
Introduction

Ovarian cancer (OC) is a common gynecological malig-

nancy associated with widespread peritoneal dissemination

and malignant ascites. The global statistics in 2012 indi-

cated the age-standardized incidence of OC in developed

areas is 9.1/100000 and in developing areas is 5.0/100000

[1]. Moreover, it indicated that the OC is the fifth and

eighth leading cause of cancer related deaths among

women in developed and developing areas, respectively [1,

2]. The lethality of OC mostly attributes to the ineffective

efforts at early diagnosis and therapeutic methodologies to

reduce mortality. 

Biomarkers have been believed as a promising host for

the diagnosis of OC in recent years. Carbohydrate antigen

72-4 (CA72-4) is firstly identified and characterized as the

tumor marker in 1986 [3], using two different monoclonal

antibodies: B72.3 and CC49 [4, 5]. CA72-4 has been found

in various human adenocarcinomas (colorectal, gastric,

ovarian, breast, and lung), but rarely expressed in normal

tissues [6]. In recent years, increasing evidence demon-

strated that CA72-4 also played important role in the de-

tection of patients with OC. Granato et al. reported a high

level of CA72-4 in almost 72% of patients with epithelial

OC [7]. Anastasi et al. concluded that CA72-4 was useful

to distinguish women with OC (71.0%) from women with

endometriosis (13.8%), which could avoid OC misdiagno-

sis [8]. However, Tamakoshi et al. reported that the positive

rate of CA72-4 was significantly lower, which suggested

that CA72-4 was inappropriate for the screening of bor-

derline ovarian tumors [9]. Thus it is controversial whether

CA72-4 is appropriate for the diagnosis of ovarian cancer.

Thus, the authors performed this meta-analysis to further

assess the diagnostic value of CA72-4 as a biomarker in di-

agnosis of OC.

Materials and Methods

All relevant literature was identified by searching the electronic

databases including PubMed (www.ncbi.nlm.nih.gov/pubmed) and

Embase (www.embase.com), up to June 2016. The literature search

was performed using the following keywords: “CA72-4” or “can-

cer antigen 72-4” and “oophoroma” or “carcinoma of ovary” or

“OC” or “ovarian carcinoma”, with the language restriction of Eng-

lish.
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Summary

Objective: This meta-analysis was aimed to evaluate the diagnostic value of CA72-4 as a biomarker in diagnosing ovarian cancer (OC).

Materials and Methods: Relevant studies were retrieved through searching PubMed and Embase, up to June 2016. The pooled sensi-

tivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR), as well as corre-

sponding 95% confidence intervals (CIs) were calculated. The summary receiver operating characteristics curve (SROC) was drawn and

the area under SROC (AUC) was calculated. Results: A total of 11 relevant literatures with 891 OC cases and 1,623 controls were iden-

tified. The overall estimates of CA72-4 are shown as the follows: sensitivity = 0.49 (95% CI: 0.46−0.53), specificity = 0.89 (95% CI:

0.87−0.90, PLR = 4.62, (95% CI: 2.91−7.34), NLR = 0.52 (95% CI: 0.40−0.67), DOR = 9.17 (95% CI = 4.67−18.03), and AUC =

0.8384 ± 0.1106. Subgroup analyses with four studies (in which 3.8 U/mL was used as cutoff value) showed the slightly higher sensi-

tivity (0.60, 95% CI = 0.54−0.65), specificity (0.93, 95% CI = 0.91−0.94,), PLR (8.27, 95% CI = 6.06−11.27), DOR (20.91, 95% CI =

12.43−35.19), AUC (0.8997 ± 0.1265), and lower NLR (0.42, 95% CI = 0.33−0.52), compared with that in overall analyses. Conclu-
sions: CA72-4 is a biomarker for diagnosing OC with high specificity but low sensitivity. The most appropriate cutoff value should be

further explored in further studies.
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Studies were included if they met the following criteria: 1) pub-

lished articles about diagnostic value of CA72-4 for OC; 2) num-

ber of cases with true positive (TP), false positive (FP), true

negative (TN), and false negative (FN) results were provided or

could be calculated based on the data in these studies. The stud-

ies should be excluded when (1) there was no available data or

(2) they were reviews, reports, letters or comments.

Data were extracted by two reviewers independently. Any dis-

crepancies were resolved by discussion with a third reviewer. The

following data was  extracted and recorded: the first author name,

published year, study period, country, sample size, age of partic-

ipants, diagnosis method of OC, detection method of CA72-4, cut-

off value of CA72-4, and the number of cases with TP, FP, TN,

and FN results.

Meta-DiSc (version 1.4) software was used for the analyses of

data. The pooled sensitivity, specificity, positive likelihood ratio

(PLR), negative likelihood ratio (NLR), and diagnostic odds radio

(DOR), as well as their 95% confidence intervals (CIs) were cal-

culated to evaluate the diagnostic accuracy of CA72-4 for OC.

The summary receiver operating characteristics curve (SROC)

was dawn and the area under SROC (AUC) was calculated to

comprehensively evaluate the diagnostic value of CA72-4 for OC.

Heterogeneity of effect sizes across studies was assessed by using

Cochran’s Q and the I2

statistic [10]. When a significant (p < 0.10

or I2 

> 50%) heterogeneity was found, the random-effect model

with Dersimonian-Laird method [11] was used for pooling the

data. Otherwise, the fixed-effect model with Mantel-Haenszel

method [12] was applied. For all these analyses, p < 0.05 was

considered statistically significant.

Results 

With the initial literature search, total 104 literatures were

identified. After excluding irrelevant studies and duplicated

publications by reading titles or abstracts, 29 articles re-

mained. Among them, 18 studies were excluded due to lack

of available data. As a result, 11 studies [13-23] were in-

cluded in the meta-analysis (Figure 1). 

Total 11 studies with 2,514 participants were contained,

including 891 OC cases and 1623 controls, were analyzed

in this meta-analysis. The published year ranged from 1992

to 2016. These studies were conducted in Italy [13, 14, 16],

Table 1. — The characteristics of included studies.

Author Publ.  Study  Country  Sample size Age Diagnosis of OC Detection method  Cut off  CA72-4 

year period of CA72-4 (U/mL)

OC Control OC Control TP FP FN TN 

Gadducci A. [16] 1992 NA Italy 75 207

b 

NA NA Histopathology SPRIA 3.8 53 17 22 190  

Moore R. [17] 2008 NA USA 67 166

b 

NA NA Histopathology NA NA 33 17 34 149

Fayed S.T. [15] 1998 1994.3- Egypt 30 60

ac 

19-65 20-63 Histopathology Immunoradio- 8.5 21 4 9 56

1996.4 metric assay 

Bian J. [20] 2013 2011.8- China 120 130

ab 

NA NA Histology ECLIA 6.9 52 31 68 99

2013.3 or cytology 

Nishida Y. [23] 1995 NA Japan 10 20

bc 

NA NA Histopathology ELISA 4 4 3 6 17

Woolas R.P. [19] 1995 NA UK 192 237

bc 

NA NA Histopathology Radioimmuno- 3.8 104 20 88 217

assay 

Udagawa Y. [18] 1998 NA Japan 143 303

bc 

NA NA NA EIA NA 72 37 71 266

Donach M. [14] 2010 1999- Italy 57 144

abc 

NA NA NA Radioimmuno- 3.8 33 10 24 134

2005 assay 

Anastasi E. [13] 2013 2012.6- Italy 39 124

abc 

64 20-74 Histopathology Immunoradio- 3.8 26 5 13 119

2013.2 (28-91) metric assay

Simmons A.R. [22] 2016 NA USA 142 217

a 

20-87 55-85 Histopathology ELISA 2.4 30 35 112 182  

Shadfan B.H. [21] 2015 NA USA 16 15

ab 

NA NA NA ELISA 4.2 11 4 5 11

OC: Ovarian cancer; NOC: no ovarian cancer; ELISA: enzyme linked immunosorbent assays; ECLIA: electrochemiluminescence immunoassay; SPRIA: solid phase
radioimmunoassay; EIA: enzyme immunoassay; TP: true positive; FP: false positive; TN: true negative; FN: false negative; NA: no clear or not reported. Con-
trol group: a: The healthy population; b: benign ovarian; c: other gynecological diseases.

Figure 1. — Literature search and study selection.
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Japan [18, 23], China [21], America [17, 21, 22], England,

and Egypt [15], respectively. In most of included studies,

histopathology was used for the final diagnosis of OC, as

gold standard. The detection method of CA72-4 was dif-

ferent among studies, including electrochemiluminescence

immunoassay (ECLIA), solid phase radioimmunoassay

(SPRIA), enzyme immunoassay (EIA), radioimmunoassay,

and immunoradiometric assay. The cutoff values of CA72-

4 in these studies were 2.4, 3.8, 4, 4.2, 6.5, and 8.9 U/mL,

respectively. More details are shown in Table 1.

For all these effects, a random-effect model was used for

pooling the data because a significant heterogeneity was

observed across studies (p < 0.01, I

2

> 50%). The pooled

sensitivity was 0.49 (95% CI: 0.46−0.53, Figure 2A), indi-

cating the poor ability of CA72-4 to determine the present

of OC when that disease was truly present. However, the

pooled specificity (0.89 (95% CI: 0.87−0.90, Figure 2B)

showed a good ability of CA72-4 to identify the absence

of OC when that disease was truly absent. The pooled PLR

(4.62, 95% CI: 2.91−7.34, Figure 2C) was lower than 10

and the pooled NLR (0.52, 95% CI: 0.40−0.67, Figure 2D)

was higher than 0.1, indicating the poor accuracy of CA72-

4 for diagnosis of OC. In addition, the AUC of SROC

(0.8384 ± 0.1106, Figure 3B) and the DOR (9.17, 95% CI

= 4.67−18.03, Figure 3A) indicated the potential ability of

CA72-4 for the diagnosis of OC.

The controversies among studies may be caused by the

different cutoff values. So the present authors performed

subgroup analyses only using the studies with a cutoff value

of 3.8 U/mL. For the results of subgroup analyses, the

pooled sensitivity (0.60, 95% CI = 0.54−0.65, Figure 4A),

specificity (0.93, 95% CI = 0.91−0.94, Figure 4B), PLR

(8.27, 95% CI = 6.06−11.27, Figure 4C), and DOR (20.91,

95% CI = 12.43−35.19, Figure 5A), as well as AUC

(0.8997 ± 0.1265, Figure 5B) were all slightly higher, and

the pooled NLR (0.42, 95% CI = 0.33–0.52, Figure 4D)

Figure 3. — Forest plots of diagnostic odds ratio (DOR) and the

summary receiver operating characteristics curve (SROC) of

CA72-4 in diagnosis of OC with all 11 included studies.

Figure 2. — Forest plots of the sensitivity (A), specificity (B),

positive (C), and negative likelihood ratio (LR) (D) of CA72-4 in

diagnosis of OC with all 11 included studies.



Chuntao Wu, Jiliang Wang, Li Wang, Jianfeng Shi, Wanhua Xue274

was slightly lower than those in overall analyses, indicating

that the cutoff value was a factor affecting the diagnostic

accuracy of CA72-4 for OC.

Discussion

In this study, the results showed that the pooled DOR and

AUC of SROC were high enough, suggesting that the

CA72-4 was a potential diagnostic marker for the detection

of OC. However, the not high enough pooled PLR (< 10)

and not low enough pooled NLR (> 0.1) indicated the poor

diagnostic accuracy of CA72-4 for OC, which may be

caused by the low possibility of obtaining true positives

when using CA72-4 as a marker for the diagnosis of OC

(based on the low sensitivity). However, the high speci-

ficity proved the low false positive rate of CA72-4 in de-

tecting OC. In addition, the subgroup analyses showed that

the diagnostic accuracy of CA72-4 at the cutoff value of 3.8

U/mL is slightly higher than that in the overall analyses.

However, more studies should be confirmed whether 3.8

U/mL is an optimal cutoff value for CA72-4 in the diagno-

sis of OC.

CA72-4 is a human tumor-associated glycoprotein iden-

tified by monoclonal antibodies cc49 and B72.3, which has

been commonly used as a tumor marker for diagnosing and

predicting outcome in not only OC, but also in gastric can-

cer, pancreatic cancer, and colorectal cancer [24-27]. It is

rarely expressed in benign tumors and normal tissues com-

pared to malignant tumors. Thus, the high specificity of

CA72-4 in detecting OC was found and confirmed in this

meta-analysis. However, the low sensitivity indicated that

the expression of CA72-4 in patients with OC may be af-

fected and varied by some factors. It was reported that

CA72-4 is the leading marker in mucinous cystadenocarci-

noma and increased in more patients with mucinous cys-

tadenocarcinoma (52.0%), compared with serous cyst-

adenocarcinoma (39.1%) and clear cell carcinoma (33.3%)

[28]. Thus, the expression of CA72-4 is associated with the

type of cancer and not positively increased in all the pa-

tients with OC, which can explain the low sensitivity of

CA72-4 for diagnosis of OC.

Although CA72-4 is low sensitive for ovarian cancer and

less than CA125 [29], several studies have confirmed that

CA72-4 could combined with CA125 or other markers in

diagnosis of patients with OC, with improved sensitivity

and specificity [29-31]. Thus, the combined diagnosis is

recommended and should be further investigated. Although

Figure 5. — Forest plots of diagnostic odds ratio (DOR) and the

summary receiver operating characteristics curve (SROC) of

CA72-4 in diagnosis of OC with four included studies in which

the cutoff value was 3.8 U/mL.

Figure 4. — Forest plots of the sensitivity (A), specificity (B),

positive (C), and negative likelihood ratio (LR) (D) of CA72-4 in

diagnosis of OC with four included studies in which the cutoff

value was 3.8 U/mL. 
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the low sensitivity for diagnosing OC, CA72-4 is still a sig-

nificant marker combined with other markers for improv-

ing the diagnostic accuracy in detecting OC. In addition,

the significant heterogeneity was found in all the effect

sizes in overall analyses. However, the significant hetero-

geneity among studies was disappeared in specificity, PLR,

and DOR in subgroup analyses. These results indicated that

the cutoff value was one of the factors resulting in the con-

troversial results among studies. Further studies should be

performed to explore the most appropriate cutoff value of

CA72-4 for the diagnosis of OC. Nevertheless, some limi-

tations should be noted in this study. Firstly, only one diag-

nostic marker CA72-4 was used in present meta-analysis and

the diagnostic value of CA72-4 combined with other com-

mon markers should be investigated in further studies. Sec-

ondly, the significant heterogeneity was still observed in the

subgroup analyses for sensitivity and NLR. Thus, more stud-

ies were needed to further explore the other sources of het-

erogeneity. In addition, the sample size and the number of

studies were less. More studies with larger sample size

should be performed to further confirm the diagnostic value

of CA72-4 for OC.

In conclusion, CA72-4 is a diagnostic marker of OC with

high specificity but low sensitivity. The most appropriate cut-

off value should be explored. Further researches should be

conducted to combine multiple markers in diagnosis of OC.
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