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Background
Liver cirrhosis and hepatocellular carcinoma (HCC) are consequences of chronic
hepatitis C virus (HCV) infection. HCC is one of the fastest rising causes of cancer-
related mortality. This dismal prognosis is related to late diagnosis with currently
available screening methods. The aim of our study was to evaluate the diagnostic
power of serum growth differentiation factor (GDF) 15 in HCC detection and its
ability to distinct HCC from cirrhosis in chronic hepatitis C Egyptian patients.
Patients and methods
Ninety participants were included in the study; 30 patients with HCV-cirrhosis, 30
patients with HCV-Cirrhosis and HCC, and 30 gender and age-matched healthy
subjects as the control group. The patients were subjected to history taking, clinical
examinations, routine laboratory analysis, and α-fetoprotein (AFP) determination.
Serum GDF15 was measured using an enzyme-linked immunosorbent assay kit.
Results
The mean level of GDF15 in HCV-cirrhosis patients was 140.28±128.66 pg/ml, in
HCV-HCC patients 154.45±123.74 pg/ml, and in the control group it was 81.19
±42.53 pg/ml. Statistically significant difference in GDF15 level was found between
HCV-HCC patients and controls, P=0.012, while no statistically significant
difference was found on comparing HCV-cirrhosis patients to controls or to
HCV-HCC patients, P=0.064 and 0.473, respectively. The cut-off value of
GDF15 to discriminate HCV-HCC patients from controls was 122.3 pg/ml with
53.3% sensitivity and 86.7% specificity and an area under the receiver
operating characteristic (AUROC) of 0.692. AFP at a cut-off value of 20.85 ng/l
was able to discriminate HCV-HCC patients from HCV-cirrhosis patients with
73.3% sensitivity and 73.3% specificity and an AUROC of 0.744. AUROC for
combined AFP and GDF15 showed lower performance than AFP alone in
discrimination of HCV-HCC from HCV-cirrhosis patients (AUROC=0.642).
Conclusion
GDF15 is not a potential diagnostic marker for the distinction of HCC from cirrhosis
in chronic hepatitis C Egyptian patients.
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Introduction
The incidence of hepatocellular carcinoma (HCC) has
been increasing during the last decades [1] to become
the fifth most common cancer worldwide [2] and the
second leading cause of cancer-related mortality [3].
HCC etiology is mostly related to hepatitis B virus
(HBV) and hepatitis C virus (HCV) infection [4–6],
HCV antibodies are positive in the sera of up to 70% of
HCC patients [7]. Chronic persistent nature of HCV
leads to serious complications with the development of
liver cirrhosis in 5–20% of patients [8]. HCC is more
likely to develop in cirrhotic liver [7], the 5-year
cumulative risk of developing HCC in cirrhotic
patients ranges between 5 and 30% and the
prevalence of cirrhosis among patients with HCC is
85–95% [9,10].
ished by Wolters Kluwer - M
The rise of HCC incidence is related to the high
prevalence of HCV in the patients [11].

HCC has a poor prognosis with a 5-year survival less
than 5%, probably due to late diagnosis; however, early
discovery improves 5-year survival by up to 70%
[12,13]. HCC screening in cirrhotic patients is
recommended every 6 months using ultrasound
(US) with or without α-fetoprotein (AFP)
measurement [14]. US has a sensitivity of ∼60%
and specificity of 85–90% [15], which is highly
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dependent on operator experience, in addition US
may not be applicable for all patients as obese
patients present a challenge leading to limited
sensitivity of early HCC detection, ranging from 32
to 65% [15,16]. AFP is relatively inexpensive, simple
to perform, and is widely available, but it has
limitation in sensitivity and specificity, its sensitivity
ranges from 18 to 60% and its specificity ranges from
85 to 90% [17]. The low sensitivity of the current
measures necessitates the study of other alternatives
that may help in early detection of HCC.

Growth differentiation factor 15 (GDF15) is a
transforming growth factor β protein expressed in
placental tissue under physiological conditions, but
it can be induced in activated macrophages by
proinflammatory cytokines in the presence of tissue
damage or disease [18]. GDF15 plays a dual role in
cancer development; it inhibits early cancer genesis
but promotes tumor progression at later stages [19].
Its tumor-promoting effects were demonstrated in
malignant glioma, glioblastoma, melanoma, myeloma,
gastric, prostate, and breast cancer [20]. GDF15 is also
upregulated in HCV infection [21,22]. The possible
involvement of GDF15 in HCV-related liver
carcinogenesis was suggested which needs further
verification [22].

The aim of our study was to evaluate the diagnostic
power of serum GDF15 in HCC detection and its
ability to distinct it from cirrhosis in chronic hepatitis
C Egyptian patients.
Patients and methods
This cross-sectional study was conducted at the
Internal Medicine Department, Kasr Alainy
Hospital, Cairo University. Ninety participants were
included in the study; 30 patients with HCV-cirrhosis
with no radiological evidence of hepatic focal lesions
and normal AFP level, 30 patients with HCV-cirrhosis
and HCC, and 30 gender and age-matched healthy
subjects as the control group. Patients with liver
cirrhosis secondary to HBV infection, history of
hepatotoxic drugs, anti-inflammatory drugs, bilharzia
infection, autoimmune disease, and metabolic liver
diseases were excluded because these factors could
affect GDF15 concentrations.

Informed consent was obtained from all participants
before enrollment in the study. The study was approved
by Faculty of Medicine, Cairo University Ethics
Committee and was conducted according to the
ethics guidelines of the Declaration of Helsinki.
Thepatientswere subjected to full history taking, clinical
examination, laboratory investigations including liver
function tests (alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, γ-glutamyl
transferase, albumin, prothrombin time, prothrombin
concentration, international normalized ratio, bilirubin
total and direct), complete blood count, creatinine,
HCV antibodies, HBsAg, and serum AFP level. The
Child–Pugh score was estimated. Abdominal US and
computed tomography were done. Serum GDF15 was
measured using a specific ELISA kit (kit no.
ABIN365728; CUSABIO, China) with assay range
7.8–500 pg/ml, according to the manufacturer’s
recommended protocol. HCC was diagnosed
according to american association for the study of liver
diseases (AASLD) practice guidelines [23].

The diagnostic performance of GDF15 was evaluated
by calculating the area under the receiver operating
characteristic (AUROC) curve.
Statistical analysis
Datawere coded and entered using the statistical package
SPSS(statisticalpackageforthesocialsciences;SPSSInc.,
Chicago, Illinois, USA) version 23. Data were
summarized using mean, SD, median, minimum, and
maximuminquantitativedataandusingfrequency(count)
and relative frequency (percentage) for categorical data.
Comparisons between quantitative variables were done
using the nonparametric Kruskal–Wallis and
Mann–Whitney tests. For comparing categorical data,
χ2-test was performed. Exact test was used instead when
theexpectedfrequency is less than5.Correlationsbetween
quantitative variables were done using Spearman’s
correlation coefficient. Logistic regression was done to
detect an odds ratio of GDF15 and AFP independent
predictorsofHCC.TheROCcurvewasconstructedwith
the area under curve analysis performed to detect the best
cut-off value of GDF15 and AFP for the detection of
HCC. P values of less than 0.05 were considered as
statistically significant.
Results
Ninety participants were included in the study. They
were 52 (57%) men and 38 (42%) women with age
ranging from 30 to 80 years. Baseline demographic
and laboratory data of the participants are shown in
Table 1; baseline radiological findings are shown in
Table 2.

Comparison between HCV-cirrhosis and HCV-HCC
patients regarding baseline laboratory data showed no
statistically significant difference except for AFP,



Table 1 Demographic and laboratory data of the participants

Cirrhosis (n=30) HCC (n=30) Control (n=30)

Age (years) 40–80 55.53±8.01 42–73 57.6±6.95 30–70 44.93±14.68

Gender

Male 17 56.7% 22 73.3% 13 43.3%

Female 13 43.3% 8 26.7% 17 56.7%

Child–Pugh score

B 13 43.3% 11 36.7% __ __

C 17 56.7% 19 63.3% __ __

Hb (g/dl) 6.60–14.30 9.57±2.04 4.80–14.20 9.41±1.93 10.00–15.30 12.48±1.50

TLC (×103/μl) 1.20–28.80 8.60±6.25 3.20–23.00 9.97±5.83 4.30–11.50 7.40±2.08

Platelets (×103/μl) 17.00–230.00 118.11±57.75 13.00–425.00 131.83±84.66 155.00–342.00 222.97±60.41

ALT (U/l) 20.00–455.00 77.02±77.70 18.00–1009.00 109.62±187.32 20.00–44.00 34.67±9.84

AST (U/l) 22.00–216.00 89.46±40.13 37.00–2609.00 257.94±468.11 18.00–42.00 30.93±11.83

ALP (IU/l) 42.00–600.00 113.93±97.05 58.00–240.00 114.53±44.15 18.00–81.00 45.40±15.27

GGT (U/l) 19.00–590.00 76.30±103.28 14.00–176.00 62.93±32.89 7.00–61.00 23.90±11.79

Albumin (g/dl) 1.30–3.50 2.26±048 1.10–3.30 2.14±0.58 3.50–4.10 3.66±.31

Total bilirubin (mg/dl) 0.80–24.60 3.56±5.24 0.70–11.50 3.85±3.79 0.40–1.20 0.81±0.20

Direct bilirubin (mg/dl) 0.20–10.20 1.74±2.60 0.20–8.80 2.33±2.74 0.00–0.70 0.41±0.19

Creatinine (mg/dl) 0.40–5.22 1.30±0.97 0.62–5.00 1.54±0.96 0.30–1.30 0.80±0.30

PT (seconds) 13.90–30.10 18.79±3.90 13.20–32.70 18.26±3.76 11.90–12.90 12.26±0.29

PC (%) 25.00–81.00 52.13±13.41 18.00–78.00 50.42±14.37 96.00–100.10 99.24±1.03

INR 1.15–3.10 1.67±0.44 1.20–4.20 1.80±0.71 1.00–1.38 1.09±0.11

AFP (ng/ml) 1.20–311.00 65.16±113.73 1.50–953.00 185.42±194.28 0.00–13.90 3.55±3.26

GDF15 (pg/ml) 9.5–566 140.28±128.66 10.90–471.70 154.45±123.74 11.50–202.40 81.19±42.53

Data are presented as number (%) and mean±SD. AFP, α-fetoprotein; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GDF, growth differentiation factor 15; GGT, γ-glutamyl transferase; Hb, hemoglobin; INR, international
normalized ratio; PC, prothrombin concentration; PT, prothrombin time; TLC, total leukocytic count.

Table 2 Baseline radiological findings of the participants

Cirrhosis (n=30) [n (%)] HCC (n=30) [n (%)]

US: liver cirrhosis

Yes 30 (100.0) 30 (100.0)

No 0 (0.0) 0 (0.0)

US: focal lesions

Yes 0 (0.0) 30 (100.0)

No 30 (100.0) 0 (0.0)

US: ascites

Yes 22 (73.3) 24 (80.0)

No 8 (26.7) 6 (20.0)

US: splenomegaly

Yes 23 (76.7) 28 (93.3)

No 7 (23.3) 2 (6.7)

CT: focal lesions

Yes 0 (0.0) 30 (100.0)

No 30 (100.0) 0 (0.0)

CT: number of lesions

0 30 (100.0) 0 (0.0)

1 0 (0.0) 9 (30.0)

2 0 (0.0) 11 (36.7)

3 0 (0.0) 4 (13.3)

4 0 (0.0) 6 (20.0)

CT: intra-abdominal lymph nodes

Yes 0 (0.0) 5 (16.7)

No 30 (100.0) 25 (83.3)

CT, computed tomography; HCC, hepatocellular carcinoma; US,
ultrasound.

Association of serum GDF15 and HCC Wifi et al. 59
which was significantly higher in HCC patients with
mean±SD of 185.42±194.28 ng/l compared with
HCV-cirrhosis patients with mean±SD of 65.16
±113.73 ng/l (P=0.002).

Regarding GDF15, a statistically significant difference
was found between HCV-HCC patients and controls,
with mean±SD of 154.45±123.74 and 81.19±42.53 pg/
ml, respectively (P=0.012). However, no statistically
significant difference was found between HCV-
cirrhosis patients and controls, with mean±SD of
140.28±128.66 and 81.19±42.53 pg/ml, respectively
(P=0.064), or between HCV-cirrhosis and HCV-
HCC patients with mean±SD of 140.28±128.66 and
154.45±123.74 pg/ml, respectively (P=0.473).

The areas under the ROC curves showed good
performance (AUROC: 0.692) of GDF15 in the
detection of HCC. A cut-off value of GDF15 to
discriminate HCV-HCC patients from control is
122.3 pg/ml with 53.3% sensitivity and 86.7%
specificity [95% confidence interval (CI):
0.552–0.831] (Fig. 1). But GDF15 was not able to
discriminate HCV-cirrhosis from HCV-HCC
patients with (AUROC: 0.554).

The areas under the ROC curves showed good
performance (AUROC: 0.744) of AFP for the



Figure 1

The ROC curve for the discrimination of HCC cases from controls
using GDF15. HCC, hepatocellular carcinoma; GDF15, growth dif-
ferentiation factor 15; ROC, receiver operating characteristic.

Figure 2

The ROC curve for the discrimination of HCC cases from cirrhosis
cases Using AFP. AFP, α-fetoprotein; HCC, hepatocellular carcino-
ma; ROC, receiver operating characteristic.
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detection of HCV-HCC patients and their
discrimination from HCV-cirrhosis patients. A cut-
off value of AFP to discriminate HCV-cirrhosis from
HCV-HCC patients is 20.85 ng/l with 73.3%
sensitivity and 73.3% specificity (95% CI:
0.615–0.874) and P value of 0.001(Fig. 2). With an
AUROC of 0.942 for the discrimination of HCV-
HCC patients from controls at a cut-off value of
8.75 ng/l, 86.7% sensitivity, 96.4% specificity, 95%
CI: 0.880–1.000, and P value less than 0.001.

The areas under the ROC curves for combined AFP
and GDF15 showed lower performance than AFP
alone in the discrimination of HCV-HCC from
HCV-cirrhosis patients (AUROC: 0.642) (Fig. 3).

There was positive correlation between GDF15 and
AFP in HCV-cirrhosis and HCV-HCC patients with
a P value of 0.007 and less than 0.001, respectively.

No correlation was found between either AFP or
GDF15; and Child–Pugh score, or number of
lesions in the liver.
Discussion
Accurate diagnosis of early stages of HCC can
significantly improve patient survival. Currently,
HCC surveillance is performed by diagnostic imaging
techniques and AFP assay. However, these methods
have limitations regarding sensitivity and specificity,
especially in early-stage HCC [17]. Unfortunately,
most HCC cases are diagnosed at a late stage with the
resulting median survival of less than 1 year [24,25]. As
curative therapies are restricted to patients in early-stage
HCC [26] improving diagnostic accuracy for the
detection of early-stage HCC is of utmost
importance, especially in high-risk patients with
chronic viral hepatitis B and post-HCV-cirrhosis [26].

Egypt has the highest prevalence of HCV infection
worldwide and incidence of HCC in Egypt. It is
reported to be 21% in cirrhotic patients [27]. In the
past 10 years, the incidence rate of HCC doubled [28].

In the present study, we evaluated the diagnostic power
of serum GDF15 in HCC detection and distinction
from cirrhosis in chronic hepatitis C Egyptian patients.

GDF15 is a serum marker associated with
carcinogenesis [29–31]. GDF15 has a diagnostic role
in gastrointestinal cancers [32,33], and was as well
reported to have a diagnostic role in HCC
accompanied with cirrhosis [21].

In our study, GDF15 level was significantly elevated in
HCV-HCC patients compared with normal controls
with P value of 0.012, but no statistically significant
difference was found between GDF15 levels in HCV-
cirrhosis and HCV-HCC patients with P value of



Figure 3

The ROC curve for the discrimination of HCC cases from cirrhosis cases using both GDF15 and AFP. AFP, α-fetoprotein; HCC, hepatocellular
carcinoma; GDF15, growth differentiation factor 15; ROC, receiver operating characteristic.
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0.473. Therefore, GDF15 level was not able to
discriminate between HCV-cirrhosis and HCV-
HCC patients. Our results are in agreement with
the Liu et al. [21] study, where 233 HCC patients
were studied and only 30/233 (12.8%) were HCV
positive. They reported that the highest GDF15
level was found in HCV-HCC patients. They did
not study the discriminative power of GDF15 to
differentiate HCV-cirrhosis from HCV-HCC
because they omitted HCV-cirrhosis cases from the
study due to the small number of samples.

Although cirrhosis is the common pathway by which
HCV promotes carcinogenesis, HCV may have a
direct role in inducing liver cell proliferation through
the involvement of viral gene products [34].

On the other hand, Zimmers and colleagues
investigated the effect of GDF15 loss in vivo on
hepatocellular carcinogenesis in a
diethylnitrosamine-induced HCC mouse model, and
no apparent effect was found on the HCC tumor
formation rate, growth rate, or invasiveness after
genetic ablation of GDF15 and it was concluded
that the biological significance of GDF15 induction
in HCC pathogenesis is unknown [35].

The areas under the ROC curves showed good
performance (AUROC: 0.692) of GDF15 in the
detection of HCV-HCC. The cut-off value of
GDF15 to discriminate HCV-HCC from control
is 122.3 pg/ml with 53.3% sensitivity and 86.7%
specificity (95% CI: 0.552–0.831). But GDF15 was
not able to discriminate HCV-cirrhosis from HCV-
HCC patients with an AUROC of 0.554.GDF15 was
inferior to AFP in its ability to detect HCV-HCC
and the AUROC was 0.744 for the detection of
HCV-HCC patients and their discrimination from
HCV-cirrhosis patients at a cut-off value of AFP
20.85 ng/l with 73.3% sensitivity and 73.3%
specificity.

A combination of GDF15 andAFP even compromised
the diagnostic accuracy of AFP in discrimination
between HCV-cirrhosis and HCV-HCC. On the
other hand, Liu et al. [21] reported that GDF15
combined with AFP increased the diagnostic
accuracy of HCC accompanied with cirrhosis.
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At the same cut-off level of 20 ng/ml, our study had
higher sensitivity for detecting HCC than the
previously published studies where AFP had a
sensitivity ranging from 25 to 65% for detecting
HCC [36,37].

In conclusion, the HCC burden is increasing
worldwide and with Egypt, having the highest HCV
prevalence. Improving diagnostic accuracy for
detecting HCC is fundamental to reduce the rates of
cancer-related mortality, as HCC is one of the fastest
rising causes of cancer-related mortality. Several serum
biomarkers have been studied, but none was found
superior to the AFP [17].We have to admit limitations
of AFP; only one-third of HCC patients have high
AFP levels [38,39] as 80% of small HCC nodules do
not display increased AFP levels and that AFP
sensitivity is restricted to 25% for tumors smaller
than 3 cm [40,41]. Furthermore, high AFP levels
can be expressed in the absence of malignancy in
patients with chronic liver disease, especially HCV
patients [42,43]. Continuous research is needed to
find the ideal markers for HCC, preferably serum
marker with high diagnostic power in both HCC
detection and distinction from cirrhosis, while tumor
stage and patient etiology are taken into consideration.
Financial support and sponsorship
Nil.
Conflicts of interest
There are no conflicts of interest.
References
1 El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and

molecular carcinogenesis. Gastroenterology 2007; 132:2557–2576.

2 Schutte K, Bornschein J, Malfertheiner P. Hepatocellular carcinoma-
epidemiological trends and risk factors. Dig Dis Sci 2009; 27:80–92.

3 Choo SP, TanWL, Goh BK, TaiWM, Zhu AX. Comparison of hepatocellular
carcinoma in Eastern versus Western populations. Cancer 2016;
122:3430–3446.

4 Baghdady I, EI-Kaffrawy N, Abd EI-Atti E, Abd EI-Bary N, Saber M. Study of
the risk factors for hepatocellular carcinoma: effect of their synergism. J Am
Sci 2013; 9:211–217.

5 Anwar WA, Khaled HM, Amra HA, El-Nezami H, Loffredo CA. Changing
pattern of hepatocellular carcinoma (HCC) and its risk factors in Egypt:
Possibilities for prevention. Mutat Res 2008; 659:176–184.

6 El SeragHB. Hepatocellular carcinoma and hepatitis C in the United States.
Hepatology 2002; 36:S74–S83.

7 Montalto G, Cervello M, Giannitrapani L, Dantona F, Terranova A,
Castagnetta LA. Epidemiology, risk factors, and natural history of
hepatocellular carcinoma. Ann N Y Acad Sci 2002; 963:13–20.

8 Houghton M. Hepatitis C viruses. In: Fields BN, Knipe DM, Howley PM,
editors. Fields virology. 3rd ed. Philadelphia: Lippincott - Raven 1996.
1035–1058

9 Fattovich G, Stroffolini T, Zagn I, Donato F. Hepatocellular carcinoma in
cirrhosis: incidence and risk factors. Gastroenterology 2004; 127:S35–S50.

10 Kanwal F, Hoang T, Kramer JR, Asch SM, Goetz MB, Zeringue A, et al.
Increasing prevalence of HCC and cirrhosis in patients with chronic
hepatitis C virus infection. Gastroenterology 2011; 140:1182–1188.
11 Fox RK. Surveillance for hepatocellular carcinoma. 2017. Available at:
http://www.hepatitisc.uw.edu/go/evaluation-staging-monitoring/
surveillance-hepatocellular-carcinoma/core-concept/all. [Accessed 30
July 2017].

12 El Serag HB, Siegel AB, Davila JA, Shaib YH, Cayton-Woody M, McBride
R, et al. Treatment and outcomes of treating of hepatocellular carcinoma
among Medicare recipients in the United States: a population-based study.
J Hepatol 2006; 44:158–166.

13 El-Serag HB, Marrero JA, Rudolph L, Reddy KR. Diagnosis and treatment
of hepatocellular carcinoma. Gastroenterology 2008; 134:1752–1763.

14 Heimbach J, Kulik LM, Finn R, Sirlin CB, Abecassis M, Roberts LR, et al.
Aasld guidelines for the treatment of hepatocellular carcinoma. Hepatology
2017; 67:358–380.

15 Singal A, Volk ML, Waljee A, Salgia R, Higgins P, Rogers MA, et al. Meta-
analysis: surveillance with ultrasound for early-stage hepatocellular
carcinoma inpatientswithcirrhosis.AlimentPharmacolTher2009;30:37–47.

16 Singal AG, Conjeevaram HS, Volk ML, Fu S, Fontana RJ, Askari F, et al.
Effectiveness of hepatocellular carcinoma surveillance in patients with
cirrhosis. Cancer Epidemiol Biomarkers Prev 2012; 21:793–799.

17 Reichl P, Mikulits W. Accuracy of novel diagnostic biomarkers for
hepatocellular carcinoma: an update for clinicians (review). Oncol Rep
2016; 36:613–625.

18 Fairlie WD, Zhang H, Brown PK, Russell PK, Bauskin AR, Breit SN.
Expression of a TGF-beta superfamily protein, macrophage inhibitory
cytokine-1, in the yeast Pichia pastoris. Gene 2000; 254:67–76.

19 Eling TE, Baek SJ, Shim M, Lee CH. NSAID activated gene (NAG-1), a
modulator of tumorigenesis. J Biochem Mol Biol 2006; 39:649–655.

20 Corre J, Hébraud B, Bourin P. Concise review: growth differentiation factor
15 in pathology: a clinical role? Stem Cells Transl Med 2013; 2:946–952.

21 Liu X, Chi X, Gong Q, Gao L, Niu Y, Chi X, et al. Association of serum level
of growth differentiation factor 15 with liver cirrhosis and hepatocellular
carcinoma. PLoS One 2015; 10:e0127518.

22 Si Y, Liu X, ChengM,WangM,GongQ, Yang Y, et al.Growth differentiation
factor 15 is induced by hepatitis C virus infection and regulates
hepatocellular carcinoma-related genes. PLoS One 2011; 6:e19967.

23 Bruix J, Sherman M. AASLD practice guideline, management of
hepatocellular carcinoma. J Hepatol 2005; 42:1208–1236.

24 Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular carcinoma
incidence, mortality, and survival trends in the United States from 1975
to 2005. J Clin Oncol 2009; 27:1485–1491.

25 Llovet JM,Bustamante J,CastellsA, VilanaR,AyusoMC,SalaM,et al.Natural
history of untreated nonsurgical hepatocellular carcinoma: rationale for the
design and evaluation of therapeutic trials. Hepatology 1999; 29:62–67.

26 Bruix J, Sherman M. American Association for the Study of Liver Diseases:
management of hepatocellular carcinoma: an update. Hepatology 2011;
53:1020–1022.

27 Atti EA. HCC burden in Egypt. Gastroenterol Hepatol Open Access 2015;
2:00045.

28 Gomaa AI, Khan SA, Toledano MB, Waked I, Taylor-Robinson SD.
Hepatocellular carcinoma: Epidemiology, risk factors and pathogenesis.
World J Gastroenterol 2008; 14:4300–4308.

29 Staff AC, Trovik J, Eriksson AG,Wik E,Wollert KC, Kempf T, et al. Elevated
plasma growth differentiation factor-15 correlates with lymph node
metastases and poor survival in endometrial cancer. Clin Cancer Res
2011; 17:4825–4833.

30 YangCZ, Ma J, Luo QQ, Neskey DM, Zhu DW, Liu Y, et al. Elevated level of
serum growth differentiation factor 15 is associated with oral leukoplakia
and oral squamous cell carcinoma. J Oral Pathol Med 2014; 43:28–34.

31 Tsui KH, Chang YL, Feng TH, Chung LC, Lee TY, Chang PL, et al. Growth
differentiation factor-15 upregulates interleukin-6 to promote tumorigenesis
of prostate carcinoma PC-3 cells. J Mol Endocrinol 2012; 49:153–163.

32 Koopmann J, Buckhaults P, Brown DA, Zahurak ML, Sato N, Fukushima N,
et al. Serum macrophage inhibitory cytokine 1 as a marker of pancreatic
and other periampullary cancers. Clin Cancer Res 2004; 10:2386–2392

33 Brown DA, Ward RL, Buckhaults P, Liu T, Romans KE, Hawkins NJ, et al.
MIC-1 serum level and genotype: associations with progress and prognosis
of colorectal carcinoma. Clinical Cancer Res 2003; 9:2642–2650.

34 El-Nady GM, Ling R, Harrison TJ. Gene expression in HCV-associated
hepatocellular carcinoma-upregulation of a gene encoding a protein related
to the ubiquitin-conjugating enzyme. Liver 2003; 23:29–35.

35 Zimmers TA, Jin X, Gutierrez JC, Acosta C, McKillop IH, Pierce RH, et al.
Effect of in vivo loss of GDF-15 on hepatocellular carcinogenesis. J Cancer
Res Clin Oncol 2008; 134:753–759.

http://www.hepatitisc.uw.edu/go/evaluation-staging-monitoring/surveillance-hepatocellular-carcinoma/core-concept/all
http://www.hepatitisc.uw.edu/go/evaluation-staging-monitoring/surveillance-hepatocellular-carcinoma/core-concept/all


Association of serum GDF15 and HCC Wifi et al. 63
36 Paul SB, Gulati MS, Sreenivas V, Madan K, Gupta AK, Mukhopadhyay S, et
al. Evaluating patients with cirrhosis for hepatocellular carcinoma: value of
clinical symptomatology, imaging and alpha-fetoprotein. Oncology 2007;
72:117–123.

37 Daniele B, Bencivenga A, Megna AS, Tinessa V. Alphafetoprotein and
ultrasonography screening for hepatocellular carcinoma. Gastroenterolog
2004; 127 (Suppl 1):S108–S112.

38 Ebara M, Ohto M, Kondo F. Strategy for early diagnosis of hepatocellular
carcinoma (HCC). Ann Acad Med Singapore 1989; 18:83–89.

39 Torzilli G, Minagawa M, Takayama T, Inoue K, Hui AM, Kubota K, et al.
Accurate preoperative evaluation of liver mass lesions without fine-needle
biopsy. Hepatology 1999; 30:889–893.
40 Saffroy R, Pham P, Reffas M, Takka M, Lemoine A, Debuire B. New
perspectives and strategy research biomarkers for hepatocellular
carcinoma. Clin Chem Lab Med 2007; 45:1169–1179.

41 ChenDS, Sung JL, Sheu JC, Lai MY, HowSW, Hsu HC, et al.Serum alpha-
fetoprotein in the early stage of human hepatocellular carcinoma.
Gastroenterology 1984; 86:1404–1409.

42 Franca AV, Elias JJ, Lima BL, Martinelli AL, Carrilho FJ. Diagnosis, staging
and treatment of hepatocellular carcinoma. Braz J Med Biol Res 2004;
37:1689–1705.

43 Bayati N, Silverman AL, Gordon SC. Serum alpha-fetoprotein levels and
liver histology in patients with chronic hepatitis C. Am J Gastroenterol 1998;
93:2452–2456.


