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Abstract

Objective—To describe the study population and estimate overall survival of women with a
serous “borderline” ovarian tumor (SBT) in Denmark over 25 years relative to the general
population.

Methods—The Danish Pathology Data Bank and the Danish Cancer Registry were used to
identify 1487 women diagnosed with SBTs from 1978 to 2002. The histologic slides were
collected from Danish pathology departments and reviewed by expert pathologists and classified
as SBT/atypical proliferative serous tumor (APST) or noninvasive low-grade serous carcinoma
(LGSC). Associated implants were classified as noninvasive or invasive. Medical records were
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collected from hospital departments and reviewed. Data were analyzed using Kaplan—Meier and
relative survival was estimated with follow-up through September 2, 2013.

Results—A cohort of 1042 women with a confirmed SBT diagnosis was identified. Women with
stage | had an overall survival similar to the overall survival expected from the general population
(p = 0.3), whereas women with advanced stage disease had a poorer one (p < 0.0001). This was
evident both in women with non-invasive (p < 0.0001) and invasive implants (p < 0.0001). Only
among women with advanced stage, overall survival of women with SBT/APST (p < 0.0001) and
noninvasive LGSC (p < 0.0001) was poorer than expected from the general population.

Conclusions—To date this is the largest nationwide cohort of SBTs where all tumors have been
verified by expert pathologists. Only in women with advanced stage SBT, overall survival is
poorer than in the general population which applies both to women with noninvasive and invasive
implants as well as to women with SBT/APST and noninvasive LGSC.
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Introduction

Ovarian cancer is the most lethal gynecologic cancer in the Western world and the sixth
most common female cancer [1]. Serous tumors are the most common histologic type (75%)
[2]. In 1973, the World Health Organization (WHO) proposed classifying a group of tumors
that appeared to display behavior intermediate between a benign cystadenoma and the usual
type of serous carcinoma as “tumors of borderline malignancy (carcinomas of low malignant
potential)” [3]. This term eventually evolved into serous borderline tumor (SBT). Because
many patients with widespread extraovarian disease did well even when not or inadequately
treated, the extraovarian lesions were designated “implants” rather than metastases, and
were eventually divided into noninvasive and invasive as the latter were more predictive of
an adverse outcome [4]. Subsequent studies called attention to a particular growth pattern of
SBTs, characterized by a micropapillary architecture which unlike the usual type of an SBT
was associated with a significantly worse outcome [5]. It was proposed that the usual type of
an SBT be designated “atypical proliferative serous tumor (APST)” and the micropapillary
tumor “noninvasive micropapillary low-grade serous carcinoma (LGSC).” This proved to be
controversial as some investigators acknowledged that although the micropapillary tumor
was more often associated with advanced stage and a higher frequency of invasive implants,
it was not significantly associated with an adverse outcome [6,7]. Accordingly, these
investigators favor the term “SBT, micropapillary variant,” whereas others recognizing the
similarity of the micropapillary tumors to LGSC prefer the designation “noninvasive
(micropapillary) LGSC.” The terms are considered synonymous by the WHO in 2014 [8].
To allow comparison with previous studies, we will use the terms SBT/APST for the usual
type of an SBT and noninvasive LGSC for the tumor displaying micropapillary architecture.

The nature of SBTs is still not fully understood, but recent data suggest that an SBT is a
precursor of LGSC, whereas high-grade serous carcinoma (HGSC) develops independently
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of an SBT [9,10]. In contrast to serous ovarian cancer, SBTs affect younger women [11].
Bilateral salpingo-oophorectomy, hysterectomy and omentectomy with staging, is generally
the treatment of choice in perimenopausal and menopausal women. However, since many
women are of reproductive age, fertility-sparing surgery is an important consideration [11].

Based on two nationwide, population-based registries, we have an extensive registration of
borderline ovarian tumors in Denmark, which gives us a unique opportunity to examine
SBTs from the entire female population. We initiated a nationwide cohort of all women
registered with an SBT in Denmark covering 1978-2002. We performed a centralized
pathology review of all tumors and followed the women up to 36 years, making it the largest
study of its kind. This is the first in a series of papers to be published based on data from the
entire cohort. The aim of the present paper was to describe the study design and
methodology, the characteristics of the study population and the overall survival of women
with SBTSs relative to that of the general female population of Denmark, stratified by stage,
implant type and tumor type.

Materials and methods

Case identification and acquisition

Our cohort comprised all women registered in the Danish Pathology Data Bank (PDB) or
the Danish Cancer Registry (CR) with an SBT diagnosis during 1978-2002. The nationwide
PDB contains information about all cytologic and histologic diagnoses from pathology
departments in Denmark since 1997. Each pathology department is mandated to report to the
national PDB daily through an online system. In addition, the majority of pathology
departments has transferred information to the national PDB from 1997 back to 1978,
although data from this period are not entirely complete [12]. The nationwide CR has
collected information on cancer cases in Denmark since 1943. In 1987, reporting of cancers
to the registry became mandatory, although not for borderline ovarian tumors which are
most likely underreported in the CR [12]. The inclusion of data from both registries
increases completeness of data in our cohort. In the case of more than one recorded
diagnosis, we used the first one. SBTs were identified in the PDB by the SNOMED
topography codes starting with T87 and T86910, T86920, T86921 and T86922 and in the
CR using the ICD-03 topography code C569. We used the SNOMED/ICD-03 morphology
codes M84411, M84421, M84601, M84611, M84621, M84631 and M90141.

Pathology review

We retrieved all histologic slides from the primary ovarian tumor and extra-ovarian tissue
from the various pathology departments in Denmark. The slides were reviewed by expert
gynecologic pathologists (RV and RIK) who were blinded to all clinical parameters. The
pathologists reviewed the cases in the same room and looked at several cases together in
order to reach consensus about the diagnosis. The SBTs were classified according to the
criteria defined at the National Cancer Institute’s Borderline Ovarian Tumor Workshop in
2003 [13] and as they are defined by the WHO in 2014 [8]. Briefly, an SBT was defined as a
noninvasive low-grade serous tumor displaying greater architectural proliferation than a
cystadenoma but lacking the stromal invasion of invasive carcinoma. In addition, a

Gynecol Oncol. Author manuscript; available in PMC 2015 March 23.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hannibal et al.

Page 4

diagnosis of SBT required at least 10% epithelial proliferation of the tumor for the
distinction from papillary serous cystadenoma/adenofibromas. SBTs were subclassified as
typical SBT/APST or noninvasive (micropapillary) LGSC [9]. The micropapillary area had
to measure at least 5 mm in confluent growth to be classified as noninvasive LGSC.
Implants were classified as noninvasive (epithelial or desmoplastic) or invasive (LGSC)
[14]. The latter are equivalent to LGSC. In addition, the expanded criteria of Bell et al.
(infiltration of underlying tissue, micropapillary appearance similar to noninvasive LGSC,
and/or solid nests within clear lacunar spaces) were also used to diagnose invasive implants
[15]. We also reviewed cases diagnosed with well-differentiated serous carcinoma from
1997 to 2002 identified from the PDB since we surmised that some might have been SBTs
that had been misclassified. We included cases, which fulfilled the criteria of either SBT/
APST or noninvasive LGSC based on the centralized pathology review [16].

Clinical data retrieval

We linked our cohort with the National Patient Registry, a nationwide registry of virtually
all somatic discharges from all Danish hospitals and outpatient clinics since, respectively,
1977 and 1995. All the hospitals in which the women had been admitted for surgery and
subsequent treatment were identified and the medical records including a description of the
surgical procedures, pathology reports and chemotherapy records were collected, reviewed
and data abstracted. These data included type of surgery (salpingectomy, oophorectomy,
hysterectomy, and other), tumor size, surface involvement, capsule rupture, ascites, and type
of chemotherapy. All women were treated according to the Danish clinical guidelines for
ovarian cancer which do not include staging and lymph node dissection. The tumor stage
was determined using the International Federation of Gynecology and Obstetrics (FIGO)
staging system [17], and it was based on information collected from the medical files and
the review of the histologic slides from extra-ovarian sites, if any.

Study population

A flowchart of the study design is shown in Fig. 1. We identified 1487 women with a
registration of an SBT in the PDB and/or CR during 1978-2002, based on the first recorded
diagnosis. Based on the review of the pathology reports, we excluded 59 women (frozen
section biopsy only, cyst fluid, needle biopsy, autopsy, diagnosis made outside of Denmark
or prior to the study period, and coding errors). For the remaining 1428 women, we retrieved
the microscopic slides from the pathology departments in Denmark except for 169 whose
slides could not be located. All slides for the remaining 1259 women were reviewed by the
pathology panel. The review process showed that 994 women (79%) fulfilled the study
criteria of having an SBT, whereas 265 women (21%) did not. In addition, among 107
women with an initial diagnosis of well-differentiated serous carcinoma in 1997-2002, we
included 48 women who upon the expert review were found to have an SBT (SBT/APST or
noninvasive LGSC) [16], leaving 1042 women with an SBT for the present study.

To assess overall survival, we linked our cohort with the CR. For all women who had a
concomitant ovarian cancer, the ovarian cancer slides were also reviewed by the pathology
panel. We excluded 53 women with a previous cancer and 39 women with a concomitant
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cancer diagnosis (except for non-melanoma skin cancer), and 8 women for whom we were
unable to define the stage at diagnosis, leaving 942 women for the survival analysis.

To obtain information on vital status, we linked the cohort with the nationwide Danish Civil
Registration System, which contains information on name, sex, addresses, migration and
death. Since April 1, 1968 all residents in Denmark have been assigned a unique personal
identification number (PIN). The PIN is included in all health registries and can be used as a
key identifier to ensure accurate linkage of information between registries. All women were
followed through linkage with the Civil Registration System and the vital status (alive,
emigrated or dead) and date of event, if any, were determined for each woman through
September 2, 2013. Follow-up was available on all women. The study was approved by the
Danish Data Protection Agency and the Danish Scientific Ethical Committee.

Statistical analysis

Results

Chi-square test was used to compare categorical variables, and t-test was used to compare
continuous variables. The survival curve among women diagnosed with SBTs was estimated
using the Kaplan—Meier estimator with survival times calculated from the date of diagnosis
until the date of death, emigration or end of follow-up, whichever came first. Relative
survival was calculated as the ratio of observed to expected survival with the latter estimated
using standard Danish female mortality rates derived from Statistics Denmark stratified by
age and calendar period in 1 year groups, calculated using the SAS-macro developed by
Dickman [18]. Overall mortality for women diagnosed with SBTs was compared with the
standard population mortality over the total follow-up period using the Score test. Statistical
modeling was performed using the SAS/STAT version 9.2 (SAS Institute, Cary, NC, USA).

The cohort comprised 1042 women with a confirmed SBT diagnosis during 1978-2002. The
median age at diagnosis was 50 years (range: 16-97), and 27% of women were 40 years or
younger. For women with SBT/APST, the median age was 50 years (range: 16-97), while it
was 54 years (range: 24-91) for women with noninvasive LGSC. At end follow-up, a total
of 333 women (32%) had died. The median time of follow-up was 15 years (range: 0-36)
resulting in a total of 16 183 women-years of follow-up.

In 265 women who were registered with SBTs in Denmark from 1978 to 2002, the diagnosis
was not confirmed by the pathology panel as seen in Fig. 1. These women were reclassified
as having benign ovarian tumors (n = 208), SBTs with <10% epithelial proliferation (n =
29), other borderline ovarian tumors (n = 12) and primary or secondary ovarian carcinoma
(n = 16). Characteristics of those women compared with the 1042 women in whom the SBT
diagnosis was confirmed are shown in S1.

Clinical features

Clinical, pathologic and treatment features of the women in the SBT cohort (n = 1042),
overall and according to stage at diagnosis, are shown in Table 1. Stage | was seen in 85%
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of women (n = 886), and 14% (n = 145) had advanced stage disease (II-1V). For 11 women,
we were unable to define stage at diagnosis (1%). Women with stage | were older at
diagnosis (median = 51 years) than were women with advanced stage disease (median = 45
years), although not significantly (p = 0.2). The median size of tumor was 9 cm (range: 1-
35). Bilateral disease (p < 0.0001), surface involvement (p < 0.0001) and ascites (p <
0.0001) were more common in women with advanced stage.

Pathologic features

As shown in Table 1, the majority of women had SBT/APST (92%), whereas noninvasive
LGSC was diagnosed in 81 women (8%). A total of 145 women had implants (14%) of
which 121 (83%) had noninvasive and 24 (17%) had invasive implants. Noninvasive LGSC
was significantly more common in women with advanced stage disease (p = 0.0009).
Invasive implants were diagnosed significantly more frequently in women with noninvasive
LGSC than in women with SBT/APST (p < 0.0001) (data not shown). The type of implant
did not differ between women with stage 11 or stage 111-1V (p = 0.1) (data not shown).

Treatment features

The majority of women had unilateral or bilateral salpingo-oophorectomy (USO/BSO) with
hysterectomy (76%) (Table 1). A total of 191 women (18%) were treated with
chemotherapy, comprising platinum mono-therapy (40%), platinum in combination with
taxane therapy (27%) and other types (16%) (data not shown). For 17% of women who had
chemotherapy, there was no available information on type because that part of the medical
record was missing in the hospitals.

Overall survival

After excluding women with previous or concomitant cancers or undefinable stage at
diagnosis, overall 5-, 10- and 15-year observed survival among the remaining 942 women
was 93%, 86% and 77%, respectively. Fig. 2 shows that in the initial 15 years after
diagnosis, women with SBTs had an overall observed survival comparable with the overall
survival expected from the general female population of same age in the same calendar
period; the relative 5-, 10- and 15-year overall survival was 99% (95% CI: 96.7-100.2),
98% (95% CI: 95.6-100.6) and 98% (95% CI: 94.6-101.6), respectively. Subsequently,
women with SBT had a slightly poorer overall survival. During the entire follow-up period,
a total of 272 deaths were observed among women with SBTs compared with 223.6
expected from the general female population of same age in the same calendar period (p =
0.001).

Fig. 3 shows overall survival for women with an SBT after stratifying by stage at diagnosis.
The overall survival for women with stage | was similar to that of the general population
(224 observed deaths versus 208.0 expected) (p = 0.3), whereas for women with advanced
stage disease the overall survival was significantly poorer than expected from the general
population mortality (48 observed deaths versus 15.6 expected) (p < 0.0001).

Among women with advanced stage disease, the overall survival of both women with
noninvasive and invasive implants, respectively, was poorer compared with the general
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population (p < 0.0001) as shown in Table 2. The relative 5- and 10-year overall survival
was 95% (95% Cl: 87.9-98.7) and 90% (95% CI: 80.7-95.7) for women with noninvasive
implants and 75% (95% ClI: 46.6-91.9) and 60% (95% ClI: 32.7-82.6) for women with
invasive implants.

The survival of women with SBT/APST (248 observed deaths versus 209.1 expected; p =
0.007) and noninvasive LGSC (24 observed deaths versus 14.5 expected; p = 0.01),
respectively, was slightly poorer compared with the general population (data not shown).
When we looked at survival for the two different types of an SBT in relation to stage, we
found no difference in overall survival for women with stage | SBT/APST (208 observed
deaths versus 195.6 expected; p = 0.4) and noninvasive LGSC (16 observed deaths versus
12.4 expected; p = 0.3), respectively, compared with the general population (data not
shown). In contrast as shown in Table 2, among women with advanced stage disease,
women with SBT/APST and noninvasive LGSC, respectively, had a poorer overall survival
compared with the general population (p < 0.0001). The relative 5- and 10-year overall
survival was 94% (95% Cl: 86.2-98.0) and 85% (95% CI: 75.8-92.4) for women with SBT/
APST and 83% (95% Cl: 57.3-95.7) and 87% (95% CI: 59.7-99.6) for women with
noninvasive LGSC.

Discussion

We have established a nationwide cohort of 1042 women with SBTs diagnosed during 25
years in Denmark with follow-up time up to 36 years (median = 15 years) and with
centralized pathology review of all histologic slides. A large proportion of previous studies
have not had expert review [19-25], did not distinguish tumors by histologic subtypes [26],
were based on relatively few cases or included cases from tertiary care centers potentially
leading to selection bias as the most complex and difficult cases are sent to these institutions
[6, 27-41]. Table 3 shows previous studies including more than 100 cases of SBTs, where
the tumors had gone through a centralized pathology review. With the exception of du Bois
et al. [42], the studies were based on relatively few cases (101-276). In addition, the
majority of the studies had a relatively short follow-up (<7 years). Du Bois et al. [42]
included 644 women diagnosed with SBTs during 11 years in 24 centers in Germany. The
tumors were verified by centralized pathology review, but the women were only followed
for a median of 3.4 years. Recurrences of SBT, subsequent development of extra-ovarian
invasive LGSC, and death due to disease may occur many years after the initial diagnosis of
an SBT. Therefore, to truly understand the behavior of SBTSs, it has been previously
demonstrated that long-term follow-up is necessary [43]. In our study, the median length of
follow-up was 15 years, and we had a total of 16 183 women-years of follow-up, which
makes this cohort by far the largest published to date, the other studies comprising 2500
women-years at risk or less (Table 3).

We found that the survival of women with SBTs was closely correlated with stage. The
overall survival of women with an SBT confined to the ovaries was similar to the overall
survival expected from the general Danish female population (of same age in same calendar
period), whereas for women with advanced stage disease (noninvasive and invasive
implants) it was poorer. Overall survival compared with the one expected from the general
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population was poorer both for women with SBT/APST and noninvasive LGSC, but only
for women with advanced stage disease. The analysis of women with noninvasive LGSC
was, however, based on relatively few cases, so the statistical power in these analyses was
limited.

Our centralized pathology review revealed that 21% of women, originally diagnosed with
SBTs in Denmark in 1978-2002, were interpreted as not having an SBT. Most of these
tumors were serous cystadenomas/fibromas that lacked sufficient proliferation to qualify as
an SBT. This misclassification is somewhat higher than found by du Bois et al. [42] who
found 9%. Similar to our study, du Bois et al. [42] judged the majority of misclassified SBTs
as benign ovarian tumors. In addition, our pathology review of 107 cases with an original
diagnosis of invasive well-differentiated serous carcinoma in 1997-2002 revealed that we
included 48 women who were reclassified as SBTs (SBT/APST or noninvasive LGSC)
highlighting the importance of a centralized pathology review for these types of large-scale
epidemiologic studies. Unfortunately, we were unable to review well-differentiated serous
carcinoma in the period 1978-1996. Most studies of SBTs have not reviewed well-
differentiated serous carcinomas to uncover potentially misclassified SBTs; therefore, our
inclusion of these cases identified after review of a subset is of importance.

Among the 265 women for whom the original diagnosis of an SBT was not confirmed by
the pathology panel, 16 women (6%) were reclassified as having primary or secondary
carcinoma involving the ovary. A significantly higher proportion of women in this group
died during follow-up (56% died) compared with the women with a confirmed diagnosis of
an SBT (32%). These findings strongly suggest that the malignant potential of SBTs in the
prior population-based literature without centralized pathology review is likely
overestimated because of inclusion of carcinoma misclassified as SBTSs.

In summary, this study describes the largest population-based, nationwide SBT cohort to
date with all diagnoses confirmed at a centralized pathology review. Overall survival was
poorer than expected from the general female population among women with advanced
stage disease only which applied both to women with noninvasive and invasive implants as
well as to women with SBT/APST and noninvasive LGSC. To further assess the prognosis
of women with SBTs (SBT/APST and noninvasive LGSC), we are currently analyzing
disease-specific survival and investigating the role of different histopathologic features and
biomarkers in women who have experienced recurrence or progression of disease. These
studies will be the subject of forthcoming publications.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 2.
Overall survival of women with a serous borderline ovarian tumor (SBT) in Denmark 1978-

2002 relative to the general population of same age in the same calendar year.
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Fig. 3.
Overall survival of women with a serous borderline ovarian tumor (SBT) in Denmark 1978-

2002 relative to the general population of same age in the same calendar year with regard to
stage at diagnosis (I and 11-1V).
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