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Objectives: The role of retrospective analysis has evolved greatly in cancer research. We 

undertook this network meta-analysis to evaluate retrospectively the diagnostic value of ROMA 

in ovarian cancer. 

Materials and methods: We systematically retrieved 56 relevant articles published about 

ROMA index from 2009–2018 and about ovarian cancer from China National Knowledge 

Infrastructure (CNKI), PubMed and EMBASE. Data were comprehensively analyzed by Rev-

Man 5.3 and MetaDisc 12.4 software.

Results: Data of 5,954 cases were retrieved from 23 literatures. Among them, 2,117 cases were 

in the ovarian cancer group and 3,837 cases in the control group. The pooled estimates for the 

ROMA index were sensitivity: 0.90 (95% CI: 0.88–0.93), specificity: 0.91 (95% CI: 0.89–0.94), 

positive predictive: 0.90 (95% CI: 0.88–0.95), negative predictive: 0.93 (95% CI: 0.91–0.95), and 

area under ROC curve: 0.96, compared to 0.71 (95% CI: 0.56–0.82), 0.87 (95% CI: 0.80–0.92), 

0.82 (95% CI: 0.78–0.86), 0.92 (95% CI: 0.90–0.94), and 0.88 of HE4, respectively.

Conclusions: This meta-analysis confirms that the risk of ovarian malignancy algorithm can 

facilitate the diagnosis of ovarian cancer to some extent.

Keywords: ROMA index, ovarian cancers, meta-analysis

Introduction
Ovarian cancer is one of the most common malignant tumors in the female repro-

ductive system, it has a very high fatality rate because it is too insidious to identify 

in the early diagnosis. Carbohydrate antigen 125 (CA125) is a traditional marker 

for ovarian cancer screening. QuNa et al.1 statistically analyzed 13 documents 

using meta-analysis and showed that serum human epididymis (HE4) was also a 

common indicator for detecting ovarian cancer. Over the past few decades, with 

the rapid development of statistical technology, the use of mathematical models 

makes it possible to combine multiple markers to detect disease. Considering that 

the combination of multiple tumor markers can improve the diagnostic sensitivity 

and not reduce the diagnostic specificity, people are working on finding such a 

mathematical model for the diagnosis of ovarian epithelial carcinoma.2 Therefore, 

the emergence of the risk of ovarian malignancy algorithm (ROMA) model caused 

a lot of attention.

The clinical value of the ROMA index in the diagnosis of ovarian cancer has been 

widely reported in the literature, but most of these studies come from small samples 

and the results are not consistent with its reliability waiting to be explored. Meta-
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analysis is also called the gather analysis; it is a kind of 

statistical method for quantitative synthesis of many studies 

on the same subject with specific conditions. It improves the 

credibility of the results by increasing the number of samples 

to solve the inconsistency among the results of the study. 

As for evidence-based medicine, this paper systematically 

evaluates the clinical application value of ROMA index by 

using meta-analysis method, in order to find a reliable basis 

for clinical workers to diagnose ovarian cancer and improve 

the diagnostic efficiency, early detection and treatment to 

improve the prognosis and quality of life.

Materials and methods
Participants: Patients with ovarian cancer diagnosed by 

pathological examination were collected venous blood 

before operation, serum was extracted, serum CA125 and 

HE4 levels were measured, and the ROMA index was cal-

culated. Search strategy: search CNKI, VIP, PubMed, and 

EMBASE. Chinese search term: Ovarian malignant tumor 

risk prediction value, ROMA index, ovarian cancer. English 

retrieval words: ROMA index, ovarian cancer. Retrieval 

years: 2009–2018

inclusion and exclusion criteria
inclusion criteria
(1) The purpose of this study was to explore the value of 

ROMA in the diagnosis of epithelial ovarian cancer; (2) the 

literature included was a case-control study; (3) the experi-

mental group was ovarian cancer group and the control group 

was pelvic benign mass which could not be distinguished 

from ovarian malignant tumor. The diagnostic standard 

was postoperative pathological examination; (4) empirical 

method, the source of the reagent used is clear; (5) the criti-

cal reference value is clear; (6) the results of the study are 

clear and capable of statistical analysis; (7) document quality 

score higher than 7.

exclusion criteria
(1) Literature theme or type inconsistency; (2) non-primary 

study; (3) literature on failure to calculate ROMA index in 

patients with ovarian cancer; (4) the sample size is too small 

to reach the standard of statistical analysis (<15 cases); (5) 

result indicators cannot be statistically analyzed; (6) primary 

study on healthy people as control group only; (7) no definite 

critical reference value. Fifty-six papers were selected and 

23 articles were selected according to inclusion and exclu-

sion criteria.

analysis method and data processing
Review of the quality of the literature was undertaken using 

diagnostic test accuracy evaluation tool QUADAS (quality 

assessment of diagnostic accuracy studies). The 14 require-

ments was evaluated according to the “yes, not clear, or not”, 

and the corresponding evaluation was carried out. We obtain 

data directly from the study or compute it to make a four-grid 

table: true positive and false positive, false negative, and true 

negative. Statistical analysis was calculated using Revman 

5.3 (St Albans, London) and MetaDisc 12.4 software (Clini-

cal Biostatistics Unit, Ramón y Cajal Hospital, Spain). This 

study used risk difference as a diagnostic effect to calculate 

the 95% CI. The heterogeneity of sensitivity, specificity, 

positive predictive value and negative predictive value were 

analyzed by chi-squared test. When P>0.1, I2 <50, there was 

no significant heterogeneity among the studies, selection of 

fixed - effect model analysis, When P<0.1, I2 >50, the het-

erogeneity between the studies is significant and analyzed 

with the random effect model.

Results
Basic information for inclusion in the 
literature
The study included 23 articles that met the requirements 

between 2009 and 2018, a total of 2,117 patients with ovarian 

cancer and the control group with a total of 3,837 cases. The 

pathology types included in the literature quality score and 

the ovarian cancer group is shown in Table 1

Meta-analysis results
By chi-squared test, the results of literature heterogeneity 

analysis showed that there was heterogeneity among the 

studies (P<0.1/I2>50). Therefore, the statistical analysis of 

the ROMA index is based on the random effect model, the 

results show that the sensitivity of the ROMA index is 90% 

(95% CI: 88–93), as shown in Figure 1. Specific 91% (95% 

CI: 89–94), as shown in Figure 2. Positive predictive value 

90% (95% CI: 88–95), Figure 3. Negative predictive value 

93% (95% CI: 91–95), Figure 4. And area under ROC curve 

(AUC): 0.96, Figure 5. Compared to sensitivity: 0.71 (95% 

CI: 0.56–0.82), specificity: 0.87 (95% CI: 0.80–0.92), and 

AUC: 0.88 respectively, of HE4.28

Bias analysis (as an example of a sensitive 
funnel diagram)
Inverted funnel graph is a common method to identify bias. In 

the case of no bias, the graph is symmetrical inverted funnel 
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Table 1 literature inclusion basic information

Literature integration

Authors Publication  
years

Grade Pathological type of ovarian cancer Total 
number of 
cases (N)

Serosity Mucinous 
types

Endometrioid Clear cell 
sample

Other

Dong li3 2017 8 – – – – – 56
lai Youxing4 2017 9 32 5 15 3 – 55
Yang shijun5 2016 12 73 26 14 16 8 137
Xie Wenguang6 2016 11 – – – – – 95
Zhong lei【】7 2015 9 – – – – – 38
Farah8 2014 8 28 8 4 3 – 43
he hua9 2014 9 – – – – – 80
Yang hua10 2014 8 20 9 8 2 – 39
Ren hongying11 2014 7 5 6 2 – – 13
li Jing12 2014 7 18 3 3 3 12 39
huo Yishan13 2014 12 144 24 15 1 – 184
stiekem14 2014 11 72 4 25 7 39 147
Pan Yingying15 2013 8 75 – 12 4 3 94
Xie Zejin16 2012 9 – – – – – 78
elisabelt Bandiera17 2011 10 51 8 17 10 27 113
Yang Chen18 2010 7 18 2 3 – 9 32
Moore19 2009 9 83 16 16 6 8 129
lycke22 2018 11 – – – – – 162
huy23 2018 10 – – – – – 30
al Musalhi24 2016 12 20 1 3 – 24 48
Karlsen25 2012 9 – – – – – 252
Dikmen26 2015 10 – – – – – 47
Vangorp T27 2012 10 76 21 6 6 12 121

Figure 1 sensitivity forest map of the ROMa index for diagnosis of ovarian cancer (random effect model).
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Figure 2 Specific forest map for diagnosis of ovarian cancer with the ROMA index (random effect model).
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Figure 3 Positive predictive value of the ROMa index for diagnosis of ovarian cancer forest map (random effect model).
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Figure 4 negative predictive value of the ROMa index for diagnosis of ovarian cancer forest chart (random effect model).
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ovarian cancer forest chart (random effect model).
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shape. Otherwise, it suggests that there is bias in the study. 

The bias analysis of this study shows that the funnel graph 

shows asymmetry, indicating the existence of bias (Figure 6).

Discussion
The early clinical symptoms of ovarian cancer are not obvi-

ous so as to make it easy to transfer and spread, leading to 

Figure 6 ROMa index evaluation of ovarian cancer risk bias analysis inverted funnel 
graph.
Abbreviation: RD, risk difference.
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a high death rate. Therefore, it was found in the middle and 

late stage thus missing the best treatment opportunity, so 

that the treatment effect is poor. NIH reports20 that about 

13% to 21% of ovarian tumor patients were diagnosed with 

ovarian cancer. The American Cancer Society conducted a 

statistical analysis of 21,550 (13% of 169,000) women with 

ovarian tumors diagnosed as ovarian cancer in 2009. Two 

sets of statistics are consistent. Therefore, improving the 
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accuracy of early diagnosis and diagnosis of ovarian cancer 

and  comprehensive preoperative evaluation of ovarian cancer 

patients are very important for the treatment and prognosis 

of ovarian cancer patients.

There may be many cases of elevated CA125 and its diag-

nostic sensitivity is relatively low, especially when it comes 

to the early diagnosis of ovarian cancer which is not ideal, 

just vulnerable to the impact of benign diseases. Besides, the 

specificity is also poor. HE4 was not expressed in normal 

ovarian tissues, but it was highly expressed in ovarian can-

cer, but not expressed or low in most nonmalignant ovarian 

diseases. So, for the diagnosis of ovarian cancer, HE4 has 

shown its better specificity. It is the difference in sensitivity 

and specificity between CA125 and HE4 that leads to a more 

effective method of detection with two characteristics. Some 

scholars have proposed the concept of the ROMA index to 

assess the risk of ovarian cancer by using the results of the 

study and related statistical analysis. But at present, only a 

few documents in China refer to the clinical value of the 

ROMA index for the diagnosis of ovarian cancer and do not 

systematically analyze it.

As a new literature research method, meta-analysis can play 

a positive role in enhancing the credibility of the results by 

quantitative synthesis of many studies of the same subject with 

specific conditions.21 The purpose of this paper is to further 

explore the clinical value of ROMA index in the diagnosis of 

ovarian cancer by means of meta-analysis of evidence-based 

medicine. A total of 23 domestic and foreign literatures were 

included in this study, and a statistical analysis was performed 

using the Revman 5.3 software. Meta-analysis showed that the 

sensitivity, specificity, positive predictive value and negative 

predictive value of the ROMA index in ovarian cancer were 

90, 91, 90% and 93%, respectively. According to the theory 

of medical statistics,19 if the ROMA index reaches 79% at the 

same time, the sensitivity can reach >80%. So we speculate 

that the ROMA index has the value of clinical differential 

diagnosis. Obviously, in this study, the specificity of the ROMA 

index diagnosis was 90%, and the sensitivity was 91%. From 

the above data, we can see that the ROMA index can provide 

a reliable basis for clinical diagnosis of ovarian cancer.

But in the bias analysis, the “inverted funnel graph” 

shows asymmetry, and the system indicates that there is bias. 

We consider that the cause of bias may be that the baseline 

of the original: (1) document is inconsistent; (2) different 

experimental measures; (3) death and loss bias appeared in 

the course of experiment; (4) some of the literature samples 

only involved epithelial ovarian cancer with no other types of 

ovarian cancer, and some of the literature did not describe the 

borderline tumors; and (5) because the ROMA value needs 

to be based on the results of serum HE4 and CA125, com-

bined with the calculation of menstrual state, there are many 

influencing factors in the process, which leads to a decrease 

of the reliability of the analysis results. Meta-analysis bias: 

(1) part of the gray literature cannot be retrieved, but the 

language of the literature is limited. In Chinese and English, 

it is impossible to obtain complete information; (2) the stan-

dard of exclusion and inclusion is not perfect; and (3) few 

literatures are included in the study and the number of cases 

in the study sample is relatively small.

According to the statistical principle that the larger the 

sample size, the more reliable the result will be. The reli-

ability of the results is not consistent due to the differences 

in sample size among the studies. Therefore, we still need a 

multi-center, large-scale randomized controlled study. Rea-

sonable selection of large and relatively consistent research, 

improve the quality of research, in order to improve the reli-

ability of meta-analysis conclusions.

Brief summary
The ROMA index combined serum CA125 HE4 and 

menopausal state with multiple parameters, which greatly 

improved the accuracy of single factor diagnosis of ovarian 

cancer. The preoperative assessment of the patient and the 

accurate judgment of the pelvic masses will be beneficial 

to the patient’s further treatment and even the prognosis. 

Through the statistical analysis of 23 literatures, this study 

shows that the ROMA index has a higher clinical appli-

cation value in the diagnosis of ovarian cancer and can 

be used to guide the clinical work of doctors. The results 

will be more reliable if we can obtain relatively perfect 

information and reduce bias as much as possible during 

the experiment.
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