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Abstract: About 20% of patients with high grade serous epithelial ovarian carcinoma (HGSOC) are intrinsically 
resistant to standard first-line platinum-based combination therapy. There is no marker yet available to identify 
these patients. In that context, all patients with HGSOC initially receive the same standard first-line platinum-based 
therapy, and those with intrinsically resistant diseases can only be identified retrospectively after they experienced 
early relapse to therapy. The aim of this study was to evaluate serum or ascites CA125 and ascites leptin in patients 
with intrinsic resistance and to compare them with those of sensitive patients. To this end, we enrolled 80 women 
with HGSOC who underwent cytoreductive surgery. Thirty seven were considered to have baseline clinical resistance 
to first-line therapy with progression-free survival < 6 months despite treatment. Serum were collected preoperatively 
and ascites samples were collected at the time of the surgery. The levels of CA125 and leptin were measured by 
ELISA. Patients with baseline clinical resistance to first-line therapy had a significantly poorer outcome compared to 
patients with sensitive HGSOC with an OS of 21 months versus 43 months. Median levels of serum CA125, ascites 
CA125 and ascites leptin were not significantly different between patients with sensitive and resistant HGSOC. 
Serum CA125/ascites leptin ratio was found to be significantly elevated in resistant patients compared to patients 
with drug-sensitive diseases. In ROC analysis, the AUC for serum CA125/ascites leptin ratio was higher than CA125 
or leptin alone to differentiate patients with resistance from those with sensitive HGSOC. Elevated serum CA125/
ascites leptin ratio was a predictor of poor OS in HGSOC patients. Thus, serum CA125/ascites leptin is a potential 
novel biomarker to predict baseline clinical resistance to first-line treatment and poor outcome in patients with 
HGSOC.
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Introduction

Despite extensive efforts to improve treat-
ments, ovarian cancer (OC) remains a deadly 
disease with a median progression-free surviv-
al (PFS) of only 16-22 months and a 5-year sur-
vival rate of < 30% [1]. This high mortality is 
related to the often asymptomatic OC progres-
sion (most women present with an advanced 
metastatic disease) and the frequent occur-
rence of drug resistance [2, 3]. Management  
of these patients include a complete cytore- 
ductive surgery followed by chemotherapy. 

Platinum-based combination chemotherapy is 
the standard first-line treatment for advanced 
stage OC. Although overall initial response 
rates to first-line platinum based chemotherapy 
are good (80%), 20% of patients will not respond 
to the initial chemotherapy and will be con-
sidered to have baseline clinical resistance [4, 
5]. Baseline clinical resistance (the so-called 
refractory patients) is defined by the absence of 
response to platinum-based therapy or pro-
gression during the course of therapy, or if the 
clinical progression-free survival (PFS) is less 
than 6 months [6]. Furthermore, the majority of 
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patients who respond to first-line therapy will 
ultimately develop recurrent disease. High-
grade serous OC (HGSOC) is the most common 
histotype, which is associated with spread into 
the peritoneal cavity and late onset of symp-
toms [7].

Predictive biomarkers are urgently needed to 
improve diagnosis, guide new molecular target-
ed therapy and monitor activity and therapeutic 
response across a wide spectrum of cancers. 
In particular, the identification of novel surro-
gate biomarkers to identify HGSOC patients 
with baseline clinical drug resistance would sig-
nificantly decrease the mortality and the mor-
bidity associated with unnecessary chemother-
apy toxicity. Currently, patients with baseline 
clinical resistant diseases can only be identi-
fied retrospectively after they experienced a 
lack of response to first-line therapy.

Increased adiposity is associated with incre- 
ased cancer incidence, morbidity and mortality 
[8]. Furthermore, epidemiological studies have 
shown that obesity is associated with an 
increased risk of OC as a high body mass in- 
dex (BMI) strongly correlates with the occur-
rence of OC [9, 10]. Cancer-associated adipo-
cytes support the growth and metastasis of 
cancer cells, contributing to an invasive and 
aggressive phenotype [8]. Leptin is a pleiotro-
pic adipokine that is produced primarily in adi-
pose tissue. Leptin is expressed at high levels 
in ascites of patients with OC [11] and is known 
to stimulate tumor cell proliferation, migration 
and invasion [12]. Recent studies have sug-
gested that high circulating levels of leptin cor-
relate with a worse outcome in OC [13, 14]. 
Tumor expression of leptin is associated with 
cisplatin resistance [15]. The tumor antigen 
CA125, encoded by MUC16 mucin gene, is cur-
rently used in clinic for disease monitoring and 
assessing response and relapse to treatment 
[16-21]. The N-terminal extracellular region of 
MUC16 is cleaved and released into the serum 
of patients with HGSOC [16, 17]. Recent stud-
ies suggest that a Risk of Ovarian Malignancy 
Algorithm (ROMA) incorporating CA125 and 
HE4 levels in serum shows a high potential for 
discriminating ovarian cancer from benign 
gynecological diseases [22, 23]. Several stud- 
ies have demonstrated that MUC16 C-terminal 
domain enhanced proliferation, migration, inva-
sion and tumorigenicity of ovarian, breast and 

pancreatic cancer cell lines [25, 26]. Ectopic 
expression of MUC16 C-terminal domain has 
also been shown to confer enhanced resist-
ance to cisplatin and taxol [27]. A recent study 
suggested that the combination of CA125 and 
leptin could be a potential predictor of baseline 
clinical resistance in OC [11]. These data sug-
gest that quantification of CA125-leptin ratio 
might be useful as a predictive and prognostic 
biomarker for OC.

Ascites is an attractive biofluid for biomarker 
discovery as it is easy and minimally invasive to 
obtain. Proximal fluids such as ascites-as 
opposed to serum-might reflect events in ovar- 
ian tumorigenesis earlier than in peripheral 
blood circulation [28]. Furthermore, the con-
centration of soluble factors is usually much 
higher in ascites compared to serum [29]. Thus, 
the accessibility of ascites-a simple non-inva- 
sive puncture-provides an excellent source  
of potential diagnostic and prognostic bio- 
markers.

Accordingly, in the present study, we aimed to 
evaluate the clinical significance of CA125 lev-
els in both serum and ascites and leptin levels 
in ascites and whether their expression levels 
in HGSOC patients could serve as a biomarker 
for predicting baseline clinical resistance and 
outcome.

Material and methods

Patients

The study population consisted of 80 patients 
with newly diagnosed HGSOC admitted at the 
Centre Hospitalier Universitaire de Sherbrooke 
(CHUS). All patients received three to six cours-
es of adjuvant chemotherapy consisting of car-
boplatin and taxol. This study was approved by 
the Institutional Review Board of the Centre de 
Recherche of CHUS. Informed consent was 
obtained from women that underwent surgery 
by the gynecologic oncology service between 
2000 and 2018. All samples were reviewed by 
an experienced pathologist. Baseline charac-
teristics and serum CA125 levels were col-
lected for all patients. All patients had a follow 
up ≥ 12 months. Disease progression was 
defined by either serum CA125 ≥ 2 × nadir 
value on two occasions, documentation of 
lesion progression or appearance of new 
lesions on CT-scan or death [30]. Patient’s con-
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ditions were staged according to the criteria of 
the International Federation of Gynecology and 
Obstetrics (FIGO). PFS was defined by the time 
from the initial surgery to evidence of disease 
progression. Baseline drug resistance was 
defined as those with PFS < 6 months or lack of 
response to initial platinum-based chemother-
apy or progression during initial treatment 
based on serum CA125 values, or lack of 
response, progression or appearance of new 
lesions on CT-scan or ultrasound, and death 
within the first 6 months [6].

Peritoneal fluid specimens

Ascites is routinely obtained at the time of the 
initial cytoreductive surgery for ovarian cancer 
patients treated at the Centre Hospitalier 

Comparison between unpaired groups was 
made using the Mann-Whitney test or the 
Kruskal-Wallis test. Statistical differences in 
PFS were determined by the log-rank test, and 
Kaplan-Meier survival curves were made. PFS 
was defined as the interval between the date of 
the initial debulking surgery and the time of dis-
ease progression or the last date of follow up. 
Receiver-operator characteristic (ROC) analysis 
was performed to determine the discriminating 
value of CA125 and leptin in distinguishing 
patients with baseline clinical resistance to 
first-line treatment from the sensitive patients.  
Sensitivity against 1-specificity was plotted at 
each cutoff threshold, and the area under the 
curve (AUC) values were determined. The opti-
mal cutoff threshold for discriminating patients 
with sensitive and resistant diseases was 

Table 1. Baseline characteristics of study patients

Variables
Sensitive 
(N = 43)
No (%)

Resistant 
(N = 37)
No (%)

Age (years)
    Median 63 62
    Range 36-79 27-85
BMI*
    Median 24.8 24.3
    Range 19.4-40.9 14.9-37.4
Stage (FIGO)
    I/II 1 (2.3) 0 (0)
    III/IV 42 (97.3) 37 (100)
Grade
    1 0 (0) 0 (0)
    2 8 (18.6) 9 (24.3)
    3 35 (81.4) 28 (75.7)
Histologic subtype
    Serous 43 (100) 37 (100)
    Mucinous 0 (0) 0 (0)
    Endometriod 0 (0) 0 (0)
    Mixed cells 0 (0) 0 (0)
Debulking status
    Optimal < 2 cm 34 (79.1) 28 (75.7)
    Suboptimal > 2 cm 9 (20.9) 9 (24.3)
Prior chemotherapy
    Yes 30 (69.8) 28 (76.7)
    No 13 (30.2) 9 (24.3)
Median serum CA125 at surgery (KUI/L) 43.6 144.8
Range 9.6-4382 9-14180
*BMI = body mass index. FIGO = International Federation of Gynecology 
and Obstetrics.

Universitaire de Sherbrooke. Ascites 
were centrifuged at 1000 rpm for 15 
min and cell-free supernatants were 
stored at -80°C until assayed. All acel-
lular fluids were supplied by the 
Banque de tissus et de données of the 
Réseau de Recherche en Cancer of the 
Fonds de la Recherche du Québec en 
Santé affiliated to the Canadian Tumor 
Repository Network (CTRNet).

ELISA measurements

Leptin levels in ascites samples were 
determined by ELISA using the com-
mercially available human Quantikine 
kits from R&D Systems (Minneapolis, 
MN). The assays were performed in 
duplicate according to the manufac-
turer’s protocols. The detection thresh-
old for leptin is 7.8 pg/ml and the intra-
assay variability is 3-3.2%. The inter-
assay variability is 3.5%. The median 
values were used for statistical an- 
alysis.

CA125 measurements

CA125 was determined at Centre 
Hospitalier Universitaire de Sherbrooke 
laboratory in serum samples by EIA 
using the Elecsys 2010 analyzer and 
CA125 II reagents (Roche Diagnostics, 
Québec, Canada). The reference range 
was 0-35 kUI/L.

Statistical analysis



Biomarkers for first-line platinum-based treatment

163 Am J Cancer Res 2019;9(1):160-170

obtained by the Youden index [31], which is the 
point on the ROC curve at which the Youden 
index was maximal. Progression-free survival 
(PFS) and overall survival (OS) curves were ana-
lyzed using the Kaplan-Meier method, and dif-
ferences were examined using the log-rank 
tests. The threshold for statistical significance 
is P < 0.05.

Results

Comparison of CA125 and leptin levels be-
tween drug resistant and drug sensitive pa-
tients

Between 1998 and 2017, 422 newly diagnosed 
patients with various sub-types of OC were 
enrolled in our biobank, among whom 164 were 
high grade (2/3 or 3/3) serous type (8% stage 
I/II and 92% stage III/IV). Out of the 164 
patients, 37 (22.5%) were resistant to first-line 
chemotherapy. All resistant patients were 
included in this study. The patient baseline 
characteristics are shown in Table 1. There was 
no significant differences between patients 
with sensitive OC and those with baseline clini-
cal resistance with regards to age, optimal cyto-
reductive surgery and body mass index (BMI). 
Patients with baseline clinical resistance to 
first-line therapy had a median progression-free 
survival (PFS) of 4 months and an overall sur-
vival (OS) of 21 months compared to patients 
with drug-sensitive OC who had a PFS of 13 
months (P < 0.0001) and an OS of 43 months 
respectively (P = 0.0003) (Figure 1).

The median CA125 levels in serum of patients 
with resistant diseases was 144.8 KIU/L com-
pared to 43.6 KIU/L for patients with sensitive 

OC, a difference that was not significantly dif-
ferent (P = 0.3205) (Figure 2A). Furthermore, 
median ascites CA125 levels were 295 KIU/L 
and 168 KIU/L for patients with resistant and 
sensitive diseases respectively with P = 0.6907 
(Figure 2B). Leptin ascites levels were also not 
statistically different (P = 0.0545) with a medi-
an of 672 pg/ml for resistant patients and 724 
pg/ml for sensitive patients (Figure 2C). When 
combining two biomarkers by calculating serum 
CA125/ascites leptin ratio, it was found to be 
significantly higher in resistant patients com-
pared to patients with drug-sensitive diseases 
(P = 0.0230) (Figure 2D). In contrast, ascites 
CA125/ascites leptin ratio was not significantly 
different between the two groups (data not 
shown).

AUC values for CA125 and leptin

We next performed ROC analyses to determine 
the potential usefulness of CA125 and leptin as 
biomarkers for baseline clinical resistance in 
OC. Our ROC curves revealed that taken indi-
vidually, serum CA125, ascites CA125 and 
leptin did not discriminate patients with base-
line clinical resistance from those with sensi-
tive diseases with AUC values ranging from 
0.5089 to 0.5534 (Figure 3A-C). Ascites 
CA125/ascites leptin was also unable to dis-
criminate between the two groups with AUC val-
ues of 0.5555 (Figure 3D). In contrast, serum 
CA125/ascites leptin was more robust in dis-
criminating patients with baseline clinical resis-
tance to first-line therapy from patients with 
sensitive diseases, with AUC values of 0.846 
(CI: 0.759-0.934; P < 0.0001) (Figure 3E). At a 
cutoff value of 0.3, the sensitivity and specific-

Figure 1. Outcome of patients with baseline clinical resistance versus those with drug resistant diseases. Kaplan-
Meier curves for (A) PFS and (B) OS according to the patient resistance status.
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ity of serum CA125/ascites leptin ratio to iden-
tify an OC patient with baseline clinical resis-
tance were 61.8% and 88.4%, respectively.

Prognostic significance of CA125 and leptin

We next examined whether serum or ascites 
CA125 and ascites leptin in patients with 
HGSOC could serve as predictor of outcome. 
Towards this end, we performed Kaplan-Meier 
survival analysis. At the end of the follow up, 64 
patients in our cohort had died (80%). The 

median value was used as a cutoff to separate 
patients into low and high producers. As shown 
in Figure 4, CA125 levels, either in the serum or 
ascites, were not predictive of PFS or OS in our 
cohort of patients. Although not significant (P = 
0.6049), there was a trend towards a shorter 
PFS in patients with high leptin levels in asci-
tes. Furthermore, higher ascites leptin levels 
were predictive of significantly poor OS, with a 
median OS of 28 months for high leptin levels 
versus 49 months for patients with low ascites 
leptin levels (P = 0.0195). Importantly, high 

Figure 2. Serum and ascites levels of CA125 and ascites levels of leptin in HGSOC patients with baseline clinic-
ally resistance to first-line therapy compared to those with sensitive HGSOC. Box plots representing serum levels 
of CA125 (A), ascites CA125 (B), leptin (C), serum CA125/leptin ratio (D). The P value is indicated for each factor.
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serum CA125/ascites leptin ratio was a signifi-
cant predictor of poor PFS and OS with 10 
months versus 6 months (P = 0.0369) and  
37 months versus 21 months (P = 0.0374), 
respectively (Figure 5).

Discussion

To the best of our knowledge, this is the first 
study in which serum and ascites levels of 
CA125 along with ascites levels of leptin were 
measured in patients with HGSOC and linked to 
a poor outcome and to baseline clinical resis-
tance to first-line platinum-based treatment. To 

ensure a homogenous group of patients for this 
study, and as it is the most common histotype, 
we selected patients with HGSOC, which is 
often diagnosed at an advanced stage with 
spread into the peritoneal cavity. In this con-
text, the conclusions of this study may not apply 
to other ovarian cancer sub-types, which have 
distinct genetic backgrounds. In addition, we 
used a strict definition of resistance and only 
HGSOC patients that were refractory to first-line 
platinum-based treatment were considered as 
having baseline clinical resistance. With no sur-
prise, we found that patients presenting with 
baseline clinical resistance to first-line treat-

Figure 3. ROC curves analysis and AUC 
values for distinguishing patients with 
baseline resistance to first-line therapy 
versus those with initially sensitive HG-
SOC. Serum CA125 (A), ascites CA125 
(B), ascites leptin (C), ascites CA125/asci-
tes leptin ratio (D), and serum CA125/
ascites leptin ratio (E).



Biomarkers for first-line platinum-based treatment

166 Am J Cancer Res 2019;9(1):160-170

ment had a shorter OS compared to patients 
that were initially sensitive to first-line treat-
ment (21 months versus 43 months; P = 
0.0003).

Predictive tools are urgently needed to improve 
diagnosis, guide new molecular targeted ther-

apy and monitor activity and therapeutic 
response across a wide spectrum of cancers. 
In particular, the identification of novel surro-
gate biomarkers to identify patients with base-
line drug resistant OC would significantly 
decrease the mortality and the morbidity asso-
ciated with as 22% of OC patients in this study 

Figure 4. Overall survival (OS) and progression-free survival (PFS) curves of the 80 patients with HGSOC plotted 
against CA125 and leptin. A. PFS curve for serum CA125. B. PFS curve for ascites CA125. C. PFS curve for ascites 
leptin. D. OS curve for serum CA125. E. OS curve for ascites CA125. F. OS curve for ascites leptin. The median levels 
of each factor were taken as cutoff points. The P value is indicated for each factor.
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were intrinsically resistant to first-line standard 
chemotherapy. Currently, all patients with 
HGSOC initially receive the same standard first-
line platinum-based therapy, and those with 
baseline clinical resistance can only be identi-
fied retrospectively after they experienced early 
relapse to therapy. Thus, biomarkers that could 
identify those with resistant diseases before 
they have to go through inefficient and toxic 
first-line chemotherapy are highly needed. The 
identification of biomarkers that can predict 
clinical responses to the initial platinum-based 
therapy would provide a practical approach to 
identify patients who could benefit from alterna-
tive or novel experimental therapies. In that 
context, we demonstrated for the first time the 
potential role of the ratio of serum levels of 
CA125 and ascites leptin for the identification 
of patients with baseline clinical resistance to 
standard first-line therapy. This is supported by 
the high AUC value derived from comparisons 
between patients that were refractory to first-
line therapy and those that responded to this 
initial treatment (AUC = 0.846). These findings 
are in line with those of a smaller pilot study 
which suggested the discriminating potential of 
CA125 and leptin for patients with drug resist-
ant OC [11]. In addition, we observed that high 
serum CA125/ascites leptin ratios in HGSOC 
patients were associated a shorter PFS and a 
poorer OS.

Ectopic expression of MUC16 c-terminal 
domain has been associated with resistance to 
cisplatin and death receptor ligand in ovarian 
and breast cancer cell lines by altering the 
expression of pro- and anti-apoptotic proteins 
[26, 27, 32]. MUC16 overexpression in lung 
cancer cells induced resistance to cisplatin and 

gemcitabine by downregulation of p53 [33]. In 
gastro-oesophageal carcinomas, tumor leptin 
expression was associated with chemoresis-
tance [34]. Leptin contributes to the protection 
of human leukemic cells from cisplatin toxicity 
[35]. These reports are consistent with our 
data, suggesting a previously unrecognized 
role and clinical significance for serum CA125/
ascites leptin ratio in imparting aggressiveness 
in HGSOC.

In this study, higher ascites leptin levels were 
associated with a poor OS in patients with 
HGSOC. In women with OC, obesity worsens the 
prognosis which is in line with our findings [8]. 
However, the role of leptin as a prognostic 
marker for cancer remains controversial. For 
example, in patients with gastric carcinoma, 
serum leptin alone had no apparent prognostic 
role in clinical outcome or responsiveness to 
chemotherapy [36]. In another study, serum 
leptin levels were not associated with renal cell 
carcinoma pathology or outcome [37]. A meta-
analysis examining the role of serum leptin in 
lung cancer found no relationship between lev-
els of serum leptin and lung cancer [38]. In con-
trast, leptin and leptin/adiponectin ratios have 
been associated with more aggressive pros-
tate cancer histology [39]. Elevated leptin lev-
els have been found to correlate with poor out-
come in breast and colon cancer [40, 41]. 
Therefore, although we found that higher asci-
tes levels were associated with a worse progno-
sis, its role as a prognostic biomarker for can-
cer remains to be confirmed.

Advanced stage, high grade and sub-optimal 
surgery are known to be poor prognostic fac-
tors in OC patients [36]. All these prognostic 

Figure 5. Overall survival (OS) and progression-free survival (PFS) curves of the 80 patients with HGSOC plotted 
against serum CA125/ascites leptin ratio. PFS (A) and OS (B) curves.
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factors were well balance between patients 
with baseline clinical resistance and those with 
sensitive diseases. In fact, nearly all patients in 
this study were advanced stage, with high 
grade tumor and underwent optimal cytoreduc-
tive surgery. Furthermore, the median BMI 
between the two groups in our cohort was simi-
lar (24). The limitations of our study include the 
retrospective nature of the analysis and our 
relatively small sample size. It is also unclear 
how our results would differ in a more obese 
patient population.

In conclusion, this is the first study to demon-
strate the clinical significance of serum CA125/
ascites leptin ratio for distinguishing HGSOC 
patients that have baseline clinical resistance 
to first-line therapy. This ratio may be a predict-
ive biomarker for OC and its potential should 
further be evaluated in an independent retro-
spective cohort as well as in a prospective 
manner to confirm its clinical usefulness.
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