
Introduction

The recently released Cancer Genome Atlas for ovarian
cancer reported that the PI3K/AKT/mTOR pathway was
one of the most frequently mutated or altered pathways in
ovarian tumours [1]. Immunohistochemical analyses of
PI3K/AKT/mTOR have found that this pathway is acti-
vated in roughly half of high grade serous ovarian carci-
noma (HGSOC) [2]. The role of the PI3K/AKT/mTOR
pathway in ovarian cancer is complex, arising from two
main sources: the PI3K/AKT/mTOR pathway itself and the
diverse alterations in inputs into the PI3K/AKT/mTOR
pathway. Activation of this pathway results in cell growth,
proliferation, migration, angiogenesis, invasion and chemo-
therapy resistance [3]. 

Currently, the standard treatment for advanced ovarian
cancer (AOC) is primary debulking surgery (PDS) fol-
lowed by postsurgical chemotherapy. Interval debulking
surgery (IDS) has been proposed as an alternative approach
to primary debulking, to improve the quality of life by per-
forming a less aggressive surgical procedure in patients
with AOC [4]. Macroscopic residual disease after debulk-
ing surgery was an independent prognostic factor for sur-
vival in both treatment modalities [5]. For women with a
high perioperative risk profile or a low likelihood of achiev-
ing cytoreduction to < 1 cm of residual disease, neoadju-

vant chemotherapy (NACT) and IDS is especially recom-
mended. [6].

The goal of all cytoreductive surgery in ovarian cancer
is to leave behind no residual disease. Therefore, the main
problem encountered in selecting a treatment regimen for
patients with AOC is determining who could potentially
benefit from PDS or NACT-IDS. New diagnostic tools are
needed to optimize the selection of the best treatment for
the patient. The purpose of this study was to evaluate the
changes in immunohistochemical expression of proteins in-
volved in the PI3K/AKT/mTOR pathway as potential pre-
dictive factor for progression free survival (PFS) and
prognostic factors for overall survival (OS) in patients with
AOC who were eligible for NACT-IDS.

Materials and Methods 
The authors analyzed the medical records of all consecutive

AOC patients treated at the Department of Gynecology and Gy-
necologic Oncology and Department of Oncology at the Military
Institute of Medicine in Warsaw, Poland between August 2003
and February 2015. The inclusion criteria were as follows: (1) his-
tologically confirmed high grade serous ovarian carcinoma
(HGSOC), (2) advanced HGSOC in FIGO Stages IIIC, IVA or
IVB, (3) patients receiving NACT containing platinum analogues,
and (4) access to the tissues from the primary tumour and/or peri-
toneal taken during exploratory and interval surgery and access
to full medical records. This study was approved by the institu-
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Summary
Background: The aim of this study was to search biomarkers in patients with high grade serous ovarian carcinoma (HGSOC) treated

with neoadjuvant  chemotherapy (NACT) among the components of PI3K/AKT/mTOR pathway. Material and Methods: The authors
assessed 49 patients with HGSOC (FIGO IIIC-IV) treated with NACT. The expression of PI3KCA, PTEN, pAKT473, mTOR, and
p70S6K were assessed immunohistochemically. Results: The expression of PI3KCA and p70S6K in tumour tissue after NACT was sig-
nificantly decreased compared to before chemotherapy (p = 0.0005 and p = 0.0256, respectively). Multivariate analysis demonstrated
that high mTOR expression, suboptimal range of interval debulking surgery (IDS), platinum resistance, and the lack of paclitaxel in the
NACT were independent adverse prognostic factors (HR= 3.86, 95% CI (1.75–8.56); HR= 3.94, 95% CI (1.76–8.83); HR= 2.29, 95%
CI (1.13–4.64); and HR= 4.76, 95% CI (1.80–12.59), p < 0.05). Conclusions: The mTOR expression may be an independent prognostic
factor, but further investigations are needed.  
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tional review board of the Military Institute of Medicine in War-
saw (79/WIM/2011). 

In the study, exploratory laparotomy or laparoscopy was de-
fined as an initial surgery, at which time specimens were collected
for histopathological examination (diagnostic excision of both
ovaries was allowed). IDS was performed 3–6 weeks after admin-
istering the third (last) cycle of NACT unless disease progression
occurred during the chemotherapy. The disease was defined as
unresectable when our team of surgeons, comprising at least two
experienced gynaecologists, stating that optimal debulking (tu-
mour of less than 1 cm) was impossible to achieve in a standard
procedure. 

NACT was defined as the initial treatment prior to the IDS. It
was based on platinum analogues. The IDS was performed 3–6
weeks after administration of the last cycle of NACT unless dis-
ease progression occurred during NACT. Standard procedures of
IDS consisted of a total abdominal hysterectomy, bilateral salp-
ingo-oophorectomy, omentectomy, systematic pelvic and/or aortic
lymphadenectomies, and maximal debulking of metastatic tu-
mours. After IDS, all patients received three cycles of adjuvant
chemotherapy consisting of paclitaxel and platinum analogues.
Patients were subsequently followed up every three months by
clinical and radiological examination and cancer antigen 125 (CA
125) levels to detect relapse or disease progression

Debulking surgery was defined as optimal when the tumours
remaining in the abdominal cavity did not exceed 1 cm in diam-
eter; the outcome of surgery was defined as suboptimal if the di-
mensions of residual tumour(s) exceeded 1 cm. Responses to
chemotherapy were determined for patients according to the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST0 criteria
(version 1.1) [7].

Immunohistochemical (IHC) staining was carried out for the
phosphoinositide-3-kinase, catalytic, α polypeptide (PI3KCA),
AKT-1 (phospho S473), phosphatase and tensin homolog
(PTEN), mammalian target of rapamycin (mTOR) and p70 ribo-
somal S6 kinase alpha (p70S6K). For immunohistochemical eval-
uation, the following antibodies were used: rabbit polyclonal
anti-mTOR, rabbit polyclonal anti-p70S6k; rabbit polyclonal anti-
AKT-1 phospho S473, mouse monoclonal antibody anti-PTEN,
clone 6H2.1,  rabbit monoclonal anti-PI3KCA, clone SP139. 

The analysis was carried out by two independent pathologists
who did not have access to clinical data. Evaluation of staining
for p70S6K (cytoplasmic localization), mTOR (membrane/cyto-
plasm), pAKT-1 (cytoplasm/nucleus), PTEN (nuclear/cytoplasm),
and PI3KCA (membrane) was performed according to the H-
score method, [5].

The cut-off date for this analysis was established on February
12, 2015. In order to compare results that did not meet the criteria
of a normal distribution, a non-parametric Mann-Whitney test (U
test) was used. Semi-quantitative evaluation of the results of IHC
staining was determined by k-means cluster analysis. Median and
life tables were computed using the product-limit estimate by the
Kaplan-Meier method and the log-rank test was employed to as-
sess statistical significance; p-values less than 0.05 were consid-
ered to indicate statistical significance. Univariate analyses of
variables influencing PFS or OS were performed using the log-
rank test, which identified a preliminary list of significant factors.
All variables that were found to be significant and factors that
showed a trend towards significance (p < 0.1) in the univariate
analysis were included in a multivariate analysis. Multivariate
analyses of PFS and OS were performed by Cox proportional-
hazard regression using the forward stepwise method; all variables
found to be significant in the univariate analysis were included in
the multivariate analysis. The authors performed all analyses
using the statistical package STATISTICA PL (version 12.0).

Results 

Based on the database of the Military Institute of Medi-
cine in Warsaw, Poland the authors found 82 patients diag-
nosed with ovarian cancer in Stage FIGO IIIC/ IV, who had
undergone NACT with platinum analogues. In 15 patients
with ovarian cancer, exploratory surgery was performed
outside the present Institute and there was no access to tis-
sues from the primary tumour. An additional 18 patients
had histological subtypes other than HGSOC. In total, the
authors retrospectively analyzed 49 consecutive patients
with HGSOC. The median age of the analyzed cohort was
64 (range 39–80) years. The majority of patients (71%) un-
derwent three courses of NACT before IDS, while the re-
maining 29% required 4–6 cycles of preoperative therapy.
In 6% (3/49) of patients, IDS was not performed due to dis-
ease progression. The optimal extent of surgery was
achieved in 65% (32/49) of patients. In the remaining 29%
(14/49) of patients, the suboptimal range of IDS was
achieved. Table 1 shows the detailed clinical characteriza-
tion of patients included in our study.

The authors observed significant decrease in PI3KCA
and p70S6K expression in ovarian cancer cells in the tu-
mour tissues taken after NACT in comparison with those
collected before NACT (p = 0.0005, T = 12.0, Z = 3.47 and
p = 0.0256, T = 224, Z = 2.23, respectively). The expression
of other analyzed proteins PI3KCA/AKT/mTOR pathway

Table 1. — Patient characteristics (n=49).
Parameter                                                              n                     %
Age, median, range (in years)                                      64 (39-80)
Performance status (ECOG):
• 0                                                            4                 8
• 1                                                            31               63
• 2                                                            13               27
• 3                                                            1                 2

NACT: 
• Paclitaxel / cisplatin                             2                 4 
• Paclitaxel / carboplatin                         31               63
• Paclitaxel / carboplatin / PLD              9                 18
• Carboplatin                                           7                 14

Number cycles of NACT:
• 3                                                            35               71
• 4                                                            2                 4
• 5                                                            2                 4
• 6                                                            10               21

FIGO Stage: 
• IIIC                                                       40               82
• IVA                                                       5                 10
• IVB                                                       4                 8

Extent of IDS: 
• Optimal (< 1 cm)                                  32               65
• Suboptimal (> 1 cm)                            14               29
• Not performed                                      3                 6

ECOG: The Eastern Cooperative Oncology Group scale of performance status;
PLD: pegylated liposomal doxorubicin; NACT: neoadjuvant chemotherapy;
FIGO: International Federation of Gynaecology and Obstetrics, IDS: interval
debulking surgery.
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as mTOR, pAKT473, PTEN, in ovarian cancer cells in tis-
sues collected before and after NACT did not differ signif-
icantly. The data are presented in Figure 1.

The authors examined possible associations between the
expression of proteins involved in the PI3K/AKT/mTOR
pathway and several clinicopathological parameters (Table
2). They observed a trend towards a higher stage of diag-
nosis of ovarian cancer in patients with high expression of
mTOR, in comparison with patients with low expression
of mTOR (p = 0.0789). Other variables showed no signif-
icant associations between the expression of proteins in-
volved in the PI3K/AKT/mTOR pathway and clinico-

pathological parameters such as performance status, the use
of paclitaxel in NACT, the response by RECIST criteria,
platinum sensitivity, and the extent of IDS.

To evaluate the impact of the analyzed proteins and histo-
clinical variables on HGSOC patients treated by NACT,
univariate analysis was performed. The predictive factors
for PFS were identified (Table 3). In the univariate analysis,
the authors found that RECIST response (p = 0.0084) and
residual tumour size after debulking surgery (p < 0.0045)
correlated significantly with PFS. Among the analyzed pro-
teins, only PTEN was a predictive factor for PFS in the uni-
variate analysis. Patients with tumours displaying high

Figure 1. — Comparison of  expression of components
PI3KCA/AKT/mTOR pathway before and after neoadjuvant
chemotherapy in HGSOC cells.
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PTEN expression had shorter PFS than patients with low
levels of PTEN (10.9 mo vs. 12.7 mo; p = 0.0433; Figure
2). In the multivariate analysis, the authors found that lack

of optimal extent of IDS and high expression of PTEN were
independent adverse predictors of PFS (HR = 4.39, 95%
CI (2.00–9.65); p = 0.0002, and HR = 2.21, 95% CI (1.11–

Table 2. — Association between expression of components PI3KCA/AKT/mTOR pathway and clinicopathological parameters in
patients with advanced ovarian cancer treated by neoadjuvant chemotherapy (n=49).
PARAMETER  High      Low        p value     High          Low        p value     High         Low          p value     High         Low          p value       High        Low         p value 
                          PI3KCA PI3KCA                   AKT          AKT                         PTEN       PTEN                        mTOR      mTOR                          p70S6K   p70S6K
                          (HS>21) (HS≤21)                 (HS>231)  (HS≤23)                   (HS>204) (HS≤204)                  (HS>206) (HS≤206)                     (HS>64)  (HS≤64) 
                          N=16      N=33                        N=23         N=26                        N=14        N=35                         N=28        N=21                            N=37       N=12                  
Age, median 64        63         0.2630 a  65           60        0.0668 a  65          63          0.3820a  65          63           0.2709 a     64         64          0.4783 a

in years         (50-      (40                      (50          (39                      (51         (39                       (50         (39                          (39        (56
(range)          79)       -80)                     -80)        -79)                     -79)        -80)                      -80)        -79)                         -80)       -79)
Performance             
status            11         24         0.7749c    14           21         0.1278c  8            27          0.1659c   17           18           0.1102d      27          8            0.9581d

(ECOG):       5           9                         9             5                          6            8                          11          3                             10         4
≤1  ≥2 
FIGO Stage: 
IIIC               12         28         0.6588 d 19           21         0.8386 d   11          29          0.9535 d 20           20           0.0789 d   30          10          0.7996d

IVA/B           4           5                         4             5                          3            6                          8             1                             7           2
Paclitaxel in 
NAC             14         28         0.8520 d  19           23         0.8609 d   10          32          0.1753 d  23           19           0.6800 d     32          10          0.8388 d

Yes                2           5                         4             3                          4            3                          5             2                             5            2
No                 
Extent of IDS:
Optimal 
(<1 cm)         11         21         0.7271 c  16           16         0.5599 c  8            24          0.4524 c 17           15           0.4403 c   23          9            0.6434 d

Suboptimal   5           12                       7             10                        6            11                        11           6                             14          3
(>1 cm) or 
Not performed           
Platinum
response:
sensitive       6           16         0.4731 c   10           12         0.8509 b   8            14          0.2807c 15           7             0.1630 c     19          3           0.2074 d

(>6 months)  10        17                       13           14                       6            21                        13          16                           18          9 
refractory 
(≤6 months) 
Response by 
RECIST       5           9           0.7749 c   6             8           0.7201 c 5             9            0.4884c   9            5             0.5271 c     12          2            0.4947 d

criteria:         11        24                       17           18                        9            26                        19           16                           25          10
PD, SD
PR, CR 
a: Mann-whitney test; b: Chi-square; c: Yates corrected test; d: V-square test; RECIST: Response Evaluation Criteria in Solid Tumors; CR: complete response; PR: partial re-
sponse; SD: stable Disease; PD: progressive disease; ECOG: The Eastern Cooperative Oncology Group scale of performance status; NACT: neoadjuvant chemotherapy;  IDS:
interval debulking  surgery; FIGO: International Federation of Gynaecology and Obstetrics.

Figure 3. — Overall survival in patients with high grade serous
ovarian carcinoma who underwent neoadjuvant chemotherapy by
mTOR expression.

Figure 2. — Progression free survival in patients with high grade
serous ovarian carcinoma who underwent neoadjuvant
chemotherapy by PTEN expression.
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4.39); p = 0.0234, respectively).
Univariate analysis identified the following as prognostic

factors for OS: residual tumour size after debulking surgery (p
= 0.0062), RECIST response (p = 0.0192), the use of paclitaxel
in NACT (p = 0.0374), and platinum sensitivity (p = 0.0019).
Among the analyzed proteins, only high mTOR expression was
a prognostic factor for shortened OS in the univariate analysis
(16.6 mo vs. 37.5 mo; p = 0.0048; Figure 3).

In the multivariate analysis, the following adverse inde-
pendent prognostic factors were identified: high mTOR ex-
pression (HR = 3.86; 95% CI (1.75–8.56); p = 0.0009),
suboptimal range or no IDS performed (HR = 3.94; 95%
CI (1.76–8.83); p = 0.0009), platinum resistance (HR =
2.29; 95% CI (1.13–4.64); p = 0.0212), and the lack of pa-

clitaxel in the NACT (HR = 4.76; 95% CI (1.80–12.59); p
= 0.0017) (Table 4). 

Discussion

PI3K/AKT/mTOR is commonly deregulated in human
cancers, due to mutations in PI3KCA, AKT, and PTEN or
the loss of PTEN. The PI3K/Akt/mTOR pathway regulates
several normal cellular functions that are also critical for
tumourigenesis, including cellular growth and proliferation,
survival, angiogenesis, and mobility. This pathway is fre-
quently abnormal in a variety of tumours, including hepa-
tocellular carcinoma, esophageal carcinoma, lung cancer,
and breast cancer) [8-11]. 

Table 3. — Effect of variables on progression-free survival (PFS) in patients with high grade serous ovarian carcinoma
treated with neoadjuvant chemotherapy (n = 49).
Parameter                                                      Patients              Median PFS (months)           p value                        Multivatiate analysis          
                                                                       n          %                                                                                              Hazard ratio  (95% CI)       p value
Extent of IDS:                                   32      65         14.7                                0.0045*                 4.39 (2.00-9.65)           0.0002
• Optimal (< 1 cm)                           17      35         10.0
• Suboptimal (> 1 cm) / not performed      

PTEN expression before NACT:       14      29         10.9                                0.0433*                 2.21 (1.11-4.39)           0.0234
• High                                              35      71         12.7
• Low                                               

RECIST response:                              14      29         8.2                                  0.0084                  NS                               NS
• SD/PD                                           35      71         14.3
• PR/CR 

Age (years):                                       34      69         12.1                                0.5641  
• < 70                                               15      31         11.9
• ≥ 70 

Performance status (ECOG):             35      71         12.9                                0.5313 
• ≤ 1                                                  14      29        11.0
• ≥ 2 

FIGO Stage:                                      40      82         12.5                                0.7074
• IIIC                                                9        18         10.5
• IVA/B                                            

Number of cycles NAC:                    35      71         12.1                                0.5833
• 3                                                     14      29         11.1
• > 3 

Paclitaxel in NACT:                           42      86         12.8                                0.1291
• Yes                                                 7        14         10.6
• No                                                  

mTOR expression before NACT:      28      57         11.3                                0.4106
• High                                              21      43         12.9
• Low                                               

AKT expression before NACT:         23      47         13.4                                0.3471
• High                                              26      53         11.9
• Low                                                         

PI3KCA expression before NACT:   16      33         12.7                                0.6206
• High                                              33      67         12.0
• Low                                               

p70S6K expression before NACT:    37      76         11.9                                0.5279
• High                                              12      24         13.2
• Low                                               

* the value of the probability of a statistically significant (p <0.05); CI: confidence interval;; RECIST: Response Evaluation Criteria in Solid Tumors; CR: complete
response; PR: partial response; SD: stable disease; PD: progressive disease; ECOG: The Eastern Cooperative Oncology Group scale of performance status;
NAC: neoadjuvant chemotherapy;  IDS: interval debulking  surgery; FIGO: International Federation of Gynaecology and Obstetrics.
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Due to an ever-expanding number of treatment options
in epithelial ovarian cancer, involving very different mech-
anisms, there is a great need for biological markers to pre-
dict therapeutic response. In this study, the authors
evaluated the IHC expression of proteins involved in the
PI3K/AKT/mTOR pathway as potential predictive and
prognostic factors in patients with epithelial ovarian cancer
who were eligible NACT with interval debulking surgery
(NACT-IDS). The authors found that the expression of
PI3KCA and p70S6K in cancer cells before and after NAC,
did not display a significant impact on OS and PFS. They

noted a significant decrease in the expression of PI3KCA
and p70S6K in ovarian cancer cells after NACT, as com-
pared to before treatment. 

In a recently published retrospective comparative data
analysis of a large cohort of patients with uterine papillary
serous carcinoma (UPSC) and ovarian serous tumours pro-
filing of alterations in PI3K/AKT/mTOR pathways were
assessed. The authors showed that UPSC shares many mo-
lecular features with high-grade ovarian carcinoma, includ-
ing a high frequency of p53 mutation; however, higher rates
of PIK3CA mutations were observed in UPSC compared

Table 4. — Impact of clinicopathological parameters on overall survival in patients with high grade serous ovarian car-
cinoma treated with neoadjuvant chemotherapy (n=49).
Parameter                                                      Patients               Median of OS (months)        p value                        Multivariate analysis          
                                                                       n          %                                                                                              Hazard ratio  (95% CI)       p value
Paclitaxel in NACT:                           42      86         12.3                                0.0374*                 4.76 (11.80-12.59)       0.0017*
• Yes                                                 7        14         26.9
• No                                                  

Extent of IDS:                                   32      65         33.4                                0.0062*                 3.94 (1.76-8.83)           0,0009*
• Optimal (< 1 cm)                           17      35         14.5
• Suboptimal (> 1 cm) / not performed      

mTOR expression before NACT:      28      57         16.6                                0.0048*                 3.86 (1.75-8.56)           0,0009*
• High                                              21      43         37.5                                
• Low                                                                     

Platinum response:                             27      55         34.1                                0.0019*                 2.29 (1.13-4.64)          0.0212*
• Sensitivity                                      22      45         13.7
• Resistant 

RECIST response:                              14      29         13.7                                0.0192*                 NS                               NS
• SD/PD                                           35      71         28.4
• PR/CR 

Performance status (ECOG):             35      71         28.3                                0.0552                  NS                               NS
• ≤ 1                                                  14      29         12.4 
• ≥ 2 

Age (years):                                       34      69         25.1                                0.1179
• < 70                                               15      31         18.3
• ≥ 70 

FIGO Stage:                                      40      82         26.6                                0.4092
• IIIC                                                9        18         17.4
• IVA/B                                            

Number of cycles NAC:                    35      71         24.4                                0.2158
• 3                                                     14      29         19.7
• >3                                                             

AKT expression before NACT:         23      47         21.2                                0.8474
• High                                              26      53         23.0
• Low                                               

PI3KCA expression before NACT:   16      33         21.9                                0.8517
• High                                              33      67         30.1
• Low                                               

PTEN:                                                14      29         16.9                                0.1288
• High                                              35      71         27.1                                
• Low                                               

p70S6K expression before NACT:    37      76         22.2                                0.2406
• High                                              12      24         25.1
• Low                                                                                                             

* the value of the probability of a statistically significant (p < 0.05); CI:confidence interval;  RECIST: Response Evaluation Criteria in Solid Tumors; CR: complete
response; PR: partial response; SD: stable disease; PD: progressive disease; ECOG: The Eastern Cooperative Oncology Group scale of performance status;
NACT: neoadjuvant chemotherapy;  IDS: interval debulking  surgery; FIGO: International Federation of Gynaecology and Obstetrics.
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to ovarian serous carcinoma (29% vs. 2%). The study
showed an overall low rate of PTEN mutations in UPSC,
which was still significantly higher compared to ovarian
serous carcinoma (7% vs. 1%) [12].

The present authors observed high PTEN expression be-
fore NACT in 29% of the patients eligible for this study.
Patients with tumours displaying high PTEN expression
had shorter PFS than patients with low levels of the protein.
In multivariate analysis, they found that the high expression
of PTEN was an independent adverse predictor of PFS.
These results are consistent with those obtained by Bakkar
et al. [13] who assessed PTEN expression in 126 women
with Stage III, high-grade serous carcinoma of the
ovary/peritoneum treated with surgery and then a platinum–
based regimen. Positive PTEN expression was independent
of surgical debulking status or platinum sensitivity and
PTEN–positive tumours were associated with significantly
decreased recurrence–free survival. On the other hand,
Wang et al. [14] suggested that low expression of PTEN
can be linked to chemoresistance in patients with ovarian
cancer. Similarly, Lee et al. [15] observed that reduced
PTEN expression was a poor prognostic factor for DFS in
a group of 151 patients with epithelial ovarian cancer who
were treated with debulking surgery and postoperative tax-
ane and platinum chemotherapy. The differences in the im-
pact of the expression of PTEN on parameters associated
with response to treatment and survival may be due to the
differences in repeatability evaluation by a pathologists;
however, Bakkar et al. [13] described that the scoring sys-
tem could be reproducible among pathologists. The rela-
tionship between improved survival and a low expression
of PTEN can, in part, be explained by compound the loss
of PTEN protein function and disturbances in the homolo-
gous recombination. The tumours with homologous recom-
bination deficient usually showed improved survival.
PTEN plays a key role in editing the histone code, remod-
eling chromatin status and global transcription deregulation
[15].

In the present study, the authors observed that the high
expression of mTOR was an independent adverse prognos-
tic factor. In contrast, No et al. [16] found that the expres-
sion of active mTOR had no impact on the survival of
patients with ovarian cancer. Several studies reported that
the expression of p-mTOR is associated with poor progno-
sis in patients with breast cancer [17] or head and neck
squamous cell carcinoma [18], while other studies sug-
gested that overexpression of p-mTOR was a good prog-
nosis factor in gastric cancer [19]. These discrepancies can
be attributed to the negative feedback loop that regulates
mTOR and AKT molecular crosstalk within the mTOR sig-
naling pathway [16].

In conclusion, the expression of PTEN is able to predict
the effects of preoperative chemotherapy in patients with
HGSOC. The expression of mTOR may also be an inde-
pendent prognostic factor. Further studies are needed to

confirm and verify these findings in other prospective stud-
ies with NACT in HGSOC.
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