SPC to
TPC was 15 years.

A matched-sample analysis was conducted to estimate the
survival of TPCs; patients diagnosed with more than three pri-
mary cancers (n = 4) were excluded. Females with TPCs (SPC +
TPC) were matched 1:1 to females with an SPC but without a
TPC (SPC only) who were alive when the corresponding TPC
was diagnosed, by age-group (<45, 45-54, 55-64, 65-74, and
275 for 39 matches; <45, 45-64, and 265 for 21 matches; <65 and
265 for three matches), number of years between FPC and SPC
diagnoses (single year [from 1 to 15 years] for 49 matches; first-
year and then two-year groups [from 2-3 years to 14-15 years]
for four matches; and three-year groups [from 1-3 years to 13-
15 years] for 10 matches), and SPC location (SPC site for 56
matches; SPC group: digestive organs [C15-C26]; respiratory
and intrathoracic organs [C30-C39]; skin melanoma [C43];
breast [C50]; female genital organs [C51-C58]; urinary tract
[C64-C68]; eye [C69]; brain and other parts of central nervous
system [C70-C72]; lymphoid, hematopoietic, and related tissue
[C81-C96]; uncertain or unknown behavior [D37-D48] [13] for
seven matches).

Survival time for patients with a TPC was considered as the
time between TPC diagnosis and death from any cause or end of
study follow-up (June 30, 2021), whichever occurred first. For SPC
only patients, survival time was considered as the time between
SPC diagnosis and death or end of study follow-up (June 30, 2021),
whichever occurred first, minus the time between the SPC diagno-
sis and the TPC diagnosis of the matched patients with TPC. The
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maximum possible vital status follow-up time for SPC only pa-
tients (from SPC diagnosis) was 21 years and for SPC + TPC pa-
tients (from TPC diagnosis) was 18 years.

Cox proportional hazards regression analyses were used to
compute hazard ratios for all-cause mortality adjusted for age
(continuous) with the corresponding 95% CI. The proportional
hazards assumption was evaluated using Schoenfeld residuals. The
observed cumulative all-cause mortality was estimated using 1 -
Kaplan-Meier [16]. Statistical analyses were conducted using Sta-
ta®, version 15.1 (StataCorp., College Station, TX, USA).

Results

During follow-up to the end of 2015, 1,229 patients
developed a subsequent primary cancer (7.7% of breast
FPCs) and 67 patients a TPC (0.4% of breast FPCs and
5.4% of FPC + SPC; Table 1). A total of 56 contralateral
BCas were diagnosed among patients withouta TPC (n =
1,162), while one contralateral second primary BCa was
observed in patients with a TPC (n = 67). The median
(percentile 25-percentile 75 [P25-P75]) age at breast
FPC diagnosis was 57 (47-68) years. For patients diag-
nosed with an SPC only, the median (P25-P75) time be-
tween the FPC and the SPC was 4.0 (1.2-7.3) years; the
corresponding time for patients with a TPC was 3.6 (1.0-
6.4) years. The median (P25-P75) time between an SPC
and a TPC was 0.6 (0.2-1.9) years.

Among the 67 females diagnosed with a TPC, over
one-third of TPCs (34.3%, n = 23) occurred in digestive
organs, and nearly half (46.3%, n = 31) of TPCs occurred
in patients with a previous digestive SPC (Fig. 1; online
suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000522057). Breast and female
genital organs were also common TPC sites, occurring in
6 (8.9%) and 11 (16.4%) females, respectively, as well as
an SPC among females diagnosed with a TPC, accounting
for 19.4% (n = 13) and 13.4% (n = 9) of cases, respective-
ly.

The 10- and 15-year cumulative incidences (95% CI)
of a TPC were 0.42% (0.31-0.54%) and 0.69% (0.47-
0.90%), respectively, among patients with a breast FPC
(Fig. 2a). Among patients with an SPC following a breast
FPC, the 10-year cumulative incidence (95% CI) of a TPC
was 7.21% (4.99-9.43%; Fig. 2b).

The five-year cumulative all-cause mortality (95% CI)
of the SPC + TPC patients and matched SPC-only pa-
tients was 57.1% (47.6-66.6%) and 29.1% (19.5-38.7%),
respectively, whereas the corresponding risk of mortality
at 10 years was 70.0% (60.0-80.0%) and 43.4% (33.3-
53.5%; Fig. 3). For SPC + TPC patients, compared to
matched SPC only patients, the crude and age-adjusted
hazard ratios (95% CI) for death were 2.43 (1.39-4.27)
and 2.86 (1.61-5.07), respectively.
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Table 1. Characteristics of female breast FPC patients with and without a subsequent primary cancer

N (%) Total Patients withouta  Patients with a subsequent primary
15,981 (100.0)  subsequent primary 1,229 (7.7)
14752(92.3) Patients without a TPC Patients with a TPC
1,162 (93.2) 67 (5.4 of SPCs; 0.4 of FPCs)

Age at diagnosis of BCa (median [P25-P75]), years 57 (47-68) 56 (47-68) 60 (50-70) 62 (54-74)

<45 3,032 (19.0) 2,879 (19.5) 146 (12.6) 7 (10.4)

45-54 4,162 (26.0) 3,874 (26.3) 278 (23.9) 10(14.9)

55-64 3,565 (22.3) 3,267 (22.1) 276 (23.7) 22(32.8)

65-74 2,274 (14.2) 2,639 (17.9) 293 (25.2) 13(19.4)

>75 2,274 (14.2) 2,090 (14.2) 169 (14.5) 15 (22.4)
BCa laterality

Right 5,839 (36.5) 5,392 (36.5) 419 (36.1) 28 (41.8)

Left 6,490 (40.6) 5,980 (40.5) 484 (41.6) 26 (38.8)

Bilateral 57 (0.4) 0(0.0) 56 (4.8) 1(1.5)

Unknown/missing 3,595 (22.5) 3,380 (22.9) 203 (17.5) 12(17.9)

Time to diagnosis (median [P25-P75]), years -

4.0 (1.2-7.3) FPC to SPC

3.6 (1.0-6.4) FPC to SPC
0.6 (0.2-1.9) SPC to TPC

May not add to 15,981 due to missing data. BCa, breast cancer; FPC, first primary cancer; P25, percentile 25; P75, percentile 75; SPC,

second primary cancer; TPC, third primary cancer.
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Fig. 1. Distribution of TPCs® among SPCs® in female breast FPC
patients. FPC, first primary cancer; ICD-10, International Statisti-
cal Classification of Diseases and Related Health Problems 10" Re-
vision; SPC, second primary cancer; TPC, third primary cancer.
2 Digestive organs (C15-C26); respiratory and intrathoracic or-
gans (C30-C39); breast (C50); female genital organs (C51-C58);
urinary tract (C64-C68); thyroid and other endocrine glands
(C73-C75); lymphoid, hematopoietic, and related tissues (C81-
C96); and others: lip, oral cavity and pharynx (C1-C14), skin mel-
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anoma (C43), mesothelial and soft tissue (C45-C49), ill-defined,
secondary, or unspecified sites (C76-C80) defined according to
the ICD-10 [13].° Digestive organs (C15-C26), respiratory and
intrathoracic organs (C30-C39), breast (C50), female genital or-
gans (C51-C58), others: skin melanoma (C43), urinary tract
(C64-C68), eye (C69), brain and other parts of the central nervous
system (C70-C72), lymphoid, hematopoietic, and related tissue
(C81-C96), uncertain or unknown behavior (D37-D48) defined
according to the ICD-10 [13].
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Fig. 2. Cumulative incidence of TPCs, among female breast FPCs (a) and SPCs (b) following a breast FPC, con-
sidering the competing event of death. FPC, first primary cancer; SPC, second primary cancer; TPC, third pri-
mary cancer. Note that a different scale is used for the two graphs.
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Fig. 3. Observed cumulative all-cause mortality® of female breast
FPCs with an SPC, and with and without a TPC. FPC, first pri-
mary cancer; SPC, second primary cancer; TPC, third primary
cancer. * Calculated using 1 — Kaplan-Meier [16].

Discussion/Conclusion

Overall, the most common TPCs occurred in the di-
gestive system, as well as breast and female genital or-
gans, with a relatively low 15-year cumulative incidence
(0.69%) among all breast FPC patients. SPC + TPC pa-
tients had a higher probability of all-cause mortality over
15 years compared to patients with an SPC only, high-
lighting the contribution of a TPC to the mortality of
these patients.
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Few studies have been conducted on the frequency of
MPCs with no population-based studies focusing on the risk
and survival of TPCs among BCa survivors, regardless of the
SPC site [10]. Generally, the proportion of TPCs is small,
ranging from 0.0% to 2.0% of all cancer diagnoses [17]. In
Italy, among cancers (all sites) diagnosed between 1976 and
2010, and followed to the end of 2012, 0.3% of patients were
diagnosed with a TPC [18]. A previous study conducted in
the Netherlands found nearly 7% nonbreast TPCs occurring
among 8,752 women diagnosed with bilateral BCa between
1989 and 2008, with a median time of 2.4 years between the
first and the second BCa [10]. We estimated a proportion of
0.4% TPCs among breast FPCs, which falls within the previ-
ously reported range of TPCs [17].

In the current study, we found that TPCs were more
often diagnosed in the digestive system, breast, and fe-
male genital organs. This may be because the factors, in-
cluding host characteristics and environmental expo-
sures, that contribute to the occurrence of FPCs also in-
crease the risk of developing a subsequent primary cancer
[6]. Previous studies have shown that caloric excess, obe-
sity, physical inactivity, and reproductive factors may
contribute to a clustering of hormone-dependent tu-
mors, including breast, uterine, ovary, and colon tumors
[5, 6, 19, 20]. Different hormone receptor statuses are
associated with second female genital cancers among
BCa survivors, with an increased risk being observed
among hormone receptor-negative BCa survivors [21,
22]. Moreover, although cancer hereditary syndromes
likely account for only a small proportion of MPCs [6],
previous studies have shown that BCa survivors with in-
herited mutations of BRCA1/2, PTEN, or PT53 have an
increased risk of developing several subsequent cancers,
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including cancers of the pancreas, contralateral breast,
female genital organs, thyroid, and connective tissues [7,
23-25].

The survival of BCa patients who develop a TPC has
been seldom described. However, previous studies have
found a worse long-term mortality for women with two
cancers compared to those with a BCa only [8, 10]. Simi-
larly, the estimates provided here highlight that BCa pa-
tients diagnosed with a TPC have a higher mortality.
Consequently, the occurrence of MPCs should be consid-
ered by clinicians when establishing a prognosis and
treatment plan for these patients.

This study is based on data obtained from RORENO,
which is representative of BCa survivors from Northern
Portugal; however, extrapolating these results to all Por-
tuguese BCa survivors should be done cautiously since
there is an uneven distribution of BCa incidence and
mortality within the country [26, 27]. Nevertheless, the
sample is population-based, and the results may be gen-
eralized to settings where the overall patterns of cancer
incidence and mortality, and access to health care are not
markedly different. Furthermore, an evaluation consider-
ing specific SPC or TPC combinations was not possible
due to the small number of TPCs observed, and as such,
only a descriptive analysis is provided. The current study
is also limited by the information available in the registry;
thus, we were unable to account for factors such as fam-
ily history and mutation status, which have been shown
to be associated with MPCs [7, 23-25]. Nevertheless, the
results of the current study are useful and exhaustive since
the incidence and survival of TPCs among female breast
FPCs have not been widely reported in previous popula-
tion-based studies.

The cumulative incidence of TPCs among all breast
FPC patients was relatively low with an estimate of
0.69% over a maximum 15-year follow-up period,
which were more often observed in the breast, digestive,
and female genital organs. Further, breast FPC patients
who develop a TPC have a clearly worse survival com-
pared to those with an FPC and SPC only. Considering
the increasing number of patients with BCa at risk of
developing MPCs, this study highlights the need for ad-
ditional research to further quantify the burden and
survival of TPCs among these patients. This is neces-
sary to adequately determine a comprehensive and per-
sonalized treatment approach that considers previous
treatments and associated toxicities, and in some cases,
may require a more aggressive approach, as well as de-
fine surveillance strategies and manage patients’” expec-
tations regarding the cancer survivorship burden. Tak-
en together, these may potentially lead to improve-
ments in survival and quality of life among patients
with multiple cancers.

Third Primary Cancers following Breast
Cancer
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