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Background: Epithelial ovarian cancer (EOC) is the most lethal gynaecological malignancy, and there is a 
deficiency of information in the literature on the early recognition of short-term survivor (STS). This study 
aimed to identify the clinicopathological factors associated with STS in late-stage EOC and to establish a 
predictive model to identify STS.
Methods: Selected patients with International Federation of Gynecology and Obstetrics (FIGO) stage 
III or IV EOC were included in the study, and a retrospective analysis was performed. The characteristics 
of the patients who survived not more than 2 years (STS) were compared to those who survived at least  
2 years (defined as long-term survivors, LTS). Binary logistic regression and receiver operating characteristic 
curve (ROC) were used to identify the independent prognostic factors associated with EOC and assess the 
predictive accuracy for STS.
Results: We identified 254 patients with advanced EOC including 57 STS and 197 LTS. A univariate 
analysis revealed that STS had a tendency to have omental metastasis and larger tumor size, to be platinum 
resistant, to have non-serous histology, to undergo suboptimal cytoreduction, to have comorbidity, and 
to undergo primary chemotherapy less than 6 courses. Binary regression analysis revealed that tumor 
size (P=0.033), platinum resistance (P<0.001), non-serous histology (P=0.048) and number of primary 
chemotherapy (P=0.028) were significant independent predictors of STS. A developed predictive model 
using these predictors had an AUC =0.831; platinum resistance alone had an AUC =0.732.
Conclusions: Tumor size, omental metastasis, platinum resistance, non-serous histology, and number 
of primary chemotherapy are predictors associated with STS when controlling other confounding factors. 
Tumor size and omental metastasis may be considered novel, important prognostic factors for advanced 
EOC patients. Platinum resistance was the most important prognosticator for STS; hence, more work is 
needed for the early identification and treatment of these EOC patients.
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Introduction

A global broad scale study including 865,501 women from 
61 countries recently reported that the 5-year survival 
rate for ovarian cancer was between 30% and 50%, and 
the survival trends were quite stable in most countries (1).  
Because epithelial ovarian cancer (EOC) has almost no 
early onset of symptoms and its current screening is difficult 
to be performed in the general population, nearly 80% 
of EOC patients were diagnosed during the late stage of 
the disease (2). After advanced EOC patients underwent 
cytoreductive surgery combined with platinum-based 
chemotherapy, about 15% of them could obtain 10 years 
survival after the diagnosis (3-5). In contrast, still 20–30% 
of EOC patients who were diagnosed with the same disease 
and who underwent similar treatment had a survival rate 
not exceeding 2 years (6). Current clinical algorithms fail to 
distinguish these EOC patients from long-term survivors 
(LTS) at the time of diagnosis, and as a result, such patients 
and LTS are treated similarly. Hence, identifying the 
significant predictors of poor prognosis in EOC patients 
may lead to a development of more targeted therapeutic 
regimens and may improve the survival outcomes of EOC 
patients in the future.

Approximately 1,900 stage III aggressive EOC patients 
were included into a study conducted by Winter and 
colleagues; they identified the independent predictors 
of poor prognosis in stage III EOC patients, including 
mucinous or clear-cell histology, increasing age, impaired 
performance status, and gross residual disease (RD), which 
have been widely recognized so far (7). Additionally, 
recent extensive studies have focused on identifying the 
clinicopathological factors that LTS possessed in advanced 
EOC (4,8-11). While there is a deficiency of information 
in the literature on the early recognition of short-term 
survivor (STS) of advanced EOC to date, some prognostic 
factors of ovarian cancer were well-known, but we have 
hardly found any research on tumor size and omental 
metastasis that affected the overall survival (OS) in advanced 
EOC patients.

In this present study, we aimed to identify EOC patients 
who were considered as STS and the clinicopathological 
factors associated with their poor prognosis. Most 
prior studies were committed to exploring the clinical 
characteristics, tumor immune microenvironment, and 
germline variants of LTS (4,9-12), while ignoring the 
urgent healthcare need of STS. Identifying the significant 
predictors of STS with advanced EOC provides better 

personalized treatment. Physicians could perform direct 
trials to new treatments to EOC patients who are likely 
to be categorized as STS, supporting the ability of clinical 
trials to produce clinical benefits. This study aimed to 
identify the clinicopathological factors associated with STS 
and to improve the survival outcomes of EOC patients who 
are considered STS.

Methods

Patient selection

This retrospective study reviewed the medical records 
of women with International Federation of Gynecology 
and Obstetrics (FIGO, 2014) stage III or IV EOC who 
were treated at the First Affiliated Hospital of Chongqing 
Medical University, Chongqing, China, from March 1, 
2011, to December 31, 2018. All of them underwent 
primary or interval cytoreductive surgery with or without 
adjuvant chemotherapy. We excluded women who merely 
underwent palliative chemotherapy, who had other 
malignant tumors, and who were followed up within 2 years 
after undergoing the primary treatment and were still alive. 
Patients with primary peritoneal cancer were also excluded. 
The study was approved by the Ethics Committee of the 
First Affiliated Hospital of Chongqing Medical University.

Data collection

STS refer to patients who survived not more than 2 years 
after initially undergoing cytoreductive surgery or first cycle 
of neoadjuvant chemotherapy. Patients who survived at least 
2 years after undergoing the initial treatment were defined 
as LTS and were classified as the comparison group. We 
obtained patients’ demographic and clinical information 
through the patients’ electronic medical records from the 
hospital information system of the First Affiliated Hospital 
of Chongqing Medical University.

The database contains detailed demographic, clinical, 
and pathologic characteristics of the patients, including age 
at diagnosis, tumor size, histology, grade, body mass index 
(BMI), pretreatment serum CA-125 level, comorbidity, RD, 
ascites volume, platinum-free interval (PFI), chemotherapy 
administered, omental metastasis and treatment.

Tumors were graded as well (G1), moderately (G2), or 
poorly (G3) differentiated, but many clear-cell carcinomas 
and mucinous carcinomas were not graded in our medical 
records. Non-serous EOC included mucinous carcinoma, 
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endometrioid tumor, clear-cell  carcinoma, mixed, 
and carcinosarcoma. RD ≤1 cm was found in optimal 
cytoreduction and RD >1 cm in suboptimal cytoreduction. 
PFI was defined as the period from the cessation of 
primary platinum-based chemotherapy to recurrence or 
progression of the disease. PFI <6 months was defined 
as platinum resistant and PFI ≥6 months as platinum 
sensitive, respectively. OS refers to the time from the start 
of definitive diagnosis to death due to any cause. Omental 
metastasis was based on the pathologist’s report using the 
postoperative specimens. Ascites volume was obtained 
from surgical record and was measured in milliliters. 
Comorbidity mainly refers to diseases of the heart, brain, 
liver, kidneys, and blood vessels, and the existence of one or 
more of the abovementioned diseases was defined as “yes”, 
and the absence of any abovementioned diseases except for 
primary EOC was defined as “no”. The BMI (weight in 
kilograms divided by the square of height in meters, kg/m2) 
was calculated at diagnosis. Tumor size was obtained from 
the surgical records and calculated as the largest diameter 
of the primary lesion (centimeter); if the bilateral ovary 
or fallopian tube had a tumor, the sum of both sides was 
calculated.

Statistical analyses

Data were analyzed using SPSS version 25.0 (IBM, Armonk, 
NY, USA). Descriptive statistics were used to analyze the 
patients’ demographic and clinical characteristics, and chi-
squared test or Fisher’s exact test were used to analyze 
the categorical variables. Statistical significance of the 
continuous variables was assessed using the Wilcoxon 
signed-rank tests and was also summarized as the median 
with interquartile range (IQR). The independent prognostic 
factors of STS were determined using binary logistic 
regression models. The Cox proportional hazards model 
was used to estimate hazard ratios and 95% confidence 
intervals. Receiver operating characteristic (ROC) curves 
were used to assess the predictive accuracy of STS with 
advanced EOC. P≤0.050 was considered to be statistically 
significant.

Results

Patient characteristics

A total of 430 patients with FIGO stage III or IV EOC and 
fallopian tube cancer were identified in the First Affiliated 

Hospital of Chongqing Medical University from March 1, 
2011, to December 31, 2018. We excluded 4 patients with 
other malignant tumors, 2 patients with breast cancer, 1 
patient with leukemia, and 1 patient with lung cancer. A 
total of 3 patients who did not undergo primary surgery, 
130 patients who were followed up for less than 2 years and 
still alive, and 39 patients who missed multiple variables 
were excluded. Finally, 57 STS (OS ≤2 years) and 197 LTS 
(OS >2 years) were included in the analysis, and the median 
age of these patients was 52 years (Q1:47 to Q3:60 years). 
The median follow-up time was 35 months (Q1:26 to 
Q3:49 months), and a total of 187 (73.6%) and 112 (44.1%) 
patients, respectively, experienced disease recurrence and 
eventually died.

The clinicopathological characteristics of STS and LTS 
are described in Table 1. From this table, age at diagnosis, 
BMI, ascites volume, preoperative serum CA-125 level, 
neoadjuvant chemotherapy, and FIGO stage and tumor 
grade were similar between the two groups. Patients who 
were considered STS were more likely to have bigger 
tumor size and RD >1 cm, to be platinum resistant, to 
have non-serous EOC, to undergo a number of primary 
chemotherapy less than six times, and to have omental 
metastasis and comorbidity. Majority of the patients 
underwent primary cytoreductive surgery, and all patients 
underwent platinum-based chemotherapy except for 2 STS, 
and 66 patients underwent neoadjuvant chemotherapy 
before surgery, and 21 of them were able to complete 
intermediate cytoreductive surgery. Most patients in the 
two groups presented with serous cancers, and 15 (26.3%) 
non-serous subtypes were observed including 8 mucinous, 3 
endometrioid, 2 clear cell, and 2 mixed in STS vs. 17 (8.6%) 
non-serous subtypes in LTS (P<0.001). There were nearly 
seven times as many cases of stage III than those of stage 
IV, but grade information was missing in 18.1% of cases. 
Compared with LTS, the greater omentum was greatly 
invaded with cancer in STS, and only 5 (8.8%) patients who 
were considered STS showed no omental lesions according 
to the pathology report. A total of 19 (9.6%) LTS had 
a maximum tumor diameter of ≥20 cm, and 13 (22.8%) 
patients who were considered STS had also the same result 
(P=0.005). No obvious difference in the presence or absence 
of ascites volume was found between the two groups 
(P=0.878).

Specific clinicopathological factors of STS

Out of the 57 STS, 3 (5.2%) of them died within 6 months 



2399Translational Cancer Research, Vol 8, No 6 October 2019

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2019;8(6):2396-2404 | http://dx.doi.org/10.21037/tcr.2019.09.53

Table 1 Comparison of clinicopathologic factors associated with short-term survival

Factors STS (OS ≤2 years) LTS (OS >2 years) Overall P value#

Overall count 57 (22.4) 197 (77.6) 254 (100.0)

Age (year) 0.470

Median (range) 53 [34–83] 52 [26–80] 52 [26–83]

BMI (kg/m2) 0.396

Median (range) 23.2 (16.4–31.6) 23.3 (16.4–35.3) 23.3 (16.4–35.3)

Unknown 5 (2.0) 28 (11.0) 33 (13.0)

Tumor size (cm) 0.009**

Median (range) 13 (1–49) 10 (1–36) 10 (1–49)

Unknown 3 (1.2) 11 (4.3) 14 (5.5)

Pretreatment CA125 (mIU/L) 0.152

Median (range) 572 (40–15,909) 946 (18–24,378) 850 (18–24,378)

Unknown 3 (1.2) 17 (6.6) 20 (7.8)

Ascites (mL) 0.152

Median (range) 700 (0–10,000) 300 (0–8,000) 400 (0–10,000)

Unknown 4 (1.5) 10 (4.0) 14 (5.5)

Tumor grade 0.784

G1 41 (16.1) 136 (53.5) 177 (69.6)

G2 6 (2.4) 15 (5.9) 21 (8.3)

G3 3 (1.2) 7 (2.8) 10 (4.0)

Unknown 7 (2.8) 39 (15.3) 46 (18.1)

Histology <0.001**

Serous 42 (16.5) 180 (70.9) 222 (87.4)

Non-serous 15 (6.0) 17 (6.7) 32) (12.7)

FIGO stage 0.754

III 49 (19.3) 172 (67.0) 221 (87.0)

IV 8 (3.1) 25 (9.8) 33 (13.0)

Residual disease 0.028*

≤1 cm 34 (13.4) 147 (57.9) 181 (71.3)

>1 cm 23 (9.0) 50 (19.7) 73 (28.7)

Platinum sensitivity <0.001**

Resistant 33 (13.0) 24 (9.4) 57 (22.4)

Sensitive 24 (9.4) 173 (68.1) 197 (77.5)

Neoadjuvant chemotherapy 0.948

Yes 15 (6.0) 51 (20.0) 66 (26.0)

No 42 (16.5) 146 (57.5) 188 (74.0)

Table 1 (continued)
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after the diagnosis; among them, one patient died of 
hypertension with cerebrovascular rupture, and the other 
2 patients, who were 68 and 70 years old, had tumor sizes 
measuring 16 and 20 cm, respectively; both of them had 
high-grade serous carcinomas, and optimal cytoreduction 
was the primary surgery, with omental metastasis caused 
by ovarian cancer progression, but one of them refused to 
undergo any chemotherapy. OS of 14 (24.6%) STS was  
6–12 months, the median age of these patients was  
49 year, and tumor size in all these patients was ≥10 cm 
(median, 18 cm); among these women, 13 (92.9%) were 
confirmed by the pathologists to have omental metastasis, 
10 (71.4%) patients had RD ≤1 cm, but 7 of them were 
platinum resistant; and the histological subtypes included 

the following: 7 serous, 4 mucinous, 2 mixed, and 1 
endometrioid, that is to say, half of the mucinous STS (4/8) 
died within 1 year. In addition to the 17 patients mentioned 
above, the other 40 died between 12 and 24 months, and 
most of these women were platinum resistant.

Binary regression analysis and predictive model of STS

The final predictive model had seven main factors as shown 
in Table 2. Using a binary regression analysis, we found that an 
increase in tumor size was correlated with higher odds ratio 
of STS, independent of disease status. We also found that 
undergoing 6 courses or more of chemotherapy lowers the 
odds ratio (OR) of LTS and non-serous and platinum resistance 

Table 1 (continued)

Factors STS (OS ≤2 years) LTS (OS >2 years) Overall P value#

Number of primary 
chemotherapy

0.022*

<6 17 (6.7) 32 (12.6) 49 (19.3)

≥6 40 (15.7) 165 (65.0) 205 (80.7)

Omental metastasis 0.019*

Yes 52 (20.5) 152 (59.8) 204 (80.3)

No 5 (2.0) 45 (17.7) 50 (19.7)

Comorbidity 0.027*

Yes 26 (10.2) 59 (23.2) 85 (33.5)

No 31 (12.2) 138 (54.3) 169 (66.5)

Data are resented as n (%) or median (range). #, Wilcoxon signed-rank tests and chi-squared test were used to calculate the P values. *, 
P<0.05; **, P<0.01. FIGO, International Federation of Gynecology and Obstetrics. 

Table 2 Binary logistic regression models of prognostic factors 

Factors OR (95% CI) Comparison P value

Tumor size 1.057 (1.005–1.112) Continuous 0.033*

Residual disease 1.090 (0.481–2.470) >1 cm reference: ≤1 cm 0.836

Platinum sensitivity 0.083 (0.036–0.191) Sensitive ref: resistant <0.001**

Histology 0.367 (0.132–1.019) Serous ref: non-serous 0.048*

No. of CHT 2.719 (1.116–6.623) <6 times ref: ≥6 times 0.028*

Comorbidity 1.629 (0.739–3.587) Yes ref: no 0.226

Omental metastasis 3.214 (0.931–11.103) Yes ref: no 0.065

*, P<0.05; **, P<0.01. Covariate effects is the estimated odds ratio (OR) for surviving not exceed 2 years. OR >1 indicates improved odds 
of STS relative to the comparison group. No. of CHT, number of primary chemotherapy.
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increases the OR of STS, independent of disease status. Our 
model did not demonstrate an independent association of RD, 
comorbidity, or omental metastasis with STS.

Predictive accuracy of the final model was assessed 
using the AUC. The final model using these independent 
variables had AUC =0.831, as shown in Figure 1. The other 
ROC curves in Figure 1 illustrate the influence of tumor 
size, platinum resistance, and histology on the predictive 
accuracy of the final model. Accuracy was strongly 
influenced by platinum resistance (alone AUC =0.732).

Discussion

Recently, substantial studies highlight the clinicopathological 
variables associated with long-term survival (some defined 
OS ≥5 years, and others defined OS ≥10 years) among 
advanced EOC patients (5,8-12), but there were few 
scholars who identified these characteristics of STS. In this 
study, we identified the demographic, surgical, pathologic, 
and treatment-related clinical factors associated with short-
term survival in advanced EOC. Our results revealed that 
patients who were considered STS were prone to have the 
following characteristics: platinum resistant, non-serous 
(especially mucinous type) histology, larger tumor size, 
suboptimal cytoreduction, omental metastasis, comorbidity, 
and primary chemotherapy less than 6 courses in univariate 
analyses. This finding is significant because it identified 
STS at the initial diagnosis and attempted to receive novel 
therapeutic regimen and improve OS.

Many prognostic factors for EOC are widely recognized, 
including FIGO stage, tumor grade, RD after initial 
surgery, age at diagnosis, and histologic types (7). Consistent 
with the majority of findings, patients who were considered 
STS underwent suboptimal cytoreduction, were platinum 
resistant, had comorbidity and non-serous histology, and 
did not finish the initial chemotherapy course (13-16).  
Population-based studies invariably owe long-term 
survival to optimal surgical cytoreduction and primary 
platinum resistance and, in some cases, aggressive surgical 
intervention after disease recurrence (4,5,8-12). In terms 
of FIGO stage, tumor grade, and age, these were not 
associated with short-term survival in our analysis, possibly 
due to the effect of small sample size and short follow-up 
time. Recent data indicated that a large amount of ascites 
at the initial diagnosis of EOC was associated with worse 
prognosis, which may be related in part to decreased 
possibility of performing complete tumor resection as 
well (17). Additionally, ascites volume strongly promotes 
angiogenesis and increases cancer cells’ transmesothelial 
invasion (18,19), and a more interesting finding was that 
the expression of multidrug resistance associated protein 
in ovarian cancer cells was caused by increased ascites 
volume (20), but exact mechanism is yet unclear. Our results 
demonstrate the median of ascites volume in STS was 
700 mL compared to that of LTS, which was 300 mL, but 
there is no significant difference, and we need to include 
more patients to explore the impact of ascitic fluid volume 
on survival. A low pretreatment serum CA-125 level was a 
significant independent predictor in LTS (10); in contrast, 
STS had a slightly lower serum CA-125 level (median, 
572 vs. 946 m/IU) in this present study, which maybe 
interfered by histological types. There is no consensus on 
the impact of obesity in EOC, and some studies confirmed 
that increasing BMI was associated with increased risk of 
death (21); nevertheless, Bandera et al. reported that obesity 
increased the survival among advanced EOC women (22).

Data are still dearth as regards the associations of tumor 
size with EOC survival, and a recent study reported that the 
normal-sized ovary was associated with poor OS compared 
with that of enlarged ovaries in EOC (23); earlier research 
illustrated that tumor volume had a predictive value for 
response to platinum-based chemotherapy and larger 
primary tumor volume was more likely to have a shorter 
time to progress in advanced EOC (24). Our current data 
revealed that STS have a tendency to have larger tumor 
size; in other words, tumor size may be a prognostic factor 
for EOC.

1-Specificity

Platinum sensitivity alone: 0.732 (0.647–0.817)

Histology alone: 0.592 (0.500–0.684)

Tumor size alone: 0.617 (0.532–0.703)

Final model: 0.831 (0.765–0.896)

0.0          0.2         0.4          0.6           0.8          1.0
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Figure 1 ROC curves of the final predictive model, compared to 
predictive ability of platinum sensitivity, tumor size and histology.
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The main site of ovarian cancer metastasis is the 
omentum, and abundant evidence suggests that the 
omentum functions as a niche that promotes ovarian cancer 
metastasis, and the main mechanism included increasing 
cell cycle duration and chemoresistance (25-27). Ferber 
reported that lymphangiogenesis in ovarian cancers appears 
to be affected by omental fat (28). To our knowledge, 
almost no one has studied the relationship between omental 
metastasis and OS so far in late-stage EOC, and this study 
revealed that STS had tendency a to undergo omental 
metastasis instead of other extrapelvic organ metastases. 
We will include more samples in different ways to explore 
whether omental metastasis is an independent prognostic 
factor in patients with advanced EOC.

When controlling for the other confounding factors, 
our study revealed that tumor size, platinum resistance, 
non-serous histology, number of primary chemotherapy, 
and omental metastasis were considered the significant 
predictors of STS in a multivariate analysis. The model’s 
predictive (AUC, 0.83) model may discriminate STS 
adequately to change traditional treatments that might 
eventually improve clinical benefits (29). In sum, there are 
multiple avenues to become a STS, but the strongest factor 
may be primary platinum resistance (alone AUC, 0.73). 
Researchers like Slaughter and colleagues investigated 330 
women with high-grade serous ovarian cancer and found 
that 25% of patients were primary platinum resistant (PPR), 
and the median PFS and OS of PPR patients were 4.2 and 
17.8 months, respectively (30). Thomas et al. had similar 
report, PPR manifested earlier is a bad prognosis for EOC 
patients, and also found that neither age, primary treatment, 
RD, and histology nor clinical trial was associated with 
PPR (31). Great progress has been made in recent years 
in making the mechanisms of platinum resistance clear 
in EOC, which mainly consist of constitutional germline 
mutations in BRCA1/BRCA2, epigenetic changes, and 
molecular anomalies of DNA repair pathways (32). 

Antiangiogenic therapies and poly (ADP-ribose) polymerase 
inhibitors were approved as new treatment options for 
ovarian cancer (33), and a randomized phase III trial called 
JAVELIN Ovarian 200 is being conducted to investigate 
the role of avelumab (anti-PD-L1) in platinum-resistant or 
refractory EOC patients (34). However, there are still no 
effective therapeutic approaches for patients with platinum-
resistant EOC, and it is necessary for us to eliminate 
any platinum resistant modifiable risk factors to improve 
patients’ OS beyond the 24-month mark.

Limitations of our study include the following. First, 

this is a retrospective observational study, which may have 
potential recall and confusion bias. Second, the inclusion 
criteria for this study are not strict enough; hence, all 
patients should be treated similarly on a clinical trial to 
reduce some interference. Third, tumor size in surgical 
record may not be very accurate; thus, imaging examinations 
such as ultrasound or magnetic resonance imaging should 
be performed to make it more precise. Lastly, it was 
impossible to obtain the specimens of these STS to analyze 
the genetic factors such as the presence of BRCA mutations 
or other genomic data concerning chemosensitivity. Further 
exploration focusing on the gene and protein expression 
profiles of STS patients’ tumors and integration of this 
knowledge with identifiable clinicopathological factors will 
hopefully point the way to improved OS for EOC patients.

In conclusion, the present study provided evidence to 
identify STS according to clinicopathological characteristics. 
Tumor size and omental metastasis may be novel, important 
prognostic factors for advanced EOC patients. Further 
studies are needed to explore genes or other markers that 
are correlative of platinum resistance. Additionally, more 
studies are needed to achieve reliable and feasible model 
into a clinically useful calculation.
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