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Abstract 

Background Associations between different cancer types are known. The affirmation of the risk for non-ovarian 
cancer after ovarian borderline tumors (BOT) is, however, sparse.

Aim To analyze the risk of subsequent or simultaneous cancers in women with BOTs compared with the general 
female Swedish population.

Methods An open cohort study (1995–2018) was conducted where a diagnosis of BOTs as well as subsequent 
or simultaneous cancer diagnoses were obtained from the Swedish Cancer Register and matched to the Total Popula-
tion Register. Each woman with BOT was followed until non-ovarian cancer, death or emigration and could only be 
included once for the outcome. Standardized incidence ratios (SIRs) with 95% confidence intervals (CIs) for specific 
non-ovarian cancers were analyzed.

Results The 4998 women with serous and mucinous BOTs were diagnosed during 1995–2018 with a mean age 
of 55.7 years (SD 16.0) at diagnosis. Compared with the general female population, women with BOTs had increased 
risks for non-ovarian cancer in colon (SIR = 2.5; 95% CI 2.0–3.1), rectum (SIR = 1.7; 95% CI 1.1–2.5), small intestine 
(SIR = 5.0; 95% CI 2.3–9.5), cervix (SIR = 2.5; 95% CI 1.4–4.2), endometrium (SIR = 2.4; 95% CI 1.9–3.1), pancreas (SIR = 2.3; 
95% CI 1.4–3.5), upper aerodigestive tract (SIR = 2.2; 95% CI 1.2–3.8), lung (SIR = 1.8; 95% CI 1.4–2.3), kidney (SIR = 2.3; 
95% CI 1.4–3.7) and bladder (SIR = 1.8; 95% CI 1.1–2.8). Among women with serous BOTs, the risk of thyroid gland 
cancer (SIR = 3.1; 95% CI 1.2–6.4) was also increased. Lung and pancreas cancer showed increased risks more than 1 
year after a diagnosis of BOT.

Conclusions This Swedish population-based study demonstrated an increased risk of multiple malignancies includ-
ing lung and pancreatic cancers beyond the first year of diagnosis in patients with borderline ovarian tumors (BOTs), 
suggesting a potential shared etiology.
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Novelty and impact
The knowledge of non-ovarian cancer after ovarian bor-
derline tumors (BOT) is sparse. This nationwide popu-
lation-based study found BOTs associations with lung 
and pancreas cancer more than 1 year after a diagnosis of 
BOTs. These findings may be used for cancer prevention 
and surveillance in women diagnosed with BOTs.

Introduction
Borderline ovarian tumors (BOTs) are a subgroup of the 
ovarian epithelial tumors, which also are known as atypi-
cal proliferating tumors. BOTs have genetically similar 
changes to their malignant counterparts and are sus-
pected to be precursor lesions to low-grade serous, endo-
metrioid, clear cell, and mucinous ovarian cancer [1]. 
Most BOTs are serous or mucinous tumors [2] that usu-
ally proliferate and show mild–moderate nuclear atypia 
and mitoses. These changes must be seen in more than 
10% of the tumor epithelium and it is acceptable with a 
stromal micro-invasion of up to 5 mm at the greatest lin-
ear measurement in any single focus for a BOT diagnosis 
[3]. They may spread implants to the peritoneal surfaces 
and lymph nodes but, in contrast to invasive cancer, do 
not grow invasively [4, 5]. BOTs are generally diagnosed 
in an early stage (stage I), confined to one ovary, and have 
a favorable prognosis [6].

Earlier studies have disclosed higher risks of second 
primary cancers after ovarian cancer, such as breast 
cancer, colorectal cancer, bladder cancer, and leukemia 
[7–9]. Several cancers share common etiology, hereditary 
factors, and some may be due to chemotherapy-induced 
secondary malignancies. Some studies have examined 
risks of non-ovarian cancer following BOTs and found 
increased risk of colorectal cancer, but decreased the risk 
for breast cancer compared to patients with a history of 
ovarian cancer [10–13]. Recently, a large Danish pop-
ulation-based study discovered that serous BOTs were 
linked with malignant melanoma, thyroid gland can-
cer, and myeloid leukemia. In contrast, mucinous BOTs 
were associated with lung cancer, pancreatic cancer, and 
myeloid leukemia and the results did not differ with the 
duration of the follow-up period [14]. Women with BOT 
also seem to have long-term histo-pathological specific 
increased risks of epithelial ovarian cancer [15].

The main aim of the study was to compare women in 
Sweden with serous or mucinous BOTs with the general 
female Swedish population regarding the risk of non-
ovarian cancers using the calculated Standardized Inci-
dence Ratio (SIR). We also aimed to examine the risk 
patterns in relation to age at diagnosis and length of fol-
low-up, adjusted for socioeconomic status and geograph-
ical region of residence [16, 17].

Materials and methods
Data sources
The Swedish Cancer Register (managed by the National 
Board of Health and Welfare, in Swedish: Socialsty-
relsen) was used to collect data on BOTs and outcomes 
[18]. The Total Population Register (managed by the 
Swedish governmental agency, Statistics Sweden) was 
used to collect the population of women residing in 
Sweden during the time period, with data on some of 
the covariates as well as emigration and death. The reg-
ister is nearly 100% complete for the entire national 
population [19]. All linkages between the registry data 
were performed using the unique 10-digit personal 
identification number [20] assigned to each person for 
their lifetime upon birth or immigration but our group 
had access only to a pseudonymized version of this 
number to ensure the integrity of all individuals.

Study design, population, and setting
This was a Swedish nationwide open cohort study con-
ducted between 1995–2018. The total population con-
sisted of 6  838  524 women residing in Sweden with a 
total follow-up of 116 406 014 person-years (calculated 
for the total population). Baseline was defined at the 
first diagnosis of BOTs from 1995 and onwards and the 
total follow-up time started at baseline and ran until 
a diagnosis of cancer, death, emigration or end of the 
follow-up in 2018.

Ascertainment of the main predictor variable
Serous or mucinous ovarian borderline tumors (BOTs) 
were obtained from the Swedish Cancer Register [21] 
starting in 1995 by which time the register had reached 
full national coverage. Women with a diagnosis of BOT 
were identified and included during the period 1995–
2018 using ICD-7 (topography code 175 with a benign 
indicator) codes and SNOMED10 (morphology) codes: 
serous BOTs (84423 and 84513), and mucinous BOTs 
(84723) [22]. Excluded codes were code 84623 (endo-
metrial and clear cell borderline tumors, n = 384) and 
codes 83801, 83802, and 83811 (n = 35) since these 
tumors were so few for statistical evaluation. Two cases 
with missing information were excluded.

Ascertainment of the outcome variables
The outcomes were non-ovarian cancers and were iden-
tified in the highly complete nationwide Swedish Can-
cer Register [18, 21]. This register used the  7th revision 
of the International Classification of Diseases (ICD-7) 
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(Table S1). Each woman could only be included once 
for each outcome during the study period.

Covariates
Age, period (year since BOT diagnosis), highest edu-
cational level (as a proxy for socioeconomic status) and 
geographical region. The rationale for including the 
covariates were to evaluate if there is any certain time-
period (< 1  year, 1–9  years and ≥ 10  years), age, socio-
economical or regional differences among women who 
later develop non-ovarian cancers. Most cancer occur in 
older age why the age groups were chosen as < 60, 60–69, 
and ≥ 70 years of age.

Statistics
Person-year calculation was started from the first diag-
nosis of BOTs from 1995 onwards until a diagnosis of 
non-ovary cancer, death, emigration, or the end of the 
follow-up in 2018. Standardized incidence ratios were 
calculated to compare the relative risk of non-ovary can-
cers in BOTs and in individuals who had never been reg-
istered for BOTs. By comparing the observed number of 
subsequent cancers to the expected number based on 
population rates, the SIR provides a way to determine 
whether there is an increased or decreased risk of devel-
oping a subsequent cancer compared to the general pop-
ulation. This helps in identifying potential factors that 
may be associated with the development of subsequent 
cancers. SIR calculations are recommended and com-
monly used when the cancers observed are rare diseases 
and the expected number of cases is small. The SIR was 
calculated as the ratio of observed (O) to expected (E) 
number of non-ovary cancer by indirect standardization 
methods using the following formular:

where: O = ∑Oj denotes the total observed number of 
non-ovary cancer cases in the study group (registered 
for BOTs); E* is calculated by applying stratum-specific 
standard incidence rates ( �∗j  ) obtained from the reference 
group (no registration for BOTs) to the stratum-specific 
person-year (nj) experience of the study group; oj rep-
resents the observed number of cases that the cohort 
subjects contribute to the jth stratum; and J represents 
the strata defined by the cross-classification of various 
adjustment variables, including age, educational level, 
and region [23, 24]. All calculations were standardized by 
age (5-year-age-groups), period (5-year-period-groups), 
highest educational level (as a proxy for socioeconomic 
status) and geographical region. The 95% confidence 
intervals (CIs) of the SIRs were calculated assuming a 

SIR =

J
j=1

Oj

J
i=1

nj�
∗

j

=

O

E∗

Poisson distribution. Concerning multiple comparisons, 
99% CIs are shown in footnotes. All of the analyses were 
performed using SAS software v. 9.4 (SAS Institute Inc., 
Cary, NC, USA).

Results
The number of women with BOTs included in the anal-
yses were 2971 women (59%) with serous and 2027 
women (41%) with mucinous BOTs, i.e., in total 4998 
women diagnosed during 1995–2018 with a mean age of 
55.7  years (SD 16.0) at diagnosis. Non-ovarian cancers 
were found in 526 524 women in the entire female popu-
lation until 2018 (Supplementary Table S1).

Subsequent risk of non‑ovarian cancer in women 
with BOTs
Table  1 shows SIRs of non-ovarian cancer sites in all 
women with serous or mucinous BOTs. The stricter 99% 
confidence interval, shown in the footnotes, had minor 
effects on the results. Compared with rates in the gen-
eral female population, women with BOTs had increased 
rates of small intestine, colon, endometrial, pancreatic, 
cervical, lung, kidney, upper aerodigestive tract, blad-
der, and rectal cancer as well as primary unknown can-
cer. Women with serous BOTs also had increased rates 
of both vulvovaginal and thyroid gland cancer. Table S3 
shows the risk of cancer after 1 year of follow-up, exclud-
ing the first year as a wash-out period. In this analysis 
women with either histological subgroup (serous and 
mucinos) BOTs had increased rates of pancreatic, lung 
and primary unknown cancers.

Subsequent risks of cancers according to age at diagnosis 
in women with earlier diagnosis of BOT
Table  2 shows SIRs of non-ovarian cancer sites in all 
women with serous or mucinous BOTs according to age. 
Compared with rates in the general female population, 
women with BOTs who were younger than 60  years of 
age had increased rates of colon, rectum, lung, endome-
trium, vulvovaginal and primary unknown cancer. In the 
age group 60–69  years the risk for upper aerodigestive 
tract, colon, rectum, pancreas, breast, cervix, endome-
trium, kidney, melanoma, and primary unknown cancer 
were increased. In women in the age group 70  years or 
above the risks were increased for cancer in the upper 
aerodigestive tract, small intenstine, colon, liver, pan-
creas, lung, cervix, and kidney. The Supplementary Table 
S4 shows the SIRs of non-ovarian cancer sites accord-
ing to age excluding the first year as a wash-out period. 
The exclusion of the first year after the diagnosis of BOTs 
showed in women younger than 60 years of age increased 
risks for lung, vulvovaginal cancer and cancer of primary 
unknown location. In the age group 60–69 years the risks 
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were increased for colon, lung cancer and melanoma. In 
the age group 70 years or above the risks for cancer were 
increased in the small intestine and lung.

Subsequent risk of non‑ovarian cancer according to length 
of follow‑up
Table  3 shows the risk of the non-ovarian cancer sites 
according to length of follow-up for women with serous 
or mucinous BOTs. Within the first year of the diagno-
sis of BOT increased risks were found for cancer in the 
upper aerodigestive tract, colon, rectum, small intestine, 
breast, pancreas, nervous system, bladder, kidney, liver, 
endometrium, cervix, vulvavagina, and non-Hodgkin 
lymphoma. The SIRs ≥ 10 years after BOT diagnosis were 
increased for lung cancer.

Discussion
In this nationwide study we identified 4998 women with 
BOTs 1995–2018. These women were found to be at 
increased risks of lung and pancreas cancer more than 
1 year after diagnosis of BOT compared to women in 
the general population. BOTs were also associated with 
increased risks of several other cancer types when BOT 
and the cancers were diagnosed within the same year 
or later such as colon, rectum, small intestine, cervical, 
endometrial, kidney, bladder cancer, and cancer of pri-
mary unknown origin.

We found a two-fold increase in the risk for lung cancer 
in women with mucinous BOTs. This was observed in all 
age groups and in follow up periods between 1–9 years 
and more than 10 years. This is in line with a similar large 
Danish population-based register study evaluating the 
associated cancer risks with earlier BOTs [14]. A smaller 
study has also reported a slightly increased relative risk 
of lung cancer in women with earlier BOTs [12]. Several 
studies have shown an association between smoking and 
the risk of mucinous ovarian tumors [25, 26]. Addition-
ally, smoking is a risk factor for pancreatic cancer, and 
we found an increased risk for pancreatic cancer in the 
group of women older than 60 years [27]. Pancreatic car-
cinogenesis is influenced by various risk factors, includ-
ing smoking, obesity, gene mutations. However, without 
access to detailed data on lifestyle habits, only assump-
tions about the influence of these risk factors on pan-
creatic carcinogenesis and BOTs can be made [28]. This 
study provides additional evidence to substantiate our 
assertions that pancreatic cancer and BOTs share com-
mon risk factors. The risk of pancreatic cancer at the time 
of BOTs diagnosis and within the initial 1–9  years fol-
lowing BOTs is more than doubled, particularly in cases 
of mucinous BOTs. The association between mucinous 
BOTs and lung and pancreatic cancer may be due to sim-
ilar genetic mutations which has been found for BOTs 

and ovarian cancer of mucinous histology [29] as well as 
for lung and pancreatic cancer [26].

We found higher risks of colon and small intestine 
cancer in women with both serous and mucinous BOTs 
within the first year of BOT diagnosis. Previous stud-
ies have also shown a higher risk of colorectal cancer 
in women with BOTs [14]. Colorectal cancer has been 
reported to be more common subsequent to ovarian can-
cer [9–13]. This has been explained by shared genetics, 
such as in Lynch syndrome. Lynch syndrome is a con-
dition that increases the risk of many kinds of cancer, 
affecting one in 300 individuals [30]. Risk might include 
colon, endometrial and other types of cancer [30, 31]. 
Our register-based study included a large population, and 
patients with BOTs were closely monitored over time. 
The association between mucinous BOTs and pancre-
atic cancer may partly be explained by the heredity of the 
Lynch syndrome which is associated with both epithelial 
ovarian cancer, endometrial, as well as colorectal cancer 
[32]. Pre-disposition for KRAS and BRAF genetic muta-
tions has been suggested as a possible explanation for the 
previous findings of increased relative risks of colorectal 
cancer after BOTs [33]. RAS genes (KRAS, HRAS and 
NRAS) comprise the most frequently mutated oncogene 
family in human cancer.

Endometrial and cervical cancer rates were increased 
within the first year of BOTs diagnosis. Treatment of both 
endometrial and cervical cancer and/or ovarian cysts 
with suspicion of BOTs or ovarian malignancy includes 
hysterectomy and bilateral salpingo-oophorecomy, dur-
ing which synchronous tumor may be diagnosed inciden-
tally. Moreover, when detailed pathological analysis of the 
uterus including cervix as well as one or both ovaries has 
been performed simultaneously existing cancers may be 
revealed. This may be the case for the increased risk for 
cervical cancer and borderline ovarian tumors since cer-
vical cancer in more than 99% of cases is due to human 
papilloma virus (HPV) infections [34]. Endometrial can-
cer with Lynch syndrome, especially with the MSH2 
gene, have shown to have an association with BOT [35].

We found an association between serous BOTs and 
increased risk for thyroid gland cancer in the total mate-
rial similarly to the Danish study. Hormonal risk factors 
and obesity [36], which is a risk factor for both thyroid 
gland cancer [37] and serous BOTs [38], may contribute 
to this association. Both serous BOTs [39] and a subset 
of thyroid gland cancers [40] are associated with BRAF 
mutations; thus, there is a possibility that women with 
serous BOTs who subsequently develop thyroid gland 
cancer may have BRAF mutations.

Our study did not observe increased rates of subse-
quent breast cancer. This could be explained by the fact 
that there are other pathways and genetic mutations in 
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breast cancer. This is in contrast to the BRCA gene muta-
tion found in both ovarian and breast cancer [41–44], but 
there is no found association between BRCA mutations 
and BOTs. Neither did we find any association between 
BOTs and myeloid leukemia or malignant melanoma in 
contrast to our Danish colleagues [14].

Strengths and limitations
Some of the strengths in this population cohort study is 
the large number of patients included as well as the com-
plete Swedish Cancer Register [19]. The Danish cohort 
population study was performed in a similar way show-
ing similar results [14], whereas earlier studies [11, 12] 
have been much smaller with fewer cases of BOTs. All 
the major results in this study were based on more than 
ten observations, the confidence intervals reasonably 
small and 99% CI were added minimizing the risk of 
incorrect results of multiple testing and comparisons. 
Moreover, due to accurate linkage between Swedish reg-
istries by use of the unique personal identification num-
ber, we had minimal loss of follow-up as well as no recall 
bias due to the use of clinical diagnoses. Women with 
borderline ovarian tumors were previously followed-up 
for several years, which is why there may be a risk for 
increased numbers of cancers found due to surveillance 
bias especially during the first years after diagnosis with 
complimentary diagnostic procedures. Compared with 
earlier studies we also included confounding factors such 
as socioeconomic status [16]. However, we cannot fully 
rule out the risk of residual confounding as certain pos-
sible confounders, e.g. obesity or smoking [45–47], were 
not included. Additionally, the classification of borderline 
ovarian cancer and tumors has been modified in 2014 
[40] and we do not have information about the stage of 
the BOTs. Therefore, some of the included BOTs with 
invasive implants in our cohort study may have been 
classified as low-grade serous carcinoma and this may 
have affected the results. However, since low-grade ovar-
ian cancer is rare, the probability of this is likely minimal.

Conclusion
This nationwide population-based study found higher 
risks of lung and pancreas cancer more than 1 year after 
diagnosis of BOTs compared to women in the general 
population. BOTs were also associated with colon, small 
intestine, cervical, endometrial, and kidney cancer, and 
cancer of primary unknown origin. These findings could 
be important for cancer prevention and follow-up in 
women diagnosed with BOTs. Further studies on the spe-
cific causal mechanisms with a specific focus on similar 
gene mutations behind these associations are needed.
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