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ABSTRACT

Early detection of hepatocellular carcinoma (HCC) is essential for successful
treatment. Although the role of alpha fetoprotein (AFP) in the diagnosis of advanced
HCC is well recognized, at least one third of small HCCs and 15-20% of advanced
HCC will be missed unless another diagnostic tool is used. Thus, new serologic
markers with sufficient sensitivity and specificity are required. In the present study,
we aimed at evaluating the diagnostic and prognostic role of AFP, protein induced by
vitamin K absence or antagonist(P1VKA-II), vascular endothelial growth factor
(VEGF), sialic acid, alpha-L-fucosidase (AFU) and transforming growth factor-beta
1 (TGF-1) in the diagnosis and follow up of Egyptian patients with hepatocellular
carcinoma in an attempt to find a tumor marker with a reasonable sensitivity and
specificity for diagnosis of HCC and monitoring patients after therapy. The study was
conducted on 4 selected groups of patients and a control group. Group | included 10
patients with liver cirrhosis. Group Il consisted of 10 patients with benign hepatic
focal lesions. Group Il included 10 HCC patients without distant metastasis and
group IV included 10 HCC patients presenting with metastasis. Ten apparently
healthy age and sex matched subjects were also included and served as control
group. AFP, sialic acid, alpha-L-fucosidase (AFU), VEGF, PIVKA-II and TGF- 1
were determined in the blood of five studied groups. The sensitivity and specificity of
the tumor markers were calculated and compared. Significant differences in the
median blood levels of AFP, PIVKA-II, VEGF, sialic acid, TGF- g1 and alpha-L-
fucosidase activity (AFU) were found on comparing the HCC groups (with and
without metastasis) with the other groups. The median blood levels of PIVKA- 11, a-
fetoprotein level, sialic acid and AFU activity were lower in the HCC group without
metastasis compared to that with metastasis (p<0.001). On the other hand, the
median serum VEGF level was higher in the HCC group without metastasis
compared to that of the HCC group with distant metastasis(p<0.001). Serum TGF- 81
level did not vary significantly between both groups (with and without metastasis)
(p>0.05). There were significant lower median blood levels of all parameters in HCC
patients without metastasis after ablation therapy compared to pretreatment levels.
Combined determination of serological markers could be used as a highly valuable
tool for screening and diagnosis of HCC as combination of these markers improved
their sensitivity and specificity. They could also be used as prognostic markers
decreasing the need for more invasive procedures.
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INTRODUCTION

Hepatocellular carcinoma (HCC)
is one of the most common malignant
neoplasms. It is associated closely
with cirrhosis and its prognosis is very
poor because the diagnosis s
generally late, when HCC presents
with clinical symptoms, the tumor is
usually advanced and the patient has
few therapeutic options'. Therefore,
early detection is important in the
management of that type of cancer.
Advanced imaging modalities have
been used for screening HCC? and
several tumor markers have been
recently investigated in HCC for
assessing diagnosis, and monitoring
patients with diagnosed disease”.
Although the role of alpha fetoprotein
(AFP) in the diagnosis of advanced
HCC is well recognized, at least one
third of small HCC and 15 - 20% of
advanced HCC will be missed unless
another diagnostic tool is used.
Furthermore, AFP may be elevated in
non-malignant liver diseases”.

Protein induced by vitamin K
absence or antagonist (PIVKA-II) is a
tumor marker complementary to AFP
in the diagnosis of HCC®. Tumor
progression is angiogenesis dependent
and vascular endothelial growth factor
(VEGF) is a key growth factor in that
process. It has been suggested that
serum VEGF level may be useful as a
biological marker  of  tumor
invasiveness and a prognostic factor
in HCC®. Transforming growth factor-
Rl (TGF- Bl1) is a potent growth
inhibitor of normal hepatocytes and
hepatoma cells that induces apoptosis
in these cells. TGF- Bl is highly
expressed in many malignant tumors
including HCC™.

Sialic acid is a member of a
family of N- and O- acetyl derivatives
of neuraminic acid and widely
distributed in mammals. It usually
occurs as a terminal component at the
non-reducing end of carbohydrate
chains  of  glycoproteins  and
glycolipids and is thought to be
involved in receptor function, cell
recognition  and  immunological
reactions, it also accounts for 70-80 %
of the total surface negativity in a
variety of cell types. Sialic acid is
increased in the serum of tumor-
bearing humans and animals, and thus
is a probable indicator of malignant
tumor growth’®.  Alpha-L-fucosidase
(AFU) (E.C. 3.2.1.51) is a lysosomal
enzyme present in all mammalian
cells, involved in the catabolism of the
fucose-containing  glycoconjugates.™
In accordance with the study of
Deugnier et al. (1984) ™, the serum
level of Alpha-L-fucosidase activity in
patients with HCC was increased.
This may be related to increased
enzyme release by tumor cells'?. AFU
iS an enzyme that catalyzes the
chemical reaction of two substrates of
this enzyme, o-L-fucoside and H,0O,
whereas its two products are L-fucose
and alcohol*,

In the current study, we aimed at
evaluating the diagnostic  and
prognostic role of AFP, PIVKA-II,
VEGF, sialic acid, AFU and TGF- p1
in the diagnosis and follow up of
Egyptian patients with hepatocellular
carcinoma in an attempt to find a
tumor marker with a reasonable
sensitivity and specificity for early
diagnosis of HCC and monitoring
patients after therapy.
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PATIENTS & METHODS

The study was conducted on four
selected groups of patients according
to the clinical, laboratory,
ultrasonographic and
histopathological evaluation. The
patients were selected from the
Tropical Medicine Department, Tanta
University Hospital, Tanta University.
The included groups were as
following:

Group I: 10 patients with liver
cirrhosis (Child-Pugh class A).

Group 1l: 10 patients with benign
hepatic focal lesions (HFL) as 3 cases
with haemangioma, 3 cases with
amoebic liver abscess, 2 cases with
pyogenic liver abscess and 2 cases
with hydatid cyst).

Group Ill: 10 HCC patients without
metastasis.

Group IV: 10 HCC patients with
distant metastasis.

Control Group: formed of 10
apparently healthy, age and sex
matched  subjects  without any
evidence of liver disease. All patients
and control groups gave an informed
consent to participate in the study.
Exclusion criteria:

1. Patients of Child-Pugh class B or C.
2.For HCC groups, patients with the
following criteria were excluded:

a.  Multiple focal lesions.

b. Portal vein thrombosis.
Blood Samples
Plasma samples: Six mls venous
blood samples were taken from every
patient and control subject, then
immediately 1.8 mL of the blood
sample was added to 0.2 sodium
citrate in precalibrated tubes. The
tubes containing the samples were
centrifuged for 30 minutes at 3000 Xg

at 4°C and aliquots of the resulting
plasma  were transferred to
polypropylene microtubes and stored
at -80°C. Samples were thawed at
room temperature at the time of assay
measurement. Plasma samples were
needed for PIVKA-II and TGF-R1
assay. It is very important to prevent
platelets degranulation during the
plasma collection for TGF- k1 assay
because platelets constitute one of the
main sources of TGF-R1. So, the
plasma was separated from the cells
within 1 hour, centrifuged at 3000Xg
for 30 minutes at 4°C to eliminate
platelets, then the platelet-depleted
plasma was collected.
Serum samples: The remaining
peripheral venous blood sample were
taken and transferred to disposable
tubes. The tubes were promptly
centrifuged at 4°C, and aliquots of
serum were immediately stored at -
80°C until measurement. Serum
samples were needed for other
parameters assay.
All patients were subjected to:
= Clinical assessment by history
taking and clinical examination.
= Laboratory evaluation including:
Liver function tests (bilirubin,
transaminases, alkaline
phosphatase, prothrombin time and
activity, serum total proteins and
serum albumin).
= Serological examination for hydatid
antibodies and amoebiasis.
= Hepatitis markers:
a)Hepatitis C virus (HCV): Anti-
HCV  antibodies by third
generation ELISA (Murex
Diagnostic, England DAI 5LR)
and PCR for HCV RNA.

231



Bull. Egypt. Soc. Physiol. Sci. 29 (2) 2009

Abdel-Aleem et al.

b)Hepatitis B virus (HBV): HBsAg,
anti-HBcAb by ELISA (Sorin
Biomedica) and PCR for HBV.
= Imaging techniques including:
a)abdominal ultrasonography with
Doppler examination
b)Triphasic CT (abdomen and
pelvis).
c)Patients with HCC  were
subjected to bone scan and MRI
of brain, chest and abdomen to
detect distant metastasis.
= Liver biopsy and histopathological
evaluation for HCC patient groups.
= Cytological examination of fluid
aspirated from infectious cysts.
= Assay of tumor markers: AFU
activity ~was  measured by
modification of the method of
Zielke et al.”. 10pl of serum were
added to 50 pl of the substrate
mixture, p-nitrophenyl-a-L-
fucopyranoside dissolved in
phosphate buffer (pH 5) and
incubated for 1 hour at 37°C. The
reaction was stopped by adding 3.5
ml of stop buffer (pH 10.5) (15 mM
sodium carbonate, 15 mM glycine
and 7.5 mM sodium chloride).
Blanks were prepared in the same
way, but the incubation step was
omitted. ~ Absorbance  of  p-
nitrophenol was read at 400nm. The
change in the absorbance of the
librated p-nitrophenol was directly
proportional to the activity of a-L-
fucosidase enzyme and expressed as
nmol/mL/h'2. ~ Sialic acid was
measured by method of Hess et al.*®
which depends on precipitation of
serum proteins with trichloroacetic
acid. The color resulting from
condensation of N-acetyl-
neuraminic acid with sulfuric-acetic
acid reagent is read in the

spectrophotometer at 530 nm. o-
fetoprotein (AFP) was measured by
quantitative sandwich ELISA using
kits  supplied by  Biosource
(Biosource International, California,
USA) * PIVKA-II was assayed by
quantitative sandwich ELISA using
kits supplied by Diagnostic Stago
(Diagnostic Stago, France)®, VEGF
by competitive enzyme
immunoassay using kits supplied by
Cytimmune (Cytimmune Science
INC. Maryland, USA)'®, TGF-p1 by
quantitative sandwich ELISA using
kits  supplied by Biosource
(Biosource International, Inc..
California, USA)"".

Hepatocellular carcinoma patients
of Group Il were treated using
percutaneous ethanol injection (PEI)
or  percutaneous  radiofrequency
ablation (RF) according to the optimal
protocol of percutaneous ablation
therapy. PEI ablation was selected for
treatment of HCC patients when a
tumor satisfied the following criteria:
(1) existing in a subcapsular location,
(2) existing in a location adjacent to a
major vessel and another organ (heart,
gall bladder, stomach and bowel) and
(3) demonstrating poor differentiation.
Four patients (40%) were treated by
PEI with tumors< 3 cm in diameter.
RF ablation was selected for the cases
with low risks of tumor seeding and
hemorrhage. Six patients (60%) were
treated by RF ablation. No local tumor
residues were found in all patients as
assessed by contrast enhanced CT six
months after the initial successful
percutaneous ablation therapy (no
vascularities could be recognized
within the tumor by contrast enhanced
CT). All the studied tumor markers
were assayed again in patients group
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I six months after the initial ablation
successful treatment.

Statistical analysis:  Continuous
variables are expressed as mean+SD
for normally distributed data and by
median for non parametric data.
Student t-test (paired, unpaired),
paired t-test was used in comparing
levels of the different parameters in
patients group Il before and after
ablation therapy. Mann Whitney U
test and Kruskall Wallis tests were
used for analysis. Multiple receiver
operating characteristic curves (ROC
curves) were drawn to assess the
validity of the tumor markers.

RESULTS

The age and sex of the different
studied groups are shown in tablel.

The 5 groups were comparable
regarding age and sex. Ninety percent
(18/20) of HCC patients (with and
without metastasis) were positive for
anti-HCV and only 10% (2/20) were
HBsAg positive. Clinical
presentations of the different studied
groups are shown in table2. Table 3
shows the results of liver function
tests in the studied groups. The mean
values of total bilirubin and aspartate
transaminase were significantly higher
in liver cirrhosis and the two HCC
groups (I11, 1V) than the benign HFL
and the control groups (p<0.05). The
mean value of alkaline phosphatase
was significantly higher in the two
HCC groups (with and without
metastasis) than the other groups
(p<0.05).

Table 1: Age and sex of the different studied groups.

No Age Sex

Range Mean £SD Female Male

(year) (year)
Control Group 10 25-58 42.1°+8.6 4(40%) 6(60%)
Group | 10 28 - 51 43.2% +7.7 2(20%) 8 (80%)
Group Il 10 26 - 52 46.35°+9.6 1(10%) 9 (90%)
Group 11 10 32-60 48.1* £8.13 3(30%) 7(70%)
Group IV 10 43 - 60 48.6% £ 4.6 2(20%) 8(80%)

Groups bearing different initials are significantly different from each other.
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Table 2: Clinical presentation of the different studied groups
Group | Group Il Group 111 Group IV
n (%) n (%) n (%) n (%)

Rt. Hypochondrial pain 2(20%) 3 (30%) 9 (90%) 9 (90%)
Jaundice 5(50%) 1 (10 %) 7 (70%) 8 (80%)
Hepatomegaly 0 (0%) 0(0 %) 2 (20%) 5 (50%)
Splenomegaly 6(60%) 0 (0%) 6 (60%) 7 (70%)
Lower limb oedema 6(60%) 0 (0%) 7 (70%) 8 (80%)
Upper GIT bleeding 0(0%) 0 (0%) 1 (10%) 2 (20%)
Ascitis 6(60%) 0 (0%) 8 (80%) 9 (90%)
Bleeding tendency 3(30%) 0 (0%) 8 (80%) 9 (90%)
Coma 3(30%) 0 (0%) 6 (60%) 7 (70%)
Fever 1(10%) 3 (30%) 1 (10%) 1 (10%)

Table 3: Liver function tests of the studied groups. Groups bearing different
initials are significantly different from each other.

Control Group | Group 11 Group 11 Group IV
Group meanxSD mean+SD meanxSD mean+SD
meanSD
Total bilirubin (mg/dl) | 0.73x0.3° | 2.03+0.53% | 0.66+0.25° | 2.51+2.95* | 5.83+11.94%
Aspartate 19441 | 89.1493.6% | 25.7+13.1° | 105.4+50.9° | 109.8+56.3%
transaminase (U/L)
ﬁ‘ﬁ{_‘;”e ransaminase | 5o cig e | 3684143 | 251+8.9° | 63.5423.9° | 72.8454
'(Ad‘/f;'”e phosphatase | 11 9,38 ¢ | 1724183.6° | 165.8432.4% | 372.94305° | 4562276
Total proteins (g/dl) 7.3+0.5" 6.6+0.62 7.5+0.6° 7.140.7%¢ 6.7+1.1°
Albumin  (g/dl) 3.7+1.4° 3.140.62 3.8+0.5° 2.9+0.5°% 2.7+0.2°
Prothrombin 915+5.8%" | 78.745.8%2 | 82.5+7.9%" | 68+16.2%" | 66.5+18.4%"
concentration %
On ultrasonographic examination, B1, sialic acid, VEGF and AFU

80% of group II, Il and IV had a
single focal lesion. Only 20% of the
same groups had double lesions. The
median blood levels of AFP, PIVKA-
I, VEGF, sialic acid, AFU and TGF-
Bl in the five studied groups are
presented in table 4. A statistically
significant differences in the median
blood levels of AFP, PIVKA-II, TGF-

activity were observed on comparing
the HCC groups (with and without
metastasis) with the control, the
benign HFL and the cirrhotic groups
(p< 0.001) (table 4).

On comparing the HCC group
without metastasis (group IIl) with
that with distant metastasis (group
V), it was found that the median
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blood levels of AFP, PIVKA-II, sialic
acid and AFU activity were
significantly higher in the latter
group(group 1V) than that in the
former (group I11) (p<0.001). On the
other hand, the median serum VEGF
level was significantly higher in the
HCC group without metastasis (2580
pg/ml) when compared to the group
with distant metastasis (1840 pg/ml)
(p<0.001). Plasma TGF- B1 level did
not vary significantly between both
groups (p>0.05) (Table 4).

Comparison of the median blood
levels of AFP, PIVKA-II, TGF-B1,
VEGF, sialic acid and AFU activity in
HCC patients without
metastasis(group 111) before and six
months after percutaneous ablation
therapy revealed a statistically highly
significant lowering of all parameters
after ablation therapy (Table 5).
Multiple receiver operating
characteristic curve (ROC) revealed
that the area under the curve (AUC)
for AFP, PIVKA-II, TGF- 1, VEGF,
AFU and sialic acid were 0.880,
0.900, 0.910, 0.890, 0.960 and 0.760
respectively (Fig. 1).

For AFP, at a cut-off level of 28
ng/mL, the sensitivity was 80%, the
specificity 97%, positive predictive
value (PPV) 92.3%, negative
predictive value (NPV) 86.6% and the

overall accuracy was 90%. For
PIVKA-II, at a cut-off level of 12.5
mAU/mL, the sensitivity was 80%,
specificity 97%, PPV 96%, NPV
86.9% and accuracy was 90%.
Concerning VEGF, at a cut-off level
of 780 pg/mL, the sensitivity was
96.7%, specificity 85%, PPV 82.4%,
NPV 97.1% and the accuracy was
90%. For sialic acid, at a cut-off level
of 90 mg/dL sensitivity was 80%,
specificity 78 %, PPV 72.7 %, NPV
77.7% and accuracy was 75%. At a
cut-off level of 443 nmol/mi/h for
AFU, the sensitivity was 80%, the
specificity was 90%, PPV 81.8%,
NPV 88.8% and accuracy was 85%.
Lastly for TGF-B1, at a cut-off level
of 32.4 ng/mL sensitivity was 76.7%,
specificity 97%, PPV 95.8%, NPV
84.7% and accuracy was 88.5%
(Table 6).

A negative correlation was
detected between plasma PIVKA-II
and serum VEGF (r = -0.594, p =
0.012) in the HCC groups (Ill and
1V), but no statistically significant
correlations were found between
serum AFP and the other markers
(AFU, sialic acid, VEGF, PIVKA-II
and TGF-B1) (p =0.428, 0.692, 0.322,
0.091 and 0.106 respectively) (Table
7).
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Table 4: The median values of AFP, PIVKA-II, TGF-g1, VEGF, sialic acid and
AFU in the five studied groups. Groups bearing different initials are significantly
different from each other.

%Orr:)t;gl Gr:nglg : Gro_up 1 Groin 1l GroEp v V;Le
_ n=10 n=10 n=10
n=10

AFP (ng/mL)
Median 2.5% 62 2.5 673° 2217°¢ <0.001
Range 1.3-34 4.1-9.8 1.4-3.9 290-916 51.8-3015
PIVKA-II (MAU/mL)
Median 1.1% 1.13 1.5 16.2° 33.6¢ <0.001
Range 0.4-2.6 0.8-2.1 1.1-25 12.7-21.0 25.6-53.2
TGFB1(ng/mL)
Median 20.22 20.78 20.8° 42.5° 37.6° <0.001
Range 17.1-22.4 | 11.8-26.7 | 15.6-26.3 | 37.5-50.7 27.9-445
VEGF(pg/mL)
Median 1602 180° 160% 2580° 1840°¢ <0.001
Range 70-210 80-960 100-520 | 2140-2970 | 1300-2310
Sialic Acid(mg/dL)
Median 612 632 872 115° 208° <0.001
Range 59.1-109.5 | 59.9-118.1 | 73.1-147.2 | 84.3-219.8 | 175.1-265.3
AFU(nmol/mL/h)
Median 3212 5022 675° 897° 1655°
Range 210-448 466-758 | 625-831 | 403-1434 | 1545-2058 | <0.001

Table 5: The median value of AFP, VEGF, TGF- p1, PIVKA-11, sialic acid and

AFU in the HCC grou

p without metastasis (group I11) before and after treatment

Before treatment After treatment
n=10 n=10 p-value
AFP (ng/mL)
Median 673 31
Range 290-916 13.2-40.3 <0.001
PIVKA-II
(mAU/mL)
Median 16.2 4.1 <0.05
Range 12.7-21.0 2-5.7
TGF-g1 (ng/mL)
Median 425 17.5 <0.05
Range 37.5-50.7 14.5-19.8
VEGF (pg/mL)
Median 2580 440 <0.001
Range 2140-2970 250-540
Sialic Acid (mg/dL)
Median 115 29.1 <0.001
Range 84.3-219.8 27.2-38.2
AFU (nmol/ml/h)

Median 897 409 <0.001
Range 403-1434 398- 567
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ROC Curve
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Figure 1: Multiple ROC curves for AFP, PIVKA-II, VEGF, Sialic acid, o-L-
fucosidase (AFU) and TGF- g1

Table 6: The Cut-off value, sensitivity%, specificity%, PPV%, NPV%,
accuracy% and AUC for AFP, PIVKA-II, TGF- p1, VEGF, sialic acid and AFU.

Cut-off sensitivity | specificity | PPV% | NPV% | Accuracy | AUC
value % % %
AFP (ng/mL) 28 ng/mL 80% 97% 92.3% | 86.6% 90% 0.880
PIVKA-II 12.5 80% 97% 96% 86.9% 90% 0.900
(mAU/mL) mAU/mL
TGF-BI (ng/mL) 32.4 ng/mL 76.7% 97% 95.8% | 84.7% 88.5% 0.910
VEGF (pg/mL) 780 pg/mL 96.7% 85% 82.4% | 97.1% 90% 0.890
Sialic Acid 90 mg/dL 80% 78% 727% | 77.7% 75% 0.760
(mg/dL)
AFU (nmol/ml/h) 443 80% 90% 81.8% | 88.8% 85% 0.960
nmol/mi/h

Table 7: Correlations between different parameters in hepatocellular carcinoma
group (with and without metastasis).

p-value r- value
serum VEGF and plasma PIVKA-II p=0.012* r=-0.594
Serum AFP and alpha-L -fucosidase P =0.428 r=0.283
Serum AFP and sialic acid P =0.692 r=0.144
Serum AFP and VEGF P =0.322 r=0.113
Serum AFP and TGF-R1 P =0.106 r=0.075
Serum AFP and PIVKA-I1I P =0.091 r=0.027

*Significant
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DISCUSSION

Hepatocellular carcinoma is one
of the most prevalent causes of death
in the world. Recently introduced
therapeutic approaches for HCC,
including percutaneous
radiofrequency ablation (RF),
transarterial chemoembolization and
percutaneous ethanol injection (PEI)
have improved the short term
prognosis of small sized HCCs. To
incorporate the benefit of such
advancements into practice, early
detection of hepatocellular carcinoma
is essential®®.

Because the majority of HCCs
develop in cirrhotic livers, HCC
surveillance  with AFP and
ultrasonography has been
recommended for persons with
cirrhosis. However, AFP level is
insensitive in early diagnosis of the
disease’®. In addition, non specific
elevation of serum AFP has been
frequently found in patients with non
malignant hepatocellular  disorders
such as acute hepatitis, chronic
hepatitis, and liver cirrhosis®. Thus,
new serologic markers with sufficient
sensitivity and specificity are required
for early detection of HCC.

In the current study, we aimed at
evaluating the diagnostic  and
prognostic role of AFP, PIVKA-II,
VEGEF, sialic acid, AFU and TGF-B1
in the diagnosis and follow up of
patients with hepatocellular carcinoma
in an attempt to find a tumor marker
with a reasonable sensitivity and
specificity for diagnosis of HCC and
monitoring patients after therapy.

In the present study, there was a
statistically significant difference on
comparing the median level of serum

AFP in the HCC groups (with and
without metastasis) with the control,
the benign focal lesions and the
cirrhotic groups (<0.001). Such
significant difference between the
controls, cirrhotic and HCC groups
has been demonstrated in various
studies' 2?2 Higher levels were
detected in the metastatic HCC with
significant difference between that
group and the HCC group without
metastasis (p<0.05).

In the current study, the
sensitivity of AFP was 80% and the
specificity was 97% at the cut-off
level of 28 ng/mL, PPV of the test
was 92.3%, NPV was 86.6%, AUC
was 0.880 and the overall accuracy
was 90%. The sensitivity of AFP in
the present study (80%) was higher
than that reported by Soresi et al. #
who found that, at a cut-off value of
30 ng/ml, the sensitivity was 65% and
the specificity was 89%, PPV 74%
and NPV was 79%. Also, He et al %
reported that at a cut-off level of 25
ng/ml, the sensitivity was 68.7% and
the specificity was 86.7%. The
reported sensitivities and specificities
in different studies could be attributed
to the difference in the number of
studied population and the methods
used for assay.

Although the precise mechanism
of plasma PIVKA-II production in
HCC is not fully understood, it is
widely accepted as a tumor marker for
HCC in Japan®™. It is reported that
PIVKA-II is a significant prognostic
factor for recurrent HCC® %,
Furthermore, combined elevation of
tissue PIVKA-II  expression and
plasma PIVKA-II levels was found in
cases with poor prognosis®. In our
study, patients with HCC (group
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IN&IV) revealed a significantly
higher level of PIVKA-II when
compared to the other groups (p<
0.001). The median plasma PIVKA-II
was found to be higher in the
metastatic HCC patients than in those
without metastasis (p< 0.05).

In the current study, PIVKA-II
yielded an AUC of 0.900, at a cut-off
level of 12.5 mAU/ml, the sensitivity
was 80% and the specificity was 97%.
In agreement with our finding, Gotoh
et al.® who stated that PIVKA-II has
a higher AUC than AFP in HCC
diagnosis by the ROC analyses, while
others® reported less AUC of 0.800.
Different sensitivities and specificities
of 62% and 95% and 53.3% and 85.6
% were reported at a cut-off level of
40  mAU/mI,  respectively”?,
However, such difference may be
attributed to selection of different cut-
off value, variation in tumor size,
number of masses or to difference in
the number of studied cases.

In the present study, the median
serum VEGF level was significantly
higher in the HCC group without
metastasis compared to the group with
distant metastasis (p<0.001).
Similarly, Zetter” reported a high
VEGF expression in small sized and
well  differentiated HCCs. He
suggested that VEGF plays its most
important role in a relatively early
stage of the disease. In agreement
with these results, Mathonnet et al.*
reported that VEGF level gradually
decrease with increasing tumor size.
El-Assal et al. *! reported that HCC
nodules larger than 5cm in diameter
were not more vascular than smaller
tumors. On the other hand, Tseng et
al.* demonstrated that serum VEGF
level in HCC patients showed a

positive correlation with tumor size.
Furthermore, Poon et al.** reported
that high serum level of VEGF was
significantly associated with venous
invasion and advanced tumor stage.
Also, Sun et al.* and Yao et al.®
showed that high expression of VEGF
is a useful predictor of wvascular
invasion and metastasis of liver
tumors. The discrepancy in serum
VEGF level in the metastatic and non-
metastatic HCC groups between our
results and the others could be
attributed to the different mass size. In
our study the diameter of the HCC
focal lesions in the metastatic group
(group 1V) was >6 cm, which may
compress the blood vessels resulting
in low serum VEGF level.
Transforming growth factor-p1
(TGF-p1) is a potent cytokine
involved in a number of different
functions  such  as  epithelial
mesenchymal transition, tissue
morphogenesis, angiogenesis, and
hence tumor progression, invasion,
and metastasis. In liver tissues, TGF-
Bl has a profibrotic activity,
stimulating  extracellular ~ matrix
production, and is involved in the
pathogenesis of liver cirrhosis. In
other tissues, it stimulates integrin
expression in different types of both
normal and cancer cells®. In the
present study, the median plasma
TGF-B1 level was found to be
significantly higher in the HCC
groups when compared to control,
benign and cirrhotic groups (p<0.001).
This in agreement with Gianluigi et
al.*® and Anna. et al.*” who reported
that increased secretion of TGF-B1 by
cancer cells is thought to facilitate
tumor progression by indirect means,
such as suppression of immune
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surveillance and stimulation of tumor
stroma.

Sialic acid, a class of important
ketoses that contain nine carbon
atoms, is an acetylated derivative of
neuraminic acid (2-keto-5-amino-3, 5-
dideoxy-D-nonulosonic  acid). The
unique structural features of this
molecule, which includes a negative
charge owing to a carboxyl group,
enable it to play an important role in
cellular functions, such as cell to cell
recognition and transformation to
malignancy’®. As sialic acid lacked
tumor specificity, it might contribute
towards the early detection of tumor
progression and metastasis during
both therapy and follow-up. It was
concluded that total serum sialic acid
level reflected the development of
malignancy and should be considered
as a supportive evidence of being
tumor marker for many malignant
conditions®. In the present study,
patients with malignancy revealed a
significantly higher level of sialic acid
when compared to the other groups
(p<0.001). The median serum sialic
acid was found to be higher in the
metastatic HCC patients than in those
without metastasis (p<0.001). This is
in agreement with Cai Wen-Xiu et
al.*®® who reported that most patients
with  HCC have an elevated
concentration of serum total sialic
acid, and determination of this marker
yields high diagnostic values that
differentiate between HCC and benign
hepatobiliary diseases.

In the current study, the
sensitivity of sialic acid was 80% and
the specificity was 78 % at the cut-off
level of 90 mg/dL, PPV of the test
was 72.7%, NPV was 77.7%, AUC
was 0.760 and the overall accuracy

was 75%. The sensitivity of sialic acid
in our study was different from that
reported by Cai Wen-Xiu et al.*®
who reported that at a cut-off value of
63 mg/dL, the sensitivity was 70 %
and the specificity was 80%, PPV
75% and NPV was 80% and by using
the cut-off value of 63 mg/dL, the
obtained sensitivity and specificity
were lower than that obtained by Cai
Wen-Xiu et al.®, The differences in
the  reported  sensitivities and
specificities could be attributed to the
difference in the number of studied
population and the methods used for
assay.

Alpha-L-fucosidase (AFU) is
enzyme belongs to the family of
hydrolases, specifically those
glycosidases that hydrolyse O- and S-
glycosyl compounds. The systematic
name of this enzyme class is alpha-L-
fucoside fucohydrolase. It participates
in N-glycan degradation and glycan
structures - degradation.'?*

In the present study, patients with
malignancy revealed a significantly
higher level of AFU (group Il and
IV) when compared to the other
groups (p<0.001). the results of the
present study were in agreement with
Deugnier et al.* who reported a
significant increase in serum a-L-
fucosidase activity among patients
with hepatocellular carcinoma as
compared either to patients with
cirrhosis or to healthy control
subjects. The median serum AFU was
found to be higher in the metastatic
HCC patients than in those without
metastasis (p<0.05). Also, our results
were in agreement with Marotta et
al.*® who stated that hepatocellular
carcinoma is able to release into the
blood stream a significant amount of
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alpha-L-fucosidase, which correlates
with the size of the tumor and
provides a useful marker in the
follow-up of patients treated for HCC.

In the present study, AFU yielded
an AUC of 0.96, at a cut-off level of
443 nmol/mL/h, the sensitivity was
80%, the specificity was 90%, PPV
was 81.8%, NPV was 88.8% and the
accuracy was 85%. In agreement with
our finding, Giardina et al.*® who
stated that When 443 nmol/ml/h is
taken as the cut-off value; alpha-L-
fucosidase sensitivity and specificity
were 76% and 90.9%, respectively.

In the current study, a statistically
significant lowering of the median
blood levels of all parameters six
months after ablation therapy was
noticed. Similarly, Ikoma et al.*
reported that plasma PIVKA-II level
was normalized in 67% of patients
after treatment and that combined
measurement of PIVKA-II with AFP
is useful for monitoring recurrence of
HCC after treatment. Sheen et al.*
found that VEGF is a significant
biological indicator of the
invasiveness of postoperative
recurrence. Also, Cai Wen-Xiu et
al.*®® reported that measurement of
sialic acid is useful for monitoring
recurrence of HCC after treatment.

In the current study a statistically
significant negative correlation was
found between serum VEGF and
plasma PIVKA-II in the HCC groups
(with and without metastasis) (Table
7). Such correlation was not found
between serum AFP and the other
markers. No correlation was found
between AFP level and alpha-L-
fucosidase activity, AFP and sialic
acid level, AFP and VEGF, AFP and
PIVKA-II and AFP and TGF-B1 (p

=0.428, 0.692, 0.322, 0.091 and 0.106
respectively)  (Table 7). These
findings confirm those of Ishii et al.'®
and Cui et al®® who found no
correlation between AFP level and
PIVKA-II level in the HCC patients
and Shirai et al.”* who could not find
a significant correlation between
TGF-B1 and AFP level in HCC
patients. Also, serum AFP and AFU
activity were independent with no
correlations  between  them as
evidenced by Cai Wen-Xiu et al.*®.

In the present study, combination
of two markers or more improved
both sensitivity and specificity as
combination of AFP and PIVKA-II
yielded a sensitivity and specificity of
93.3% and 98.2% and for AFP with
TGF- Bl, the sensitivity and
specificity were 87.5% and 99%,
respectively. By combined
measurement of AFP and AFU, the
sensitivity and specificity were 95%
and 98%, respectively.  While
combined measurement of both AFP
and sialic acid gave sensitivity 89 and
specificity 98% as three of the twenty
patients with HCC who had AFP level
below the cut-off value, had positive
results in AFU and another one had a
positive result in sialic acid.
Therefore, combined measurement of
serum AFP and AFU, AFP and
PIVKA-II, AFP with TGF- B1 or AFP
and sialic acid is of practical
significance  in  diagnosis  of
hepatocellular carcinoma.

In the current study, the main
purpose  of  using combined
measurement of tumor markers is to
eliminate the false negative and false
positive results as reported by many
authors'®'®,  After reviewing our
results as well as those of others, the
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question on the usefulness of
combining markers in assessing early
diagnosis of malignant liver disease is
raised. Our data support the highly
significant value of combined markers
as a screening tool for early diagnosis
in susceptible individuals. Therefore,
combined determination of the studied
serological markers could be used as a
highly valuable tool for screening and
diagnosis of hepatocellular carcinoma.
They could also be used as prognostic
markers decreasing the need for more
invasive procedures. The combined
use of easy and cheap serological
markers with sufficient sensitivity and
specificity is of great value in follow
up of HCC patients as by combined
measurement of a-fetoprotein and o -
L-fucosidase or o -fetoprotein and
sialic acid. Also, according to our
results these markers offer a potential
for using them for follow up after
treatment.
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