
Introduction

Ovarian cancer is most lethal malignancy because 
of its presentation is usually at advanced stage. 

1This is also considered as silent killer.  According to 

world health organization eight histological subtypes 
of tumor are described, which are serous, mucinous, 
endometrioid, clear cell, transitional cell, squamous 
cell, mixed epithelial and undifferentiated. Among all 
these they have been further labelled as benign, malig-
nant or borderline. Borderline variant is one with less 

2aggressive.  The researchers revealed role of genetic 
mutations and polymorphisms in ovarian malignancy. 
Many proto-oncogenes tumor suppressor genes were 
found altered and considered as root cause of tumor 
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Abstract  

Background: Ovarian cancer is tagged as deadly condition worldwide. The delay in diagnose is due to late 
presentation and lack of specific screening tests. HE4 and CA15-3 are considered as noninvasive marker with varied 
cut off reference and sensitivity, specificity among various populations. 

Objective: The objective of this study was to investigate correlation along with sensitivity, specificity, PPV, NPV of 
HE4, CA15-3 and CA125 among epithelial ovarian cancer.

Methods: This cross section comparative study was conducted on 70 diagnosed ovarian cancer cases age 20 to ≥70 year 
of any FIGO stage I-IV after approval from IRB and ethical review board (UHS/Reg-17/ERC-4659) of University of Health 
Sciences. The blood samples were taken and serum levels of HE4 and CA15-3 were measured by ELISA. While 
CA125 was determined from patient investigation reports.

Results: This study found positive correlation (r=0.089 p=0.66) between malignant and borderline ovarian tumors for 
HE4, while negative correlation between early (I and II) and advanced (stage III and IV) FIGO stage with r=-0.028 
p=0.876. Whereas, for CA15-3 negative correlation was observed with r= -0.006 p=0.980 between malignant and 
borderline variants of epithelial ovarian cancer and also negative correlation was seen between early (I and II) and 
advanced (stage III and IV) FIGO stage with r= -0.095 p=0.588. 

Conclusions: The discriminative strength of HE4 as biomarker determined by ROC curve was 0.55%. Hence HE4 can 
be used for diagnosis or prognosis of ovarian cancer.
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3,4development.  The disease is presented usually in later 
stage with varied symptoms. To begin with women are 
screened with ultrasonography but ovarian mass cannot 
be described as benign or malignant just on basis of 
ultrasonography. The gynecologists therefore must seek 
help of certain serum markers such as CA125. The role 
of CA125 as well as other novel markers such as HE4, 
CA15-3, CCL18, VEGF is promising for diagnosis as 
well as prognosis. CA125 is not much reliable as its 
levels are raised only in 50% of early stage ovarian 

5
cancer.  Also, there are other gynecological and non-
gynecological pathologies in which CA125 is elevated, 
so it is no more first investigation of choice. To reduce 
burden of high mortality linked with ovarian cancer it is 
essential to identify exclusive biomarkers in complement 

6to CA125.  The unavailability of exclusive screening 
biomarkers for early detection of ovarian cancer gene-
rated the need of more reliable and efficient tools. In 
this scenario various biomarkers are already under eva-
luation by researchers, such as HE4 and CA15-3.

7,8
CA-125 was first discovered in 1981.  This is most 
commonly checked tumor marker and is used to monitor 
efficacy of treatment along with detection of recurrence. 
Elevated levels of CA125 are found in 47 % of early 
stage while 80%-90% raised levels are seen in advanced 

6
stage of ovarian cancer.  This marker has been utilized to 
monitor prognosis of diagnosed ovarian cancer women 
but its efficacy is increased many fold when assessed 
in combination with new markers. The prognosis and 
survival in ovarian cancer is dependent on early diagno-
sis. So, to meet this goal HE4 and CA15-3 together or 
alone can be utilized to improve outcome by decreasing 

9mortality.  Also literature review supports the utilization 
of CA125 for assessment of response to therapy and 

10
well follow up.  

He4 is protein which possess WAP type disulfide core 
and is encoded by WFDC2 gene which is located on 
chromosome 20q1213.1. It is found elevated in different 

6subtypes of epithelial ovarian cancer.  HE4 was first 
11found in epididymis of male.  Later, its presence was 

12
also revealed in epithelial tissue of ovaries.  The normal 
tissue expression is limited to epithelium of reproductive 

13
tract  but its levels are elevated in serum of epithelial 

14
ovarian cancer.  HE4 is proved to be better biomarker 
than CA125 while differentiating benign and borderline 

6
gynecological cancers including early stage of EOC.  

Some researchers found raised levels of HE4 in various 
subtypes of EOC. Moreover, HE4 has clear specificity 
difference over CA125 also marked sensitivity for 
EOC (Epithelial Ovarian Cancer) especially in early 

15stages.  Although, its correlation with CA125 is not 
well established as there were varied results. But even 
then combined use of these markers can be beneficial 
in certain subtypes of EOC. HE4 and CA125 were found 

15
correlated with serous tumor type and stage.  Another 

16study by Alsomairi et al  revealed varied expression 
of serum markers in subtypes of ovarian cancer 
including HE4 and CA125 and CA15-3.

The discovery of CA15-3 is linked with breast cancer. 
In 1984 two murine monoclonal antibodies 115D8 and 
DF3 were prepared which were found to react with 

17antigens on human breast cancer cells.  The 115D8 
and DF3 reactive determinants were found located on 
high molecular weight glycoprotein called mucin1 or 
polymorphic epithelial mucin. It is encoded by MUC1 
gene. This protein is expressed in apical lumen of glandu-
lar epithelium. In malignancy the polarization of this 
protein and gene is lost. So, mucin1 is shed from cancer 
cells and can be detected easily in serum in high concen-

18trations.  It is a mucinous tumor marker and is elevated 
19in certain tumors.  CA 15-3 consists of 3 domains and 2 

subunits. The extracellular subunit contains 20 amino 
20acid residues.  Earlier research unveiled the fact that 

elevated CA15-3 in advanced breast cancer later its 
raised levels were acknowledged in ovarian cancer 

21,22too  with sensitivity 71% and specificity 95% In 
another research, the relationship between high levels 
of CA15-3 with disease recurrence as well as FIGO 

23stage was studied.  Hence, this noninvasive marker 
was proven to be useful in the detection of tumor at early 
stage. However, none of the internationally accepted 
standard investigation panel like ROMA 1 included 
CA15-3 for screening adnexal mass. This limitation of 
unavailability of standard scale of diagnosis of ovarian 
cancer lead researchers to the conclusion to evaluate 
CA15-3 in combination with HE4 and conventional 

24
marker CA125 proved to be more promising.

Methods 

Ethical review board of University of Health Sciences 
Lahore (UHS/REG-17/ERC 4659) had given approval 
to conduct this study in accordance with Helsinki decla-
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25ration of human rights.  Study design was Cross sectio-
nal Comparative. The subjects were recruited from 
INMOL Hospital Lahore, Sheikh Zayed Hospital Lahore 
and Hijaz Hospital Lahore. After taking written informed 
consent the blood samples were collected. All experi-
mental work was carried out in Department of Physio-
logy and Cell Biology, University of Health Sciences, 
Lahore. 

The sample size was calculated using the following 
formula

2 2
   2s (z  + z )1–a/2 1–bn =   __________________________

2    (µ  – µ )1 2

The sample size was also calculated by taking the mean 
levels of micro ribonucleic acid-93 (miR-93) in the 
same formula, with level of significance 5, power of 
test 95%, population standard deviation 0.5326, popu-
lation variance 0.280926, test value of population mean 
1.6814, anticipated population mean 2, and sample size 
70.

Those included were females aged 20-70 years diagno-
sed with ovarian cancer and those tentatively planned 
for any of the following surgical procedures: unilateral 
or bilateral oophorectomy, salpingo-oophorectomy via 
laparotomy or laparoscopy, subtotal resection, or remo-
val of tumour fragments, and hysterectomy with salpingo-
oophorectomy. Patients already on chemotherapy were 
excluded

Blood sample (2.5 ml) was taken from diagnosed patients 
of Ovarian Cancer in green top tube. The tube was centri-
fuged for separation of plasma. Plasma was preserved 
in eppendorf for Elisa. The eppendorfs were labelled 
properly and stored at -20°C.

Serum HE4 was measured by human HE4 ELISA kit 
(Cat No.PRS-01719hu) manufactured by Glory Science). 
The ELISA kit was able to determine HE4 concentrations 
in human serum, blood plasma and other biological 
fluids. The ELISA kit was able to detect HE4 concentra-
tions ranging from 2pmol/L-40pmol/L. The Kit uses 
double antibody sandwich enzyme-linked immunosor-
bent assay to determine the level of human HE4 in 
samples. The serum samples and standards are added 
to the wells which are pre-coated with human HE4 
monoclonal antibody. Biotin conjugated antihuman 
HE4 antibody and HRP (horseradish peroxidase) are 

added, Biotin-conjugated antihuman HE4 antibody 
binds to human HE4 captured by the first antibody. 
Following incubation and first washing TMB (tetra-
methylbenzidine) substrate solution which is reactive 
to HRP is added to well. A colored product is formed in 
proportion to amount of human HE4 present in sample 
or standard. The reaction is terminated by adding sulphuric 
acid (stop solution). The absorbance is measured using 
an automated ELISA reader. The values of OD were 
obtained, and the actual concentration of the samples 
was calculated by multiplying the concentrations with 

27
the dilution factor .

Serum CA15-3 was measured by human CA15-3 ELISA 
kit (Cat No.PRS-00993hu) manufactured by Glory 
Science). The ELISA kit was able to determine CA15-3 
concentrations in human serum, blood plasma and other 
biological fluids. The ELISA kit was able to detect Ca15-3 
concentrations ranging from 7U/mL-2007U/Ml. The 
Kit uses double antibody sandwich enzyme-linked 
immunosorbent assay to determine the level of human 
CA15-3 in samples. The serum samples and standards 
are added to the wells which are pre-coated with human 
CA15-3 monoclonal antibody. Biotin conjugated anti-
human CA15-3 antibody and HRP (horseradish peroxi-
dase) are added, Biotin-conjugated antihuman CA15-
3 antibody binds to human CA15-3 captured by the first 
antibody. Following incubation and first washing TMB 
(tetramethylbenzidine) substrate solution which is 
reactive to HRP is added to well. A colored product is 
formed in proportion to amount of human CA15-3 pre-
sent in sample or standard. The reaction is terminated 
by adding sulphuric acid (stop solution). The absorbance 
is measured using an automated ELISA reader. The 
values of OD were obtained, and the actual concentration 
of the samples was calculated by multiplying the con-

26centrations with the dilution factor.

Results 

The data was entered in Statistical package for Social 
Science Version 24 and analyzed. Frequency and percen-
tages were calculated for qualitative variable and mean 
with standard deviation were calculated for quantitative 
variable. One-way ANOVA was applied to compare 
the groups in age, stage and tumor on the base of HE4, 
CA15-3 and CA125. The correlation test was applied 
to investigate the relationship between Malignant Vs 
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Borderline and Stage I, II Vs Stage III & IV on the base of 
HE4, CA125 and CA15-3. Sensitivity and specificity 
calculated between HE4, CA15-3 and CA125 follow 
up with Tumor, age, stage, parity and side. ROC curve 
were also made on base of HE4, CA125 and CA15-3 
by considering tumor, age, stage, parity and side as 
grouping variable.

This study reported mean age 45.63 years (±11.98) of 
ovarian cancer women who participated in this research. 
The mean level of HE4 was found HE4=20.79 pmol/L 
(5.19pmol/L-268.5pmol/L). The mean CA125 Baseline 
=1126.34 U/mL and Follow up=77.0 U/mL was explored. 
While, the mean level of CA15-3 found in this study 
was, 51.50 U/mL (0- U/mL -796.2 U/

There is positive correlation of HE4 for malignant and 
borderline ovarian groups with insignificant p-value, 
reflecting that when cancer status change then HE4 
gradually increases or decreases. Whereas negative 

correlation of CA15-3 for malignant and borderline 
ovarian tumor with insignificant p-value showing when 
cancer status change then CA15-3 increases or decreases. 
There is negative correlation of HE4 for FIGO stage I, 
II vs stage III, IV with insignificant p-value shows when 
cancer stage changes then HE4 level increase or decrease 
whereas negative correlation of Ca15-3 stage I, II and 
stage III, IV existed with insignificant p-value shows 
when cancer stage change then CA15-3 increase or 
decrease.

The sensitivity, specificity, PPV and NPV of HE4 for 
tumor type was 100%, 7.69%, 64.7% and 100% respec-
tively. While sensitivity, specificity, PPV and NPV of 
HE4 for age was 57.35%, 50%, 97.5% and 3.33% res-
pectively. While sensitivity, specificity, PPV and NPV 
of HE4 for FIGO stage was 100%, 5.71%, 51.5% and 
100% respectively (Table 1).

ROC Curve of Tumor Markers (HE4, CA15-3, CA125 
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Table 1:  Sensitivity, Specificity, PPV and NPV of HE4 

Risk 
Factor

Category

HE426

Sensitivity 
(%)

Specificity 
(%)

95% CI
PPV 
(%)

NPV 
(%)

Normal 

(0-150)

Abnormal 

(>150)

Tumor Malignant 44 0
100 7.69

91.96 – 100
64.7 100

Borderline 24 2 0.95 – 25.13

Age Premenopausal <50 year 39 1
57.35 50

44.77 – 69.28
97.5 3.33

Postmenopausal ≥55 year 29 1 1.26 – 98.74

Stage Stage I & II 35 0
100 5.71

90 - 100
51.5 100

Stage III & IV 33 2 0.7 – 19.16

The sensitivity, specificity, PPV and NPV of CA15-3 
for tumor type was 65%, 50%, 88.6% and 19.2% respec-
tively. While sensitivity, specificity, PPV and NPV of 
CA15-3 for age was 58.33%, 50%, 87.5% and 16.7% 

respectively. While sensitivity, specificity, PPV and 
NPV of CA15-3 for FIGO stage was 50%, 50%, 85.7% 
and 14.2% respectively (Table 2).

Table 2:  Sensitivity, Specificity, PPV and NPV of CA15-3

Risk 
Factor

Category
CA15-326 Sensitivity 

(%)
Specificity 

(%)
95% CI

PPV 
(%)

NPV 
(%)Normal (0-38) Abnormal (>38)

Tumor Malignant 39 5 65 50 51.6 – 76.87 88.6 19.2

Borderline 21 5 18.71 – 81.29

Age Premenopausal <50 year 35 5 58.33 50 44.88 – 70.93 87.5 16.7

Postmenopausal ≥50 year 25 5 18.71 – 81.29

Stage Stage I & II 30 5 50 50 36.81 -63.19 85.7 14.2

Stage III & IV 30 5 18.71 - 81.29

The sensitivity, specificity, PPV and NPV of CA125 
(Follow up) for tumor type was 63.16%, 37.25%, 27.3% 
and 73.1% respectively. While sensitivity, specificity, 
PPV and NPV of CA125 (Follow up) for age was 78.95%, 

50.98%, 37.5% and 86.7% respectively. While sensitivity, 
specificity, PPV and NPV of CA125 (Follow up) for 
FIGO stage was 68.42%, 56.86%, 37.1% and 82.9% 
respectively (Table 3).



baseline & follow up)

The detection worth of tumor markers HE4, CA15-3 
and CA125 (baseline and follow up) can be narrated 
with ROC curve. Any tested serum marker which possess 
AUC >0.50% is considered to have discriminative 
strength for the diagnosis or prognosis of ovarian cancer.

ROC Curve of Figure 1-a displays the AUC of these 
tumor markers (HE4, CA15-3, CA 125 baseline & follow 
up) for tumor type (malignant and borderline) of ovarian 
cancer as follows 0.55%, 0.59%, 0.48% and 0.43% 
respectively. 

Similarly ROC curve in figure 1-b presents AUC for 
these markers (HE4, CA15-3, CA125 baseline & follow 
up) for age groups (premenopausal and post-menopausal) 

and have these values of 0.41%, 0.55%, 0.30% and 
0.30% respectively. 

Moreover ROC curve in figure 1-c shows following 
values of AUC of (HE4, CA15-3, CA125 baseline & 
follow up)

For FIGO stages (I, II and III, IV) 0.47%, 0.66%, 0.30% 
and 0.33% respectively. 

Thus, the goodness of testing any of these tumor markers 
individually or in combination with any of associated 
factor of ovarian cancer like (age, tumor type or FIGO 
stage) is evident from present study. Thus testing these 
biomarkers could be cost effective and non-invasive 
tool of assessment of disease.
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Table 3:  Sensitivity, Specificity, PPV and NPV of CA125 Follow up 

Risk 
Factor

Category
CA125 Follow up27 Sensitivity 

(%)
Specificity 

(%)
95% CI

PPV 
(%)

NPV 
(%)Normal (<35) Abnormal (>=35)

Tumor Malignant 12 32
63.16 37.25

38.36 – 83.71
27.3 73.1

Borderline 7 19 24.13 – 51.92

Age Premenopausal <50 year 15 25
78.95 50.98

54.43 – 93.95
37.5 86.7

Postmenopausal ≥50 year 4 26 36.6 – 65.25

Stage Stage I&II 13 22
68.42 56.86

43.45 - 87.42
37.1 82.9

Stage III&IV 6 29 42.25 - 70.65

Figure 1: ROC Curves of HE4, CA15-3 & CA125 (BASELINE AND FOLLOW UP). 

Figure 1-a: AUC for HE4, CA15-3 & CA125 (Baseline and follow up) for Tumor Type

1-b: AUC for HE4, CA15-3 & CA125 (Baseline and follow up) for Age

1-c: AUC for HE4, CA15-3 & CA125 (Baseline and follow up) for FIGO Stage

The area under curve for HE4, CA15-3, CA125 baseline & follow-up is 0.55, 0.43, 0.48 and 0.43 respectively 
for tumor type (malignant & borderline) (Figure-1a) 

The area under curve for HE4, CA15-3, CA125 baseline & follow-up is 0.42, 0.43, 0.30 and 0.30 respectively 
for age (Figure-1b) 

The area under curve for HE4, CA15-3, CA125 baseline & follow-up is 0.47, 0.40, 0.30 and 0.33 respectively 
for FIGO Stage (Figure-1c)
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Discussion

The cancer associated specific biomarkers are yet under 
research for diagnosis and prognosis of ovarian cancer. 
Tumors usually shed certain proteins in blood that can 
be detected as powerful indicator in varied tumors. 
Determining HE4 and CA15-3 in ovarian cancer has 
proved effective in defining sensitivity and specificity 
worth of these markers among Asian and other popu-
lations. Literature review shows wide range of sensitivity 
and specificity of HE4, CA15-3 determined in different 
ethnicities. In this context this study explored serum 
levels of HE4 and CA15-3 in women of Pakistan and 
found important results. The relationship between diag-
nostic sensitivity and specificity was expressed by ROC 
curve and AUC, PPV, NPV of HE4, CA15-3, CA125 
(baseline & follow up) alone and in combination for 
age (pre -menopausal (<50year), post- menopausal 

(≥50year), FIGO stage (early I &II, advanced III & IV) 
was also assessed.

This study reported mean age 45.63 years of ovarian 
cancer women who participated in this research. This 
figure is consistent with another study who showed mean 

28age (45.58±1.27, 46).  But this age presentation of this 
study is different from another study whereby 
reported mean age of cancer patients was 53.8 ± 14.9 

9years (32-87 years).

This study reported mean level of HE4=20.79 pmol/L 
(5.19pmol/L - 268.5pmol/L). This is in contrast to other 
studies who found mean HE4= 288.63±135.67 pmol/ 

29
Ml , and another research who presented mean HE4 

23 26119 ± 123.  pmol/mL (4pmol/mL-567.21pmol/mL).  
While, another study reported mean HE4=75.7 pmol/ 
mL and 1338.0 for pmol/mL benign vs malignant groups 

1respectively.  The reason for difference in finding could 
be unequal samples of FIGO stages.

This study determined mean CA125 baseline 1126.34 
U/mL and follow up 77.0 U/mL and this is also in contrast 
to values given by another study whereby mentioned 
mean value of CA125 for benign vs malignant group is 

1195.517 U/mL & 1763.4 U/mL respectively.  Another 
study presented mean value of CA 125, 42.1±176.324.

Mean level of CA15-3 found in our study were, 51.50 
U/mL (0- U/mL -796.2 U/mL) which is different from 

27others results 75.83± 289.4 IU/L (0 IU/L -2412 IU/L).  

This research explored positive correlation of HE4 

among malignant and borderline ovarian tumors r = 
0.089, p=0.665 whereas negative correlation r = -0.028 
p=0.875 among early (I & II) vs advanced (III & IV) 
FIGO stage. 

Also this study discovered negative correlation r = -0.005 
p= 0.980 for CA15-3 both for malignant vs borderline 
ovarian tumors as well as early (I, II) vs advanced (III, IV) 
FIGO stage with r= -0.095 p=0.588. These results are 
in contrast to another study whereby no correlation 
was discovered between CA125 and CA15-3 levels 

30of advanced epithelial ovarian cancer patients.  The 
reason of different result is varied histological types 
of ovarian cancer.

This study determined sensitivity, specificity, PPV, 
NPV for Ca125 (follow up) 63.16%, 37.25%, 27.27%, 
73.08% respectively in comparison with 83.3 % 85% 
80.7 % 87.2%15 also another study presented 73.2%, 

30
79.2%,  and another study showed 87.4%, 80.5%, 

2478.3%, 88.8% respectively.

This research explored sensitivity, specificity, PPV, NPV 
for HE4 64.71%,100%,100%,7.69% respectively in 
comparison with other study results with sensitivity 

30
and specificity 82.9% & 87.5% respectively  and others 

15
presented 90%,95%,93.1%,92.7% respectively.

Also this study determined sensitivity, specificity, PPV, 
NPV for CA15-3 65%,50%,88.64%,19.23% respec-
tively in comparison with other study who showed 

2653.13%, 96.08%, 89.47%, 76.56% respectively.  Another 
research presented following values of sensitivity, 
specificity, PPV, NPV for CA15-3 88.4%, 79.7%, 78.6%, 
89.5% & 88.4%, 80.1%, 78.9%, 89.5% respectively 
with cut off at 35 and 4024.

ROC (Receiver Operating Characteristic)-AUC (Area 
Under Curve) of Tumor Markers CA125, HE4 and 
CA15-3: This research reported AUC of CA125 (baseline 
and follow up) for tumor type (malignant and borderline) 
0.48% 0.43%. In comparison with 0.83% (95% CI: 
0.71-0.92; p<0.0001)9. Also another study presented 

24
AUC 0.914% (95% CI; 0.887-0.941)  whereby the 
study groups were women with benign/malignant and 
borderline adnexal masses.

This research presented AUC for HE4 =0.55% for 
tumor type (malignant and borderline), In comparison 
with 0.84% (95% CI: 0.72-0.92; p<0.0001) VS9 their 
research groups were ovarian cancer vs healthy controls. 
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Also another study presented AUC 0.834; 95% CI; 0.794-
0.87424 whereby the study groups were women with 
benign/malignant and borderline adnexal masses. The 
cause of different results is unequal sample size of four 
FIGO stages. 

This study determined AUC for CA 15-3=0.43% for 
tumor type (malignant and borderline). Whereas other 
study shown 0.84% (65.3% sensitivity 95% specificity) 

31
for CA15-3.

Conclusion

The discriminative strength of HE4 as biomarker deter-
mined by ROC curve was 0.55%. Hence HE4 can be 
used for diagnosis or prognosis of ovarian cancer. More-
over, the sensitivity and specificity of HE4 presented 
in this study is statistically significant. Hence, HE4 
seems a promising serum marker with diagnostic and 
prognostic worth in ovarian cancer.
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