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Abstract

AIM: To assess diagnostic accuracy of Ras association domain family 1A (RASSF1A) promoter methylation in body fluids (serum, plasma and whole blood) for hepatocellular carcinoma (HCC). 
METHODS: Relative information about study characteristics and incidence of RASSF1A methylation was collected. Quality of all included studies was evaluated by Quality Assessment of Diagnostic Accuracy Studies-2. Sensitivity and specificity were pooled using a random-effect model, and a summary receiver operating characteristic curve was used to demonstrate the overall diagnostic performance. Positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) with 95% confidence intervals (CIs) were also calculated. Meta-regression was applied to analyze observed heterogeneity, and Deeks’ test was performed to detect publication bias.
RESULTS: After a systematic literature review, seven studies with a total of 302 cases of HCC and 250 cases of chronic liver diseases were included in the analysis. The pooled sensitivity and specificity were 0.70 (95%CI: 0.49–0.85) and 0.72 (95%CI: 0.54–0.85), respectively. The PLR was 2.51 (95%CI: 1.64–3.86), NLR was 0.41 (95%CI: 0.25–0.68), and DOR was 6.13 (95%CI: 3.17–11.84). The (2 values of sensitivity, specificity, PLR, NLR and DOR were 59.41 (P < 0.001), 50.50 (P < 0.001), 17.40 (P = 0.010), 31.24 (P < 0.001) and 80.51 (P < 0.001), respectively. The area under the curve was 0.77 (95%CI: 0.73–0.81). Three factors were analyzed by univariate meta-regression and none was significant to interpret the observed heterogeneity (P > 0.05). No significant publication bias was detected by Deeks’ test (P = 0.346).
CONCLUSION: We showed the potential diagnostic value of RASSF1A methylation in body fluids in HCC patients and it may improve diagnostic accuracy combined with the α-fetoprotein test. 
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Core tip: The published results on the diagnostic potential of Ras association domain family 1A (RASSF1A) promoter methylation for detection of hepatocellular carcinoma (HCC) are not consistent. We performed a comprehensive literature search to assess the diagnostic accuracy of RASSF1A promoter methylation. We rigorously selected patients with chronic liver diseases as controls to mimic clinical practice, and we only included studies that used body fluids as samples for detection because such an approach is non-invasive and promising for clinical application. Our meta-analysis demonstrated good sensitivity and specificity of RASSF1A methylation and may complement the α-fetoprotein test to improve HCC detection.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer and the third most frequent cause of cancer-related death worldwide[1]. With a dramatic increase in incidence, HCC has become a major health challenge and has aroused growing concern. Due to the fact that most HCC patients at the advanced stage are prone to present a poor prognosis, early HCC detection is urgently needed. Currently, the serum α-fetoprotein (AFP) test is widely used, however, with a relatively low sensitivity, the application is barely satisfactory and its function is limited[2].
Recent studies have revealed that inactivation of multiple tumor suppressor genes underlain by hypermethylation of promoter CpG islands can be a critical event in hepatocarcinogenesis[3,4]. Thus, DNA methylation may provide an ideal route for screening because methylated DNA can be detected with a high sensitivity and specificity[5]. Furthermore, the circulating DNA in cell-free serum/plasma is becoming a new focus. Increasing studies have attempted to identify abnormal methylation pattern in cfDNA of patients with human cancers[6-10]. Several tumor-associated alterations including plasma/serum DNA methylation have been well demonstrated in liver cancer[11] and such cfDNA is thought to be derived from poptosis and necrosis of cancer cells in tumor microenvironment[31]. Thus, approaches have been developed to analyze promoter methylation using DNA isolated from fluid samples, which makes it possible to perform noninvasively and allows patients to avoid physical discomfort and other complications.

Among the biomarkers studied previously, the Ras association domain family 1A (RASSF1A) gene has been extensively investigated. RASSF1A is located at 3p21.3 and is implicated in the Ras signaling pathway, which plays a pivotal role in cell cycle control, microtubule stabilization, cellular adhesion, cell motility, and apoptosis[12]. The tumor suppressor function of RASSF1A has been identified by both in vivo and in vitro observations in which re-expression of the gene in RASSF1A-negative cancer cells results in reduced colony formation in soft agar and reduced tumorigenicity in nude mice[13]. Loss of RASSF1A expression is one of the most common events in human cancer, with aberrant promoter methylation reported in a variety of tumor types, including HCC[14].

During the past decade, there have been an increasing number of investigations focusing on the diagnostic role of RASSF1A promoter methylation in HCC and many of them utilized body fluids as samples, which can be used for clinical application. Although the results of the studies are encouraging, there was some disagreement in relation to diagnostic accuracy. Therefore, we conducted a meta-analysis on the diagnostic sensitivity and specificity of RASSF1A methylation in body fluids for diagnosis of HCC. The results of this study indicate the potential diagnostic value of RASSF1A methylation and provide evidence for a reliable biomarker to discriminate HCC.

MATERIALS AND METHODS
Study selection

We performed a comprehensive literature search of articles through the following databases without date limitation: PubMed, Embase, Web of Science, and the Cochrane Library. The search terms used were: “hepatocellular carcinoma/ HCC/liver cancer”, “Ras association domain family protein 1A/RASSF1A”, “sensitivity”, “specificity” and “diagnosis”. The search was updated to May 24, 2013. The reference lists of the publications were also manually searched for additional related studies.

Inclusion and exclusion criteria

We considered studies eligible for inclusion if they met the following criteria: (1) measurement of DNA methylation in one of the following samples: whole blood, plasma, serum, and buffy coat; (2) designed as a cohort study or a case–control study; (3) published in the English language; and (4) conducted in adults. 

We excluded studies that tested RASSF1A methylation in liver tissues and cell lines. We also excluded studies in which body fluid samples were not collected before surgery or other treatment which may have reduced RASSF1A methylation dramatically. In clinical practice, patients who are recommended for advanced imaging examination (such as computed tomography and magnetic resonance imaging) and biopsies typically, have elevated AFP levels, aberrant ultrasonic images, and abnormal liver function or other related symptoms, and can differ from healthy controls[1]. Therefore, we rigorously classified the controls into two categories: (1) patients who had negative biopsies but suffered from chronic liver diseases such as liver cirrhosis, chronic hepatitis B, and chronic hepatitis C; and (2) healthy controls. In particular, we excluded healthy controls in order to diminish selection bias and avoid exaggerating diagnostic power. The selection process for studies included in this review is shown in Figure 1.

Data extraction and quality assessment

For each study included, two reviewers (ZH Zhao and YC Fan) independently extracted the following information: authors’ names, year of publication, sample type, detection technique, primer sequence, annealing temperature, country, race, number of positive and negative results among cases and controls, and other characteristics of the study population. All disparities were resolved by discussion.
An updated quality evaluation tool Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) guideline was consulted to assess the methodological quality of each study. The newly revised tool is reported to perform better because it offers additional and improved features, including distinguishing between bias and applicability, identifying four key domains supported by signaling questions to aid judgment on risk of bias, and rating risk of bias and concerns about applicability as “high” and “low”[15]. The results were presented in a recommended way.

Statistical analysis

We referred to a standard procedure recommended for meta-analysis of diagnostic test accuracy (DTA) studies[16]. Before the statistical analysis was conducted, we gathered the number of cases and controls with RASSF1A methylation. The true-positive (TP) ones were indicated to have RASSF1A methylation within cases, and false-negative (FN) ones were without RASSF1A methylation. A similar definition was given to FP and TN controls. The sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) estimates with 95% confidence intervals (CIs) from each study were analyzed using a random-effect model[16,17]. The pooled sensitivity and specificity were illustrated with a coupled forest plot. We also created a summary receiver operation characteristic (SROC) curve that displayed the results of individual studies in ROC space and reflected the discriminating ability[18]. The area under the curve (AUC) was calculated to present the general performance of the test and could be interpreted as the probability that the test would correctly rank a randomly chosen case/non-case pair with respect to their test values[19]. To assess the heterogeneity between studies, the (2-based Cochrane Q test of heterogeneity was performed for each analysis. The I2 statistic, which measured the extent of inconsistency between studies, was also assessed. For detecting publication bias, Deeks’ test was conducted to examine funnel plot asymmetry, which was reported to be more appropriate for reviews of DTA studies[20]. The analysis was conducted using Stata version 12.0 (Stata Corporation, College Station, TX, United States). All P values were two-tailed and P < 0.05 was considered significant.

RESULTS
Study characteristics

According to our search strategy and inclusion and exclusion criteria, seven studies with a total of 302 cases and 250 controls were included in the final meta-analysis (Table 1)[21-27]. The eligible studies were published between 2007 and 2012. Among the studies, two used sera, three used plasma, and two used whole blood as samples. Three methods were applied to detect the methylation status of RASSF1A promoter: four studies used methylation-specific polymerase chain reaction (MSP); one study used quantitative MSP (QMSP); and two used methylation-sensitive endonuclease- quantitative polymerase chain reaction (qPCR). The primer sequences used in the studies are summarized in Table 2.

Quality assessment

Quality assessment results based on the updated QUADAS-2 are shown in Table 3. According to the guidelines, if the case–control design was not avoided, the risk of bias should be considered to be high in the patient selection domain. All seven studies included in our analysis were case–control studies and could have introduced selection bias. For other domains, the studies were basically satisfactory.

Diagnostic accuracy analysis 

The coupled forest plot of sensitivity and specificity for RASSF1A methylation assays in the diagnosis of HCC of the seven studies is shown in Figure 2. The sensitivity ranged from 0.27 to 0.94 (pooled: 0.70; 95%CI: 0.49–0.85) and the specificity ranged from 0.38 to 0.95 (pooled: 0.72; 95%CI: 0.54–0.85). The PLR was 2.51 (95%CI: 1.64–3.86), NLR was 0.41 (95%CI: 0.25–0.68), and DOR was 6.13 (95%CI: 3.17–11.84). The (2 values of sensitivity, specificity, PLR, NLR, and DOR were 59.41 (P < 0.001), 50.50 (P < 0.001), 17.40 (P = 0.010), 31.24 (P < 0.001), and 80.51 (P < 0.001), respectively, which indicated significant heterogeneity between studies. The graph of the SROC curve is shown in Figure 3. We noted that the curve was positioned near the desirable upper left corner. The AUC was 0.77 (95%CI: 0.73–0.81), which represented a relatively high level of overall accuracy.

Meta-regression and publication bias

Due to the heterogeneity observed in both analyses, we conducted meta-regression to search the sources[28]. The accuracy estimate we used was DOR, because it could demonstrate the diagnostic performance combining both sensitivity and specificity. The assay methods used to detect RASSF1A methylation could have affected the diagnostic accuracy directly for discriminating HCC. Also, race and sample type may have had an influence to a varying degree. Therefore, we considered the three factors above as covariates and performed univariate meta-regression analysis. However, none of the factors was statistically significant (P > 0.05).

Publication bias was evaluated using Deeks’ test (Figure 4). We found no significant publication bias among the studies that detected RASSF1A methylation in body fluids from patients with HCC (P = 0.346).

DISCUSSION
Although there have been many studies about sensitivity and specificity of RASSF1A promoter methylation in diagnosis of HCC, to the best of our knowledge, no meta-analysis has been reported. For the traditional serum marker AFP, the specificity varied, but the sensitivity was generally low. A large multi-center survey including 1158 patients with HCC reported that the sensitivity for the most used cutoff value (20 ng/mL) was only 0.54[2]. Another recent study showed that the sensitivity and specificity of the AFP test was 0.42 and 0.95 when the cutoff value was 20 ng/mL[29]. In comparison, our analysis showed a relatively high sensitivity (0.70) of RASSF1A promoter methylation, which, if combined, may complement the AFP test and reduce FNs by performing detection of RASSF1A methylation status and the AFP test simultaneously. Positive results for either of the two tests demonstrate a high likelihood of HCC and patients should be recommended for advanced imaging or percutaneous liver biopsies. Nevertheless, more evidence on the correlation between RASSF1A methylation and AFP level should be collected. In our analysis, we observed FPs in some of included studies. RASSF1A gene promoter methylation might occur in controls including chronic liver disease and/or in preneoplastic (cirrhotic) liver to hepatocellular nodules to HCC[24].
The RASSF1A gene has been long noted and intensively studied for its role in tumor suppression, and aberrant methylation in the promoter region is suspected as the main mechanism of downregulation and silencing that is widely observed in human malignancies[14]. However, in this meta-analysis, we aimed to verify the feasibility of body fluid RASSF1A methylation in identifying HCC from high risk population rather than healthy population. So we selected patients with chronic liver diseases which were in high risk of developing HCC as controls. Under this condition, HCC was of greater possibility than other types of cancer. Thus, methylation of RASSF1A is relatively specific to HCC and the detection was still meaningful in distinguishing HCC from benign liver diseases. The potential clinical use of RASSF1A methylation as a biomarker for HCC diagnosis has not been fully exploited, and studies measuring RASSF1A methylation in body fluids are rare. Nevertheless, the non-invasive test possesses considerable advantages. It avoids the risk of complications and sampling error caused by imaging or percutaneous liver biopsies and is more acceptable to patients[30]. Although tumor-specific cfDNA is thought to be mainly derive from apoptosis and necrosis of cancer cells in tumor microenvironment, discordance between frequencies of alterations found in DNA extracted from tumor tissue and cfDNA do exist[31]. Zhang et al[32] showed that the frequency of RASSF1A methylation in 48 HCC tissues was 100%, which was greatly higher than our results.
Moreover, rapidly developed technologies for DNA methylation detection make it easier, faster and cheaper to measure RASSF1A methylation accurately[5,33-35]. The technologies applicable to the analysis of the small amounts of DNA present in the body fluids are mainly real-time PCR-based approaches such as MethyLight, HeavyMethyl, methylation-sensitive high-resolution melting analysis, and methylation-sensitive melting analysis after real-time methylation specific PCR[36]. However, some methodological issues should be resolved. The primer sequences and PCR procedures are varied in studies applying qualitative MSP. Also, MSP may have difficulties in distinguishing TP from FP due to the methodological limitations. Besides, the different cut-off values chosen could affect judgment of positive or negative results in detection using QMSP. We summarized the primer sequences for RASSF1A methylation detection in all the included studies to facilitate further confirmation. Before the assay can be put into clinical practice, more evidence based on methodological investigations should be collected and a standard protocol developed.

Exploring the sources of heterogeneity is one major purpose of meta-analysis[37]. Due to the significant heterogeneity observed in our analysis, we performed meta-regression. However, we failed to figure out the sources as all the covariates we took into consideration could not significantly interpret the heterogeneity. We surmise that the limited number of included studies was the main factor that hampered the analysis of heterogeneity, which also made subgroup analysis not possible.

In addition to the small number of studies, there were some other limitations. First, the case–control design used in all our included studies was likely to have introduced bias in patient selection[15] and more prospective studies are needed. Second, although we classified the controls and excluded healthy controls, the remaining patients still presented a spectrum of diseases. Due to the insufficient detailed information provided by the publications, we failed to subdivide the chronic liver diseases and specific stages of one single disease, which may have introduced considerable heterogeneity. Third, it has been reported that time of sampling influences the level of methylation dramatically[38,39]. The studies included in our analysis varied greatly in time of sampling, which may have caused heterogeneity.

In conclusion, RASSF1A promoter methylation is a valuable diagnostic biomarker with a qualified sensitivity, which may complement the AFP test in screening for HCC. More prospective diagnostic trials with strictly defined controls are needed to elucidate further the accuracy of RASSF1A methylation for diagnosis of HCC.

COMMENTS

Background
Hepatocellular carcinoma (HCC) is one of the most prevalent human malignancies. HCC patients are prone to present a poor prognosis due to failure of early detection. The currently used serum α-fetoprotein (AFP) test has a relatively low sensitivity, which limits its application. Ras association domain family 1A (RASSF1A) methylation has been shown to be a diagnostic marker for HCC.

Research frontiers

Recently, there has been an increasing number of investigations focusing on the diagnostic role of RASSF1A promoter methylation in HCC. However, there is disagreement about the actual diagnostic accuracy. This study was conducted to assess pooled estimates of the diagnostic accuracy of RASSF1A methylation in HCC.
Innovations and breakthroughs
The authors assessed RASSF1A methylation for HCC diagnosis by meta-analysis. The controls were rigorously defined as patients with chronic liver diseases to mimic clinical practice and only studies that used body fluids as samples for detection were included because they were non-invasive. The results showed a better sensitivity compared to the AFP test. The findings may improve HCC diagnostic accuracy.
Applications

RASSF1A methylation may have diagnostic potential for HCC and could be a new candidate marker. Furthermore, detection in body fluids makes it possible to be non-invasive and more acceptable to patients.

Terminology

DNA methylation is a conversion of the cytosine to 5-methylcytosine which typically occurs at CpG islands in the promoter region with the help of DNA methyltransferases. This process may result in gene silencing without changing its coding sequence.
Peer review
The authors showed that RASSF1A methylation in body fluids in HCC patients can improve HCC diagnostic accuracy using meta-analysis. The idea of this study is novel and important as we continue to evaluate novel potential biomarkers for the early diagnosis of HCC.
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Figure 1 Flowchart of study selection.
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	Sources
	Coefficient (95%CI)
	SE
	T
	P
	τ2
	I2 Res (%)
	Adjusted R2 (%)

	Method
	1.09 (-0.55, 2.73)
	0.64
	1.71
	0.148
	0.24
	37.16
	50.47

	Race
	0.83 (-1.00, 2.66)
	0.71
	1.17
	0.294
	0.36
	46.68
	26.54

	Sample
	0.88 (-1.09, 2.85)
	0.77
	1.87
	0.301
	0.36
	45.96
	26.46


Figure 2 Coupled forest plot showing the sensitivity and specificity of Ras association domain family 1A methylation in diagnosis of hepatocellular carcinoma. Forest plots document estimates of sensitivity and specificity for each study together with 95%CIs. The point estimates of sensitivity and specificity from each study are shown as solid squares. 
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Figure 3 Summary receiver operation characteristic curve for Ras association domain family 1A methylation assays. Hollow numbered circles represent included studies. Summary receiver operation characteristic (SROC) curve summarizes the overall diagnostic accuracy.
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Figure 4 Assessment of the potential publication bias in Ras association domain family 1A methylation detection. We found no significant publication bias (P > 0.05). Each spot represents one study and the regression line is shown.

Table 1 Characteristics of included studies in meta-analysis

	Author
	Year
	Country/area
	Race
	Sample
	Method
	Case type
	Cases
(n)
	Control type
	Controls (n)

	Chan et al[21]
	2008
	Hong Kong
	Asian
	Serum
	MSRE-qPCR
	HCC
	63
	HBV infection
	63

	Hong et al[22]
	2008
	China
	Asian
	Plasma
	MSP
	HCC
	26
	Liver cirrhosis
	16

	Maurizio et al[23]
	2011
	Italy
	Caucasian
	Whole blood
	MSP
	HCC
	31
	Liver cirrhosis/chronic hepatitis C
	33/30

	Nadia et al[24]
	2012
	Egypt
	Caucasian
	Plasma
	QMSP
	HCC
	40
	HCV infection
	40

	Naglaa et al[25]
	2011
	Egypt
	Caucasian
	Whole blood
	MSP
	HCC
	20
	Liver cirrhosis
	14

	Yu et al[26]
	2007
	Tai Wan
	Asian
	Serum
	MSP
	HCC
	50
	HBV infection/HCV infection/coinfection
	9/6/2

	Zhao et al[27]
	2011
	China
	Asian
	Plasma
	MSRE-qPCR
	HCC
	72
	Liver cirrhosis/chronic inactive hepatitis
	25/12


MSP: Methylation-speciﬁc polymerase chain reaction (PCR); QMSP: Quantitative methylation-speciﬁc PCR; MSRE-qPCR: Methylation-sensitive endonuclease-qPCR; HCC: Hepatocellular carcinoma.
Table 2 Primer sequences used in included studies for detection of Ras association domain family 1A methylation

	Author
	Year
	Method
	Forward
	Reverse
	Annealing T (°C)

	Chan et al[21]
	2008
	MSRE-qPCR
	5'-AGCCTGAGCTCATTGAGCTG-3'
	5'--ACCAGCTGCCGTGTGG-3'
	60

	Hong et al[22]
	2008
	MSP
	M 5'-GTGTTAACGCGTTGCGTTGCGTATC-3';

U 5'-TTTGGTTGGAGTGTGTTAATGTG-3'
	M 5'-AACCCCGCGAACTAAAAACGA-3';

U 5'-CAAACCCCACAAACTAAAAACAA-3'
	60

	Maurizio et al[23]
	2011
	MSP
	NA
	NA
	NA

	Nadia et al[24]
	2012
	QMSP
	5'-AGCCTGAGCTCATTGAGCTG-3'
	5'-ACCAGCTGCCGTGTGG-3'
	60

	Naglaa et al[25]
	2011
	MSP
	M 5'-GTGTTAACGCGTTGCGTATC-3';

U 5'-TTTGGTTGGAGTGTGTTAATGTG-3'
	M 5'-AACCCCGCGAACTAAAAACGA-3';

U 5'-CAAACCCCACAAACTAAAAACAA-3'
	54

	Yu et al[26]
	2007
	MSP
	M 5'-GTGTTAACGCGTTGCGTATC-3'；

U 5'-TTTGGTTGGAGTGTGTTAATGTG-3'
	M 5'-AACCCCGCGAACTAAAAACGA-3'；

U 5'-CAAACCCCACAAACTAAAAACAA-3'
	60

	Zhao et al[27]
	2011
	MSRE-qPCR
	5'-AGCCTGAGCTCATTGAGCTG-3'
	5'-ACCAGCTGCCGTGTGG-3'
	58


M: Methylated sequence; NA: Not available; U: Unmethylated sequence; MSP: Methylation-speciﬁc polymerase chain reaction (PCR); QMSP: Quantitative methylation-speciﬁc PCR; MSRE-qPCR: Methylation-sensitive endonuclease-qPCR.
Table 3 Quality Assessment of Diagnostic Accuracy Studies-2 results of all included studies

	Study
	Risk of bias
	Applicability concerns

	
	Patient selection
	Index test
	Reference standard
	Flow and timing
	Patient selection
	Index test
	Reference standard

	Chan et al[21]
	(
	?
	(
	(
	(
	?
	(

	Hong et al[22]
	(
	?
	(
	(
	(
	?
	(

	Maurizio et al[23]
	(
	?
	(
	?
	(
	?
	(

	Nadia et al[24]
	(
	(
	(
	(
	(
	(
	(

	Naglaa et al[25]
	(
	(
	(
	(
	(
	(
	(

	Yu et al[26]
	(
	(
	(
	(
	(
	(
	(

	Zhao et al[27]
	(
	?
	(
	(
	(
	?
	(


( : Low risk; ( High risk; ? : Unclear risk.
Studies identified through database searching


(n=274)








Studies from the reference lists of retrieved articles


(n =41)








Full-text articles retrieved for further evaluation


(n =57)








Studies excluded:


Same paper (n =39)


Irrelevant title and abstract (n =216)


Relevant but not in English (n =3) 








Studies eligible for final meta-analysis


(n =7)





Studies excluded:


Review paper (n =1)


Data from tissues or cell lines (n =41)


Data based on postoperative or posttreatment design (n =5)


Only healthy subjects as controls (n =3)
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