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Abstract The timely diagnosis and effective treatment

are essential for improving the survival and prognosis of

hepatocellular carcinoma (HCC) patients. Alpha-fetopro-

tein (AFP) is the most widely used biomarker for diagnosis

of HCC, but the low sensitivity and specificity limits its

clinical application. In this study, we evaluated the diag-

nostic capability of the combination of AFP with two novel

potential biomarkers, dickkopf-1 (DKK1) and osteopontin

(OPN), for HCC in 390 participants including 89 patients

with HCC, 36 patients with liver cirrhosis, 65 patients with

chronic hepatitis B, and 200 health controls. We found the

combination of all three markers as a panel showed a better

diagnostic performance than that of AFP alone, with

increased AUC [0.948 (95 % CI 0.921–0.968) vs. 0.831

(95 % CI 0.790–0.867)] and sensitivity (88.76 vs.

71.91 %). Moreover, this combination showed a great

improvement in diagnosing early-stage HCC patients. In

conclusion, the combined use of AFP, DKK1, and OPN as

a biomarker panel could enhance the diagnostic ability for

HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common

malignant tumor and the second leading cause of cancer-

related deaths worldwide [1, 2]. Globally, there are

approximately 750,000 new cases of liver cancer reported

per year, 70–85 % of which are HCC [2, 3]. The incidence of

HCC is still rising. HCC is more effectively treated when it is

diagnosed at an early stage; however, only 30–40 % of

patients with HCC are suitable for potentially curative

treatments at the time of diagnosis, which is mainly due to the

lack of effective methods for early detection [4–6].

The screen strategy for HCC proposed by the 2012

National Comprehensive Cancer Network (NCCN) guide-

lines recommends the measurement of serum alpha-feto-

protein (AFP) and liver ultrasound in high-risk patients

every 6–12 months for timely diagnosis [2]. Although AFP

serves as an important tool in screening HCC patients, its

sensitivity is quite low (25–65 %), particularly in detection

of early-stage HCC [7]. In addition, AFP is elevated in a

considerable number of patients with chronic hepatitis and/

or cirrhosis, which makes it unreliable in HCC surveillance

[8]. Therefore, new serum biomarkers with high accuracy

to complement AFP are urgently needed.

It has been described that some serologic biomarkers have

potential to complement the deficiencies of AFP in diag-

nosing HCC. Des-c-carboxy prothrombin (DCP) [9] and lens

culinaris agglutinin-reactive fraction of AFP (AFP-L3) [10]

have already been used in clinic in Japan, but whether they

are superior to AFP remains controversial [11–13]. Recently,

dickkopf-1 (DKK1) and osteopontin (OPN) as novel

potential biomarkers for HCC have been reported. DKK1

was first identified in Xenopus as a necessary inducer of head

formation [14]. It inhibits the canonical Wnt signaling

pathway by binding to and antagonizing LRP5/6 [15]. Yu

and colleagues [16] found that DKK1 was upregulated in

HCC tissues by microarray analysis, which suggested that it

could be used as a novel diagnostic and prognostic predictor

for HCC patients, especially in patients with early-stage

disease. A large-scale, multicenter study indicated that

DKK1 had a better performance in HCC diagnosis than AFP

with greater sensitivity of 69.1 % and specificity of 90.6 %,

especially in early-stage HCC diagnosis, and it could

improve the identification of patients with AFP-negative

HCC (serum AFP B 20 ng/mL) [17]. OPN, also known as

SPP1 (secreted phosphoprotein 1), was initially character-

ized in 1979 as a phosphoprotein secreted by transformed,

malignant epithelial cells [18]. It is a member of small

integrin binding ligand N-linked glycoprotein (SIBLING)

family and produced by cells of immune system and epi-

thelial tissue, smooth muscle cells, osteoblasts, and tumor

cells [19, 20]. Shang and co-workers [21] found that the

levels of plasma OPN were significantly elevated in HCC

patients, and it was more sensitive than AFP for the diagnosis

of HCC.

The combination of biomarkers is recommended in

diagnosis of human cancers and is the tendency of future

studies [12, 13, 22]. Previous studies have proven that a

combination of AFP, AFP-L3, and DCP had a better

diagnostic performance for HCC [11–13], and the Japanese

evidence-based clinical practice guidelines also recom-

mend screening HCC from high-risk population using the

combination of these three markers [23]. The potential use

of DKK1 and OPN in the complement of AFP has been

revealed in recent studies; however, the diagnostic value of

combination of these three markers in HCC diagnosis is

unclear. Therefore, we first investigated and evaluated the

diagnostic capability of the combination of DKK1, OPN,

and AFP as a biomarker panel for HCC in this study.

Materials and methods

Study design

The HCC patients and health controls (HCs) enrolled in

this study were collected from December 2008 to June

2009 and from May to June, 2013, respectively, from the

Liver Cancer Institute, Zhongshan Hospital, Fudan Uni-

versity, Shanghai, China. The chronic hepatitis B virus

(HBV) carriers and liver cirrhosis (LC) patients were

recruited from January to April, 2013, from the Department

of Infectious Disease, First Affiliated Hospital of Soochow

University, Suzhou, China.

The diagnosis of HCC was based on American Associa-

tion for the Study of Liver Diseases (AASLD) Practice

Guidelines [8], verified by ultrasound, CT scan, or MRI and

biochemistry (AFP serology and liver function enzymes)

findings, and was confirmed by histopathology. Staging was

defined according to the Barcelona Clinic Liver Cancer

(BCLC) staging system [6]. We defined BCLC stage 0?A

HCC as early-stage HCC in this study. For comparison of

tumor markers in HCC patients, we used non-malignant liver

disease patients with either chronic HBV infection or cir-

rhosis and healthy donors as controls. Diagnosis of chronic

HBV infection was based on the guidelines of prevention and

treatment of chronic HBV infection [24], including the

presence of HBsAg for previous 6 months and HBV DNA

concentrations higher than 103 copies per mL. Cirrhosis was

defined on the basis of both histopathology of liver biopsy

samples and imaging evidence, such as nodular liver con-

tour, portal hypertension, varices and enlargement of the

caudate lobe. The healthy controls were blood donors

without liver diseases and any tumors. The concerning
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informed consent was obtained from each participant, and

the study was approved by institutional ethics review com-

mittees of both study centers.

Collection, storage, and measurements of serum

samples

Serum samples of HCC patients were collected at the time

of diagnosis, prior to the surgery or any other treatments.

All the serum samples were centrifuged and stored at

-80 �C until they were tested.

Concentrations of serum DKK1 and OPN were mea-

sured by ELISA with commercial kits (R&D Systems,

Minneapolis, MN, USA). Concentrations of serum AFP

was measured by the same method with another commer-

cial kit (Raygene Biotechnology Company, Shanghai,

China). The assays were conducted according to the

manufacturer’s instructions, and all specimens were per-

formed blindly and in duplicate.

Statistical analysis

Statistical analyses were performed with SPSS 19 and

MedCalc software. The significant level was 0.05. Mann–

Whitney U tests were performed to distinguish the differ-

ences between each independent group. Receiver operating

characteristics (ROC) curves were performed to determine

the optimal cutoff values of AFP, DKK1, and OPN, for

diagnosing HCC. Area under ROC curve (AUC) with 95 %

confidence interval (CI) was also calculated, respectively,

to compare the ability of each marker for diagnosing. The

correlation between marker concentrations and clinico-

pathological characteristics was analyzed with Pearson’s v2

test or Fisher’s exact test. To assess the diagnostic per-

formance of the combination of biomarkers, logistic

regression models including two or three markers as

covariates were performed.

Results

Patient characteristics

A total of 390 participants were enrolled in this study, of

which 89 were HCC cases, 36 were LC patients, 65 were

chronic HBV carriers, and 200 were health individuals.

Clinicopathological characteristics of HCC patients were

shown in Table S1.

Biomarker levels

Serum levels of AFP, DKK1, and OPN were significantly

elevated in patients with HCC when compared to all three

control groups (Fig. 1). The mean concentration of AFP in

serum of patients with HCC was 224.69 ng/mL, higher

than that in healthy individuals (3.30 ng/mL, p \ 0.0001),

chronic HBV infection (12.99 ng/mL, p \ 0.0001), and

cirrhosis controls (8.87 ng/mL, p \ 0.0001). Similar

results were found in DKK1 and OPN measurements

(Table S2). In contrast to AFP and OPN, there is no sig-

nificant difference in DKK1 concentrations among three

control groups.

Optimum cutoff values

To determine the optimum diagnostic cutoff value for AFP,

DKK1, and OPN, ROC curves were performed. The opti-

mum cutoff for AFP was 6.79 ng/mL with a AUC of 0.831

(95 % CI 0.790–0.867), a sensitivity of 71.91 %, and a

specificity of 88.04 %. The optimum cutoff for DKK1 was

1.31 ng/mL (AUC 0.889, 95 % CI 0.854–0.919, sensitivity

79.78 %, specificity 89.37 %) and for OPN was 15.11 ng/

mL (AUC 0.908, 95 % CI 0.875–0.935, sensitivity

89.89 %, specificity 82.06 %). When using the currently

recommended clinical cutoff for AFP (20 ng/mL), the

sensitivity was 58.40 % and the specificity was 95.70 %.

To be consistent and comparable with DKK1 and OPN, we

chose 6.79 ng/mL as the cutoff value for AFP in this study.

Based on these cutoffs, predictive values and likelihood

ratios for all three markers in the diagnosis of HCC were

also calculated in Table 1.

Combination performance of three biomarkers

in diagnosis of HCC

When all the HCC and control participants were enrolled,

the AUC for OPN (AUC 0.908, 95 % CI 0.875–0.935) was

the largest, followed by DKK1 (AUC 0.889, 95 % CI

0.854–0.919), and both of them were larger than AFP

(AUC 0.831, 95 % CI 0.790–0.867). In order to evaluate

the diagnostic value when these markers were combined,

we used a binary logistic regression model to assess

combinatorial ROC curves and determine whether better

diagnostic accuracy can be achieved. The new variable

predicted probability (p) for HCC was created on the

basis of the equation obtained by the binary logistic

regression (all HCC vs. all three control groups). The

equations used in this study were as follows: for combi-

nation of AFP and DKK1, ln p
1�p

� �
¼ �3:926þ 0:028�

AFPþ 1:506� DKK1; for combination of AFP and OPN,

ln p
1�p

� �
¼ �2:508þ 0:023� AFPþ 0:023� OPN; and

for combination of all three markers, ln p
1�p

� �
¼ �4:181þ

0:019� AFPþ 1:444� DKK1þ 0:016 �OPN. The cutoff
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values calculated from the combinational ROC curves were

0.135, 0.122, and 0.147, respectively.

The AUC for the combination of AFP and DKK1 (0.931,

95 % CI 0.901–0.954) was larger than that of AFP or DKK1

alone (p \ 0.05), and a similar result was found in the

combination of AFP and OPN (0.937, 95 % CI 0.908–0.959,

p \ 0.05). The combination of the three markers showed the

largest AUC (0.948, 95 % CI 0.921–0.968) when compared

with any single marker alone (p \ 0.05; Fig. 2b; Table 1),

which meant the panel of these three markers could improve

the diagnostic value in distinguishing patients with HCC

from all participants including health individuals, LC

patients, and chronic hepatitis B virus carriers.

Since early detection is one of the key approaches to

improving the survival of cancer patients, we further

evaluate the diagnostic performance of these three markers

in 56 early-stage HCC patients (BCLC stage 0?A) in this

study. As shown in Fig. 2c and Table 1, DKK1 had the

best AUC (0.901, 95 % CI 0.865–0.930), followed by OPN

(AUC 0.890, 95 % CI 0.853–0.920), and both of them were

better than AFP (AUC 0.820, 95 % CI 0.776–0.858). The

AUC of the combination of three markers was larger than

the combined use of AFP and DKK1 or the use of AFP and

OPN. All combinations were better than individual marker

used alone (p \ 0.05; Fig. 2d; Table 1).

Among 89 HCC patients, 25 were AFP-negative patients

when the cutoff of AFP was 6.79 ng/mL. A total of 18

(72 %) of 25 AFP-negative patients had positive DKK1

results (DKK1 [1.31 ng/mL), and 21 (84 %) of them had

positive OPN results (OPN[15.11 ng/mL). The probability

of patients with either positive DKK1 results or positive

OPN results accounted for 96 % (24/25) in AFP-negative

HCC patients. Furthermore, we stratified the AFP-negative

HCC patients according to the BCLC stage (0?A, B, C, D),

tumor size (\3, 3–5,[5 cm), and tumor number (single and

multiple tumor) (Table 2). The sensitivities of DKK1 and

OPN alone in AFP-negative HCC patients at early stage

(BCLC stage 0?A) (n = 18) were 72 and 78 %, respec-

tively, while the combination of them increased the sensi-

tivity up to 94 %. Likewise, the combination of two markers

increased the sensitivity in all subgroups (Table 2).
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CHB, and HC groups. a Concentration of AFP in serum. b Concen-

tration of DKK1 in serum. c Concentration of OPN in serum. HCC

group had higher level (p \ 0.0001) compared with LC, CHB, and

HC groups in all three markers. Black horizontal lines are means, and
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The best chance for early diagnosis comes from the

surveillance of patients known to be at high risk. In this

study, we classified LC patients and chronic HBV carriers

as patients at high risk. We evaluated the performance of

three markers in distinguishing HCC patients from high-

risk patients. We found that DKK1 had the best diagnostic

performance with the greatest AUC, specificity, and PPV,

whereas the AUC of OPN was similar to that of AFP

(Fig. 3a; Table 3). The combination of all three markers

got the largest AUC (Fig. 3b). When these three markers

were, respectively, used to distinguish early-stage HCC

from cirrhosis and chronic HBV patients, DKK1 still

showed the best performance with the largest AUC (0.914,

95 % CI 0.858–0.952) compared with AFP (0.778, 95 %

CI 0.705–0.841) and OPN (0.780, 95 % CI 0.707–0.842),

suggesting that DKK1 was better in distinguishing HCC,

especially patients at an early stage, from high-risk patients

(Fig. 3c). The combination of three markers had no sig-

nificantly different AUC, sensitivity, and specificity values

when compared with the combination of AFP and DKK1 in

differentiating patients with early-stage HCC from high-

risk controls (Fig. 3d; Table 3).

Correlation analysis

Lastly, we evaluated the relationship between several fac-

tors with three markers by Chi-square test. Serum AFP

level was found to be significantly associated with
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Fig. 2 ROC curves for AFP, DKK1, OPN, and their combinations in

the diagnosis of HCC and early-stage HCC. a ROC curves for AFP,

DKK1, and OPN for patients with HCC versus all controls.

b Combination of three markers for patients with HCC versus all

controls. c ROC curves for AFP, DKK1, and OPN for patients with

early-stage HCC versus all controls. d Combination of three markers

for patients with early-stage HCC versus all controls. Both DKK1 and

OPN showed a greater AUC than AFP. Combination of three markers

showed a significantly improved AUC than AFP alone (0.948 vs.

0.831 in HCC group and all three control groups, p \ 0.05; 0.949 vs.

0.820 in early-stage HCC and all three control groups, p \ 0.05).

ROC receiver operating characteristic, AUC area under ROC curve,

AFP alpha-fetoprotein, DKK1 dickkopf-1, OPN osteopontin, HCC

hepatocellular carcinoma, LC liver cirrhosis, CHB chronic hepatitis B,

HC health control
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cirrhosis, and serum OPN level was found to be signifi-

cantly associated with HBsAg copies, while DKK1 had no

statistically significant correlation with all these pathology

parameters (Table S1).

Discussion

Nowadays, diagnosis of HCC mainly relies on radiological

appearances and histology, such as ultrasound, CT scan-

ning, MRI, and biopsy [25]. All their accuracies are highly

depended on the equipment used and the experience of the

operators [26]. Moreover, methods such as ultrasound, CT,

and MRI cannot distinguish between malignant and benign

nodules, and the high expenses also limit their wide

application. Biopsy may result in higher recurrence rates

because of the risk of tumor cells seeding along the needle

track [27, 28].

AFP is the most widely used tumor marker for diagnosis

of HCC; however, it is deficient in sensitivity and speci-

ficity. DKK1 was found specifically overexpressed in

cancer cells as a secreted protein [29, 30], and it had

potential to be used as a tumor-specific serum biomarker

for various human cancers [29], especially for HCC. We

previously designed a multicenter study to evaluate the

diagnostic accuracy of DKK1 as a serological biomarker

for HCC [17], and found that the performance of DKK1

was better than AFP in distinguishing HCC patient. The

combination of these two markers in diagnosis of HCC was

better than either alone. Similar results were obtained by
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Fig. 3 ROC curves for AFP, DKK1, OPN, and their combinations for

distinguishing HCC from high-risk patients. a ROC curves for AFP,

DKK1, and OPN for patients with HCC versus high-risk patients.

b Combination of three markers for patients with HCC versus high-

risk patients. c ROC curves for AFP, DKK1, and OPN for patients

with early-stage HCC versus high-risk patients. d Combination of

three markers for patients with early-stage HCC versus high-risk

patients. In this study, we defined LC and CHB infection patients as

high-risk patients. The combination of DKK1 and AFP showed the

largest AUC in distinguishing early-stage HCC from high-risk

patients. ROC receiver operating characteristic, AUC area under

ROC curve, AFP alpha-fetoprotein, DKK1 dickkopf-1, OPN osteo-

pontin, HCC hepatocellular carcinoma, LC liver cirrhosis, CHB

chronic hepatitis B, HC health control
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other two studies [31, 32]. OPN was identified relevant to

HCC metastasis and patient survival, and it was proved to

be both a diagnostic marker and a potential therapeutic

target for HCC [33]. Its high sensitivity but low specificity

limited the clinical diagnostic value due to OPN was ele-

vated in many chronic inflammatory diseases and about 30

different types of cancer [34, 35]. Recent studies showed

that OPN was more sensitive than AFP and it could com-

plement the measurement of AFP in the diagnosis of HCC

[21].

In the present study, serum concentrations of AFP,

DKK1, and OPN were significantly elevated in HCC group

when compared to all three control groups (Fig. 1). Only

DKK1 had no significant difference between three control

groups, which meant it could perform well in distinguish-

ing HCC from non-malignant chronic liver diseases and

health individuals; however, the serum concentrations of

OPN were upregulated in CHB and LC, both of which were

chronic inflammatory diseases. The combination of all

three markers had the largest AUC, with a sensitivity of

88.76 % and specificity of 88.70 % (Table 1). Among 25

AFP-negative patients (AFP \ 6.79 ng/mL) with HCC, 24

(96 %) had increased serum DKK1 or OPN concentrations

(Table 2). It showed the combination of DKK1 and OPN

could improve the sensitivity even in patients with low

AFP.

The diagnosis of HCC at an early stage has a high

clinical relevance since it can be more effectively treated

[8]. In this study, more than half of patients belonged to

early-stage HCC [56 (63 %) of 89], which was defined as

stages 0 and A according to the BCLC staging system.

As a result, DKK1 showed the best diagnostic accuracy

with greater AUC, sensitivity, and specificity than AFP.

OPN also had a greater AUC and sensitivity than AFP,

but less in specificity. The combination of AFP, DKK1,

and OPN resulted in the largest AUC and a sensitivity of

87.50 % and specificity of 88.37 % (Fig. 2; Table 1).

Most HCC cases result from cirrhotic livers and

chronic liver diseases from viral hepatitis, alcohol abuse,

and/or nonalcoholic steatohepatitis (NASH) [2, 13], and

surveillance of patients known to be at high risk which

include cirrhosis and chronic HBV carriers is important in

Table 1 Performance of AFP, DKK1, OPN, and the combination for the diagnosis of HCC and early-stage HCC

AUC 95 % CI Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive LR Negative LR

HCC versus LC ? CHB ? HC

AFP 0.831 0.790–0.867 71.91 88.04 64.00 91.38 6.01 0.32

DKK1 0.889 0.854–0.919 79.78 89.37 68.93 93.73 7.50 0.23

OPN 0.908 0.875–0.935 89.89 82.06 59.70 96.48 5.01 0.12

AFP ? DKK1 0.931 0.901–0.954 88.76 87.71 68.10 96.35 7.22 0.13

AFP ? OPN 0.937 0.908–0.959 93.26 85.38 65.35 97.72 6.38 0.08

AFP ? DKK1 ? OPN 0.948 0.921–0.968 88.76 88.70 69.91 96.39 7.86 0.13

Early-stage HCC versus LC ? CHB ? HC

AFP 0.820 0.776–0.858 67.86 88.04 51.35 93.64 5.67 0.37

DKK1 0.901 0.865–0.930 78.57 89.04 57.14 95.71 7.17 0.24

OPN 0.890 0.853–0.920 83.93 81.73 46.08 96.47 4.59 0.20

AFP ? DKK1 0.940 0.910–0.962 89.29 87.38 56.82 97.77 7.07 0.12

AFP ? OPN 0.925 0.892–0.950 92.86 85.38 54.17 98.47 6.35 0.08

AFP ? DKK1 ? OPN 0.949 0.921–0.969 87.50 88.37 58.33 97.44 7.53 0.14

AFP alpha-fetoprotein, DKK1 dickkopf-1, OPN osteopontin AUC area under curve, PPV positive predictive value, NPV negative predictive

value, LR likelihood ratio

Table 2 Sensitivity of DKK1 and OPN in AFP-negative HCC patients

n (%) DKK1

(%)

OPN (%) Combination

of DKK1

and OPN (%)

Tumor stage (BCLC)

0?A 18 13 (72.2) 14 (77.8) 17 (94.4)

B 5 5 (100) 5 (100) 5 (100)

C 2 0 (0) 2 (100) 2 (100)

D NA NA NA NA

Tumor size (cm)

\3 11 7 (63.6) 8 (72.7) 10 (90.9)

3–5 6 4 (66.7) 6 (100) 6 (100)

[5 8 7 (87.5) 7 (87.5) 8 (100)

Tumor number

Single 19 12 (63.2) 15 (78.9) 18 (94.7)

Multiple 6 6 (100) 6 (100) 6 (100)

The diagnostic cutoff values for DKK1 and OPN were 1.31 and

15.11 ng/mL, respectively

AFP alpha-fetoprotein, DKK1 dickkopf-1, OPN osteopontin, NA Not

available
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reducing mortality of this disease [36]. So, we assessed

the diagnostic performance of all three markers for dis-

tinguishing early-stage HCC from LC and CHB patients.

When OPN was calculated at a cutoff of 15.11 ng/mL,

results were positive in 36 % patients with chronic HBV

infection and cirrhosis. It resulted in the highest sensi-

tivity of 83.93 % but the lowest specificity of 64.36 %

(Table 3). The less specificity due to its wide expression

of various immune cells, those cells include macrophages,

dendritic cells (DCs), neutrophils, NK cells, and T and B

lymphocytes. So, the serum concentration of OPN was

increased in a variety of acute and chronic inflammatory

conditions [37, 38], such as LC and CHB in this study.

Therefore, the AUC of the combination of three markers

was no better than the combination of AFP and DKK1

(0.933 vs. 0.935) in differentiating early-stage HCC from

non-malignant chronic liver diseases. This study also

revealed DKK1 was better than OPN and AFP in distin-

guishing early-stage HCC form high-risk patients. Mea-

surement of combination of DKK1 and AFP in serum can

help to make a differential diagnosis of HCC in these

high-risk populations (Fig. 3; Table 3).

This study, however, had some limitations. The

sample size was small, and we just included patients

with background of chronic HBV infected. Patients with

other non-malignant liver diseases and HCV carriers

were not included. So, the results are still needed to be

validated in further study with larger sample size, and

whether the combination of AFP, DKK1, and OPN is

useful in HCV-related HCC is also needed to be

confirmed.

Conclusion

This study validated the diagnostic capability of DKK1 and

OPN, and assessed the combination of AFP, DKK1, and

OPN as a panel for the diagnosis of HCC. These findings

suggest that the combination of three markers could

enhance the sensitivity in the diagnosis of HCC and may

provide a new diagnostic strategy for HCC patients.

Acknowledgments We thank Huamao Wang at Raygene Biotech-

nology Company for technical support. This work was supported by

grants from National Key Sci-Tech Special Project of China

(2012ZX10002011-004), National Natural Science Foundation of

China (81201627 and 81371883), Shanghai Municipal Program of

International Cooperation in Science and Technology (12410709800),

Research Fund for the Doctoral Program of Higher Education of

China (20120073110091), Key Basic Research Program of Shanghai

Committee of Science and Technology (11JC1412201), the State Key

Laboratory of Oncogenes and Related Genes (91-1201, 91-1305),

Doctoral Innovation Fund of Shanghai Jiao Tong University School

of Medicine (BXJ201a243), and Key Discipline and Specialty

Foundation of Shanghai Municipal Commission of Health and Family

Planning.

Conflict of interest No potential conflicts of interest were

disclosed.

References

1. Venook AP, Papandreou C, Furuse J, de Guevara LL. The inci-

dence and epidemiology of hepatocellular carcinoma: a global

and regional perspective. Oncologist. 2010;15(Suppl 4):5–13.

doi:10.1634/theoncologist.2010-S4-05.

Table 3 Performance of AFP, DKK1, OPN, and the combination for distinguishing HCC from high-risk patients

AUC 95 % CI Sensitivity (%) Specificity (%) PPV (%) NPV (%) Positive LR Negative LR

HCC versus LC ? CHB

AFP 0.792 0.727–0.847 71.91 75.25 71.91 75.25 2.91 0.37

DKK1 0.902 0.851–0.941 79.78 93.07 91.03 83.93 11.51 0.22

OPN 0.807 0.744–0.861 89.89 64.36 68.97 87.84 2.52 0.16

AFP ? DKK1 0.925 0.878–0.958 88.76 88.12 86.81 89.90 7.47 0.13

AFP ? OPN 0.863 0.806–0.909 93.26 65.35 70.34 91.67 2.69 0.10

AFP ? DKK1 ? OPN 0.934 0.889–0.965 88.76 85.15 84.04 89.58 5.98 0.13

Early-stage HCC versus LC ? CHB

AFP 0.778 0.705–0.841 67.86 75.25 60.32 80.85 2.74 0.43

DKK1 0.914 0.858–0.952 78.57 93.07 86.27 88.68 11.34 0.23

OPN 0.780 0.707–0.842 83.93 64.36 56.63 87.84 2.35 0.25

AFP ? DKK1 0.935 0.885–0.968 89.29 88.12 80.65 93.68 7.51 0.12

AFP ? OPN 0.844 0.777–0.897 92.86 65.35 59.77 94.29 2.68 0.11

AFP ? DKK1 ? OPN 0.933 0.882–0.967 87.50 85.15 76.56 92.47 5.89 0.15

AFP alpha-fetoprotein, DKK1 dickkopf-1, OPN osteopontin, AUC area under curve, PPV positive predictive value, NPV negative predictive

value, LR likelihood ratio, HCC hepatocellular carcinoma, CHB chronic hepatitis B virus infection, LC liver cirrhosis

59 Page 8 of 10 Med Oncol (2015) 32:59

123

http://dx.doi.org/10.1634/theoncologist.2010-S4-05


2. Maluccio M, Covey A. Recent progress in understanding, diag-

nosing, and treating hepatocellular carcinoma. CA Cancer J Clin.

2012;62(6):394–9. doi:10.3322/caac.21161.

3. Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The

contributions of hepatitis B virus and hepatitis C virus infections

to cirrhosis and primary liver cancer worldwide. J Hepatol.

2006;45(4):529–38. doi:10.1016/j.jhep.2006.05.013.

4. Qin LX, Tang ZY. Recent progress in predictive biomarkers for

metastatic recurrence of human hepatocellular carcinoma: a

review of the literature. J Cancer Res Clin Oncol.

2004;130(9):497–513. doi:10.1007/s00432-004-0572-9.

5. Ji J, Shi J, Budhu A, Yu Z, Forgues M, Roessler S, et al. Micr-

oRNA expression, survival, and response to interferon in liver

cancer. N Engl J Med. 2009;361(15):1437–47. doi:10.1056/

NEJMoa0901282.

6. Llovet JM, Di Bisceglie AM, Bruix J, Kramer BS, Lencioni R,

Zhu AX, et al. Design and endpoints of clinical trials in hepa-

tocellular carcinoma. J Natl Cancer Inst. 2008;100(10):698–711.

doi:10.1093/jnci/djn134.

7. Taketa K. Alpha-fetoprotein: reevaluation in hepatology. Hepa-

tology (Baltimore, MD). 1990;12(6):1420–32.

8. Bruix J, Sherman M. Practice Guidelines Committee AAftSoLD.

Management of hepatocellular carcinoma. Hepatology (Balti-

more, MD). 2005;42(5):1208–36. doi:10.1002/hep.20933.

9. Liebman HA, Furie BC, Tong MJ, Blanchard RA, Lo KJ, Lee SD,

et al. Des-gamma-carboxy (abnormal) prothrombin as a serum

marker of primary hepatocellular carcinoma. N Engl J Med.

1984;310(22):1427–31. doi:10.1056/NEJM198405313102204.

10. Aoyagi Y, Suzuki Y, Isemura M, Nomoto M, Sekine C, Igarashi

K, et al. The fucosylation index of alpha-fetoprotein and its

usefulness in the early diagnosis of hepatocellular carcinoma.

Cancer. 1988;61(4):769–74.

11. Durazo FA, Blatt LM, Corey WG, Lin JH, Han S, Saab S, et al.

Des-gamma-carboxyprothrombin, alpha-fetoprotein and AFP-L3

in patients with chronic hepatitis, cirrhosis and hepatocellular

carcinoma. J Gastroenterol Hepatol. 2008;23(10):1541–8. doi:10.

1111/j.1440-1746.2008.05395.x.

12. Marrero JA, Feng Z, Wang Y, Nguyen MH, Befeler AS, Roberts

LR, et al. Alpha-fetoprotein, des-gamma carboxyprothrombin,

and lectin-bound alpha-fetoprotein in early hepatocellular carci-

noma. Gastroenterology. 2009;137(1):110–8. doi:10.1053/j.gas

tro.2009.04.005.

13. Ertle JM, Heider D, Wichert M, Keller B, Kueper R, Hilgard P,

et al. A combination of alpha-fetoprotein and des-gamma-car-

boxy prothrombin is superior in detection of hepatocellular car-

cinoma. Digestion. 2013;87(2):121–31. doi:10.1159/000346080.

14. Glinka A, Wu W, Delius H, Monaghan AP, Blumenstock C,

Niehrs C. Dickkopf-1 is a member of a new family of secreted

proteins and functions in head induction. Nature.

1998;391(6665):357–62. doi:10.1038/34848.

15. Mao B, Wu W, Davidson G, Marhold J, Li M, Mechler BM, et al.

Kremen proteins are dickkopf receptors that regulate Wnt/beta-

catenin signalling. Nature. 2002;417(6889):664–7. doi:10.1038/

nature756.

16. Yu B, Yang X, Xu Y, Yao G, Shu H, Lin B, et al. Elevated

expression of DKK1 is associated with cytoplasmic/nuclear beta-

catenin accumulation and poor prognosis in hepatocellular car-

cinomas. J Hepatol. 2009;50(5):948–57. doi:10.1016/j.jhep.2008.

11.020.

17. Shen Q, Fan J, Yang XR, Tan Y, Zhao W, Xu Y, et al. Serum

DKK1 as a protein biomarker for the diagnosis of hepatocellular

carcinoma: a large-scale, multicentre study. Lancet Oncol.

2012;13(8):817–26. doi:10.1016/S1470-2045(12)70233-4.

18. Senger DR, Wirth DF, Hynes RO. Transformed mammalian cells

secrete specific proteins and phosphoproteins. Cell.

1979;16(4):885–93.

19. Bertino G, Ardiri A, Malaguarnera M, Malaguarnera G, Bertino

N, Calvagno GS. Hepatocellualar carcinoma serum markers.

Semin Oncol. 2012;39(4):410–33. doi:10.1053/j.seminoncol.

2012.05.001.

20. Ramaiah SK, Rittling S. Pathophysiological role of osteopontin in

hepatic inflammation, toxicity, and cancer. Toxicol Sci Off J Soc

Toxicol. 2008;103(1):4–13. doi:10.1093/toxsci/kfm246.

21. Shang S, Plymoth A, Ge S, Feng Z, Rosen HR, Sangrajrang S.

Identification of osteopontin as a novel marker for early hepa-

tocellular carcinoma. Hepatology (Baltimore, MD).

2012;55(2):483–90. doi:10.1002/hep.24703.

22. Sterling RK, Wright EC, Morgan TR, Seeff LB, Hoefs JC, Di Bi-
sceglie AM, et al. Frequency of elevated hepatocellular carcinoma

(HCC) biomarkers in patients with advanced hepatitis C. Am J

Gastroenterol. 2012;107(1):64–74. doi:10.1038/ajg.2011.312.

23. Huang TS, Shyu YC, Turner R, Chen HY, Chen PJ. Diagnostic

performance of alpha-fetoprotein, lens culinaris agglutinin-reac-

tive alpha-fetoprotein, des-gamma carboxyprothrombin, and

glypican-3 for the detection of hepatocellular carcinoma: a sys-

tematic review and meta-analysis protocol. Syst Rev. 2013;2:37.

doi:10.1186/2046-4053-2-37.

24. Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.

Hepatology (Baltimore Md). 2009;50(3):661–2. doi:10.1002/hep.

23190.

25. Bruix J, Sherman M. American Association for the Study of Liver

D. Management of hepatocellular carcinoma: an update. Hepa-

tology (Baltimore Md). 2011;53(3):1020–2. doi:10.1002/hep.

24199.

26. Block T, Mehta AS, London WT. Hepatocellular carcinoma of

the liver. Cancer Biomark Sect A Dis Markers.

2010;9(1–6):375–83. doi:10.3233/CBM-2011-0165.

27. Silva MA, Hegab B, Hyde C, Guo B, Buckels JA, Mirza DF.

Needle track seeding following biopsy of liver lesions in the

diagnosis of hepatocellular cancer: a systematic review and meta-

analysis. Gut. 2008;57(11):1592–6. doi:10.1136/gut.2008.

149062.

28. Stigliano R, Marelli L, Yu D, Davies N, Patch D, Burroughs AK.

Seeding following percutaneous diagnostic and therapeutic

approaches for hepatocellular carcinoma. What is the risk and the

outcome? Seeding risk for percutaneous approach of HCC. Cancer

Treat Rev. 2007;33(5):437–47. doi:10.1016/j.ctrv.2007.04.001.

29. Yamabuki T, Takano A, Hayama S, Ishikawa N, Kato T, Mi-

yamoto M, et al. Dikkopf-1 as a novel serologic and prognostic

biomarker for lung and esophageal carcinomas. Cancer Res.

2007;67(6):2517–25. doi:10.1158/0008-5472.CAN-06-3369.

30. Sheng SL, Huang G, Yu B, Qin WX. Clinical significance and

prognostic value of serum Dickkopf-1 concentrations in patients

with lung cancer. Clin Chem. 2009;55(9):1656–64. doi:10.1373/

clinchem.2009.125641.

31. Tung EK, Mak CK, Fatima S, Lo RC, Zhao H, Zhang C, et al.

Clinicopathological and prognostic significance of serum and

tissue Dickkopf-1 levels in human hepatocellular carcinoma.

Liver Int Off J Int Assoc Study Liver. 2011;31(10):1494–504.

doi:10.1111/j.1478-3231.2011.02597.x.

32. Yang H, Chen GD, Fang F, Liu Z, Lau SH, Zhang JF, et al.

Dickkopf-1: as a diagnostic and prognostic serum marker for

early hepatocellular carcinoma. Int J Biol Markers.

2013;28(3):286–97. doi:10.5301/jbm.5000015.

33. Ye QH, Qin LX, Forgues M, He P, Kim JW, Peng AC, et al.

Predicting hepatitis B virus-positive metastatic hepatocellular

carcinomas using gene expression profiling and supervised

machine learning. Nat Med. 2003;9(4):416–23. doi:10.1038/

nm843.

34. Weber GF, Lett GS, Haubein NC. Osteopontin is a marker for

cancer aggressiveness and patient survival. Br J Cancer.

2010;103(6):861–9. doi:10.1038/sj.bjc.6605834.

Med Oncol (2015) 32:59 Page 9 of 10 59

123

http://dx.doi.org/10.3322/caac.21161
http://dx.doi.org/10.1016/j.jhep.2006.05.013
http://dx.doi.org/10.1007/s00432-004-0572-9
http://dx.doi.org/10.1056/NEJMoa0901282
http://dx.doi.org/10.1056/NEJMoa0901282
http://dx.doi.org/10.1093/jnci/djn134
http://dx.doi.org/10.1002/hep.20933
http://dx.doi.org/10.1056/NEJM198405313102204
http://dx.doi.org/10.1111/j.1440-1746.2008.05395.x
http://dx.doi.org/10.1111/j.1440-1746.2008.05395.x
http://dx.doi.org/10.1053/j.gastro.2009.04.005
http://dx.doi.org/10.1053/j.gastro.2009.04.005
http://dx.doi.org/10.1159/000346080
http://dx.doi.org/10.1038/34848
http://dx.doi.org/10.1038/nature756
http://dx.doi.org/10.1038/nature756
http://dx.doi.org/10.1016/j.jhep.2008.11.020
http://dx.doi.org/10.1016/j.jhep.2008.11.020
http://dx.doi.org/10.1016/S1470-2045(12)70233-4
http://dx.doi.org/10.1053/j.seminoncol.2012.05.001
http://dx.doi.org/10.1053/j.seminoncol.2012.05.001
http://dx.doi.org/10.1093/toxsci/kfm246
http://dx.doi.org/10.1002/hep.24703
http://dx.doi.org/10.1038/ajg.2011.312
http://dx.doi.org/10.1186/2046-4053-2-37
http://dx.doi.org/10.1002/hep.23190
http://dx.doi.org/10.1002/hep.23190
http://dx.doi.org/10.1002/hep.24199
http://dx.doi.org/10.1002/hep.24199
http://dx.doi.org/10.3233/CBM-2011-0165
http://dx.doi.org/10.1136/gut.2008.149062
http://dx.doi.org/10.1136/gut.2008.149062
http://dx.doi.org/10.1016/j.ctrv.2007.04.001
http://dx.doi.org/10.1158/0008-5472.CAN-06-3369
http://dx.doi.org/10.1373/clinchem.2009.125641
http://dx.doi.org/10.1373/clinchem.2009.125641
http://dx.doi.org/10.1111/j.1478-3231.2011.02597.x
http://dx.doi.org/10.5301/jbm.5000015
http://dx.doi.org/10.1038/nm843
http://dx.doi.org/10.1038/nm843
http://dx.doi.org/10.1038/sj.bjc.6605834


35. Weber GF, Lett GS, Haubein NC. Categorical meta-analysis of

osteopontin as a clinical cancer marker. Oncol Rep.

2011;25(2):433–41. doi:10.3892/or.2010.1106.

36. Benson AB 3rd, Abrams TA, Ben-Josef E, Bloomston PM, Botha

JF, Clary BM, et al. NCCN clinical practice guidelines in

oncology: hepatobiliary cancers. J Nat Compr Cancer Netw

JNCCN. 2009;7(4):350–91.

37. Cho HJ, Cho HJ, Kim HS. Osteopontin: a multifunctional protein

at the crossroads of inflammation, atherosclerosis, and vascular

calcification. Curr Atheroscler Rep. 2009;11(3):206–13.

38. Anborgh PH, Mutrie JC, Tuck AB, Chambers AF. Role of the

metastasis-promoting protein osteopontin in the tumour micro-

environment. J Cell Mol Med. 2010;14(8):2037–44. doi:10.1111/

j.1582-4934.2010.01115.x.

59 Page 10 of 10 Med Oncol (2015) 32:59

123

http://dx.doi.org/10.3892/or.2010.1106
http://dx.doi.org/10.1111/j.1582-4934.2010.01115.x
http://dx.doi.org/10.1111/j.1582-4934.2010.01115.x

	Diagnostic values of alpha-fetoprotein, dickkopf-1, and osteopontin for hepatocellular carcinoma
	Abstract
	Introduction
	Materials and methods
	Study design
	Collection, storage, and measurements of serum samples
	Statistical analysis

	Results
	Patient characteristics
	Biomarker levels
	Optimum cutoff values
	Combination performance of three biomarkers in diagnosis of HCC
	Correlation analysis

	Discussion
	Conclusion
	Acknowledgments
	References


