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Abstract
The objective is to study the clinico-demographic profile, treatment patterns and oncological outcomes in borderline muci-
nous tumours of the ovary. Retrospective cohort analysis was carried out between January 2017 and December 2019 for 
patients with a diagnosis of borderline mucinous tumours of the ovary who were treated at our centre. Kaplan–Meier method 
was used for the estimation of the probability of DFS and OS. Univariate and multivariate analyses based on the Cox pro-
portional hazard model were performed to identify factors associated with DFS and OS. A p-value ≤ 0.05 in a two-tailed 
test was considered statistically significant. The study population included 75 patients and the median follow-up time for 
the entire cohort was 24 months. The 5-year DFS for the entire cohort was 79.6% and OS was 90.5%, whereas for stage I 
disease, 5-year OS was 92.6% as opposed to 60% in the advanced stage. On univariate analysis, only the stage of the disease 
had a significant association with DFS and OS. Fertility-preserving surgeries had no impact on OS or DFS, and hence, it 
is suggested that fertility-sparing surgeries may be considered a viable option in young patients with mucinous ovarian 
tumours. Borderline mucinous tumours of the ovary have excellent survival outcomes and fertility-sparing surgeries should 
be done whenever feasible.
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Introduction

Mucinous tumours of the ovary (MOT) are a rare histo-
logic type, accounting for 3–5% of cases of all epithelial 
ovarian tumours [1]. Borderline mucinous tumours account 
for 15% of ovarian mucinous tumours, and among them, 
the intestinal type and endocervical type are the two main 
histological subtypes [2]. Clinical presentation, biological 
tumour markers, histology and immunohistochemistry (IHC) 
are fairly distinct from the other epithelial ovarian tumours 
[3]. There is a considerable overlap in behaviour and clinical 
presentation among borderline mucinous ovarian tumours 

and mucinous tumours of the gastrointestinal (GI) tract espe-
cially low-grade variants, thereby causing difficulty in diag-
nosis and their management [4, 5]. There is a paucity of data 
in literature with regard to accurate clinical and oncological 
behaviour of borderline mucinous ovarian tumours. In this 
study, we aimed to study the clinico-demographic profile, 
treatment patterns and oncological outcomes in borderline 
mucinous tumours of the ovary.

Materials and Methods

This is a retrospective cohort analysis of all patients with 
a diagnosis of borderline mucinous tumours of the ovary 
who were treated at our tertiary cancer care centre between 
January 2017 and December 2019. Patients with a diagnosis 
of benign mucinous tumours or invasive mucinous tumours 
were excluded. All information was retrieved from elec-
tronic medical records after the Ethics Committee of the 
Institutional Review Board (IEC No: 3828/2021). Clinico-
demographical data, treatment details, survival outcomes 
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and follow-up data were gathered. Statistical analyses were 
performed using SPSS (the statistical package for social sci-
ences) version 25.0 IBM Corp. Disease-free survival (DFS) 
was defined as the time interval between the date of surgery 
and the date of recurrence or death due to any cause or the 
date of last follow-up. Overall survival (OS) was defined 
as the time interval between the date of surgery to the date 
of death due to any cause or the date of last follow-up. The 
Kaplan–Meier method was used for the estimation of DFS 
and OS. Univariate and multivariate analyses based on the 
cox proportional hazard model were performed to identify 
factors associated with DFS and OS. A p-value ≤ 0.05 in a 
two-tailed test was considered statistically significant.

Results

The study population included 75 patients treated primar-
ily with surgery between January 2017 and December 2019 
(Table 1). The median age at presentation was 39.3 years and 
70.6% of cases were in premenopausal and perimenopausal 
age groups. The majority of patients presented with abdomi-
nal distension (93% of cases) and had disease confined to 

one ovary presenting as an enlarged adnexal mass in 79% 
of cases and with ascites in only 7% of cases. In patients 
presenting with abdominal lumps, only one patient had a 
fixed mass on clinical examination along with radiologi-
cal findings of hydroureteronephrosis. Only four patients 
(5.3%) were diagnosed incidentally. Tumour markers were 
not elevated in the majority of our patients with median val-
ues for CA125 being 25.9 (range 5–125,925), CEA 2 (range 
0.5–527) and CA19.9 15 (range 1–9820).

Out of 75 patients, 71 patients (95.9%) underwent surgi-
cal staging, and three were taken up for interval debulking 
surgery after neoadjuvant chemotherapy (NACT) (Table 2). 
One patient was not operated upon as she was in stage III at 
presentation and had a very poor performance status. Among 
the patients with stage I who underwent surgery, five had 
tumour spillage or intraoperative tumour rupture. Peritoneal 
washings were negative in two and one patient had atypi-
cal cells. None of these received adjuvant chemotherapy, 
and two of them had a recurrence in the opposite ovary for 
which they underwent repeat surgery. A total of 36 patients 
(48%) out of 75 had fertility-sparing surgery in the form of 
either unilateral adnexectomy or cystectomy. Hysterectomy 
was omitted in those undergoing conservative surgery with 
unilateral adnexectomy. In 48% of the patients, the uterus 
was not removed which corresponds with the patients under-
going unilateral adnexectomy. Lymph node dissection was 
not commonly performed in our series and only two patients 
underwent lymphadenectomy; nodes were uninvolved in 
both of them.

Appendicectomy was initially considered a part of staging 
surgery for mucinous tumours, 8.1% of these, i.e., 6 patients, 
underwent appendicectomy in a grossly normal-looking 
appendix intraoperatively and no evidence of malignancy 
subsequently on histopathology. One patient required resec-
tion and anastomosis of the transverse colon in a primary 
setting with optimal surgery. A total of 72 patients (97.3%) 
had optimal cytoreduction. Among the two suboptimally 
operated cases, one patient received adjuvant chemotherapy 
(CT) and the other was kept on observation. Both of them 
recurred in the form of peritoneal disease; one patient who 
was initially kept on observation was subsequently planned 
for secondary cytoreduction while the other who received 
adjuvant CT was advised palliative care and treatment.

A total of 9 patients were given chemotherapy during 
primary treatment in adjuvant or neoadjuvant setting. Five 
patients were given in adjuvant setting after primary sur-
gery and 4 in neoadjuvant and adjuvant settings. All stage 
III–operated patients received chemotherapy, one in adju-
vant, and three in neoadjuvant and adjuvant basis. Four 
patients with stage IC disease received adjuvant chemo-
therapy in view of positive cytology. Out of these 9 patients 
who received CT, 4 cases recurred and 3 of them were stage 
III disease.

Table 1   Clinico demographic profile of study population (n = 75)

Variable n (%)

Median age in years (range) 39.34 (16–71)
Menstrual status
  Premenopausal 49 (65.3%)

   Perimenopausal 4 (5.3%)
   Postmenopausal 15 (20%)
   Post-hysterectomy 7 (9.3%)
Parity
   Nulliparous 24 (32%)
   Multiparous 51 (68%)
Presenting complaints
   Abdominal fullness/discomfort 70 (93.3%)
   Altered bowel habits 1 (1.3%)
   Incidental 4 (5.3%)
Physical examination
   Mobile mass 59 (78.7%)
   Fixed mass 1 (1.3%)
   Ascites 5 (6.7%)
   None 10 (13.3%)
Tumor markers
   CA-125—median (range) 25.9 (5–125,295)
   CEA—median (range) 2 (0.5–527)
   CA 19–9—median (range) 15 (1–9820)
Pathological diagnosis
   Biopsy 5 (6.7%)
   Cytology 9 (12%)
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A total of 11 recurrences (14.9%) were noted in the study 
population (Table 3). Seven of these recurrences were in 
patients with stage I disease. The 5-year RFS for the entire 
cohort was 79.6% and OS was 90.5%, whereas for stage 
I disease, the 5-year OS was 92.6% as opposed to 60% in 
the advanced stage (Table 3; Figs. 1 and 2) On univariate 

analysis, only the stage of disease was significantly associ-
ated with increased recurrence rate and worse OS (Table 4).

Discussion

Characteristically mucinous tumours are more commonly 
seen in young females and are one of the predominant neo-
plasms of the reproductive age group [6, 7]. SEER cancer 
registry analysis showed that 26% of mucinous tumours 
occurred in women less than 40 years [8]. Their serous coun-
terparts also are more common in the younger age group, 
mean age being 45 years [9]. In this age group, primary inva-
sive mucinous tumours of the ovary are less common and 
need to be distinguished from metastatic mucinous tumours 
of the pancreas, colon, breast and gall bladder [10].

Primary mucinous tumours are clinically characterised 
by unilateral large masses occupying the entire abdomen, 
smooth surface and absence of extraovarian disease like 
ascites and peritoneal deposits [10]. Bilateral disease, ovar-
ian surface involvement and/or size < 10 cm usually favour 
metastatic ovarian involvement [11]. Around 83% of pri-
mary ovarian MOT is present in stage I [12]. Metastatic 
mucinous carcinomas are rarely of primary ovarian origin, 
and such cases deserve thorough metastatic workup to rule 
out primary tumours from the colorectal, breast, endocervix 
or pancreatico-biliary tract [13].

Tumour markers are a part of the routine workup for ovar-
ian masses. CA125, CEA and CA19.9 are routinely done 
for suspected epithelial ovarian cancers. Levels of CA125 
are usually elevated in the serous subtype while CEA and 
CA19.9 are raised in the mucinous subtype [14]. CEA is 
more specific for mucinous histology and is frequently raised 
in mucinous rather than non-mucinous histology (88% v/s 
19%) [15, 16]. In our study, 4 cases out of 6 of stage II/III 
had raised CEA, as opposed to 5 out of 69 cases of stage 
I tumours. The study by Tamakoshi et al. and Cho et al. 
suggested that CA125 has a higher association with muci-
nous tumour workup followed by CA19.9 and CEA [16]. 
Endoscopic evaluation of the upper GI and lower GI tract is 
mandatory during workup for mucinous tumours when they 
present as advanced malignancies or bilateral tumours so 

Table 2   Surgery and treatment details

Surgery n (%)

   Primary cytoreduction 71 (95.9%)
   Interval cytoreduction 3 (4.1%)
Surgical staging
   Stage I 69 (92)
   Stage II 1 (1.33)
   Stage III 5 (6.67)
   Stage IV 0
Spillage
   Yes 5 (6.7)
   No 68 (90.67)
   Not known 1 (1.33)
Surgery for Adnexa
   USO 33 (44)
   BSO 38 (50.67)
   Cystectomy 3 (4.1)
Peritoneal washings
   Not known 37 (49.33)
   Negative 31 (41.33)
   Positive 6 (8)
Surgery for uterus
   Hysterectomy 29 (38.67)
   Preserved 35 (46.67)
   Prior hysterectomy 10 (13.33)
Omental surgery
   Omentectomy/omental biopsy 36 (48)
   None 39 (52)
Lymphadenectomy
   Pelvic 2 (2.67)
   None 67 (89.33)
Bowel resections
   Appendectomy 6 (8)
   Other 1 (1.33)
R status
   R0 72 (96)
   R2 2 (2.67)
Capsular breach
   No 60 (80)
   Yes 2 (2.67)
   Not known 12 (16)
Chemotherapy
   Yes 9 (12)
   None 66 (88)

Table 3   Survival data and recurrence patterns for study population

Median follow up (months) 24 months

Recurrences All 11 (14.9%)
Peritoneal 7 (9.46%)
Ovary 4 (5.4%)

Deaths 6 (8.1%)
5-year recurrence free survival 79.6%
5-year overall survival 90.5%
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as to differentiate primary from metastatic tumours of the 
ovary [17, 18]. In our study, 15 patients underwent endo-
scopic evaluation either due to raised CEA/CA19.9 values 
or imaging suggestive of advanced disease or IHC markers 
in favour of GI primary. Nine patients underwent preopera-
tive cytology and 4 had preoperative biopsy in our study; all 
these patients had imaging suggestive of metastatic disease 
with ascites and peritoneal deposits. The majority of patients 
who had ovary-confined disease on CT/MRI was taken up 
for primary surgery.

Surgery has always been a cornerstone in the treatment 
of ovarian cancer. It is done either as a staging laparotomy 
for early disease or as a cytoreductive procedure in advanced 

stage III/IV disease. Staging surgery comprises of adnexec-
tomy with or without a frozen section followed by hysterec-
tomy, exploration of the entire abdominal cavity and viscera 
systematically for evidence of disease, biopsies from suspi-
cious areas, lymphadenectomy and omentectomy. Cytore-
ductive surgeries usually are ultra-radical surgeries com-
prising of multi-visceral resections, peritonectomy, upper 
abdominal surgeries such as diaphragmatic stripping and/or 
splenectomy. Considering that the majority of patients with 
borderline MOTs present at an early stage and in younger 
population, an individualised and tailored approach is 
needed in surgical management rather than a blanket treat-
ment. Areas which can be considered for modification are 

Fig. 1   Kaplan Meier curves for DFS and OS

Fig. 2   Kaplan Meier curves for DFS and OS (stage-wise)

Table 4   Univariable analysis for 
DFS and OS

Univariate analysis for DFS
HR (95% CI); p-value

Univariate analysis for OS
HR (95% CI); p-value

Fertility preserving surgery 1.126 (0.290–6.077); 0.890 0.357 (0.037–3.484); 0.376
Administration of chemotherapy 1.457 (0.269–7.892); 0.662 1.498 (0.225–9.964); 0.676
Stage of disease 3.072 (1.265–7.458); 0.013 2.661 (0.608–11.641); 0.194
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fertility-sparing surgery, omission of lymphadenectomy and 
the need of appendicectomy.

Meta-analysis by Hoogendam et al. studying the role of 
lymphadenectomy in early stage I and II disease showed that 
lymph-nodal involvement is as low as 0.8% and 1.2% and 
concluded that routine lymphadenectomy should be avoided 
as the risks outweigh the benefits [19]. Another study by 
Matsou et al. studied 4066 patients with mucinous histology, 
out of which 2210 underwent lymphadenectomy but did not 
show any benefit in survival [20]. Mulyderman et al. retro-
spectively studied lymph node involvement in subtypes of 
MOTs and confirmed higher lymph node involvement in the 
infiltrative subtype than expansile. In our study, only 2.7% of 
the patients underwent lymphadenectomy as a part of surgi-
cal staging, and all the nodes were uninvolved [21]. Hence, 
lymphadenectomy can be safely omitted during staging for 
mucinous tumours without affecting the survival outcomes.

Traditionally appendicectomy is included as a part of 
staging for mucinous tumours. Ozcan et al. studied the role 
of appendicectomy in a retrospective study and concluded 
that normal-looking appendix should not be removed and 
appendicectomy should be done only for abnormal-looking 
appendix [22]. This was also supported by another study 
by Cheng et al., who recommended careful intraoperative 
inspection of the appendix and omitting appendicectomy 
in normal-looking appendix [23]. On the contrary, a Dan-
ish study by Rosendahl and colleagues found microscopic 
involvement of the appendix in grossly normal-looking 
appendix in 2 out of 179 cases, advocating appendicectomy 
as a part of staging surgery in mucinous tumours [24]. In our 
study, 8.1% patients underwent appendicectomy for a nor-
mal-looking appendix, and there was no evidence of malig-
nancy on histopathology. Should appendicectomy still be 
considered a part of staging in mucinous ovarian tumours? 
We advocate the omission of appendicectomy in a normal-
looking appendix during staging for borderline MOTs.

Mucinous tumours are prevalent in the reproductive age 
group, and fertility-sparing management is often discussed 
as most of these tumours present in the early stage. A study 
by Bentivegna et al. studied the role of fertility-sparing sur-
gery in ovarian cancer and included 280 patients with muci-
nous ovarian tumours [25]. It showed a recurrence rate of 
6.3% and observed that recurrences occurred mainly in the 
peritoneum than in the preserved/opposite ovary and were 
often fatal. Guoy et al. studied fertility-sparing surgery in 
subtypes of MOTs and showed FSS had similar oncologi-
cal outcomes in expansile as well as infiltrative subtypes 
[26]. They recommended FSS in stage I tumours but not 
beyond stage IC. On the contrary, Rodrigeuz et al. limited 
fertility-sparing options only to the expansile type of MOTs 
as the infiltrative subtype showed inferior outcomes [27]. In 
our study, 48% of patients underwent conservative surgery 
including cystectomy and unilateral salpingo-oophorectomy. 

Our study showed that the type of surgery has no significant 
association with DFS (HR 1.126 CI 0.290–6.077, p = 0.890) 
and OS (HR 0.357 CI 0.037–3.484, p = 0.376). We strongly 
suggest fertility-sparing as a viable option in young patients 
with mucinous tumours.

Studies till now have shown an inferior response to chem-
otherapy in mucinous tumours. Even though the molecular 
profile of MOTs is similar to GI tumours, chemotherapy 
response to GI-based combination CT like capecitabine or 
5-FU (5-flurouracil) is not superior to standard CT for ovar-
ian cancers. The GOG 241 study was designed to evaluate 
whether GI-based or platinum-based regimen was superior 
in mucinous tumours, but due to poor accrual, the trial was 
closed prematurely [28]. In our study, we have preferred 
paclitaxel and carboplatin doublet in neoadjuvant and adju-
vant settings. Another retrospective study by Nasioudis 
et al. analysed 4000 patients with early-stage MOTs and 
concluded that adjuvant chemotherapy did not show any 
favourable outcomes in DFS and OS [29]. Platinum resist-
ance looks like an important prognostic factor for advanced-
stage MOTs. All patients with advanced stage received 
chemotherapy in our study, and all of them recurred. In our 
study, chemotherapy had no significant association with DFS 
(HR 1.457 CI 0.269–7.892, p = 0.662) and OS (HR 1.498 CI 
0.225–9.964, p = 0.6760.376).

Residual disease is one of the most important prognostic 
factors in borderline MOTs [30]. Out of 75 patients, only 
two patients had suboptimal resection and they presented 
as advanced stage III disease at presentation. After subop-
timal resection, they received adjuvant chemotherapy, had 
recurrent peritoneal disease and were declared palliative. 
Poor response to chemotherapy mainly platinum resistance 
is also a reason for poor outcomes in advanced and recurrent 
mucinous ovarian tumours [31]. Our study had five patients 
in advanced stage III. One of them was declared palliative 
during the initial workup due to extensive disease burden 
mainly in the upper abdomen and poor performance sta-
tus. Two of the five stage III tumours received neoadjuvant 
CT followed by interval surgery and adjuvant CT, and two 
underwent primary cytoreductive surgery—one was kept on 
observation and the other received adjuvant chemotherapy. 
All of these five patients recurred and three of them were 
declared palliative; one patient who was kept on observation 
was planned for secondary cytoreduction but later defaulted.

Stage I borderline mucinous tumours of ovaries have an 
excellent prognosis with an excellent 5-year OS > 90%. This 
is at par with stage I borderline serous tumours which have 
prognosis and 5-year OS as good as 99% [18, 32]. With 
advanced-stage tumours, 5- and 10-year survival for serous 
tumours is 95% and 88%, respectively, but advanced stage 
in borderline mucinous tumours have survival as low as 
12–33 months [32]. Our study showed significant difference 
in both DFS (HR 3.072 CI 1.265–7.458, p = 0.013) and OS 
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(HR 2.661 CI 0.608–11.641; p = 0.194) among early-stage 
versus advanced-stage tumours. This stark contrast can be 
attributed to the aggressive biology with peritoneal and vis-
ceral involvement along with poor sensitivity to any type of 
chemotherapy.

Borderline MOTS are usually characterised by the 
absence of WT1, estrogen and expression of progesterone 
receptors and PAX8 during IHC. They usually demonstrate 
diffuse expression of cytokeratin 7 with uneven co-expres-
sion of cytokeratin 20 and variable, generally low expres-
sion, CDX2 in approximately 40% of cases [33].

This study is limited by its retrospective single-centre 
study design. The study lacks data on the use of IHC, the 
role of HIPEC and targeted therapy in mucinous tumours. 
Future studies emphasising the role of IHC and targeted 
therapy may be done in collaboration with other centres to 
reach better conclusions.

Conclusion

Borderline mucinous tumours of the ovary have excellent 
survival outcomes, and fertility-sparing surgeries should be 
done whenever feasible. Regular follow-up is essential, and 
the need to differentiate primary from metastatic tumours 
of ovary with the help of radiology, pathology and IHC is 
mandatory.
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