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Abstract

Objective—The objective of this study was to identify clinicopathologic features that are
associated with an increased risk of recurrence for borderline ovarian tumors (BOT).

Methods—We performed a retrospective review of all patients treated for BOT at our institution
from 1979-2008. Progression-free survival (PFS) was defined as the time of diagnosis to time of

recurrence/death or last follow-up. The Kaplan-Meier method was used to calculate the PFS rate

and Wilcoxon Gehan test was performed to identify prognostic factors.

Results—A total of 266 patients were identified. The median age was 43 years (range 15-94
years). The majority of patients (68.4%) had FIGO stage | disease and serous histology (73.7%).
Only 23 (8.6%) patients developed recurrent disease. The median PFS was 19 years and the
median follow-up was 4 years. Abnormal baseline CA-125 (>35 U/ml), advanced stage, age at
diagnosis, and invasive implants were associated with decreased PFS. Of the 196 patients with
serous BOT, those with a micropapillary pattern had a 3-year PFS of 75.9% (95%CI 55.6-87.8)
compared with 94.3% (95% CI 88.4-97.3) for patients without micropapillary pattern (£<0.001).

Conclusion—Age at diagnosis, an elevated preoperative CA125, invasive implants, and
micropapillary histology were clinical factors associated with increased risk of recurrence in
women with BOT. Including these clinicopathologic features will likely identify patients at higher
risk for recurrence, for whom development of new treatment strategies would be appropriate.

Background

Borderline ovarian tumors (BOT) were first described in 1929 [1] and further characterized
by the World Health Organization in 1973 [2]. They comprise approximately 10% of ovarian
epithelial neoplasms and differ from ovarian epithelial neoplasms both in pathologic
characteristics and clinical behavior [3-6]. Long-term follow-up is beneficial as 5-year
survival rates are 99% for stage 1, 98% for stage 11, 96% for stage 111, and 77% for stage IV
disease. [7] Various risk factors for recurrence have been established [8-15]. These include
stage, presence of invasive implants, residual disease, and micropapillary features.
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The median age of patients with BOT is lower than the median age of patients with invasive
ovarian epithelial carcinoma. As a result, conservative surgery is an important consideration
in premenopausal patients as well as patients who desire fertility. Prior studies have
suggested that conservative surgery is a reasonable option in the surgical management of
stage | BOT but is associated with increased risk of recurrence. [15-24]

The objective of this study was to report the experience of BOT at our institution. Clinical
characteristics and outcomes in these patients will be described. In addition, we will
examine the role of fertility-sparing surgery and lymphadenectomy.

After Institutional Review Board (IRB) approval was obtained, we identified all patients
with BOT treated at our institution from 1979-2008. Not all patients were diagnosed at our
institution; some presented for further management after surgery at an outside institution.
Medical records including operative reports, pathology and laboratory reports, and
chemotherapy records were reviewed and data were extracted. The pathology specimens
from patients who were diagnosed at an outside institution were all reviewed at our
institution. It is our hospital policy to confirm all outside pathology reports by institution
review of submitted specimens.

Stage at initial diagnosis was designated based on the International Federation of
Gynecology and Obstetrics (FIGO) staging system for ovarian carcinoma. [25] Pathology
reports were used to determine histology, presence of micropapillary features, presence of
invasive or non-invasive implants, and involvement of lymph nodes. Operative reports were
reviewed to determine procedures performed as well as intraoperative findings including
presence of ascites and residual disease. Fertility-sparing surgery was defined as surgery that
resulted in retention of the uterus and at least one ovary.

Progression-free survival (PFS) was defined as the time of diagnosis to the time of
recurrence/death or last follow-up. Overall survival (OS) was defined as the time of
diagnosis to the time of death or last follow-up. Patients were observed for recurrence,
which was defined with clinical or CA-125 criteria according to Rustin criteria. [26] Kaplan
Meier method was used to estimate PFS rate. Univariate analysis with Pvalues was
generated applying the Cox proportional hazards model for continuous variables and the
Wilcoxon-Gehan test for categorical variables. The association between stage and other
categorical variables was tested using Fisher’s exact test.

A total of 266 patients were identified. Clinical and pathologic characteristics for the cohort
are listed in table 1. The median age was 43 years (range 15-94 years). The majority of
patients had early stage disease; 181 (68%) patients had stage | disease, 18 (6.8%) patients
had stage Il disease, and 67 (25.2%) patients had stage 11l or IV disease. The most common
histology was serous with 196 (73.7%) patients, followed by mucinous in 64 (24.1%)
patients, clear cell in 3 (1.1%) patients, and endometrioid in 3 (1.1%) patients. The median
follow-up time was 3.7 years (range 0-22.8 years). At the time of last follow-up, 224
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(84.2%) patients had no evidence of disease, 15 (5.6%) patients were alive with disease, 7
(2.6%) patients were dead of disease, 17 (6%) patients were dead of other causes, and 3
(1.1%) patients were lost to followup.

Fertility-sparing surgery was performed in 95 (35.7%) patients. There was a variety of
procedures performed, including unilateral or bilateral cystectomy in 35 (29.4%) patients,
unilateral salpingo-oophorectomy in 60 (50.4%) patients, and bilateral salpingo-
oophorectomy in 24 (20.2%) patients. Of the 95 patients who underwent fertility-sparing
surgery, 37 (39%) patients underwent completion surgery.

Lymphadenectomy was performed in 138 (51.9%) patients. The median number of lymph
nodes removed was 14.5 (range, 1-45). Of the patients who underwent lymphadenectomy,
19 (14.8%) patients had positive nodes. A total of 20 patients received adjuvant
chemotherapy for BOT after initial surgery. All of these patients had stage 11 disease. In
addition, nine patients received chemotherapy for recurrent disease. All of these patients had
recurrent disease with invasive adenocarcinoma. Eleven patients received chemotherapy
after developing another malignancy of another disease site.

Of the 266 patients in the cohort, only 23 (8.6%) developed recurrent disease. Of these
patients who developed recurrent disease, 14 (60.9%) had recurrent disease with invasive
adenocarcinoma, 8 (34.8%) had recurrent disease with borderline histology, and 1 (4.3%)
had recurrent disease of unknown histology. The median progression-free survival was 19
years and the 3-year PFS for the cohort was 92.7% (95% CI 88-95.6). Univariate analysis
was performed to identify prognostic factors for progression-free survival. These are
outlined in table 2. Age at diagnosis, stage, baseline CA125, presence of invasive implants,
and residual disease were significant prognostic factors. For patients with borderline tumor
of serous histology, micropapillary pattern was found to be a significant prognostic factor.
Three-year PFS was 97.1% (95% CI 92.4-98.9) for patients with stage | disease, 93.3%
(95% CI 61.3-99) for stage Il disease, 83.8% (95% CI 71.2-91.3) for stage Il or IV disease
(P=0.029). Patients with normal baseline CA-125 (< 35) had a 3-year PFS of 96.7% (95%
Cl 91.3-98.7) compared with 86.9% (95% CI 71.3-94.3) for patients with elevated baseline
CA125 (P=0.003). Survival curves for stage and baseline CA-125 are demonstrated in
figures 1 and 2, respectively. Three-year PFS was 77.2% (95% CI 56-89) for patients with
invasive implants and 95.8% (95% CI 91.4-98) for patients without invasive implants
(P<0.001). Patients with any residual disease had a 3-year PFS of 70% (95% CI 32.9-82.9)
compared with 95% (95% CI 90.6-97.4) for patients with no residual disease (P<0.001).
Figures 3 and 4 demonstrate survival curves for invasive implants and residual disease,
respectively. Of the 196 patients with borderline tumor of serous histology, those with a
micropapillary pattern had a 3-year PFS of 75.9% (95% CI 55.6-87.8) compared with
94.3% (95% CI 88.4-97.3) for patients without micropapillary pattern (£<0.001). Fertility-
sparing surgery was performed in 95 patients and the 3-year PFS rate was 98.7% (95% CI
91.2-99.8) compared with 89.9% (95% CI 83.3-94) for patients who did not have fertility-
sparing surgery (P=0.034) Of the 95 patients who underwent fertility-sparing surgery, the 3-
year PFS was 100% for the 37 patients who underwent completion surgery compared with
97.7% (95% CI 84.6-99.7) for 58 patients who did not have completion surgery (P=0.018).
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Other factors that were not found to be associated with PFS were histology (serous versus
other), presence of ascites, and lymphadenectomy performed.

Multivariate analysis of these significant variables for PFS was not possible due to the
relatively small number of recurrences. However, we assessed for degree of correlations
between different significant factors such as stage and CA-125. As seen in supplemental
table 1, stage at presentation was significantly associated with presence of invasive implants
(P=0.001), conservative surgery (£<0.001), and preoperative CA-125 (P=0.006). Invasive
implants and elevated CA125 were associated with higher stage disease, while conservative
surgery was associated with early stage disease.

The median overall survival for the cohort was not reached. 3-year survival rate for the
cohort was 98% (95% CI 94.7-99.2). Univariate analysis was performed to identify
prognostic factors and these are outlined in Supplemental Table 2. Only baseline CA-125
and residual disease were significant prognostic factors. Patients with a normal baseline
CA-125 had a 3-year-OS of 100% compared with 94.7% (95% CI 80.3-98.6) for patients
with an abnormal baseline CA125 (~=0.002). Patients with no residual disease at initial
surgery had a 3-year OS of 100% compared with 97.8 (95% CI 94.3-99.2) for patients with
residual disease (P=0.001). Interestingly, stage of disease was not significant with 3-yr OS of
98.6% (95% CI 94.5-99.6) for stage | disease, 93.3% (95% CI 61.3-99) for stage Il disease,
and 98.2 (95% CI 88.0-99.7) for stage 1l or 1V disease (P=NS). Histology, presence of
invasive implants, ascites, lymphadenectomy performed, micropapillary pattern, and
fertility-sparing surgery were not associated with overall survival.

Discussion

Borderline ovarian tumors are characterized by atypical epithelial proliferation without
stromal invasion. The prognosis is excellent with 5-year survival of approximately 98% for
stage | disease and 86-92% for advanced disease. [27] Surgery is an integral component of
management. In addition, there is increasing evidence that fertility-sparing surgery is
reasonable in patients who desire fertility. [17, 21-23] While overall prognosis of BOT is
excellent, recurrent disease does occur. Clinical and pathologic prognostic factors include
stage [14, 28], invasive implants [4-5, 12, 28-31], micropapillary type histology [5, 8-10,
13, 28], DNA ploidy [11], and residual disease [16].

In our cohort, we found similar results in patients presenting with stage I disease and serous
histology. Overall prognosis was excellent; of the 266 patients in the cohort, only 7 died of
disease, and 23 developed recurrent disease. With so few deaths from disease in our cohort,
we assessed recurrence as the marker for prognosis. Significant univariate prognostic factors
included age at diagnosis, stage, invasive implants, micropapillary histology, and residual
disease. We also found that preoperative CA-125 was significantly associated with
prognosis. CA-125 has not been previously identified as a prognostic factor for BOT. [32]
Stage was found to be significantly associated with invasive implants, preoperative CA-125,
and fertility-sparing surgery. In our cohort, stage was not associated with OS. This is likely
due to the short median follow-up time and the expected disease course of BOT.
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The role of surgery in the management of BOT includes staging of disease and resection of
visible disease. Traditionally staging of disease involves hysterectomy, bilateral
oophorectomy, omentectomy, peritoneal biopsies, pelvic and para-aortic lymphadenectomy,
and peritoneal washings. In BOT, there is increasing evidence that fertility-sparing surgery is
reasonable in patients who desire fertility. In our cohort, there was no difference in overall
survival between patients who underwent fertility-sparing surgery and those who did not. In
fact, patients who underwent conservative surgery had higher 3-year PFS rate than patients
who did not undergo fertility-sparing surgery. We recognize that there is selection bias in
this setting as the patients who underwent fertility-sparing surgery may have had more
favorable prognosis such as early stage disease. Of the patients who underwent fertility-
sparing surgery, risk of recurrence was higher in patients who did not undergo completion
surgery, compared with those patients who had completion surgery. Previous reports have
described an increased risk of recurrence with fertility-sparing surgery. However, there does
not appear to be an impact on survival with fertility-sparing surgery. [15, 18-20, 22-24] As a
result, fertility-sparing surgery was a reasonable option in the management of BOT in our
cohort. After fertility has been completed, completion surgery can be offered to patients as it
may be associated with decreased recurrence risk.

While lymphadenectomy is part of surgical staging in ovarian cancer, it has not been shown
to be prognostically significant in BOT. [33] In our cohort, approximately half of the patients
underwent lymphadenectomy. There was no difference in survival between the patients with
respect to lymphadenectomy. This finding provides further evidence that routine
lymphadenectomy may not be necessary with BOT.

Our study is limited by weaknesses inherent to all retrospective studies. Referral bias is
another weakness as approximately half of the patients in the cohort were initially diagnosed
at an outside hospital then presented to our institution. However, most of these patients
presented at our institution shortly afterwards (up to several months). We had a relatively
short median follow-up time of only 3.7 years. Longer follow-up period would have been
desired to assess for recurrence and survival. With a median PFS of 19 years and a median
follow-up time of 3.7 years, likely patients developed recurrence or death from disease after
date of last follow-up. The short follow-up time likely contributes to the high percentage of
patients who recurred with invasive cancer. In addition, with only a small number of
recurrences (n=23) in our cohort of 266 patients, the sample size precluded the usefulness of
multivariate analyses. Our cohort was selected from a study period of 20 years. During this
study period, the treatment of BOT have remained relatively constant with surgical resection
and staging as the cornerstone. However, chemotherapy regimens have changed throughout
this period as well as specific pathologic diagnostic criteria for BOT. As a result, in the
earlier time period of the study, likely the number of patients with micropapillary features
was under-reported. Finally, the majority of patients presented with early stage disease;
however, surgical staging and lymphadenectomy was performed in approximately half of the
patients.

Borderline ovarian tumors have an excellent prognosis. Factors univariately associated with
increased recurrence risk include age at diagnosis, stage, preoperative CA125, presence of
invasive implants, and residual disease. In addition, ovarian serous borderline tumors with
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micropapillary features have an increased recurrence risk. Conservative surgery is not
associated with increased recurrence risk; however, patients who undergo conservative
surgery should be offered completion surgery after child-bearing is completed. Including
these clinicopathologic features may identify patients at higher-risk for recurrence who
require a more extended surveillance strategy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research Highlights (GYN-10-724R1)

1. Preoperative CA-125 level is associated with recurrence of borderline ovarian

tumors

2. Recurrence risk is increased with micropapillary pattern tumors and invasive

implants
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Figure 1.
Survival curve for PFS by stage.
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Figure 2.
Survival curve for PFS by CA125 level.
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Figure 3.
Survival curve for PFS by invasive implants.
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Figure 4.

Survival curve for PFS by micropapillary type (serous only).
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Table 1

Clinicopathologic characteristics.

[ N )

Total number of patients | 266

Median age (range) 43 years (15-94)

Stage

I 181 (68)

I 18 (6.8)

mnnv 67 (25.2)
Histology

Serous 196 (73.7)

Mucinous 64 (24.1)

Clear cell 3(1.1)

Endometrioid 3(1.1)
Lymphadenectomy

Yes 128 (48.1)

No 138 (51.9)

Median lymph nodes sampled (range) | 14.5 (1-45)
Adjuvant chemotherapy

Yes 20 (7.5)

No 249 (92.5)
Median follow-up (range) 3.7 years (0-22.8)
Status at last follow-up ™

NED 224 (84.2)

AWD 15 (5.6)

DOD 7(2.6)

DOO 17.(6)

Lost to follow-up 3(11)
Recurrence

Yes 23 (8.6)

No 243 (91.4)

*
NED = no evidence of disease, AWD = alive with disease, DOD = dead of disease, DOO = dead of other causes
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Univariate analysis for PFS.

Table 2

| N (%) | 3-year RFS (95% CI) | P
Median PFS for entire cohort | 266 | 92.7 (88-95.6) |
Age | | | 0.008"
Stage 0.029 *
I 182 (68.4) | 97.1(92.4-98.9)
1 18 (6.8) 93.3 (61.3-99)
mnv 66 (24.8) 83.8 (71.2-91.3)
CA125 0.003
<35 143 (53.8) | 96.7 (91.3-98.7)
>35 50 (18.8) 86.9 (71.3-94.3)
NA 73 (27.4)
Histology 0.079
Serous 196 (73.7) | 90.8 (84.9-94.5)
Other 70 (26.3) 100
Invasive implants <0.001
Yes 36 (13.5) 77.2 (56-89)
No 229 (86.1) | 95.8 (91.4-98)
NA 1(0.4)
Ascites 0.227
Yes 51 (19.2) 92.9 (87.5-96)
No 215 (80.8) | 92.5(78.4-97.5)
Lymphadenectomy 0.394
Yes 128 (48.1) | 92.8 (85.5-96.5)
No 138 (51.9) | 92.7 (85.2-96.5)
Micropapillary features (serous histology) <0.001
Yes 36 (18.4) 75.9 (55.6-87.8)
No 160 (81.6) | 94.3(88.4-97.3)
Residual disease <0.001
Yes 11 (4.1) 70 (32.9-82.9)
No 250 (94) 95 (90.6-97.4)
Unknown 5(1.9)
Fertility-sparing surgery 0.034
Yes 95 (35.7) 98.7 (91.2-99.8)
No 171 (64.3) | 89.9 (83.3-94)
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N (%) 3-year RFS (95% ClI) | P
Completion surgery after fertility-sparing surgery 0.018
Yes 37 (38.9) 100
No 58 (61.1) 97.7 (84.6-99.7)

*
P-values were obtained using Cox proportional hazards model; other p values obtained using Wilcoxon Gehan test
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