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Abstract 

Introduction To date, alpha-feto protein (AFP) remains the most widely used serum biomarker for hepatocellular 
carcinoma (HCC) diagnosis and prognosis. However, its role has become controversial as close to 30% of early stage 
HCC patients are AFP negative. Different studies on the diagnostic performance of novel AFP-negative HCC biomark-
ers have shown inconsistent results of sensitivity, specificity, and area under the receiver operating curve (AUROC). 
Here, we conducted a systematic review and meta-analysis to resolve this inconsistency.

Methods Relevant studies were systematically searched from PubMed, Embase, Cochrane library, Scopus, and the 
China National Knowledge Infrastructure (chkd-cnki) databases up to the 20th October 2022. The Newcastle–Ottawa 
Scale was used to assess the methodological quality of included studies. Sensitivity, specificity, and area under the 
curve were pooled using the random effect model.

Results Five studies, with a total of 286 patients, were included. Serum Midkine was assessed using enzyme-linked 
immunosorbent assay (ELISA) in all the studies, at diagnostic thresholds varying from 0.387 to 5.1 ng/ml. The summary 
estimates for serum Midkine were 76% (95% CI 70–81%) sensitivity, 85% (95% CI 82–87%) specificity, and 91% area 
under the receiver operating characteristic curve (AUC), while the pooled diagnostic odds ratio (DOR) was 27.64 (95% 
CI 4.95–154.17).

Conclusion Based on these findings, serum Midkine is a very promising diagnostic biomarker for AFP-negative HCC 
and should be validated further in large cohort studies.
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Introduction
Liver cancer is the 6th most common human malig-
nancy (4.7% of total cases), and the 3rd most deadly 
(8.3% of all cancer deaths) globally [1]. Hepatocellular 
carcinoma (HCC) is its most frequent and aggressive 

form, accounting for over 90% of all cases, and causing 
an estimated 782, 000 deaths annually [1]. Its 5-year sur-
vival rate is less than 20% world over [2], and just over 
12% in China [3], but can go beyond 70% when diag-
nosed early [4]. Thus, early diagnosis is crucial for timely, 
optimal, and effective therapy. Major HCC risk factors 
include hepatitis B and hepatitis C virus (HCV) infection, 
excessive alcohol consumption, liver cirrhosis, and other 
associated metabolic diseases [5, 6]. To date, alpha-feto 
protein remains the most widely used serum biomarker 
for HCC diagnosis, recommended alongside routine 
6  months ultrasound examination for HCC screening 
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in China [7]. However, this role of AFP in HCC screen-
ing remains controversial. A recent study demonstrated 
that AFP sensitivity for HCC diagnosis was as low as 60% 
at the usual cutoff value of < 20 ng/ml [8], while another 
reported that only 33–65% of HCC patients with tumor 
diameter < 3 cm had elevated serum AFP level (> 20 ng/
mL) [9]. Moreover, up to 30% of all early stage HCC 
patients are AFP negative [10, 11]. For these reasons, 
AFP is not recommended in the European and Ameri-
can guidelines for HCC diagnosis and prognosis [12, 13]. 
However, since it is still widely used in other parts of the 
world, especially south East Asia, it is crucial that new 
biomarkers are sought for, especially for AFP-negative 
HCC (ANHC) patients.

According to a recent study [14], serum Midkine exhib-
ited impressive diagnostic performance for early stage 
HCC and AFP-negative HCC. Midkine is a low molecu-
lar weight protein that is highly expressed during fetal 
development, but is low to undetectable in adulthood 
[15]. Recent findings about its role in HCC, such as pro-
moting tumor proliferation, and anti-apoptosis tenden-
cies [16], coupled with its upregulated expression in 
HCC relative to normal individuals [16–19], have made 
it the most promising biomarker for early stage HCC. 
Most importantly, secondary analyses of these HCC 
early diagnosis studies for its potential diagnostic signifi-
cance in AFP-negative patients have shown remarkable 
results. A subgroup analysis in the meta-analysis by Lu 
et al. [20] combined three studies of Midkine and showed 
that it had a combined AUC of 91%, with sensitivity and 
specificity of 88.5% and 83.9%, respectively. However, a 
thorough literature search revealed that a few more eli-
gible studies were not included in the meta-analysis, and 
since then, other new studies have come out [18, 21, 22]. 
Therefore, an updated meta-analysis is warranted. Mid-
kine expression continues to draw scientific enthusiasm 
because it is detectable in pre-clinical tumor samples 
[18], which makes it a possible candidate for early stage 
HCC diagnosis, and its expression shows strong correla-
tions with key features of HCC progression, such as vas-
cular invasion and multiple nodule development, which 
are pre-metastatic characteristics [21]. A recent study by 
Vongsuvanh et  al. [18] further revealed that Midkine is 
particularly superior to AFP in detecting NASH-associ-
ated HCC.

Other potential AFP-negative HCC biomarkers that 
have been explored include Osteopontin, DKK1, and a 
host of genetic and clinical biomarkers such as circular 
RNAs, microRNAs, and blood cell indices [23]. Although 
the pathways that drive HCC pathogenesis are complex 
in nature and may require profiling a combination of bio-
markers as opposed to a single biomarker, AFP-negative 
HCC is an emergent subset that is still largely unknown 

and requires further studies to unravel. In this subgroup 
of HCC, Midkine has shown superior diagnostic prom-
ise and should be assessed further for its possible role 
in clinical practice. Since the results were inconsist-
ent across different studies, to resolve the controversy, 
we sought to systematically explore these studies and 
pooled their effect sizes to determine Midkine’s diagnos-
tic capacity in AFP-negative HCC patients. We further 
explored its combined sensitivity, specificity, diagnostic 
odds ratio, and positive and negative likelihood ratios in 
diagnosing AFP-negative HCC.

Materials and methods
Literature search strategy
The updated Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guideline 
[24] was followed to conduct this meta-analysis. Pub-
Med, Embase, Cochrane Library, Scopus, and the China 
National Knowledge Infrastructure (chkd-cnki) data-
bases were systematically searched for all eligible stud-
ies published until the 20th of October 2022. All studies 
that assessed Midkine expression in AFP-negative HCC 
were searched and retrieved. Studies on early HCC diag-
nosis were retrieved, and thoroughly read, and if they had 
data on AFP-negative HCC, such data were extracted. 
The search terms were (‘Midkine’ or ‘MDK’ or ‘MK’) and 
(‘Carcinoma, Hepatocellular’ or ‘Liver Neoplasms’ or 
‘hepatocarcinoma*’ or ‘hepatoma*’or ‘HCC’ or ((‘Hepa-
tocellular’ or ‘liver cell’ or ‘hepatic cell’ or ‘liver’) and 
(‘carcinoma*’or ‘tumor’))). Since AFP-negative HCC lacks 
specific studies, literature on novel HCC biomarkers and 
early HCC diagnosis were thoroughly read to retrieve any 
usable information on Midkine in AFP-negative HCC. 
References of the relevant studies were also thoroughly 
searched for any additional papers.

Inclusion and exclusion criteria
Studies were included in the analysis if they met the fol-
lowing criteria: (1) directly assessed the diagnostic ability 
of Midkine in AFP-negative HCC patients vs. controls. 
(Controls were considered to be healthy subjects, hepati-
tis B patients, or liver cirrhosis patients). (2) Had enough 
data to construct a 2 × 2 table having true positives (TPs), 
false positives (FPs), true negatives (TNs), and false nega-
tives (FNs). (3) Only serological samples were used to 
determine the levels of the biomarker in AFP-negative 
HCC patients. (4) HCC diagnosis was confirmed by his-
tology or an appropriate imaging technique as defined 
by accepted guidelines. Studies were excluded if they 
had the following characteristics: (1) were abstracts 
only, or conference papers, editorials, letters, guidelines, 
reviews, and case reports; (2) were conducted in animals 
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or cellular experiments; and (3) were irrelevant to AFP-
negative HCC.

Definition of key terms
HCC was defined as diagnosis based on microscopic 
pathology or CT and MRI as defined in the diagno-
sis guidelines [25]. Hepatitis virus-related HCC was 
defined as HCC that originated from a previous chronic 
hepatitis virus infection and subsequent cirrhosis, while 
early-stage HCC and AFP-negative HCC were defined 
according to the BCLC 0-A (Barcelona Clinic Liver Can-
cer) classification and AFP < 20 ng/ml, respectively.

Data extraction and quality assessment
Data was extracted using a pre-defined data extraction 
sheet. The extraction was conducted by two reviewers; 
one extracting and the other proofreading to confirm that 
no errors were made. Data extracted were on the study 
authors, year of publication, country of study, study type, 
sample type used, sample size, AFP status, control sub-
jects used, method of biomarker detection, cutoff values, 
and the performance indices TP, FP, FN, and TN. Qual-
ity assessment for the included studies were conducted 
using the Newcastle–Ottawa scale [26]. Data extraction 
and quality assessment were conducted by two independ-
ent authors. Any disagreements between the reviewers 
were resolved through dialog.

Statistical analyses
The Cochrane Collaboration Software Review Man-
ger version 5.4.1 (Cochrane Collaboration, UK) and the 
Meta-Disc software version 1.4 (Hospital Ramón y Cajal, 
Spain) were used for statistical analyses. Pooled sensitiv-
ity (Se), specificity (Sp), positive likelihood ratio (PLR), 
negative likelihood ratio (NLR), and diagnostic odds ratio 
(DOR) were calculated and the summary receiver oper-
ating characteristic (SROC) curve drawn, with its cor-
responding AUC using the DerSimonian–Laird random 
effect model. A perfect diagnostic tool is one with an 
AUC of 1.00, and 0.90 is considered excellent, 0.80 good, 
and < 0.80 moderate [27].

Study heterogeneity and publication bias
Here, heterogeneity meant the degree of variations 
among the individual studies’ effect sizes (AUCs). The 
chi-square test and the Higgins and Thompson I2 test 
[28] were used to assess heterogeneity. I2 < 25% was con-
sidered low heterogeneity, 25–75%, moderate, and > 75% 
high. The Spearman’s correlation coefficient was used 
to verify potential threshold effects where applicable, a 
strong positive correlation proves that threshold effect 
exists. Funnel plots and Egger’s test for publication bias 
were not conducted since in the studies were less than 

ten in number [29]. A two sided p value < 0.05 was con-
sidered statistically significant.

Results
Characteristics of included studies
A total of 621 studies were initially retrieved, 603 were 
excluded due to duplication, abstract only papers, lack 
of enough data to construct 2 × 2 tables, and non-rele-
vance to AFP-negative HCC. As a result, 5 studies were 
recruited [14, 16, 18, 19, 22]. When combined, the stud-
ies evaluated 286 AFP-negative patients. The study flow 
diagram is presented in Fig. 1. Included studies were pub-
lished between 2013 and 2021. Three were from Egypt, 1 
from Australia, and 1 from China. In all studies, serum 
Midkine level was determined by enzyme-linked immu-
nosorbent assay (ELISA). Information about the stud-
ies is presented in Table 1. The Newcastle–Ottawa Scale 
was used for study quality assessment, and the results 
are presented in Supplementary table S1. Generally, the 
studies were of average quality as none was randomized, 
some retrospective, and all of them assessed AFP-nega-
tive HCC patients secondary to early diagnosis of HCC, 
hence had design flaws.

Systematic review
The study by Zhu et al. [14] was the earliest and had the 
most number of AFP-negative HCC patients evaluated 
(n = 181). This study evaluated Midkine as a diagnos-
tic serum biomarker in hepatocellular carcinoma and 
recruited 388 HCC patients, 181 of whom were AFP neg-
ative. They found that Midkine had an outstanding per-
formance in distinguishing AFP-negative patients from 
healthy control subjects, with an AUC as high as 92.6% 
(95% CI 90.3–94.9%). Furthermore, it satisfactorily distin-
guished AFP-negative HCC from liver cirrhosis patients, 
with an AUC of 93.1% (95% CI 89.8–96.4%). The diagnos-
tic threshold was 0.654 ng/ml; however, sensitivity, speci-
ficity, and other diagnostic characteristics associated with 
threshold were not explicitly stated. Vongsuvanh et  al. 
[18] evaluated Midkine in AFP-negative and NASH-asso-
ciated HCC patients and found that Midkine expression 
is significantly associated with both HCC characteristics. 
Specifically, Midkine was elevated in 59.18% (n = 29/49) 
of the AFP-negative HCC patients at a diagnostic thresh-
old of 0.44 ng/ml. A Spearman’s rank correlation analysis 
to determine the relationship between Midkine and AFP 
releveled a rho value of 0.257 (P = 0.017), suggesting no 
association between the two biomarkers in HCC develop-
ment. The authors further evaluated Midkine expression 
longitudinally for 6 months in 14 AFP-negative patients 
and discovered that 50% of them had elevated Midkine 
level at HCC diagnosis, while 33% had elevated Midkine 
6 months prior. These findings are strongly suggestive of 
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a role for Midkine in pre-clinical and early diagnosis of 
HCC, hence should be validated in a larger study.

Mashaly et  al. [16], Shaheen et  al. [19], and El-
Shayeb et  al. [22] evaluated serum Midkine in Egyptian 
patients. These studies combined had a total of just 56 

AFP-negative HCC patients. Mashaly et al. assessed the 
diagnostic and prognostic value of serum Talin-1 and 
Midkine as markers of HCC in Egyptian patients. Of 
the 44 HCC cases, 21 (47.7%) were AFP-negative, and 
serum Midkine was positive in 80.9% (17/21) of them, 

Fig. 1 Study selection criteria

Table 1 Characteristics of included studies

LC liver cirrhosis, HC healthy control, CHB chronic hepatitis B, TP true positive, FP false positive, FN false negative, TN true negative

Study Country Sample type Sample size Control subjects AFP Method of 
detection

Cut off value TP FP FN TN

Mashaly et al., 2018 [16] Egypt Serum 22 HC (n = 30) Negative ELISA 1.683 ng/ml 17 5 4 26

Shaheen et al., 2015 [19] Egypt Serum 15 HC (n = 26) Negative ELISA 0.387 ng/ml 14 5 1 25

Zhu et al., 2013 [14] China Serum 181 HC (n = 395) Negative ELISA 0.654 ng/ml 108 73 13 382

Vongsuvanh et al., 2016 [18] Australia Serum 49 HC (n = 86) Negative ELISA 0.44 ng/ml 29 20 33 53

El-Shayeb et al., 2021 [22] Egypt Serum 19 LC (n = 89) Negative ELISA 5.1 ng/ml 19 0 9 80
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at a diagnostic threshold of 1.683  ng/ml. Shaheen et  al. 
on the other hand analyzed serum Midkine in 15 AFP-
negative HCC patients, 93.3% (14/15) of whom had 
elevated Midkine at a diagnostic threshold of 0.387  ng/
ml. In this study, liver cirrhosis was the control group. 
El-Shayeb et  al., meanwhile, compared the sensitivity of 
serum Midkine and Dickkopf-1 and alpha-L-fucosidase 
as predictors of hepatocellular carcinoma in cirrhotic 
HCV patients. They concluded that serum Midkine had 
superior diagnostic qualities to the other biomarkers. 
Most importantly, 19 of the patients were AFP negative, 
and serum Midkine was elevated in all of them (19/19) 
at a diagnostic threshold of 5.1  ng/ml, giving it a 100% 
sensitivity to distinguish HCC and HCV-associated cir-
rhosis patients, despite the significantly higher diagnostic 
threshold compared to the other studies. Whether this 
is a coincidence or Midkine is positively associated with 
HCV infection needs to be investigated further.

Meta‑analysis
All the five studies had adequate information to calculate 
the true positive (TP), false positive (FP), false negative 
(FN), and true negative (TN) values required to construct 
a 2 × 2 table and pool the study effect sizes. Consequently, 
a diagnostic meta-analysis was conducted using the 
Meta-Disc software version 1.4. DerSimonian–Laird ran-
dom effect model was adopted, and the sensitivity, speci-
ficity, diagnostic odds ratio, and area under the receiver 
operating characteristic curve were pooled. As advised in 
the Effective Health Care Program, Agency for Health-
care Research and Quality guide on diagnostic meta-
analysis [30], the positive likelihood ratio and negative 
likelihood ratios were further calculated from the pooled 
sensitivity and specificity values.

The pooled sensitivity and specificity, and AUC were 
76% (95% CI 70–81%), 85% (95% CI 82–87%), and 
91%, respectively (Fig.  2), while the pooled diagnos-
tic odds ratio (DOR) was 27.64 (95% CI 4.95–154.17) 
(Fig.  3). Positive likelihood ratio (PL +) was calculated 
from the pooled sensitivity and specificity values as 
PL +  = sensitivity/1-specifty, = 5.1 (Fig. 4). Similarly, neg-
ative likelihood ratio (LR-) was calculated as 1-sensitiv-
ity/specificity, = 0.47 (Fig. 5). A perfect diagnostic tool is 
one with an AUC of 1.00, and 0.90 is considered excel-
lent, 0.80 good, and < 0.80 moderate [27]. Accordingly, 
serum Midkine is an excellent diagnostic biomarker for 
AFP-negative HCC, although the total study population 
was small and so the results need validation in a larger 
well-designed cohort.

Heterogeneity
Study heterogeneity was assessed by eyeballing the for-
est plots, and statistically using the Q statistics, and the 

inconsistency index (I2). The effect sizes had relatively 
high heterogeneity as captured in the forest plots. Het-
erogeneity results from various factors, among which 
is the use of different diagnostic thresholds by different 
studies to diagnose a positive case. Among the included 
studies, one was an outlier with a diagnostic threshold 
significantly higher than the others. To rule out thresh-
old effect, Spearman correlation analysis was conducted. 
The correlation coefficients was − 0.100 (p = 0.873), sug-
gesting that threshold effect did not exist. Therefore, het-
erogeneity was most likely due to other factors other than 
threshold effect.

Discussion
The need for a reproducible diagnostic biomarker to be 
deployed in the surveillance of HCC, especially AFP-neg-
ative HCC is evident [25]. Currently, no biomarker has 
been approved for detecting AFP-negative HCC, making 
the diagnostic process cumbersome, delayed, and costly 
for these patients. This meta-analysis thus assessed the 
diagnostic potential of serum Midkine for AFP-negative 
hepatocellular carcinoma (ANHC). While numerous bio-
markers have been evaluated, serum Midkine seems to 
be the most promising of all based on its diagnostic per-
formance in the different studies. Given the inconsisten-
cies among the available studies, we decided to resolve 
this with a meta-analysis. As demonstrated by the pooled 
results, serum Midkine (pooled AUC 0.91, sensitivity 
76%, and specificity 85%) is an excellent biomarker for 
AFP-negative HCC diagnosis. MDK is a small heparin-
binding protein that is highly secreted during fetal devel-
opment. It is involved in promoting cellular proliferation, 
migration, and differentiation [31]. It is highly secreted in 
HCC, making it readily available for detection in either 
plasma or serum [32]. Using serum Midkine as a bio-
marker also has the advantage of being a less invasive 
test, that is well suited for mass surveillance and screen-
ing of AFP-negative HCC patients who usually tend to 
have better prognosis than their AFP-positive counter-
parts [33]. Economically, it is also much cheaper than 
the conventional radiology and pathology exams and will 
require less technical skills to perform.

In cancer surveillance and mass screening where 
serum biomarkers are well suited, Fiala et al. [34] argue 
that accuracy (AUC) may not be the best intention of a 
diagnostic test. Instead, higher sensitivity should be the 
priority as there are already more specific diagnostic 
tests such as radiology and pathology that can confirm 
cases picked up by the sensitive screening test. To this 
effect, the 76% pooled diagnostic sensitivity of Midkine 
although good is still low if Midkine is to be considered 
the best biomarker. Sensitivity is based on the diag-
nostic threshold, and different thresholds (threshold 
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effect) could affect the pooled sensitivity in a diagnos-
tic meta-analysis. However, we performed a Spearman 
correlation test for threshold effect and confirmed that 
there was no threshold effect in this study. In recent 
years, there has been a paradigm shift in exploring bio-
markers for HCC and other cancers. Profiling a panel 

of biomarkers that complement each other as opposed 
to a single marker has been embraced as a method of 
improving diagnostic sensitivity, specificity, and accu-
racy of potential biomarkers, given the complex patho-
genesis pathways exhibited by HCC and other cancers. 
In the same way, the other promising AFP-negative 
HCC biomarkers such as serum Osteopontin, DKK1, 

Fig. 2 Forest plot showing the pooled sensitivity, specificity, and AUC of serum Midkine. The red diamonds represent the pooled effect sizes
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and other molecular markers could be assessed for syn-
ergy with Midkine to improve its sensitivity.

This systematic review and meta-analysis was a com-
prehensive update on the one done by Lu et al. [20] as a 
subgroup analysis in their study comparing the diagnos-
tic accuracy of Midkine and AFP for detecting hepato-
cellular carcinoma. While the AUC remained almost the 
same, addition of more studies significantly reduced the 
sensitivity (88.5 vs 76%) and increased specificity (83.9 
vs 85%) compared to what they reported. We believe 
that this update is a more accurate representation of 
the diagnostic performance of Midkine in AFP-negative 

HCC patients. The major limitation in this study was the 
average quality of the included studies which lowered the 
quality of the pooled evidence. Second, majority of the 
studies had significant design flaws as they were not orig-
inally designed for AFP-negative HCC diagnosis. Third, 
the overall sample size though powered just enough to 
meaningfully detect AFP-negative HCC was still low 
and so our result needs to be validated in a much larger 
cohort of AFP-negative HCC patients.

Fig. 3 Forest plot showing the pooled diagnostic odds ratio of serum Midkine

Fig. 4 Midkine positive likelihood ratio

Fig. 5 Midkine negative likehood ratio
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Conclusion
In summary, this meta-analysis assessed the diagnostic 
values of serum Midkine in AFP-negative HCC patients 
and demonstrated that serum Midkine is an excellent 
diagnostic biomarker for this subgroup of HCC, with a 
76% sensitivity, 85% specificity, and 91% AUC. This result 
offer a strong basis for considering and validating serum 
Midkine as MDK as a diagnostic biomarker for AFP-neg-
ative HCC.
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