
Abstract. Aim: To examine the clinicopathological features of
ovarian seromucinous borderline tumors (SMBTs) and compare
them with those of mucinous borderline/atypical proliferative
mucinous tumors (MB/APMTs). Patients and Methods: Patients
with SMBT between 2014 and 2018 and those with MB/APMT
between 1988 and 2018 who underwent surgery at our
Institution were identified. Pathological review was conducted
using the 2014 World Health Organization criteria. Clinical
features were compared retrospectively between SMBT and
MB/APMT. Results: In total, 11 (12.9%) patients with SMBT and
74 (87.1%) patients with MB/APMT were included in our study.
The diagnosis of six patients with SMBT and 73 patients with
MB/APMT was not revised on review. SMBT was diagnosed at
a younger age (p=0.04), was of smaller size (p<0.01) and
bilateral (p=0.03), coexisted with endometriosis (p<0.01), and
more frequently recurred than MB/APMT (p=0.04). Conclusion:
SMBT might be more aggressive than MB/APMT. 

Borderline ovarian tumors are those with higher epithelial
proliferation than benign ovarian tumors and variable nuclear
atypia without destructive stromal invasion in contrast to
carcinomas (1). The incidence of borderline ovarian tumors
is 10-20% of all epithelial ovarian tumors (2, 3). Patients
with these types of tumor have an excellent prognosis, with
an overall 10-year survival rate of 83-91%, which is better
than that of patients with ovarian carcinomas (1, 4, 5). 

In the 2014 World Health Organization (WHO)
classification, seromucinous borderline tumors (SMBTs)
were newly classified (6). According to these criteria,
SMBTs have architectural features similar to those of serous
borderline tumors and exhibit complex papillary architecture
branching, in a hierarchical manner, into progressively
smaller papillae, terminating in small detached epithelial
tufts. The larger papillae tend to have edematous stroma
containing neutrophils. The epithelium lining the papillae is
typically stratified and composed mostly of endocervical-
type mucinous or serous epithelium. Goblet cells are not
present. Cytoplasmic eosinophilia is often conspicuous, the
nuclei are low grade, and mitotic figures are infrequent.
However, since the publication of the 2014 WHO
classification, not much clinical and pathological information
about SMBT has been reported. 

Thus, this study aimed to examine the clinicopathological
features of SMBTs and compare them with those of
mucinous borderline/atypical proliferative mucinous tumors
(MB/APMTs) through a pathological review.

Patients and Methods
Patients with SMBT between 2014 and 2018 and MB/APMT
between 1988 and 2018 who underwent surgery at our hospital were
identified. Pathological review was conducted using the 2014 WHO
criteria (6). SMBT was defined as a non-invasive, proliferative,
epithelial tumor composed of more than one epithelial cell type,
most often serous and endocervical-type mucinous, with or without
microinvasion defined as small foci of stromal invasion measuring
<5 mm in the greatest linear extent. In addition, tumors comprising
>90% SMBTs in the entire borderline tumoral area were included
as SMBTs but tumors with even small foci of other borderline
tumors such as clear-cell borderline tumor were excluded from our
study. Moreover, MB/APMT was defined as a tumor composed of
mild-to-moderately atypical gastrointestinal-type, mucin-containing
epithelial cells. The cells were in the form of gastric pyloric-type
epithelium, goblet cells, neuroendocrine cells, and Paneth cells, with
proliferation greater than that seen in benign mucinous tumors, with
or without microinvasion defined as small foci of stromal invasion
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Figure 1. Representative images of seromucinous borderline tumors (SMBT) and mucinous borderline tumors/atypical proliferative mucinous tumors
(MB/APMT). A: SMBT demonstrating papillary architecture with hierarchial branching (×40). B: Branching papillae of SMBT are lined by varying
proportions of endocervical-type mucinous, tubal-type serous, and indeterminate cells with dense eosinophilic cytoplasm (×400). C: MB/APMT
demonstrating cystic glandular structures with papillary infoldings, columnar cells with abundant cytoplasmic mucin, admixed with goblet cells of
variable degrees of maturation (×100). D: Basally located nuclei with no considerable nuclear atypia are seen in MB/APMT (×400). 

Figure 2. Changes of histological type of cases through the pathological review. Eighty-nine patients with seromucinous and mucinous borderline
tumors/atypical proliferative mucinous tumors were identified. Among them, two with serous borderline tumors, one with endometrioid borderline
tumor, and one with seromucinous borderline tumor with 5% clear-cell borderline tumor were excluded. Finally, 11 patients with seromucinous
borderline tumors and 74 patients with mucinous borderline tumors/atypical proliferative mucinous tumors were included. 



measuring <5 mm in the greatest linear extent. Representative
images of SMBT and MB/APMT are shown in Figure 1. Finally,
patients with SMBT and MB/APMT were included in our study.
Patients without medical information and surgical tissue were
excluded. 

Clinical information was obtained from medical records. Staging
was re-evaluated by 2014 International Federation of Gynecology
and Obstetrics (FIGO) criteria (7). Progression-free survival (PFS)
was defined as the period from the day of first surgery to the day
of recurrence. Overall survival (OS) was defined as the period from
the day of first surgery to the day of last contact alive. Standard
surgery was defined as bilateral salpingo-oophorectomy with
hysterectomy, omentectomy, or multiple peritoneal biopsy and
lymphadenectomy, whereas fertility-sparing surgery was defined as
unilateral salpingo-oophorectomy and cystectomy or bilateral
cystectomy with or without omentectomy, peritoneal biopsy, and
lymphadenectomy. 

Statistical analysis was performed using the JMP Pro 14 software
(SAS Institute Inc., Cary, NC, USA). The chi-squared test, Fisher's
exact test, Mann-Whitney U-test, and Wilcoxon test were used to
evaluate the significance of clinical factors. Statistical significance
was defined as a value of p<0.05. 

This study was approved by the Clinical Research Ethics
Committee of the National Defense Medical College (no. 3022).

Results

A total of 89 patients with SMBT between 2014 and 2018 or
MB/APMT between 1988 and 2018 diagnosed at our
hospital were identified. The results of pathological review
are shown in Figure 2. Among 11 patients with SMBT before
pathological review, the diagnosis of six patients was not
changed, but that for five patients was changed from SMBT
to other subtypes: two patients had serous borderline tumors,
one patient had MB/APMT, one had endometrioid borderline
tumor, and one had SMBT with 5% clear-cell borderline
tumor. Among 78 patients with MB/APMT before
pathological review, the diagnosis of 73 patients was not
changed but that of five patients was changed from
MB/APMT to SMBT. Finally, 11 patients with SMBT and
74 patients with MB/APMT were included in our analysis. 

The clinical and pathological characteristics of SMBT and
MB/APMT are presented in Table I. In general, SMBT was
diagnosed at a younger age (p=0.04), was of smaller tumor
size (p<0.01), more frequently observed in bilateral ovaries
(p=0.03), and coexisted with endometriosis (p<0.01)
compared to MB/APMT. Moreover, patients with SMBT
were more likely to experience recurrence than those with
MB/APMT (p=0.04). There were no statistically significant
differences in terms of PFS (p=0.56) and OS (p=0.76)
between patients with SMBT and those with MB/APMT. The
recurrence rate for patients with SMBT who underwent
hysterectomy with unilateral salpingo-oophorectomy and
multiple peritoneal biopsy, bilateral salpingo-oophorectomy,
and cystectomy was 0% (0/50), 25% (1/5), and 100% (1/1),
respectively. The recurrence rate for patients with

MB/APMT who underwent hysterectomy with unilateral
salpingo-oophorectomy and multiple peritoneal biopsy,
bilateral salpingo-oophorectomy, and cystectomy was 2.6
(1/39), 0% (0/32), and 0% (0/3), respectively.

The clinical and pathological characteristics of the 11
patients with SMBT are shown in Table II. Among the 11
patients with SMBT, two experienced recurrence. In the first
case, the patient was 28 years old. She had undergone
bilateral cystectomy as first surgery. Pathological
examination revealed her disease was SMBT at FIGO stage
IC3. At 83 months after the first surgery, her disease recurred
at both ovaries and she underwent left salpingo-
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Table I. Comparison of clinical and pathological characteristics
between patients with seromucinous borderline tumors (SMBT) and
those with mucinous borderline/atypical proliferative mucinous tumors
(MB/APMT).

Clinical factor SMBT MB/APMT p-Value
(n=11) (n=74)

Age, years
Mean±SD 39.9±14.2 51.4±17.9 0.04
<40 Years 6 (54.5) 20 (27.0) 0.08
≥40 Years 5 (45.5) 54 (73.0)

Stage, n (%)
I 11 (100) 72 (97.3) 0.99
II 0 (0.0) 0 (0.0)
III 0 (0.0) 2 (2.7)
IV 0 (0.0) 0 (0.0)

Tumor size, cm
Mean±SD 8.9±3.6 18.1±7.3 <0.01

Site of tumor, n (%)
Unilateral 8 (72.7) 71 (96.0) 0.03
Bilateral 3 (27.3) 3 (4.0)

Endometriosis, n (%)
Yes 6 (54.5) 8 (10.8) <0.01
No 5 (45.5) 66 (89.2)

Surgical type, n (%)
Standard 5 (45.5) 39 (52.7) 0.75
Fertility-sparing 6 (54.5) 35 (47.3)

Adjuvant  
chemotherapy, n (%)

Yes 0 (0.0) 2 (2.7) 0.99
No 11 (100) 72 (97.3)

Recurrence, n (%)
Yes 2 (18.2) 1 (1.4) 0.04
No 9 (81.1) 73 (98.6)

PFS, months
Mean±SD 56.8±46.7 68.5±54.8 0.56

OS, months
Mean±SD 75.3±80.1 68.5±54.8 0.76

SD: Standard deviation; PFS: performance-free survival; OS: overall
survival. Standard surgery: Bilateral salpingo-oophorectomy with
hysterectomy, omentectomy, or multiple peritoneal biopsy and
lymphadenectomy. Fertility-sparing surgery: Unilateral salpingo-
oophorectomy and cystectomy or bilateral cystectomy with or without
omentectomy, peritoneal biopsy, and lymphadenectomy. 



oophorectomy and right cystectomy. For 65 months from the
second surgery, her disease did not progress. The second
case was 32 years old. She underwent left salpingo-
oophorectomy as the first surgery. Pathological examination
revealed her disease to be SMBT FIGO stage IA. Her disease
recurred at the right ovary at 127 months from the first
surgery, and she underwent right salpingo-oophorectomy.
She was alive with no evidence of disease for 138 months
from the second surgery. 

The characteristics of the patient with MB/APMT who
experienced recurrence are described as follows. The patient
was 57 years old. She underwent bilateral salpingo-
oophorectomy with hysterectomy and omentectomy as the first
surgery. Pathological examination confirmed the diagnosis of
FIGO stage IIIB MB/APMT. At 100 months from the first
surgery, her disease recurred at the sigmoidal colonic surface
and she underwent sigmoidal colectomy. For 5 months from
the second surgery, her disease did not progress. 

Discussion

In this study, we found that SMBT was diagnosed at a
younger age, was of smaller size, and was more frequently
observed in bilateral ovaries or co-existed with endometriosis
compared to MB/APMT. 

Previous reports showed that the incidence of SMBT in
MB/APMT ranged from 12.9% to 15.2% through
pathological review for MB/APMT (8-10). In our study, the
incidence of SMBT was slightly lower. The pathological

diagnosis of SMBT and MB/APMT was easily distinguished
using hematoxylin and eosin-stained sections as performed
in routine practice (11). However, the diagnosis for the cases
with the columnar mucinous gastric foveolar-type epithelium
in pure gastrointestinal type tumors is difficult and for this
reason immunohistochemical analysis may at times be
required. Compared to MB/APMTs, SMBTs were positive
for estrogen receptor, progesterone receptor and vimentin,
and were negative for cytokeratin 20 (11, 12). Fortunately,
because our study did not include cases that were difficult to
diagnose as mentioned above, immunochemical analysis was
not performed. 

Previous reports showed that SMBT was diagnosed at an
average age of 34-42 years, developed in both ovaries in
16% to 40% of cases, and produced tumors with a mean size
of 8-11 cm (8, 13-15). Pathologically, SMBTs were
characterized by their variety in cell composition and
coexisted with endometriosis in 30-70% of patients (16, 17).
In addition, the reported recurrence rate of SMBT was 5-
28.6% (18-20). In previous reports, compared with
MB/APMT, SMBT occurred more often in younger women
(8), was more often bilateral (8, 21, 22), smaller (8, 21, 22),
and more frequently associated with endometriosis (8, 21,
22). The findings of our study are consistent with those in
previous reports. 

There are arguments over the prognosis and recurrence rate
for SMBT and MB/APMT (8, 9, 18, 19). In our study, the
recurrence rate of SMBT was higher than that of MB/APMT.
One of the factors associated with prognosis and recurrence
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Table II. Clinical and pathological characteristics of 11 patients with seromucinous borderline tumors. 

Age, Parity Stage Tumor Site of Surgical type Endometriosis Recurrence Time to Recurrence Surgery Follow-up Status
years size tumor recurrence site after period at the end

(cm) (Months) recurrence (months) of study

26 Primipara IA 16 Right RSO+left cystectomy Yes No 15 NED
27 Primipara IA 7 Left LSO+peritoneal biopsy Yes No 130 NED
28 Primipara IC3 5 Bilateral Bilateral cystectomy Yes Yes 83 Bilateral LSO+right 148 NED

ovaries cystectomy
29 Primipara IC1 10 Right RSO+omentectomy+ No No 13 NED

lymphadenectomy
31 Multipara IC2 5.5 Right RSO+omentectomy+ Yes No 23 NED

peritoneal biopsy+
lymphadenectomy

32 Primipara IA 15 Left LSO+peritoneal biopsy No Yes 127 Right RSO 265 NED
41 Primipara IA 8 Left BSO+TAH+omentectomy+ No No ovary 7 NED

lymphadenectomy
48 Multipara IA 7 Left BSO+TAH+omentectomy+ Yes No 46 NED

lymphadenectomy
51 Primipara IB 6.3 Bilateral BSO+TAH+omentectomy Yes No 17 NED
62 Multipara IB 9 Bilateral BSO+TAH+omentectomy No No 65 NED
64 Multipara IA 9 Right BSO+TAH+omentectomy No No 99 NED

BSO: Bilateral salpingo-oophorectomy; LSO: left salpingo-oophorectomy; NED: no evidence of disease; RSO: right salpingo- oophorectomy; TAH: total
abdominal hysterectomy.



was the surgical method used. The recurrence rate in patients
with all borderline ovarian tumors who underwent
hysterectomy with bilateral salpingo-oophorectomy and
multiple peritoneal biopsy, bilateral salpingo-oophorectomy,
unilateral salpingo-oophorectomy, and cystectomy was 2.5-
5.7%, 0-20%, 0-67%, and 12-58%, respectively (23, 24). In
our study, because two patients with recurrence underwent
unilateral salpingo-oophorectomy or cystectomy, fertility-
preserving surgery for patients with SMBT may have
increased the recurrence rate. Thus, the choice of surgical
procedure needs to be carefully evaluated in patients with
SMBT. However, preservation of fertility for patients with
SMBT was important because SMBT developed at a
relatively younger age. Fortunately, our study showed that the
time from first surgery until recurrence was long even if
unilateral salpingo-oophorectomy and cystectomy were
performed. Moreover, the site of recurrence was limited to
the ovary and the recurrence was not fatal. Therefore,
fertility-preserving surgery might be permissible for patients
with SMBT. In such cases, close examination of the
preserved ovary might be needed.

In contrast, SMBT has a histology associated with
endometriosis-related ovarian neoplasms similar to ovarian
clear-cell carcinoma and endometrioid carcinoma. As a
result, loss of ARID1A staining was reportedly observed in
33% of cases SMBT (17). The rate of mutation of ARID1A
in clear-cell carcinoma and endometrioid carcinoma were
50% and 40%, respectively (17, 25). SMBTs might have a
molecular profile more similar to that of clear-cell carcinoma
or endometrioid carcinoma. In our study, SMBT was
positively associated with endometriosis. Thus, this might
have increased the recurrence rate.

The limitations of this study include its small sample size
at a single-institution, and being a retrospective analysis.
Further studies with a large sample size are needed to
confirm the clinical significance of SMBT. 

In conclusion, through pathological reviews we found
that SMBT developed at a relatively younger age, in both
ovaries, was complicated by endometriosis, and more often
recurred compared with MB/APMT. Therefore, SMBT
might have different characteristics from MB/APMT.
Further large-scale studies examining this in detail are
needed. 
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