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Objective: To explore the clinical significance of serum midkine (MDK) levels for the diagnosis of hepatocellular
carcinoma (HCC) and evaluate the efficacy of interventional therapy.
Methods: Eighty-four patients with HCC were enrolled in this retrospective study. They received an interventional
treatment. A follow-up was performed every 2 months, using magnetic resonance imaging, to determine whether
the treatment should be continued. Serum alpha-fetoprotein (AFP) and MDK levels were measured at the first
diagnosis and during the follow-ups, and the HCC detection rates based on the cutoff values of these two mea-
surements were compared. The relationships between AFP and MDK and the clinical tumor characteristics and
changes in APK and MDK before and after treatment were also compared using a rank sum test and χ2 test,
respectively. The prognostic significance of MDK for HCC was determined through regression analysis. A two-
sided P < 0.05 was considered statistically significant.
Results: MDK expression was detected in 95.24% of the cases. Subgroup analysis revealed MDK expression in
95.35%, 95.12%, 85.19%, 86.67%, and 83.33% of the AFP-positive, AFP-negative, stage A Barcelona clinic liver
cancer (BCLC-A), BCLC-A/AFP-positive, and BCLC-A/AFP-negative cases, respectively. MDK expression after the
interventional treatment (66.7%) was significantly lower than that before the treatment (95.2%). The mean post-
treatment MDK level was 0.67 ng/mL in patients with a positive response to therapy as compared with 3.66 ng/
mL in those with no positive response. All patients were followed up for 18 months, and those positive for MDK
expression before the intervention were more likely to relapse than patients without MDK expression. Subgroup
analysis revealed the highest recurrence rate for patients who were positive for MDK expression before and after
treatment.
Conclusions: Serum MDK may serve as a powerful complement to AFP in the diagnosis of HCC. MDK measurement
may improve the detection rate of BCLC-A and AFP-negative HCC. Serum MDK may help to determine the
vascular invasion and poor clinical staging of HCC tumors. Patients with MDK-positive HCC before treatment may
be more prone to postoperative tumor progression.
Introduction

Interventional therapy is one of the main treatment regimens for mid-
to-late hepatocellular carcinoma (HCC), which is difficult to cure and
tends to relapse after treatment.1 Alpha-fetoprotein (AFP) is the most
widely used serum biomarker to detect HCC, However, approximately
Invasive Intervention, Henan Ca
a.
nglin@163.com (L. Zheng).

October 2020; Accepted 10 Octo

onal Radiology Press. Publishing
30% of the patients with HCC show no expression of AFP.2 Thus, there is
a need for a simple and an effective method to assist HCC diagnosis and
assess the efficacy and prognosis of HCC treatment. Midkine (MDK), a
heparin-binding growth factor, is the product of a highly conserved and
developmentally regulated gene that is widely expressed in different cell
types. It is strongly induced by retinoic acid in the second trimester, and
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Table 1
Clinical and pathological characteristics of HCC patients.

Characteristics Group HCC(number)

Sex
Male 62
Female 22

Age (years)
<60 45
�60 39

Etiology
HBV 68
HCV 16

Tumor number
<5 42
�5 42

Tumor size
<10 cm 56
�10 cm 28

Vascular invasion
no 56
yes 28

BCLC stage
Stage A 27
Stage B 29
Stage C 28

Note: BCLC, Barcelona Clinic Liver Cancer. HBV, Hepatitis B virus.
HCC, hepatocellular carcinoma. HCV, Hepatitis C virus.
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is therefore named “midkine”.3 The serum level of MDK is low in normal
individuals and patients with cirrhosis but rises in patients with HCC.4

Serum MDK level has been reported to be more sensitive and specific for
HCC detection than AFP, and is also thought to aid in the early diagnosis
of HCC.5 The role of MDK in assessing the effects of interventional
therapies on patients with HCC is, however, unclear. In this study, we
measured the peripheral blood level of MDK in newly diagnosed patients
with HCC before and after an interventional therapy and compared it
with imaging results from the same time period to determine the po-
tential applicability of serum MDK testing in the assistive diagnosis of
HCC and to investigate the prognostic effects of the intervention.

Materials and methods

Ethical approval

The study was approved by the ethics committee of Henan Cancer
Fig. 1. Comparison of positive detection rates of serum AFP, MDK in patients with
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Hospital. All clinical practices and observations were conducted in
accordance with the Declaration of Helsinki. Informed consent was ob-
tained from each patient before the study was conducted.

This retrospective study enrolled 84 patients with HCC, who were
treated with a minimally invasive interventional therapy at Henan Can-
cer Hospital (Dongming Road No.127, Zhengzhou, China)between
January 2016 and December 2017 (Table 1). According to the Barcelona
Clinic Liver Cancer (BCLC) staging system,6 27 patients with stage A HCC
underwent radiofrequency ablation, 29 patients with stage B HCC un-
derwent transarterial chemoembolization (TACE), and 28 patients with
stage C HCC were subjected to TACE combined with sorafenib. The pa-
tients were reviewed and followed-up every 2 months. The serum AFP
and MDK levels were detected at the first diagnosis and at the time of the
follow-up. AFP expression was detected using an electro-
chemiluminescence immunoassay with an AFP detection kit (Roche
Diagnostic Products Co., Ltd, Shanghai, China). The MDK level was
measured using a human MDK enzyme -linked immunosorbent assay
(ELISA) kit (Huamei Biological Engineering Co., Ltd,Wuhan, China).7

The patients were made to undergo a chest computed tomography plain
scan and an upper abdominal magnetic resonance imaging plain scan
combined with a dynamic enhancement scan at the time of
re-examination in order for us to investigate treatment efficacy according
to the mRECIST criteria8 and determine the need for a sequential inter-
vention based on the evaluation results. Patients with stage A and B HCC
underwent radiofrequency ablation and TACE, respectively, while those
with stage C HCC were subjected to TACE combined with sorafenib.

Statistical analysis

Statistical analysis was performed using SPSS software package
(version 18.0; SPSS Inc., Chicago, IL, USA). AFP �20 μg/L and MDK
�0.654 ng/mL were considered positive values.9 For descriptive results,
normally distributed data were expressed as mean � standard deviation
and non-normally distributed data were expressed as median. The
following clinical tumor characteristics were analyzed: tumor number
(<5 vs.� 5), tumor size (<10 cm vs.� 10 cm), vascular invasion (yes vs.
no), and BCLC stage (A vs. B–C). The relationship of AFP and MDK levels
with clinical tumor characteristics were evaluated by rank sum tests.The
sensitivity of changes in the AFP and MDK levels before and after treat-
ment and the effect of the treatment were assessed using χ2 test and rank
sum test. All patients were followed-up for 18 months. Time to pro-
gression (TTP) was defined as the time interval from interventional
HCC. AFP, alpha fetoprotein; MDK, midkine; HCC, hepatocellular carcinoma.



Fig. 2. Comparison of positive detection rates of serum AFP, MDK in patients with BCLC-A stage HCC. AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
MDK, midkine; HCC, hepatocellular carcinoma.

Fig. 3. Positive detection rate of serum MDK in AFP-negative HCC patients.
AFP, alpha fetoprotein; MDK, midkine; HCC, hepatocellular carcinoma.
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therapy to tumor progression and was compared between the groups
through a regression analysis using the log-rank (Mantel–Cox) method.
All P values were two-sided, and P � 0.05 was considered statistically
significant.

Results

In this study, MDK and AFP expression was detected in 95.24% and
51.19% cases, respectively, before treatment (Fig. 1). The corresponding
values in patients with early-stage (BCLC-A) HCC were 85.19% and
55.56%, respectively (Fig. 2). The positive expression rates of MDK were
95.35% and 95.12% among the AFP-positive and AFP-negative groups,
respectively (Fig. 3), and the rates in patients with BCLC-A HCC were
41
86.67% and 83.33%, respectively (Fig. 4). Positive AFP expression was
not significantly related to any of the clinical characteristics (Table 2);
however, MDK expression was significantly associated with various
clinical characteristics (Table 3).

The expression of AFP (from 51.2% to 35.7% of the cases) and MDK
(from 95.2% to 66.7% of the cases) significantly decreased after treat-
ment (both P < 0.05) (Table 4).

The post-treatment AFP and MDK levels were significantly lower in
the patients who achieved a complete or partial response (6.73 μg/L and
0.67 ng/mL, respectively) than in those who had a stable or progressive
disease (995.75 μg/L and 3.66 ng/mL, respectively) (both P < 0.05)
(Table 5).

All the patients were followed-up for 18 months, and the differences



Fig. 4. Positive detection rate of serum MDK in patients with AFP-negative BCLC-A stage HCC. AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; MDK,
midkine; HCC, hepatocellular carcinoma.

Table 2
Analysis of relationship between peripheral blood AFP and clinical parameters of
tumor.

Clinical parameters Group AFP(ug/l) Z P

Tumor number
<5 20.85 �0.39 0.69
�5 36.20

Tumor size
<10 cm 27.91 �0.41 0.68
�10 cm 26.42

Vascular invasion
No 27.17 �0.13 0.89
Yes 28.29

Clinical stage
BCLC-A 27.91 �0.01 0.99
BCLC B–C 26.42

Note: AFP, alpha fetoprotein. BCLC, Barcelona Clinic Liver Cancer.

Table 3
Analysis of relationship between peripheral blood MDK and clinical parameters
of tumor.

Clinical parameters Group MDK (ng/ml) t/Z P

Tumor number
<5 1.25 �4.97 0.00
�5 3.29

Tumor size
<10 cm 1.62 �1.98 0.048
�10 cm 2.42

Vascular invasion
No 1.44 �3.98 0.00
Yes 4.37

Clinical stage
BCLC-A 1.23 �6.50 0.00
BCLC-B-C 2.90

Note: AFP, alpha fetoprotein. BCLC, Barcelona Clinic Liver Cancer.MDK,Midkine.
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in TTP were compared between the MDK-positive and MDK-negative
groups. Patients with positive MDK expression before intervention
were significantly more likely to relapse than those without MDK
expression (P ¼ 0.002) (Fig. 5). This trend was consistently observed in
42
BCLC-A (P¼ 0.047; Fig. 6) and AFP-negative patients (P¼ 0.024; Fig. 7).
Patients with HCC were divided into three groups as follows: Group I,
MDK-negative before and after treatment; Group II, MDK-positive before
but MDK-negative after treatment; and Group III, MDK-positive before
and after treatment. We compared TPP among the three groups and
found that the recurrence rate was the lowest in Group I followed by
Group II, and that the highest value was observed for Group III (P <

0.001) (Fig. 8).

Discussion

MDK is a basic heparin-binding growth factor10 that is strongly
induced during the second trimester. The gene encodes important reti-
noic acid response products.11 Although its expression is low in adult
tissues and it exhibits a restricted distribution, MDK has been shown to
play an important role in carcinogenesis-related activities in solid tu-
mors.12 However, the role of MDK in the diagnosis of HCC and the effi-
cacy of interventional therapy are unclear.

AFP test is known to be the most widely used for the diagnosis of HCC
worldwide. However, about 30% of early stage HCC can’t be detected
using AFP analysis. Furthermore, serum AFP levels remain normal in
15–30% advanced HCC.13In the current study, 48.8% of the HCC pa-
tients, including those with large lesions, had normal AFP levels.
Considering the use of serum MDK as a marker for the diagnosis of HCC,
Vongsuvanh et al.4 found that 59.18% of the ACC-negative HCC patients
had elevatedMDK levels. MDK expression significantly increased the rate
of detection of HCC as compared with AFP. Hodeib et al. and Omran
et al.14,15 showed the superior sensitivity and specificity of MDK in the
diagnosis of HCC as compared with AFP and recommended the combined
use of MDK and AFP as diagnostic markers for HCC. In the present study,
95.12% of the AFP-negative patients showed positive expression of MDK,
and MDK significantly increased the rate of detection of HCC. Further-
more, 85.19% of the patients with early HCC showedMDK expression, as
compared with only 55.56% who were positive for AFP expression.
Subgroup analysis showed that the expression of MDK was detected in
83.33% of the patients with early-stage AFP-negative HCC. These results
suggest that MDK detection is a powerful supplement to AFP detection
for the diagnosis of HCC, especially early-stage and AFP-negative HCC.

Here, we reported that MDK expression increased in patients with



Table 4
AFP, MDK positive rate changes before and after intervention treatment.

Biomark Group Before treatment(n) positive rate
(%)

After treatment(n) positive rate
(%)

χ2 P

AFP
<20 ng/ml 41 54
>20 ng/ml 43 51.2 30 35.7 4.09 0.04

MDK
<0.654 ng/ml 4 28
�0.654 ng/ml 80 95.2 56 66.7 22.24 0.00

Note: AFP, alpha fetoprotein. MDK,Midkine.

Table 5
Serum AFP, MDK changes and efficacy comparison.

Biomark CR þ PR group SD þ PD group z P

AFP 6.73 μg/l 995.75 μg/l �4.609 0.000
MDK 0.67 ng/ml 3.66 ng/ml �6.261 0.000

Note: AFP, alpha fetoprotein. CR, complete response. MDK, Midkine. PD, pro-
gressive disease. PR, partial response. SD, stable disease.
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multiple nodules, vascular invasion, and mid-to-late stage HCC. This
observation was consistent with the results of the study by Vongsuvanh
et al.4 The high expression of MDK may be related to tumor angiogen-
esis.16 Huang et al. examined the interaction between MDK and pro-
granulin, which is a secreted glycoprotein known to participate in cell
cycle processes and regulate tumorigenesis and angiogenesis.17 These
authors suggested the plausible relationship between MDK and pro-
granulin and showed that MDK affected endothelial cells and exerted an
angiogenic effect in HCC.18

The positive expression of serum AFP and MDK may be useful for
HCC-assisted diagnosis and may reflect the tumor activity. The decrease
in their expression after interventional treatment is reflective of the
therapeutic effect of the treatment. Based on the positive reference values
reported in the literature,19 the current study showed that serum AFP and
MDK expression significantly decreased after interventional treatment.
Fig. 5. The difference of TTP between MDK positive group and MDK negative group f
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Thus, the changes in the serum AFP and MDK expression levels may
reflect treatment efficacy to a certain extent.

Ak et al.19 assessed the value of MDK expression for the prognosis of
patients with malignant pleural mesothelioma and showed that high
MDK expression was closely related to the progress of patients after
treatment. Yamashita et al.20 revealed the relationship between the
serumMDK level and malignant tumors, chemosensitivity, and prognosis
in patients with head and neck squamous cell carcinoma. Thus, serum
MDK may be a useful biomarker for the detection of early-stage tumors
and can assist treatment-related decision-making and prognosis predic-
tion. In the current study, the MNK level reduced in patients who were at
different stages of HCC after radiofrequency, TACE, and TACE combined
with targeted therapy.

The present results showed that patients with positive MDK expres-
sion before intervention were more likely to relapse than those without
MDK expression. Patients with MDK expression both before and after
treatment were the most likely to relapse, followed by MDK-positive
patients who became MDK-negative after treatment. In contrast, pa-
tients who lacked MDK expression throughout were the least likely to
relapse. Numerous studies have investigated the link between MDK and
tumor prognosis. Kim et al.21 studied the correlation between MDK and
prognosis in patients with sporadic scleroderma and showed that high
MDK expression level in the peripheral blood was closely related to
disease progression after tumor treatment, suggestive of MDK as a
or HCC⋅HCC, hepatocellular carcinoma; MDK, midkine; TTP, time to progression.



Fig. 6. The difference of TTP between MDK positive group and MDK negative group for BCLC-A stage HCC patients. BCLC, Barcelona Clinic Liver Cancer; HCC,
hepatocellular carcinoma; MDK, midkine TTP, time to progression.

Fig. 7. The difference of TTP between MDK positive group and MDK negative group for AFP negative HCC patients. AFP, alpha fetoprotein; HCC, hepatocellular
carcinoma; MDK, midkine TTP, time to progression; MDK, midkine.
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predictor of tumor recurrence. Ma et al.22 also reported that increased
MDK expression was associated with the poor prognosis of patients with
glioma. MDK expression is related to tumor vascular invasion and
metastasis. MDK can promote the formation of hepatic tumor blood
vessels16 and preserve circulating tumor cells via an anti-apoptotic effect,
thereby promoting tumor recurrence.23 MDK detection after therapeutic
interventions can thus be used as a novel indicator of micrometastases,
which cannot be detected using the conventional imaging tools, and as an
indicator of post-treatment recurrence risk to achieve the goal of
on-demand treatment for patients with HCC.
44
This study had several limitations. Firstly, this was a single-center
study with a small sample size. Therefore, further multi-center studies
with larger sample sizes are planned to achieve more objective results.
Secondly, because all patients were from the tumor hospital, this study
did not include patients with liver cirrhosis. Detection of AFP andMDK in
patients with liver cirrhosis will more accurately assess the sensitivity
and specificity of the two biomarkers for the diagnosis of HCC.



Fig. 8. Correlation analysis of MDK positive value before and after interventional treatment and patient prognosis. MDK, midkine.
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Conclusions

In summary, the results of this study suggest that the peripheral blood
MDK level may serve as an effective biomarker to assist the diagnosis of
HCC, particularly early-stage and AFP-negative HCC. MDK was signifi-
cantly positively related to the number of tumors, tumor size, vascular
invasion, and clinical stage of HCC. Therefore, it can be said that patients
with MDK expression before treatment may be more prone to post-
operative tumor progression. MDK level may thus facilitate the evalua-
tion of the efficacy of interventional treatment and the prognostic
analysis of patients with HCC.
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