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Abstract. OBJECTIVE: The objective of this study was to explore the com-
bined usage of human epididymis protein 4 (HE4) and CA 125 to help the diag-
nosis and differentiating malignant pelvic masses from benign diseases. 
METHOD: This was a multicenter clinical study and nine hospitals had been 
involved and totally 779 patients with pelvic mass have been enrolled. The 
pathologic diagnosis confirmed that 288 patients suffered EOC. Serum levels of 
HE4 and CA125 were measured. 
RESULTS: The distributions of HE4 and CA125 have been analyzed and the 
ROMA score have been calculated. Then three new calculation formulas have 
been compared and the best one have been used to evaluate its clinical signifi-
cance. The specificity of this diagnosis model (  ) to prediction the risk of can-
cer and staging have reached over 75%.  
CONCLUSION: The application of mathematical model in combined analysis 
multiple biomarkers could improve the clinical significance and proved more 
accurate laboratory information for clinical doctors. 
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1 Introduction 

Human epididymis protein 4 (HE4) have been found in the early 1990s [1] and the 
clinical studies confirmed that was one of the promising new tumor biomarkers to 
help the diagnosing epithelial ovarian cancer (EOC) [2]. The further studies also 
showed that HE4 together with CA125 to calculating the risk of ovarian malignancy 
algorithm (ROMA) score could improve the diagnostic sensitivity and specificity [3]. 
ROMA also could improve the discriminative potential of HE4 in differential diagno-
sis of pelvic tumors [4]. Our previous multicenter study suggested that serum HE4 
and CA125 were not only related with menopausal status, it also have an obvious age 
related variation, especially at 70 years point (the data under publishing). So in this 
study, the different mathematical model have been calculated and evaluated based on 
70 years age point which could improve the risk stratification ability obviously.   

2 Material and method 

Nine hospitals have been involved in this study and 779 patients with pelvic mass 
have been enrolled. The gold standard pathologic diagnosis confirmed that 288 pa-
tients suffered EOC. Almont this group of patients, the age of 38 patients were over 
70 years old. According to the principle of Statistics, there were 776 patients with 
pelvic mass have been involved in the mathematical model studies. 

All blood samples were analyzed by Roche Elecsys Cobas 601 platform according 
the Standard operating procedures. If the result was over the upper limitation, the 
sample was diluted (1:20) and re-tested. 

3 Results 

The patient’s clinical information had been showed as in Table 1. The pathological 
diagnostic results and stage for EOC are also listed. 

Table 1a  the pathological diagnostic results and stage(pre-menopausal) 
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Fig. 1a The HE4 level in different cancer stage(pre-menopausal) 

Table 1b . the pathological diagnostic results and stage(post-menopausal) 

 
 

 
Fig. 1b The HE4 level in different cancer stage(post-menopausal) 
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According to the previous studies, the ROMA score have been calculated and the 
data showed as table 2a and 2b. This data suggested that ROMA could be slightly 
improving the clinical significance of HE4. 

Table 2a. The ROC of ROMA score and HE4, CA125(pre-menopausal) 

Items ROC SE P 
The 95% confidence interval 

Upper limit  Lower limit 

HE4 0.835 0.031 0.000 0.774 0.896 

CA125 0.829 0.030 0.000 0.769 0.888 

ROMA 0.837 0.031 0.000  0.775 0.898 

 
Table 2b The ROC of ROMA score and HE4, CA125(post-menopausal) 

Items ROC SE P 
The 95% confidence interval 

Upper limit Lower limit 

HE4 0.892 0.019 0.000 0.854 0.929 

CA125 0.906 0.017 0.000 0.872 0.940 
ROMA 0.917 0.017 0.000 0.884 0.950 

 
For exploring the further improvement of HE4 and CA125, According to the origi-

nal literatures and previous analysis, the HE4 and CA125 value have been converted, 
the conversion rules was as follow: 

• Rule one: To convert HE4 and CA125 original value by natural log transfor-
mation; 

• Rule two: To convert HE4 and CA125 original value by reciprocal transformation; 
• Rule three: To convert HE4 original value by reciprocal transformation and 

CA125 measured values by the square root transformation. 

Predictive index calculated as the following formula: 
 

( )
( ) 100

exp1
exp

×
+

=
PI

PIpr  

 
 
Rule one  
When the patient’s age was over 70 years old, the mathematical model was as fol-

lowing:  
( ) ( )125ln7123.04ln9334.06208.7 CACHPI ×+×+−=  

When the patient’s age was under 70 years old, the mathematical model was as fol-
lowing:  

( ) ( )125ln7778.04ln9816.01983.8 CACHPI ×+×+−=  
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Rule two  
When the patient’s age was over 70 years old, the mathematical model was as fol-

lowing:  
( ) ( )125/13367.294/14.1572889.2 CACHPI ×−×−=  

When the patient’s age was under 70 years old, the mathematical model was as fol-
lowing:  

( ) ( )125/12478.284/14.1270843.2 CACHPI ×−×−=  
 
Rule three  
When the patient’s age was over 70 years old, the mathematical model was as fol-

lowing:  

( ) ( )125/15367.114/13.1227726.2 CACHPI ×−×−=  
When the patient’s age was under 70 years old, the mathematical model was as fol-

lowing:  
( ) ( )125/12809.124/16507.996963.2 CACHPI ×−×−=  

 
The area of ROC for different mathematic rule had been compared. The resulted 

showed in figure 2. 
There were 38 patient’s age were over 70 years old and 20 cases have been diag-

nosed as epithelial ovarian cancer(figure 2a). 

 
Fig. 2a The area of ROC of different tumor marker and Pr 

There were 741 patient’s age were under 70 years old and 268 cases have been di-
agnosed as epithelial ovarian cancer(figure 2b). 
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Fig. 2b The area of ROC of different tumor marker and Pr 

From the above analysis, the logarithmic transformation (rule one) is better than 
any other two models, the following risk stratification analysis have been on the basis 
of rule one. 

Risk stratification: According to the specificity 75% and the sensitivity of the high-
est predictive value as the cut-off point. In the age of more than 70 years old patient, 
the PR ������� 3486% is considered high risk. For the low risk, the sensitivity was 
90%; the positive predictive value was 81.82%. In the age of < 70 years old patient,
the PR ��	���
��		������������������������������������������������������������� �����
84.3%; the positive predictive value was 65.70%.

Prediction index risk stratification and tumor staging: The data specificity reached 
75% for the intersection point, then will be ���������!��������������"�#����������
�
women with epithelial ovarian cancer high risk, and low risk; the ��	���
��		����
age < 70 women with epithelial ovarian cancer high risk, and low risk of epithelial 
ovarian cancer patients of stage summary.

Table 3. Prediction index risk stratification and tumor staging
��
� ears old 70 years old
high risk low risk total high risk low risk total

stage n % n % n n % n % n
I 1 100.00 0 0.00 1 26 81.25 6 18.75 32
II 3 100.00 0 0.00 3 29 85.29 5 14.71 34
III 9 81.82 2 18.18 11 100 90.91 10 9.09 110
IV 2 100.00 0 0.00 2 32 96.97 1 3.03 33
Unknown 3 100.00 0 0.00 3 40 65.57 21 34.43 61
Benign 4 25.00 12 75.00 282 117 24.89 353 75.11 470
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4 Discussion 

The results indicated that combined measuring the serum level of HE4 and CA125 
was helpful for improving their clinical significance. As previous reports suggested 
that ROMA score could improving the clinical application value of HE4 [5], but our 
results showed that ROMA score is only slightly better than single tumor marker. We 
also found that HE4 and CA125 both have an age related variation in female. Our 
previous data indicated that this variation was not only based on menopausal status, 
but also have an obvious change at the age of 70 years. So we have analyzed the data 
based on this age point. 

Three calculating rules had been evaluated and the best one had been used to risk 
stratification of EOC and tumor staging. It is illustrated that our new diagnostic model 
could both improving the diagnosis value of HE4 and helping the staging of cancer by 
using the blood of patients. 
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