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Cell Cycle Regulator p27 Mediates Body Mass Index
Effects in Ovarian Cancer in FIGO-stages I-11
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Abstract. Background/Aim: The aim of the present study
was to evaluate the association between body mass index
(BMI), the biomarker p27, and the clinical factors in FIGO-
stages I-1I ovarian cancer. Patients and Methods: A total of
128 patients with ovarian cancer were included in the study.
For testing differences in univariate analyzes we used the
Pearson’s Chi-square test and the log-rank test. For
multivariate analyses the logistic regression and Cox
regression models were used with recurrent disease and
disease-free survival as endpoints, respectively. Results:
Patients with BMI <25 kg/mz had a significantly better
5-year disease-free survival compared with patients with
BMI >25 kg/m2 in the total series of patients (p=0.008), and
in the series of patients (n=77) with non-serous tumors
(p=0.047). Patients with p27-positive non-serous tumors had
higher survival compared to patients with p27-negative non-
serous tumors (p=0.020). Conclusion: The cell cycle
regulator p27 mediates BMI effects in ovarian cancer in
FIGO-stages I-11.

Obesity is a known risk factor and poor prognostic factor for
many co-morbidities including cancer (1). However, the
influence of body mass index (BMI) on ovarian cancer
outcomes is inconclusive (2, 3). One of the reasons for the
discrepant findings is that associations between obesity and
ovarian cancer survival may differ by stage, with decreased
survival among those with localized disease (FIGO-stages I-
I), and increased survival among those with late-stage
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disease (4). However, a meta-analysis including 14 studies
concluded that obese women with ovarian cancer had a 17%
worse survival compared to those of normal weight (5). In
FIGO-stages I-1I ovarian cancer patients, no difference was
found in survival between obese and overweight patients
compared with the normal and underweight patients.
Furthermore, perioperative or postoperative morbidity and
adjuvant oncologic treatment were not affected by BMI (6).
From a further study on ovarian cancer, including 446
patients with FIGO-stages I-IV who underwent primary
surgery and chemotherapy, only FIGO-stage and age were
independent and significant prognostic factors. Thus, obese
and overweight patients did not have a worse survival than
normal weight and underweight patients. The prognostic
impact of BMI on survival was noted only for the
underweight patients with serous tumors (7).

Although BMI is an adequate indicator of overweight and
obese patients in clinical studies, it does not reflect the
obesity-induced metabolic changes that may be involved in
carcinogenesis. Indeed, adipose tissue is a highly active
endocrine and metabolic organ, secreting a range of pro-
inflammatory factors, including the protein hormone leptin
(8). Leptin influences cell proliferation and apoptosis in a
human ovarian cancer cell line OVCAR-3 (9). Furthermore,
leptin exposure lead to concomitant suppression of the
cyclin-dependent kinase inhibitor p21 and p27, respectively.
Thus, 1.9-fold suppression of cyclin-dependent kinase
inhibitor p21 and 1.2-fold suppression of cyclin-dependent
kinase inhibitor p27 have been detected (9). As wild-type
p53 is a negative regulator of cell cycle control, loss of the
p53 function may allow oncogenic lesions in the genome, as
its pro-apoptotic regulation has been lost. Inhibitors of
cyclin-dependent kinases inhibit the activities of cyclin
dependent kinases such as p21 and p27, which are regulators
of the cell cycle and are preventing the cell from entering the
S phase. Defects in the genes downstream of p53, such as
p27, will also cause deregulation of the cell cycle (10).
Given these findings, the aim of the present study was to
evaluate the effect of BMI on some biological factors, such
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as p27, and the clinical prognostic factors in early stages of
ovarian cancer (FIGO-stages I-II).

Materials and Methods

In total, 128 patients out of the 140 consecutive patients with FIGO-
stage (1988 FIGO-staging) I-II epithelial ovarian cancer, who
underwent primary surgery and post-surgical chemotherapy in the
Uppsala-Orebro Medical Region during the 5-year period from
January 1, 2000 to December 31, 2004, were included in this
retrospective cohort study. These patients were also included in a
study of BMI (6), however, without any immunohistochemistry. All
samples were collected with the patients’ informed consent, in
compliance with the Helsinki Declaration, and used in accordance
with the Swedish Biobank Legislation and Ethical Review Act,
approved by the Uppsala Ethical Review Board, decision (ref. UPS-
03-477). Overall, 131 patients accepted to participate, and among
these, three lacked information about height or weight at the start of
post-surgical treatment, leaving 128 patients available for analysis.

The primary surgery was performed at nine different surgical
gynecological departments and the staging procedure was undertaken
at the time of primary surgery. Modified surgical staging according
to the EORTC surgical staging (11) was undertaken in 37 (29%) of
the 128 cases, and in the remaining 91 (71%) patients, surgical
staging was regarded as minimal or inadequate according the same
guidelines. Patients’ characteristics, including age, BMI, performance
status of the patients (WHO), FIGO-stage, serous/non-serous
histology and types of ovarian tumors (Type I and Type II), according
to combinations of histological subtype and FIGO-grade, are
summarized in Table I. We categorized BMI as normal-weight and
underweight (<25.0 kg/m?2) or obese and overweight (=25.0 kg/m?).
All patients had chemotherapy 4-6 weeks after the primary surgery,
most commonly paclitaxel 175 mg/m2 and carboplatin (AUC=5) at 3-
week intervals usually for four courses (n=104), or single-drug
carboplatin for 4-6 courses (n=24). The mean follow-up time was 65
months (range=5-110 months). Survival was defined from the date of
confirmed histological diagnosis after primary surgery to the date of
recurrence, death, or last visit.

Sampling and tissue microarray construction of ovarian cancer
tissue. The specimens were obtained from the paraffin blocks
containing the embedded tumor tissue, removed from the tumor at
primary surgery. After staining with hematoxylin and eosin they
were classified and graded by a single pathologist. The tissue
microarrays were constructed as described previous (12). In brief,
tumor tissues were embedded in paraffin and 5 um sections stained
with hematoxylin-eosin were obtained to select representative areas
for biopsies. Core tissue biopsy specimens (diameter 0.6 mm) were
taken from these areas of individual donor paraffin blocks and
precisely arrayed into a new recipient paraffin block with a custom-
built instrument. Tissue core specimens from 131 ovarian
carcinomas were arranged in three recipient paraffin blocks. Two
core biopsies were obtained from each specimen. The presence of
tumor tissue on the arrayed samples was verified by hematoxylin-
eosin-stained section by a pathologist.

Tissue microarray, immunohistochemistry, and interpretation. Five
um thick sections were cut from each multi tissue block and were
put on coated slides and dried overnight at 37°C. The sections were
pre-treated by heath-induced epitope retrieval in target- retrieval
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solution (Dako), pH=6 or EDTA buffer pH=9, for 7+7 min in
microwave oven (99°C). Blocking with peroxidase was performed
for 5 min. The slides were counterstained with hematoxylin for 2
min. The following monoclonal primary antibodies was used: NCL-
p27 (dilution 1:40; Vision Biosystems Novocastra, Newcastle, UK).
The immunostainings were performed in an Autostainer automated
machine (Dako) using REAL Envision detection system (Dako).
The work of tissue-microarray construction was undertaken at the
Department of Pathology, the University Hospital MAS in Malmo
in South-Sweden, but the immunohistochemical analyses and
interpretation were performed at the Department of Pathology,
Halmstad Medical Central Hospital. The IHC stains were interpreted
by two of the authors (IS and TS). At the time for evaluation, no
information was available on the specific diagnosis and prognosis
for the individual cases. A semi-quantitative analysis (13) was used
and the stainings were graded as negative, +, ++, and +++ for p27.
This marker was dichotomized (14) classified and graded by a
single pathologist. The tissue microarrays were constructed as
described previously and a semi-quantitative analysis of the
immunohistochemistry was performed. The stainings were graded
as negative, +, ++, and +++ for p27. This marker was dichotomized
into negative and positive (+, ++, +++) cases. The staining for p27
was considered positive when strong granular staining of the nuclei
and cytoplasm of the tumor cells was found. Information about the
primary antibodies and immunohistochemical analyses can be found
in previous studies (15-18).

Statistical analysis. The Pearson’s Chi-square test was used for
testing proportional differences in bivariate analyses. The survival
curves were generated by using the Kaplan—Meier technique and
differences between these curves were tested by the log-rank test.
For multivariate analyses, logistic regression and Cox regression
were used with recurrent disease and disease-free survival as
endpoints, respectively. All tests were two-sided and the level of
statistical significance was p<0.05. The STATISTICA 13.3
(StatSoft™) statistical package was, used for the analyses.

Results

Patients. The study population included 77 Type I tumors
(60.2%) and 51 Type II tumors (39.8%) (Table I). The
majority (84.4%) of the patients had stage I disease and the
majority (60.2%) of the tumors were classified as Type I
tumors. The p27 status did not differ between serous and
non-serous tumors (p=0.608).

Primary cure was achieved in all 128 patients. The total
number of recurrences was 34 (27 %), and 22 of these
patients (67%) died due to the disease. In the complete series,
recurrent disease was significantly associated with FIGO sub-
stages (p=0.0005), FIGO-grade (p=0.030), and adequate
surgical staging (p=0.033). In the complete series, the 5-year
disease-free survival rate was 68%, the disease-specific
survival rate 76%, and overall survival rate was 71%.

Clinical features according to BMI. Some clinical and
pathological features for the total series of patients were
compared according to BMI strata (Table II). Thus,
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Table 1. Patient characteristics (N=128).

Table II. Clinical features compared between BMI strata.

Age (median) 59.0 years

BMI

BMI<25 69 (53.9)

BMI>25 59 (46.1)

WHO performance status
0 34 (26.8)
1 66 (52.0)
2 21 (16.5)
3 6 (4.7)

FIGO-stage
1A+B 44 (34.4)
IC 64 (50.0)
1I 20 (15.6)

Histopathology*

Serous ovarian tumors 49 (39.2)
Non-serous ovarian tumors 77 (60.8)
Mucinous 20 (26.0)
Endometrioid 41 (53.2)
Clear cell 16 (20.8)

Types of ovarian tumors**

Type I tumors 77 (60.2)
Low-grade (G1) serous 13
Mucinous (G1+G2+G3) 20
Low-grade endometrioid (G1+G2) 28
Clear cell 16

Type II tumors 51 (39.8)
High-grade (G2+G3) serous 36
High-grade (G3) endometrioid 13
Anaplastic 2

*Histopathology (the two tumors of anaplastic histology were not
included). **Tumors divided in Type I and Type II according to
combination of histological subtype and FIGO-grade.

overweight and obese (BMI >25.0) patients were older
(»p=0.005) and more frequently had tumors of lower grade
(G1+G2) compared to normal and underweight (BMI <25.0)
patients (p=0.037). Patients with Type I tumors had
significantly (p=0.046) higher BMI compared with Type II
tumors. Recurrent disease was more frequently (p=0.025)
found among patients with Type II tumors (not shown in the
table). Furthermore, recurrent disease was more frequently
(p=0.011) found among overweight and obese patients (BMI
>25.0). Finally, in the survival analysis (Figure 1) for the
whole series of patients (n=128), normal and underweight
patients (BMI <25.0) had a 5-year disease-free survival of
91% compared to survival of 77% for overweight and obese
patients (BMI >25.0) (Log-rank=32.920; p=0.008).

Biological features according to BMI groups

The cell cycle regulator p27. Expression of the cell cycle
regulator p27 in relation to clinical characteristics across the
two BMI strata is demonstrated in Table III. Positivity for p27
was associated (p=0.002) with normal and underweight (BMI

BMI strata BMI<25 BMI>25
N (%) 69 (54%) 59 (33%)  p-Value
Age (mean) 58 years 62 years

p-Value (#-test) 0.005
Histopathology*

Serous 27 (40) 22 (37)

Non-serous 40 (60) 37 (63)

p-Value (Chi-squared-test) 0.729
Tumor grade

G1+G2 33 (48) 39 (66)

G3#* 36 (52) 20 (34)

p-Value (Chi-squared-test) 0.037
Type of tumors

Type 1 36 (52) 41 (69)

Type 11 33 (48) 18 (31)

p-Value (Chi-squared-test) 0.046
FIGO-stage

IA-IB 25 (36) 19 (32)

IC 37 (54) 27 (46)

1I 7 (10) 13 (22)

p-Value (Chi-squared-test) 0.180
Recurrent disease

Without 57 (83) 37 (63)

With 12 (17) 22 (37)

p-Value (Chi-squared-test) 0.011

*Anaplastic tumors (N=2) were excluded; **Clear cell tumors were all
of Grade 3.

<25.0) patients for all tumors (N=128), non-serous tumors
(p=0.004), Type II tumors (p=0.044) and tumors without
recurrent disease (p=0.018). In the survival analysis of the
whole series of patients (N = 128), patients with p27- positive
tumors had a 5-year disease-free survival of 91% compared to
survival of 79% for patients with p27-negative tumors.
However, survival did not differ depending on the p27 status
alone (Log-rank=31.029; p=0.153), data not shown.

Non-serous tumors. In the survival analysis of non-serous
tumors, patients (N=40), who were normal and underweight
(BMI =<25.0) had a better survival compared with overweight
and obese patients (N=37) (BMI >25.0) (Log-rank=16.340;
p=0.047), data not shown.

In non-serous tumors (N=77) [mucinous (N=20),
endometroid (N=41) and clear cell (N=16)] the p 27 status
was compared according to BMI. In the subgroup of patients
with tumors of endometroid histology, positivity for p27 was
detected in 18 out of the 21 tumors (86%) in patients with
BMI <25.0 compared with eight out of the 20 patients (40%)
with BMI >25.0 (p=0.002). However, no differences
according to p27 status and BMI in mucinous or clear cell
tumors could be found. In a separate survival analysis
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Figure 1. Survival analysis for the whole series of patients (N=128). Normal and underweight weight patients had a 5-year disease-free survival of
91% compared to survival of 77% for obese and overweight patients (Log-rank=32.920; p=0.008).

(Figure 2) for the series of patients with non-serous tumors
(N=77), patients with p27 positive tumors (N=42), had a
significantly better 5-year disease-free survival of 92%
compared to 77% survival for patients (N=35) with p27
negative tumors (Log-rank=16.340; p=0.020).

Serous tumors. In serous tumors (n=49), p27 positivity did
not differ between BMI groups (p=0.237).

Multivariable analysis. Results for bivariate and
multivariable Cox-analysis with disease-free survival (DFS)
as an endpoint both for the whole series of patients (N=128),
and one analysis limited to patients with non-serous tumors
are demonstrated in Tables IV and V, respectively. In the first
analysis, FIGO-stage, Type of tumor (I/II), and BMI (BMI
<25 or BMI >25) were all significant and independent
prognostic factors. In the analysis of patients with non-serous
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tumors, the Type (I/II) of tumor was replaced by the grade
(G1+G2/G3) of tumor as the Type I tumors are mostly non-
serous tumors. Thus, both tumor grade and p27 status, but
not BMI, were significant and independent prognostic factors
for patients with non-serous tumors.

Results from bivariate and multivariable logistic
regression analysis with recurrent disease as the endpoint
for the whole series of patients are presented in Tables VI
and VII, limited to patients with non-serous tumors (N=77).
In the first analysis, FIGO-stage, Type of tumor (I/II), and
BMI (BMI <25 or BMI >25) were all significant and
independent predictive factors for recurrent disease. In non-
serous tumors (Table VII), FIGO-stage, grade of tumor and
p27 status, were independent predictive factors for recurrent
disease. Again, BMI did not influence the risk of recurrent
disease in non-serous tumors, when p27 was also
incorporated in the model.
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Figure 2. Survival analysis for the series of patients with non-serous tumors (n=77). Patients (n=42) with p27-positive tumors a significant better
5-year disease-free survival of 92% compared to survival of 77% for patients (N=35) with p27 negative tumors (Log-rank=16.340; p=0.020).

Discussion

In the present study, we evaluated the relevance of BMI in
relation to some clinical and pathological features,
including expression of p27, in a series of 128 patients with
epithelial ovarian cancer in FIGO-stages I-II. Normal and
underweight patients had a better 5-year disease-free
survival compared to obese and overweight patients in the
total series of 128 patients. Further, BMI was an
independent and significant prognostic factor for disease-
free survival and a significant predictive factor for recurrent
disease in the overall series of tumors. Obese and
overweight patients were older and more frequently had
tumors of lower grade (Gl and G2) compared to
underweight and normal weight patients. In the bivariate
analysis of patients with non-serous tumors, BMI played a
role, as normal and underweight patients had a better 5-year
disease-free survival compared with obese and overweight

patients. However, this effect was lost when adjusted for
age, FIGO stage, grade, and p27 status.

Patients with p27 positive non-serous tumors had
significantly higher disease-free survival compared with p27
negative non-serous tumors. In a Cox multivariable analysis
in non-serous tumors, only tumor grade and the p27 status
were independent and significant prognostic factors for
survival. In addition, FIGO-stage, tumor grade and the p27
status were predictive factors for recurrent disease. In this
study, all the 16 clear cell tumors were classified as grade 3
tumors and this idem could explain why in the multivariate
analysis tumor grade was a significant prognostic and
predictive factor only in the subgroup of non-serous tumors.

Our findings are in line with a recent meta-analysis,
suggesting that obese women with ovarian cancer have
worse survival compared with normal weight women (5).
However, although BMI is an adequate indicator of
overweight and obese patients in clinical studies, it does not
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Table III. Protein expression of p27 in tumors in the whole series in
relation to different clinical and pathological subgroups in the two
different BMI strata (N=128).

Table V. Cox analysis (bivariate and multivariable) with prognostic
factors for disease-free survival for patients with non-serous tumors
(N=77).

BMI strata BMI<25 BMI>25 N (%) Bivariate analysis Multivarible analysis
N (%) 69 (54) 59 (33) p-Value Variable HR 95%CI HR 95%CI p-Value
All tumors (N=128) Age 1015 0976-1.055 1.039 0.968-1.114  0.275
p27+ 48 (70) 25 (42) Stage (/1)  4.223 1.620-11.009 2.660 0.906-7.809  0.074
p27- 21 (30) 34 (58) Grade* 3.520 1.238-10.005 4.646 1.519-14.205 0.007
p-Value (Chi-squared-test) 0.002 BMI** 2740 0.961-7.810  1.697 0.496-5.800  0.398
Non-serous tumors N=77 P27# 0.308 0.108-0.876  0.229 0.075-0.706  0.010
p27+ 28 (70) 14 (38)
p27- 12 (30) 23 (62) *Clear cell tumors were all of Grade 3; BMI** (BMI<25 or BMI>25);
p-Value (Chi-squared-test) 0.004 P27# (p27+ vs. p27-).
Serous tumors N=49
p27+ 18 (67) 11 (50)
p27- 9 (33) 11 (50)
p-Value (Chi-squared-test) 0.237 Table VI. Predictive factors for recurrent disease (bivariate and
Type I tumors N=77 multivariable logistic regression analysis) (n=128 patients).
p27+ 21 (58) 15 (37)
p27- 15 (42) 26 (63) Bivariate analysis Multivariable analysis
p-Value (Chi-squared-test) 0.056
Type II tumors N=51 Variable OR 95%CI OR 95%CI  p-Value
p27+ 27 (82) 10 (56)
p27- 6 (18) 8 (44) Age 1013 0981-1.047 1.003 0.963-1.045 0.862
p-Value (Chi-squared-test) 0.044 Stage (I/I1)  7.959 2.801-22.617 6239 2.067-19.376 0.001
No recurrence tumors N=94 Type (I/II) 2456 1.099-5490 3.618 1.299-10.075 0.013
p27+ 40 (70) 17 (46) BMI** 2470 0.130-6.830 2.788 0.990-7.847  0.049
p27- 17 (30) 20 (54) P27# 0.570 0.260-1270 0472 0.175-1274  0.134
p-Value (Chi-squared-test) 0.018
Recurrence tumors N=34 BMI** (BMI<25 vs. BMI>25); P27# (p27+ vs. p27-).
p27+ 8 (67) 8 (36)
p27- 4 (33) 14 (64)
p-Value (Chi-squared-test) 0.09

Table IV. Cox analysis (bivariate and multivariable); prognostic factors
for disease-free survival for the whole series (N=128 patients).

Bivariate analysis Multivariable analysis

Variable HR 95%Cl1 HR 95%Cl1 p-Value
Age 1015 0.986-1.045 1.003 0.969-1.038  0.840
Stage (/II)  3.172  1.580-6.362 2362 1.567-4.822  0.018
Type (I/1I) 1976 1.003-3.895 2.586 1.234-5418  0.012
BMI** 2507 1239-5073  2.744 1.190-6.329  0.017
P27%* 0.626 0.319-1270 0.751 0.368-1529  0.430

BMI** (BMI<25 or BMI>25); P27* (p27+ vs. p27-).

reflect the obesity-induced metabolic changes that may be
involved in carcinogenesis (19). One commonly studied
metabolic factor is leptin, which induces cell proliferation
and angiogenesis, and inhibits apoptosis in ovarian cancer
cells (20, 21). A previous study (22) including 161 patients
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Table VII. Predictive factors for recurrent disease (bivariate and
multivariable logistic regression analysis) for patients with non-serous
tumors (n=77).

Bivariate analysis Multivariable analysis

Variable OR 95%C1 OR 95%C1 p-Value
Age 1.015 0.971-1.060 1.039 0.968-1.114 0.275
Stage (I/II)  10.133  2.649-38.759 9.399 1.582-52.520  0.009
Grade* 4920 1.494-16.193 32.860 3.819-282.729 0.001
BMI 0.131 0.016-1.096 3214 0.550-18.766  0.186
P27 0570  0.260-1.270  0.033 0.003-0.311 0.002

*Clear cell tumors were all of Grade 3.

with ovarian cancer in FIGO-stages III-IV, reported no
correlation between BMI and the ratio of leptin/adiponectin,
but adipose tissue produces numerous adipokines as leptin
and adiponectin (8). Thus, only age and BMI were
independent and prognostic factors for survival in a Cox
multivariate analysis, but not tumor grade, FIGO-stage,
optimal cytoreduction or the ratio of leptin/adiponectin.
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Unfortunately, no information about leptin and adiponectin
was available in the present work.

Very little information is available on the relationship
between obesity and p27 status. In a previous study
including 174 patients with ovarian cancer in FIGO-stages
I-IV (23), positivity for p27 was found in tumors of the 139
(80%) out of 174 patients, detected by tissue microarray and
immunohistochemistry. Their results could be compared to
the results of our series, but positive p27 expression was
found in tumors of 73 (57%) out of the 128 patients
included, also detected by tissue microarray and
immunohistochemistry. However, no differences according
to BMI, FIGO-stage, tumor grade or survival, related to p27
status of tumors were detected in their study.

In a study of 349 epithelial ovarian patients from China
(24), normal weight patients usually were of younger age
and were in FIGO-stages I-II at diagnosis compared with
patients in FIGO-stages III-IV at diagnosis. Thus, the
subgroup of the 140 patients in FIGO-stages I-II were
younger, had lower BMI, higher high-density lipoprotein
(HDL) and lower triglyceride (TG) levels compared with the
subgroup of the resting 209 patients in FIGO-stages III-IV.

The prognostic significance of p27 alterations in relation
to BMI using 630 patients of stage I-IV colon cancers have
been examined in a USA study (25). Tumors limited to
nuclear positivity for p27 were interpreted as p27 positive.
Compared to the 130 patients with p27 positive colon
tumors, the resting 460 patients with no p27 expression,
experienced poor tumor-specific and overall mortality. By
comparing colon cancer mortality in that study between
obese and non-obese patients (BMI >30)/(BMI <30), it was
concluded, that the effect of p27 alterations on survival, were
strong among obese patients with colon cancer and the
adverse effect of obesity on survival appears to be limited
because of the protective effect of a positive p27 expression
(nuclear p27) in colon cancer tumors. Tumors limited to
nuclear p27 expression were interpreted as p27 positive.
However, in the present study, the staining for p27 was
considered positive when strong granular staining of both the
nuclei and cytoplasm of the tumor cells was detected. In
summary, as criteria for p27 positivity were different from
the criteria in our study, and primary tumors were of
different origin, it is difficult to compare their results with
results from the present study. However, their results suggest
a host-tumor interaction, where p27 appears to play a role.

In a meta-analysis on patients with ovarian cancer
including 905 patients, loss of p27 was associated with a
worse survival (26) Therefore, they concluded, that the
development of strategies for targeting p27 could be a
reasonable therapeutic approach. Furthermore, as ovarian
cancer has a poor prognosis, p27 has been implicated in
tumor prognosis and drug-resistance in ovarian cancer
studies (26). Also, p27 was involved in chemo-resistance of

SKOV3 cells, but up-regulated p27 expression, induced by
demethylation, may enhance sensitivity to cisplatin through
the regulation of the cell cycle (27). Finally, results from our
study could indicate that the cell cycle regulator p27 could
be included in the future treatment of ovarian cancer,
especially of non-serous ovarian cancer.
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