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Abstract: Background and Aims: Hepatocellular carcinoma (HCC) is one of the commonest cancers worldwide
and most patients are diagnosed at advanced stages and thus the prognosis is generally poor. It was reported that
glypican3 is only detected in HCC cells, and can thus be used as a potential bio marker for the diagnosis of early
HCC. The aims of this study was to study the diagnostic value of serum glypican 3 in patients with hepatocellular
carcinoma and its role in evaluation of treatment efficacy after loco regional therapy. Patients and Methods: Three
groups were studied which included 20 healthy subjects as a control, 40 patients with liver cirrhosis, and 40 patients
with HCC. Serum a fetoprotein (AFP) and glypican 3 levels were measured. Patients in HCC group who fulfill
criteria for local regional therapy (n=13) were followed up after 1month of therapy and serum AFP and glypican-3
level were evaluated post-treatment. Results: The serum levels of glypican 3 were significantly increased in HCC
patients (18.1+16 ng/ml) as compared with patients with liver cirrhosis (3.5+1.2 ng/ml ) and controls (3+1.3 ng/ml)
with statistically significant difference in between ((P<0.001). Elevated glypican 3 values correlate with serum
bilirubin, AFP, number of nodules and vascular invasion. At a cutoff level of 15 ng/ml glypican 3 yielded a
sensitivity of (91%), Specificity of (70%) for diagnosis of HCC.However AFP gave sensitivity of (80%), Specificity
of (70%) at cutoff level of 200 ng/ml. The combined glypican 3and AFP improve the sensitivity and Specificity to

95 and 80 % respectively. The level of serum glypican 3 was declined markedly from (32.8+13 to 18+11 ng/ml)
after loco-regional therapy with statistically significant difference in between (p<0.001) Conclusion: Serum
glypican3 is highly sensitive and specific for detecting HCC specially if combined with AFP and can be used in
screening programs and may be used in evaluation of loco-regional treatment efficiency.
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1.Introduction may be elevated in non-malignant chronic liver
Hepatocellular carcinoma is one of the diseases, including chronic hepatitis and cirrhosis, as
commonest cancers worldwide. It is a major health well as in other primary and secondary liver cancers.’
problem and its incidence is increasing. The presence Therefore, the identification of alternative serum
of cirrhosis of the liver is the major risk factor and markers of HCC is needed.
worldwide this is largely due to chronic hepatitis C Glypican 3 is a heparin sulfate proteoglycan
virus (HCV) and hepatitis B virus (HBV) infection.'* that is bound to the «cell surface by
Most patients with HCC are diagnosed at glycosylphosphatidylinositol anchors (GPI) and
advanced stages and thus the prognosis is generally highly expressed in fetal, but not in adult liver. It has
poor. The diagnosis of HCC could be achieved at an been shown that glypican 3 is closely related to
earlier stage by regular screening programs among HCC.” ® It was recently reported that Glypican 3 is
high-risk populations by using imaging studies and only detected in HCC cells,but not in benign liver
serum tumor markers. tissues, and can thus be used as a potential biomarker
Currently, AFP, a fetal-specific for the diagnosis of early HCC.” ' !
glycoprotein, has undoubtedly been the most widely Aim of the work
used tumor marker for the detection and monitoring To study the diagnostic value of serum
of HCC. However, serum AFP is not always elevated glypican 3 in patients with hepatocellular carcinoma
to a diagnostic level in all patients, particularly in and its role in evaluation of treatment efficacy after
small HCC, and considerable numbers of patients loco-regional therapy.
with more advanced stages would be missed unless 2. Patients and Methods

another diagnostic tool is used.* > Moreover, its level
g
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This study was carried out on one hundred
subjects admitted to Ain shams university hospitals
as in-patient or in the out-patient clinic. The subjects
were included in this study after obtaining their
consent and were divided into three groups.

Group A: include 40 patients with HCC.

Group B: include 40 patients with liver cirrhosis.
Group C: include 20 healthy subjects as a control.
Inclusion criteria:

1 Age>18 years old.

2 Liver cirrhosis was diagnosed based on
physical examination, laboratory tests,
abdominal ultrasonography or computed
tomography (CT) scan, and liver biopsy or
fibroscan when possible.

3 Hepatocelluler carcinoma was diagnosed
based on at least one of the following criteria
in the guidelines of clinical diagnosis and
staging for hepatocellular carcinoma'?:

i. Hepatic space-occupying lesion with a serum
AFP level > 400 ng/ml.

ii. Hepatic space occupying lesions with arterial
phase enhancement and rapid washout in
portovenous phase in triphasic CT or magnetic
resonance imaging.

iii. Liver biopsy in some patients.

Liver was staged according to the Barcelona

Clinic Liver Cancer (BCLC) staging system."

Exclusion criteria: all patients who had a prior loco-
regional therapy, systemic therapy and/or any
surgical  intervention  (liver  resection  or
transplantation) were excluded from the analysis.

All Subjects included in the study were subjected
to the following:

1. Full history taking and complete physical
examination.

2. Routine laboratory investigations include
liver function tests, renal function tests,
complete blood count, blood sugar and viral
markers.

3. Measurement of serum AFP and glypican-3
levels

e Measurement of serum AFP levels was
determined using a commercially available
ELISA kit (Cobus Core; Roche Diagnostics,
Basel, Switzerland).

e Measurement of serum glypican-3 level by
Human Glypican-3(GPC3) ELISA Kit a
double-antibody sandwich enzyme-linked
immunosorbent assay (ELISA) to assay the
level of Human Glypican-3(GPC3) in
samples(Glory Science Co., Ltd USA)

4. Radiological investigations include
abdominal ultrasonography and Triphasic CT
or magnetic resonance imaging.

5. Liver biopsy in some patients.
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Patients with HCC who fulfill criteria for
loco-regional  therapy (n=13) [Radiofrequency
ablation (RFA) in 3 patients & Transcatheter arterial
chemoembolization (TACE) in 9 patients and
surgical resection in 1 patient] according to
Barcelona clinic liver cancer staging classification
and treatment."* were followed up after 1month of
therapy and serum AFP and glypican-3 levels were
evaluated post treatment.

Statistical Methodology:

Analysis of data was done by IBM computer
using SPSS (statistical program for social science
version 12) as follows: Description of quantitative
variables as mean, SD and range, description of
qualitative variables as number and percentage.Chi-
square test was used to compare qualitative variables
between groups. Unpaired t-test was used to compare
two groups as regard quantitative variable.Mann
Whitney test was used instead of unpaired t-test in
non parametric data. One way ANOVA test was used
to compare more than two groups as regard
quantitative variable.Fisher exact test was used when
one expected cell or more are less than 5.Spearman
Correlation coefficient test was used to rank different
variables positively or inversely versus each other.
Willcoxon test was used to compare quantitative non
parametric variables among the same group before
and after.ROC (receiver operator characteristic curve)
was constructed to evaluate the diagnostic
performance of glypican 3 and AFP in discriminating
HCC. Best cut off, Sensitivity, specificity, positive
and negative predictive values and diagnostic
accuracy were calculated in accordance with standard
methods.

P value >0.05 insignificant,
significant and P<0.01 highly significant.
3. Results:

Comparison between the studied groups as
regard general data showed statistically no significant
difference between the studied groups as regard age,
gender and co-morbidities as diabetes mellitus (DM)
or hypertension (HTN). On the other hand, there is a
significant difference between the studied groups as
regard smoking. (Table 1)

Comparison between the studied groups as
regard laboratory data showed statistically highly
significant difference between the studied groups as
regard different laboratory data apart from serum
sodium. (Table 2)

Comparison between patients with HCC and
patients with cirrhosis showed statistically significant
difference in between as regard child classification
and history of encephalopathy.On the other hand no
significant difference as regard ascites, viral etiology
and performance status. (Table 3)

P<0.05
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In HCC 21 patients (52.5%) had single
hepatic focal lesion (HFL),12 patients (30%) had two
HFLs and 7 patients (17.5%) had multiple HFLs.The
right lobe of the liver was affected in 28
patients(70%), the left lobe was affected in 9 patients
(22.5%) and both lobes were affected in 3 patients
(7.5%). The average total size of HFLs was 70+40
mm and vascular invasion affect 8 patients (20%).
(Table 4)

HCC group had the highest level of AFP
(266.5£200 ng/ml) compared to cirrhotic group
(49.6+50ng/ml) and control group (14.6+10ng/ml)
with statistically highly significant difference in
between (P<0.001). (Table 5)

Figure (1) showed that HCC group had the
highest level of glypican 3 (18.1+16 ng/ml) compared
to cirrhotic group (3.5+1.2 ng/ml) and control group
(3+1.3 ng/ml) with statistically highly significant
difference in between (P<0.001).

Correlation between serum glypican 3 and
prognostic parameters in HCC showed statistically
significant positive correlation between glypican 3

versus serum bilirubin, AFP, number of nodules and
vascular invasion (P< 0.05). On the other hand, there
is no significant correlation between glypican3 and
other variables. (Table 6 & figure 2)

At the cutoff value of 15 ng/ml the
sensitivity and specificity of serum glypican3 for
prediction of HCC were 91% and 70% respectively.
On the other hand, at the cut of value of 200 ng /ml
the sensitivity and specificity of serum for prediction
of HCC were 80% and 70% respectively. When
combination of both serum glypican 3 and AFP were
used the sensitivity and specificity were increased to
95% and 80 % respectively. (Table 7&Figure 3)

In Patients with HCC who full fill criteria
for loco-regional therapy (n=13) the level of serum
glypican 3 was declined markedly from (32.8+13 to
18+11 ng/ml) after loco-regional therapy with
statistically highly significant difference in between
(P <0.001). Also, the level of serum AFP was
declined markedly from (449+300 to 90+55 ng/ml)
with statistically highly significant difference in
between (P <0.001). (Figure 4)

Table (1): Comparison between the studied groups as regard general data

HCC

Cirrhotic

Controls

Variables (n= 40) (n= 40) (n=20) P Value
Mean age 58.5+8 57+7.6 59.2+6 >0.05
(in years) NS
Gender ~0.05
Male 29 (72.5%) 34 (85%) 17 (85%) NS
Female 11 (27.5%) 6 (15%) 3 (15%)
Smoking
No 19 (47.5%) 18 (45%) 9 (45%) <0.05
Yes 5 (12.5%) 14 (35%) 1 (5%) S
Ex-smoker 16 (40%) 8 (20%) 10 (50%)
co morbidities
HTN 4 (10%) 3 (7.5%) 1 (5%) >0.05
DM 7 (17.5%) 2 (5%) 2 (10%) NS
Both 1 (2.5%) 0 0
Table (2): Comparison between the studied groups as regard laboratory data
. HCC Cirrhotic Controls
Variables (n=40) (n=40) (n=20) P Value
Hemoglobin (g / dl) 10.5+1.9 11.4+1.8 12.5+1.4 <0}'10501
Platelet count (10°/ml) 87+50 106.5+45 265438 <(i:l()501
Bilirubin (mg/dL) 23+12 22411 0.8+0.2 <0}'10501
INR 1.640.3 1.440.3 1.140.5 <0.001
HS
Albumin (g/dl) 2.6+0.5 3.140.6 42+0.6 <0}'10501
AST (U/1) 67.7431 66.8+33 20.6+9 <0}'10501
ALT (U/1) 52.6426 49.3+20 2249 <0}.10501
Urea (mg/dl) 28.6+11 27.5+5 23.4+6 <0}.10501
Creatinine (mg/dl) 1.4+0.4 0.90+0.4 0.8+0.2 <(i:l()501
Na (mEq /L) 124+4.9 127.545 137.545 i%gS
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Table (3): Comparison between patients with HCC and liver cirrhosis as regard child pugh classification,

ascitis, encephalopathy, viral etiology and performance status

. HCC Cirrhotic
Variables (n= 40) (n= 40) P Value
Child pugh classification
A 3 (7.5%) 12 (30%) <0.001
B 13 (32.5%) 8 (20%) HS
C 24 (60%) 20 (50%)
Ascites
No 11 (27.5%) 14 (35%) >0.05
Mild 23 (57.5%) 24 (60%) NS
Moderate to severe 6 (15%) 2 (5%)
. <0.05
History of Encephalopathy 29 (72.5%) 18 (45%) S
Viral infection
HBV 5 (12.5%) 4 (10%) >0.05
HCV 35 (87.5%) 35 (87.5%) NS
Both 0 1(2.5%)
Performance Status
0 1(2.5%) 0
1 32 (80%) 34 (85%) >%gs
2 5 (12.5%) 6 (15%)
3 2 (5%) 0
Table (4): Criteria of hepatic focal lesions in HCC group
Variables No %
Number of nodules
1 21 52.5%
2 12 30%
Multiple 7 17.5%
Site
Right lobe 28 70%
Left lobe 9 22.5%
Bilateral 3 7.5%
Total size (mm) 70+40
Vascull?ersgrllxtfasmn 8 20%
0,
Absent 32 80%
Table (5): Comparison between the studied groups as regard serum AFP
HCC Cirrhotic Controls
AFP =40 =40 =20 P value
Mean £ SD 266.5+200 49,650 14.6+10 <0.001
ng/ml HS
20
15
10
5 \/
\ N/
B Y
0

HCC (n=40)

Cirrhotic (n=40)

Control (n=20)

Figure (1): Comparison between the studied groups as regard glypican 3
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Table (6): Correlation between glypican 3 versus prognostic parameters in HCC group

Variables Glypican-3

r P value

Age (years) 0.02 >0.05
Bilirubin (mg/dl) 0.27 <0.05S

INR 0.09 >(0.05

Albumin(g/dl) -0.02 >(0.05

AST (U/ 1) -0.14 >(.05

ALT (U/ 1) 0.15 >(.05
AFP (ng /ml) 0.23 <0.05 S

Tumor size (mm) 0.21 >0.05
Number of nodules 0.28 <0.05 S
Vascular invasion 0.48 <0.05 S

Child Pugh class 0.09 >(.05

Performance status -0.04 >(.05

*
200 ¢ .
;
100 ve .. Ps
* *
o “‘” * ®* o 0 M -
Glypican

Figure (2): Correlation between glypican 3 versus AFP among HCC group

Table (7):Validity of glypican3 versus AFP in prediction of HCC

Variables Glypican-3 (ng/ml) AFP (ng/ml) Both
Best cut off 15 200
AUC 0.90 0.75
Sensitivity 91% 80% 95%
Specificity 70% 70% 80%
PPV 78% 76% 85%
NPV 94% 84% 96%
Accuracy 80% 71% 85%
ROC Curve
1.00
:‘% 50
3 Source of the Curve
25 o Reference Line
AFP
0.00 9 GLYPCA
0.00 .25 .50 .75 1.00

False positive rate

Figure (3): ROC curve for glypican3 and AFP in prediction of HCC
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Figure (4): Comparison between glypican 3 and AFP before and after loco- regional therapy (n=13)

4. Discussions

Hepatocellular carcinoma was found in this
study to be more prevalent in men 29 (72.5%) than in
women 11 (27.5%). This was in conformity with that
found by El-Zayadi ef al., * in their study. This may
at least be explained in part by the differences in
exposure to risk factors, sex hormones and other X-
linked genetic factors. It has been speculated that
estrogen and  androgen could  modulate
hepatocarcionogenesis and explain the higher
incidence of HCC in men.'®

The right lobe was affected in 28 patients
(70%), the left lobe in 9 patients (22.5%), and both
lobes in 3 patients (7.5%) of the HCC group. El-
Zayadi et al., " found that 65% of HCC affecting the
right lobe, 13.4% the left lobe and 21.6% affecting
both lobes. This was contrary to the findings in the
study of Ajayi et al., '® who found that in the majority
(62.3%) of the patients the two lobes were affected,
while 15.1% had the lesions confined to the left lobe
and 22.6% in the right lobe at the time of presentation
at the hospital.

Hepatitis C and B infections are considered,
the major risk factors that contribute to the
development of HCC worldwide. The main
etiological factor for primary HCC in our study is
HCV infection (87.5%) and HBV (12.5%). It has
been shown that HCV infection plays a role in
pathogenesis of primary HCC . However, in China
the main etiological factor for primary HCC is HBV
infection '

In our study, we found that serum levels of
AFP were significantly higher in HCC group
(266.5£200ng /ml), compared to cirrhotic group
(49.6+50 ng/ml) and control group (14.6+10ng /ml).
The cutoff value of AFP was set at 200 ng /ml by
(ROC) curve analysis. At this cutoff value, the
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sensitivity and specificity of serum AFP for
prediction of HCC was 80% and 70%, respectively.
The AASLD recommended cutoff level for diagnosis
of HCC at 200 ng /ml, although lower levels,
particularly if rising should be followed very
carefully.”

In our study, we found that serum levels of
glypican-3 were significantly higher in HCC group
(18.1+16 ng /ml), compared to cirrhotic group
(3.5+1.2 ng/ml) and control group (3+1.3 ng /ml).
The cutoff value of glypican 3 was set at 15 ng /ml by
(ROC) curve analysis. At this cutoff value, the
sensitivity and specificity of serum glypican 3 for
prediction of HCC was 91% and 70%, respectively.
A similar finding was reported in another study by
Hippo et al.,*'. However, Liu ef al.,’ in their study
showed lower sensitivity 46.7% but higher specificity
93.5%.

Nakatsura et al, ** found that serum
glypican 3 levels were increased in 53% of patients
with HCC,but was increased in only one patient with
non-malignant chronic liver disease. And found that
the sensitivity and the specificity of this serum maker
for differentiating HCC from benign liver disease
were 53% and 99%.

In our study glypican 3 was considered more
accurate than AFP (80% versus71%) in diagnosis of
HCC. The sensitivity of glypican 3 was (91%)
compared to AFP (80%) in prediction of HCC. The
glypican 3 have better positive predictive value than
AFP (78%versus76%) and also better negative
predictive value (94%versus84%) but with similar
specificity (70%). The combined glypican 3 and AFP
gave a sensitivity of 95%, specificity of 80 % and
increase accurace to85%. our results were in
agreement with other studies >****> %
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Gomaa et al.,”’ in their study showed that at
the cutoff 5.41 ng /ml, serum glypican 3 gave a
sensitivity of 90.3%, specificity of 98 % for HCC
diagnosis. However AFP gave a sensitivity of 77.4%,
specificity of 60 % at cut off 42.3 ng /ml. The
combined glypican 3 and AFP gave a sensitivity of
84%, specificity of 90 %.

Glypican3 had been reported to be increased
in HCC in comparison with pre-neoplastic lesions
and cirrhotic tissues at the mRNA and protein
levels.” On the other hand; the AFP level can reach
250 pg/L in around 20%-25% of patients with
chronic hepatitis, liver cirrhosis and other liver
diseases. ** %’

Another important observation in a study by
Capurro et al., *® was that glypican 3 would be a
better marker for the detection of small HCC less
than 3 cc in size than AFP, As it had been
demonstrated that the expression of glypican 3 in
small HCC was significantly greater than that of
AFP. Also, reported that glypican3 mRNA levels are
more frequently elevated than those of AFP, with the
difference even greater in small HCC.

It was reported that the frequency of
glypican3 expression in AFP-negative HCC patients
is as high as 90%, suggesting that it can be used in
diagnosis of HCC.2"3"%

In our study significant positive correlations
were detected between serum glypican3 and each of
bilirubin, AFP, number of nodules and vascular
invasion in HCC group (P value <0.05). Gomaa et
al.,”” reported positive correlation between glypican3
and AST, albumin, prothrombin concentration, tumor
size &number and blood vessel invasions, but no
correlation was found between glypican3 and AFP
levels. Also, Song et al., > reported in their study that
no correlation was found between glypican3 and AFP
levels in patients with HCC, they have also found
that, due to the lack of correlation between AFP and
glypican 3 in patients with HCC the simultaneous use
of both markers significantly improve the sensitivity
of AFP alone.

The combination of both markers in our
study improves overall accuracy (85%), sensitivity
(95%), specificity (80%), PPV (85%), and NPV
(96%) in prediction of HCC. A similar finding
reported in other studies which reported that the
combination of both markers improved overall
sensitivity from 50% to 72%.2* #Also Liu et al.,’
reported that the sensitivity of combined serum
glypican 3 and AFP was increased for the diagnosis
of HCC at all stages.

Capurro et al., *° and Nakatsura et al., >
showed that the simultaneous measurement of
glypican 3 and AFP significantly increased the
sensitivity and accuracy for HCC diagnosis. The
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combination of these markers yielded an improved
sensitivity for detecting small HCC to 75%.”

In Patients with HCC who full fill criteria
for loco-regional therapy (RFA, TACE or resection)
(n =13) the levels of serum AFP and serum glypican
3 were declined markedly from (449+300 & 32.8+13
ng/ml respectively) to (90+£55&18+11 ng/ ml
respectively) after loco-regional therapy with
statistically highly significant difference in between
(»p<0.001).

To the best of our knowledge this was the
first study that uses glypican 3 to follow up of HCC
after loco-regional therapy. Suriawinata et al, **
found that serum glypican 3was detectable only in
HCC patients and confirmed that glypican 3 had
disappeared after surgical treatment for HCC
Conclusion and recommendation

Glypican 3 is highly sensitive and specific
tumor marker for detecting HCC specially if
combined with AFP and can be used in screening
programs for HCC and may be used as the tool for
the evaluation of loco-regional treatment efficiency.
Furthermore, it may be used for the prediction of
tumor recurrence.
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