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Abstract
Background: To evaluate the clinical diagnostic efficacy of the combination of alpha-
fetoprotein (AFP) and lens culinaris agglutinin-reactive fraction of AFP/total AFP 
(AFP-L3%) for detecting hepatocellular carcinoma (HCC).
Methods: A comprehensive and systemic literature search was executed in Web of 
Science, PubMed, and the Cochrane Library websites. Then, the related articles were 
reviewed and the quality of included studies was evaluated with the QUADAS tool. 
Further, serum samples were collected from 49 HCC patients, 52 cirrhosis patients, 
47 hepatitis patients, and 48 healthy controls and these samples were tested for AFP 
and AFP-L3% levels.
Results: A total of 16 eligible articles were included in our meta-analysis. The overall 
sensitivity (SEN) of AFP + AFP-L3% was higher than that of AFP or AFP-L3 alone; 
the overall specificity (SPE) of AFP + AFP-L3% was lower than that of AFP or AFP-L3 
alone. In the original study, the related statistics were, respectively, SEN = 0.592 and 
SPE = 0.918 for AFP; SEN = 0.367 and SPE = 1.000 for AFP-L3%; and SEN = 0.592 
and SPE = 0.918 for the combination.
Conclusion: The results of meta-analysis indicate there is a beneficial effect of using 
the unity of AFP and AFP-L3% for HCC diagnosing. However, in the original study, 
just for the results of sensitivity and specificity, there is no significant difference be-
tween AFP alone and AFP + AFP-L3%.
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1  | INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malignant neoplasm 
and has become the third leading cause of cancer-related death 
worldwide.1 However, the burden of HCC is expected to continu-
ally increase until 2030 basing on the World Health Organization. 
Advanced-stage HCC patients often have poor prognosis, highlights 
the significance of diagnosing HCC at an early stage in making at-
tempts to offer more curative treatment.2

Since the 1970s, α-fetoprotein (AFP) has been applied as a bio-
marker for HCC and widely used in clinic. Nevertheless, for AFP, the 
sensitivity (SEN) and specificity (SPE) are suboptimum for diagnosing 
HCC because it may also be detected in individuals with chronic he-
patic disease besides that in those with HCC. Consequently, a serum 
biomarker with superior diagnostic accuracy in diagnosing HCC 
needs to be identified.3

Lens culinaris agglutinin-reactive fraction of AFP (AFP-L3%), 
an AFP-isoform, has been considered an effective tumor marker 
for HCC diagnosis.4,5 In the recent studies, AFP-L3% has proved 
effective for establishing an early diagnosis of HCC,6,7 but it is still 
a controversial issue for the ability of the AFP + AFP-L3% for HCC 
diagnosis in previous studies. In this research, we aimed to assess 
the diagnostic value of AFP  +  AFP-L3% for HCC by performing 
a comprehensive meta-analysis of 16 articles4,7-21 and an original 
study.

2  | MATERIALS AND METHODS

2.1 | Search strategy

A systematic search was conducted with the following three data-
bases: Web of Science, PubMed, and the Cochrane Library for all 
pertinent articles published before March 18, 2017. Our search was 
performed using the keywords as below: (lens culinaris agglutinin-
reactive fraction of α-fetoprotein or α-fetoprotein-L3 or AFP-L3%) 
AND (α-fetoprotein or AFP) AND (hepatocellular carcinoma or hepa-
tocellular or liver cell carcinomas or hepatoma or HCC or SHCC) 
AND (diagnostic or diagnosis or sensitivity or specificity). Moreover, 
the references from the relevant reviews were manually screened 
for further articles identification.

2.2 | Inclusion and exclusion criteria

All articles where in (Ⅰ)individuals with diagnosed HCC and non-HCC 
control patients with benign liver disease or healthy individuals were 
enrolled, (Ⅱ)HCC patients were diagnosed using the gold standard, 
and (Ⅲ)sufficient data were provided to construct two × two tables 
were included in the study. By contrast, (Ⅰ) studies published in a lan-
guage other than English, and those not conducted on human sub-
jects, (Ⅱ) reviews and meta-analyses, (Ⅲ) studies with insufficient key 
information, and (Ⅳ) studies with ≤20 HCC subjects were eliminated.

2.3 | Data extraction and quality assessment

The first author; year of publication; country of the first author; num-
ber of individuals with HCC; individuals with non-HCC (benign liver 
disease or healthy individuals); study methods; cutoff values; and 
original data concerning true-positive (TP), false-positive (FP), false-
negative (FN), and true-negative (TN) results were extracted from 
the eligible studies. We applied the Quality Assessment of studies of 
Diagnostic Accuracy Included in Systematic reviews (QUADAS)22,23 
to systematically evaluate the quality of the involved studies. A total 
of 14 items were included, each with response options “yes,” “no,” 
or “unclear”. A response of “yes” was given a point, while both, “no” 
and “unclear” scored zero. A QUADAS score ≥9 was considered to 
indicate that the article was of superior quality.

2.4 | Statistical analyses

The statistical analyses were conducted applying the two statisti-
cal software programs as below: Stata 12.0 (Stata Corporation) 
and Meta-Disc software (version 1.4). In the meta-analysis, the I2 
test was used to evaluate the heterogeneity. A probability value of 
I2 ≥ 50% and a P value < .1 were regarded as indicative of significant 
heterogeneity. A random effects model or a fixed effects model was 
chosen based on the outcomes of the heterogeneity analyses. When 
the results of I2 > 50% and P < .05, the random effects model was 
applied. While a fixed effects model was selected if I2 was ≤ 50% and 
P was ≥.05. In this study, four indices, including TP, FP, FN, and TN, 
were applied to calculate the overall sensitivity, specificity, positive/
negative likelihood ratio (PLR/NLR), diagnostic odds ratio (DOR), 
95% confidence interval (95% CI). A summary receiver operating 
characteristic curve (SROC) and area under the curve (AUC) were 
graphically and intuitively applied to describe the correlation of sen-
sitivity and specificity. To explore the heterogeneity, the threshold 
effect and meta-regression analysis were applied. Begg's funnel plot 
and Egger's liner regression test were used to analyze the publica-
tion bias.

2.5 | Study population and methodology 
in the original study

Four groups: healthy controls (A 1, n = 48), subjects with infection 
with the hepatitis virus (A 2, n  =  47), liver cirrhosis (A 3, n  =  52), 
and HCC (A 4, n = 49) from the First Affiliated Hospital of Guangxi 
Medical University were enrolled in the present study. Our study 
was approved by the ethics committee of the First Affiliated Hospital 
of Guangxi Medical University (Guangxi, China), and the study con-
forms to recognized standards of Declaration of Helsinki.

The AFP concentrations were tested using an electrochemilumi-
nescence immunoassay assay (ECLIA). The serum levels of AFP-L3 
were determined using ECLIA after using affinity chromatography 
assay for AFP-L3 separation. The affinity matrix coupling with lens 
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culinaris agglutinin was fitted on the centrifuge tubes of affinity ad-
sorption, the affinity matrix could combine with AFP-L3 specifically; 
when the testing samples traversed the centrifuge tubes, AFP-L3 in 
the samples combined with the affinity matrix and remained in the 
centrifuge tubes; after eluting, AFP-L3 in the samples was obtained; 
than using a quantitative analysis on automated platform as AFP to 
determine the levels of samples, and calculating the AFP-L3/total 
AFP (AFP-L3%) in final. According to the manufacturer's instruc-
tions, the cutoff value was 11ng/ml for AFP and >10% for AFP-L3%.

2.6 | Statistic method

In the original study, data analyses were realized using SPSS 20 
(SPSS, Inc). There was a comparison of the classified variables per-
forming with chi-square test or Fisher's exact test. It was deemed to 
statistically significant if there was a 2-tailed P < .05.

3  | RESULTS

3.1 | Literature search and features

A total of 422 articles were retrieved from the original database 
searches; 175 duplicated studies were removed. After the titles 
and abstracts were screened, 149 articles were excluded because 
they were reviews, meta-analyses, or unrelated to our study. After 
reading the remaining 98 full-text articles, 82 were excluded in ac-
cordance with the exclusion criteria (10 studies were published in 
non-English language, 71 studies lacked data to form a 2 × 2 table or 

lacked key information, and one study had <20 subjects with HCC). 
Ultimately, we included 16 set of data in the current meta-analysis 
(Figure 1).

All of eligible studies which involved 2256 HCC patients and 
2317 controls were published between 1993 and 2017. The serum 
levels of AFP and AFP-L3% were evaluated in all of included subjects; 
and 6 of these 16 studies which included 756 HCC patients and 1087 
controls were further assessed the performance of AFP + AFP-L3% 
in HCC diagnosing (Table 1).

The QUADAS tool was used to identify the quality of the articles, 
as shown in Table 2. According to the consequences of the method-
ological and systematic evaluation, the entire included articles were 
of acceptable quality.

3.2 | Meta-analysis

The random effect model was used because all of I2 values were >50% 
(Figures 2 and 3). The pooled sensitivity values were, respectively, 
as follows: 0.59 (0.57-0.61), 0.56 (0.54-0.58), and 0.71 (0.68-0.74) 
for AFP, AFP-L3%, and their unity. Their specificity values were, re-
spectively, 0.83 (0.81-0.85), 0.90 (0.88-0.91), and 0.79 (0.76-0.81) for 
AFP, AFP-L3%, and their unity. The AUC values of AFP, AFP-L3%, and 
their unity were, respectively, 0.7322, 0.8357, and 0.7513 (Figure 4). 
The pooled PLR, NLR, and DOR values were 3.56 (2.53-5.00), 0.49 
(0.43-0.56), and 7.90 (5.03-12.41) for AFP, 5.68 (3.89-8.29), 0.48 (0.41-
0.55), and 12.77 (7.36-21.79) for AFP-L3%, and 3.91 (2.46-6.22), 0.35 
(0.28-0.45), and 11.26 (5.72-22.17) for AFP + AFP-L3%, respectively 
(Table 3). These analyses demonstrated that AFP combining with AFP-
L3%, rather than either AFP or AFP-L3% alone, has better diagnostic 

F IGURE  1 Flowchart of the study 
selection strategy
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sensitivity for HCC. The AFP-L3% showed a more superior diagnostic 
efficiency than AFP in this meta-analysis.

3.3 | Heterogeneity and sensitivity analyses

The threshold effect was determined to identify the underlying ori-
gin of heterogeneity in this meta-analysis. The Spearman correlation 
coefficient value was 0.117 (P = .645) for AFP, 0.108 (P = .669) for 
AFP-L3%, and −0.486 (P = .329) for AFP + AFP-L3%, indicating there 
was no threshold effect.

Except for the threshold effect, the heterogeneous variables can 
also induce heterogeneity in the pooled results. The meta-regression 
analyses were performed based on the test methods of the candi-
date makers, countries of the first author, and sample size to search 
the sources of heterogeneity. As shown in Table 4, no significant 
heterogeneity was exhibited in accordance with the test methods 
(coeff. = −.105, P =  .5849), countries (coeff. = −.111, P =  .5191), and 
sample size (coeff. = .000, P = .9099) for AFP or for the test methods 
(coeff. = .204, P = .1259), countries (coeff. = −.147, P = .5694), and sam-
ple size (coeff. =  .000, P =  .7475) for AFP-L3%. Consequently, other 
confounders might have given rise to the high heterogeneity of AFP 
and AFP-L3% in HCC diagnosis.

To determine whether the individual study affected the overall 
results, the sensitivity analysis was conducted. We found that the 
individual study had little impact on the final results, indicating that 
our analyses were stable and reliable.

3.4 | Publication bias

To appraise the publication bias of the involved studies, Begg's fun-
nel plot and Egger's liner regression test were conducted in this 

meta-analysis. The P values of Egger's test were, respectively, .789, 
.262, and .267 for AFP, AFP-L3%, and their combination, indicating no 
evidence of a significant publication bias in this meta-analysis (Figure 5).

3.5 | Diagnostic analysis of original study

Total 196 individuals were tested for the candidate makers. No signif-
icant difference was detected in the gender distribution of the study 
groups (P = .189). No statistical differences were detected in the mean 
patient age between the following groups: A 1 and A 2 (P = .203), A 1 
and A 3 (P = .653), A 1 and A 4 (P = .068), and A 3 and A 4 (P = .104); 
however, significant differences were detected between the follow-
ing groups: A 2 and A 3 (P = .049) as well as A 2 and A 4 (P = .001). The 
serum levels of AFP in the subjects with HCC (A 4) were higher than 
those in subjects without HCC (A 1 + A 2 + A 3) (P = .000). There was 
significant difference in AFP-L3% between those with and without 
HCC (A 4 vs. A 1 + A 2 + A 3, P = .000). The sensitivity and specificity 
were 0.592 and 0.918 for AFP, 0.367 and 1.000, for AFP-L3%, and 
0.592 and 0.918 for the combination, respectively.

4  | DISCUSSION

The recommended noninvasive methods of HCC include ra-
diographic techniques and the serum biomarkers in current.24,25 
Although AFP is one of the most widely applied tumor markers for 
HCC, it has a limitation of low sensitivity and specificity. Several 
studies have compared the usefulness of AFP, AFP-L3%, and their 
unity in HCC diagnosing. AFP-L3%, a tumor biomarker used for 
HCC diagnosis is an AFP-isoform that reflects changes in the carbo-
hydrate chain; further, AFP-L3% is more specific than AFP for HCC 
diagnosis.7,17,21 In our research, we assessed the value of combining 

TABLE  2 QUADAS assessment of included articles

Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Representative patient spectrum? Y Y Y Y U Y Y Y Y Y N Y Y Y U Y Y

Selection criteria? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Acceptable reference standard? Y Y Y Y U Y Y Y Y Y N Y Y Y U Y Y

Acceptable delay between tests? U Y N Y U Y Y Y Y Y N Y Y Y U Y N

Partial verification avoided? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Differential verification avoided? U Y Y Y U Y Y N Y Y N Y Y Y U Y Y

Incorporation avoided? Y Y N Y U Y Y N Y Y N Y Y Y U Y N

Index test execution? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Reference standard execution? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Reference standard results blinded? U Y Y Y U Y Y Y Y Y N Y Y Y U Y Y

Index test results blinded? Y Y Y Y U Y Y Y Y Y N Y Y Y Y Y Y

Relevant clinical information? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Uninterpretable results reported? Y Y N Y U Y Y Y Y Y N Y Y Y U Y N

Withdrawals explained? U Y N Y U Y Y Y Y Y N Y Y Y U Y N

Abbreviation: QUADAS, Quality Assessment of Diagnostic Accuracy Studies.
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F IGURE  2 Diagnostic meta-analysis of candidate maker AFP and AFP-L3%. A, AFP; B, AFP-L3%

F IGURE  3 Diagnostic meta-analysis of 
candidate maker AFP + AFP-L3%
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F IGURE  4 SROC curve. A, AFP, B, AFP-L3%, C, AFP + AFP-L3%

TABLE  3 Summary of the diagnostic accuracy of AFP, AFP-L3% and AFP + AFP-L3%

Maker SEN (95%CI) SPE (95%CI) PLR (95%CI) NLR (95%CI) DOR (95%CI) AUC

AFP 0.59 (0.57-0.61) 0.83 (0.81-0.85) 3.56 (2.53-5.00) 0.49 (0.43-0.56) 7.90 (5.03-12.41) 0.7322

AFP-L3% 0.56 (0.54-0.58) 0.90 (0.88-0.91) 5.68 (3.89-8.29) 0.48 (0.41-0.55) 12.77 (7.36-21.79) 0.8357

AFP + AFP-L3% 0.71 (0.68-0.74) 0.79 (0.76-0.81) 3.91 (2.46-6.22) 0.35 (0.28-0.45) 11.26 (5.72-22.17) 0.7513

Abbreviations: 95% CI, 95% confidence interval; AUC, area under the curve; DOR, diagnostic odds ratio; NLR, negative likelihood ratio; PLR, positive 
likelihood ratio; SEN, sensitivity; SPE, specificity.

TABLE  4 Meta-regression analyses of the heterogeneity in AFP and AFP-L3%

Variable

AFP AFP-L3%

Coeff. SE P-value RDOR (95%) CI Coeff. SE P-value RDOR (95%) CI

Method −.105 .1878 .5849 0.90 0.60-1.35 .204 .1248 .1259 1.23 0.94-1.61

Country −.111 .1669 .5191 0.90 0.62-1.28 −.147 .2526 .5694 0.86 0.50-1.49

Sample size .000 .0011 .9099 1.00 1.00-1.00 .000 .0012 .7475 1.00 1.00-1.00

Abbreviations: (95%) CI, 95% confidence interval; Coeff., coefficient; RDOR, ratio of diagnostic odds ratio; SE, standard error.
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AFP and AFP-L3% for HCC diagnosis based an original study and 
literature review.

As most of markers present defective sensitivity, numerous studies 
indicate that it may be advisable to apply several biomarkers in sub-
jects with HCC.7,8 In the present meta-analysis, the overall sensitivity, 
specificity, and AUC of AFP were 0.59, 0.83, and 0.7322; those of AFP-
L3% were 0.56, 0.90, and 0.8357; and those of AFP + AFP-L3% were, 
respectively, 0.71, 0.79, and 0.7513. This demonstrated that the com-
bining of AFP + AFP-L3% exhibited better sensitivity than either AFP 
or AFP-L3% alone. Two previous studies26,27 have also evaluated AFP, 
AFP-L3%, and their combination for HCC diagnosis. Tarek D. Hussein 
reported the following values for sensitivity, specificity, and AUC: AFP 
(SEN = 0.71, SPE = 0.85, and AUC = 0.869), AFP-L3% (SEN = 0.78, 
SPE  =  0.88, and AUC  =  0.873), and AFP  +  AFP-L3% (SEN  =  0.82, 
SPE = 0.96, and AUC = 0.837). The study by Bin Hu et al reported 
the following values: AFP (AUC = 0.835), AFP-L3 (AUC = 0.710), and 
AFP + AFP-L3% (AUC = 0.748). The results of our meta-analysis are 
similar to these results in that the sensitivity of AFP + AFP-L3% was 
superior than that of AFP or AFP-L3% alone but the AUC value of 
AFP + AFP-L3% was inferior to their alone in HCC diagnosing. The 
present study has the following advantages over previous studies: 
First, more number of recent articles were included in our meta-anal-
ysis; second, Spearman analysis and meta-regression, involving three 
factors (test methodology, country of the first author, and sample size) 
were used for exploring the heterogeneity; third, all HCC patients 

in studies incorporated in our meta-analysis were diagnosed using 
the gold standard to prove the reliability of the primordial literature; 
fourth, we conducted an original study including 196 individuals to as-
sess the diagnostic efficiency of the candidate markers.

All the results in our meta-analysis showed significant hetero-
geneity (all of I2 > 50%). Although we made an effort to explore the 
heterogeneity using threshold effect analysis and meta-regression, 
none of the factors we analyzed was found to contribute to the high 
heterogeneity of the study. Thus, we conclude that certain other 
factors were responsible for the heterogeneity.

In the original study, the sensitivity and specificity were 0.592 
and 0.918 for AFP, 0.367 and 1.000 for AFP-L3%, and 0.592 and 
0.918 for AFP + AFP-L3%, respectively. The results above show that 
the ability of AFP-L3% is not beneficial to AFP, which is in agree-
ment with the results of previous studies28,29; moreover, the use of 
AFP in combination with AFP-L3% did not enhance the accuracy of 
distinguishing between subjects with and without HCC. Several fac-
tors may contribute to these results. First, our original study was a 
single-center, retrospective study. Second, the pathogenesis of in-
cluded HCC patients are various (HBV, HCV, parasitization, et al.). 
Third, the sample size is comparatively small.

In conclusion, our meta-analysis showed the diagnostic impor-
tance of AFP + AFP-L3% in terms of significantly higher sensitivity 
compared to that of either AFP or AFP-L3% alone in HCC diagnosis. 
Moreover, the performance of AFP-L3% was greater to AFP for HCC 

F IGURE  5 Begg's funnel plot. A, AFP, B, AFP-L3%, C, AFP + AFP-L3%
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diagnosis. Nevertheless, the results of our original study cannot vali-
date absolutely that in our meta-analysis. Not only that, owing to the 
heterogeneity and various study limitations, further comprehensive 
research studies on a larger sample size are warranted to verify these 
findings.
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