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Summary

Purpose: To investigate the application values of CT com-
bined with tumor markers (TM) in the diagnosis and prog-
nosis of hepatocellular carcinoma (HCC).

Methods: 62 HCC patients were selected as the study group
and all of them had undergone hepatectomy. In addition, 40
healthy subjects composed the control group. Blood samples
were collected preoperatively from the subjects of the study
group, and serum alpha fetoprotein (AFP), carbohydrate an-
tigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA)
levels were determined by radioimmunoassay. The correla-
tion between serum TM levels and clinicopathological fea-
tures was investigated by pathological examination. The
imaging features of HCC were explored by spiral CT plain
scanning and enhanced scanning. The diagnostic efficiency
of single detection of TM, combined detection of TMs and
combined detection of TMs and CT was analyzed by receiver
operating characteristic (ROC).

Results: The levels of serum AFP, CA19-9 and CEA in HCC
patients were significantly higher than those in the control
group (p<0.05). Patients with low differentiation and dis-

Introduction

Hepatocellular carcinoma (HCC) is a malig-
nant tumor with a high mortality rate. There are
500,000-1,000,000 new cases of HCC across the
world every year [1]. The occurrence of this dis-
ease has an obvious regional difference, especially
in the Asian-Pacific region [2]. According to sta-
tistical data, the incidence rate of liver cancer in

tant metastasis had higher levels of AFP, CA19-9 and CEA
(p<0.05) compared with patients with high differentiation
and no distant metastasis. There were no significant differ-
ences in TM levels in HCC patients with different age, gender
and clinical stages (p>0.05). The ROC analysis showed that
the single detection of serum AFP, CEA or CA19-9 had lower
specificity and sensitivity compared with the combined de-
tection of the three TMs (p<0.05). The combined CT exami-
nation could achieve a specificity of 95.71% and a sensitiv-
ity of 87.47%, superior to the combined detection of the TMs
(p<0.05). Eight HCC patients relapsed within 6 months after
operation. Compared with those before operation, the levels
of serum AFP, CA19-9 and CEA in the relapsed patients were
increased significantly, and the TM levels were higher than
those in patients without relapse (p<0.05).

Conclusions: The detection of serum AFP, CA19-9 and CEA
combined with CT can overcome the deficiency of single de-
tection, avoid misdiagnosis and missed diagnosis, and in-
crease significantly the positive detection rate of HCC.
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the Asian-Pacific region exceeds 20/100000. About
80% of HCC is caused by infection with hepatitis
(HBV or HCV). Patients infected with chronic hepa-
titis are prone to develop cirrhosis in 10-30 years,
and die of liver cancer [3,4]. The effective treatment
options for early-stage HCC patients are surgical
resection and liver transplantation, but about 85%
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of patients with advanced liver cancer die since
they cannot undergo surgical treatment [5]. There-
fore, this situation calls for an urgent development
of a reasonable early HCC screening scheme.

At present, the sole clinically confirmed tumor
marker (TM) for HCC is AFP, which has been wide-
ly used as a part of HCC screening, however, its
sensitivity is very limited (39-65%) and its speci-
ficity is not high (76-94%), especially for small and
early HCCs [6,7]. Currently, the TM identification
is still in its infancy, and researchers are trying to
evaluate the performance of TM alone or in com-
bination. CEA and CA19-9 can be used to predict a
variety of tumors as classic TMs, with important
clinical significance [8]. The biomarkers of HCC at
the level of genomics, transcriptomics and prot-
eomics, supplemented with the traditional CT im-
aging, can help form a systematic understanding
of disease. In this study, we identified the early
biomarkers of HCC through the proteomic expres-
sion analysis method and evaluated the clinical
feasibility of new biomarkers in plasma.

Methods

Clinical data

A total of 62 HCC patients of the Oncology Depart-
ment of our hospital were selected from May 2013 to
May 2016 and composed the study group. All patients
had undergone hepatectomy and were pathologically
identified as HCC [9]. There were 36 males and 26 fe-
males, aged from 36 to 62 years with an average age of
47.5+13.3 years. In addition, 40 healthy subjects were
recruited and composed the control group, including
18 males and 22 females, aged from 34 to 56 years
with an average age of 45.3+12.6 years. There were no
statistically significant differences in the gender and
age between the two groups (p<0.05), and they were
comparable.

Detection of serum TMs

For the two groups of patients, 15 mL whole blood
was drawn and centrifuged at 1000 rpm for 10 min, and
then the upper layer of serum was drawn. The levels
of AFP, CA19-9 and CEA were tested quantitatively by
radioimmunoassay. The specific operation procedures
were as follows: Different concentrations of standard

antigens and test samples were added to different test
tubes, and equal amount of radio-labeled antigen and a
certain amount of antibody were added to each test tube,
which were kept at 4°C or 37°C. After equilibrium of
reaction, the antigen-antibody complex (B) and the free
labeled antigen (F) were separated and the radioactive
intensity was evaluated. Then, according to the radioac-
tive intensity (B/T) ratio, a standard curve of the amount
of silver (Ag) was plotted. The amount of unknown sam-
ples could be checked from the standard curve. In this
study, AFP>8.54 ng/L, CA19-9>154 U/L and CEA>2.8
ng/L were defined as positive results.

CT examination

Double-spiral CT (Elscint, Israel) scanning was per-
formed with 512x512 reconstruction matrix and con-
ventional layer thickness and spacing of 10 mm. In the
lesion area, 5 mm thin-layer scanning was performed.
For some cases, enhanced scan was performed in the le-
sion area. In this study, the CT signs were summarized
by conventional CT. Spiral CT data were evaluated by
two imaging physicians in a double-blind manner. The
imaging findings were compared with the histopatho-
logical findings for all cases.

Statistics

Statistical analyses of the experimental results
was performed using GraphPad Prism software (Version
5.01, GraphPad Software, Santiago, Chile). The correla-
tions of AFP, CA19-9 and CEA levels with pathological
features of HCC patients were tested by chi-square test.
The differences in samples indexes between the two
groups were compared by independent-samples t-test.
The diagnostic efficiency of single detection of TM,
combined detection of TMs and combined detection of
TMs and CT was analyzed by the ROC test. p<0.05 indi-
cated statistically significant difference.

Results

Comparisons of serum TM levels in HCC patients and
healthy subjects

As shown from Table 1 and Figure 1, the mean
levels of serum AFP, CA19-9 and CEA in HCC pa-
tients were 133.27+88.21 ng/mlL, 43.48+20.67 U/L
and 11.18+2.61 ng/mL, respectively, which were
significantly higher than those in the control
group (p<0.05).

Table 1. Comparisons of serum AFP, CA19-9 and CEA levels between the study group and the control group (mean+SD)

Group n AFP

CA19-9 CEA

Detection level Positive rate

Detection level

Positive rate Detection level Positive rate

(ng/mL) n (%) (U/L) n (%) (ng/mL) n (%)
Study group 62 133.27+88.21 55 (88.71)* 43.48+20.67* 52 (83.87) 11.18+2.61* 42 (67.74)
Control group 40 2.16+1.14 2(5) 8.42+2.82 1(2.5) 1.06+0.13 1(2.5)

Compared with the control group, *p<0.05
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Comparisons of serum TM levels in HCC patients with
different clinicopathological features

As shown from Table 2, the HCC patients with
low differentiation and distant metastasis had
higher levels of AFP, CA19-9 and CEA (p<0.05),
while the TM levels of HCC patients with different
age, gender and clinical stage showed no signifi-
cant differences (p>0.05).

CT imaging signs of HCC

Of the 62 pathologically confirmed HCC pa-
tients, the CT scan showed a clear boundary, an
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Figure 1. Comparisons of serum tumor marker levels in
HCC patients and healthy subjects. Compared with the
control group, *p<0.05.

Table 2. Comparisons of serum tumor marker levels in
(mean+SD)

irregular low-density lesion with a pseudocapsule,
while some calcifications could be seen inside
the lesions. Rare cases had a single massive liver
mass, with small satellite lesions, double lesions,
and diffuse multiple lesions around the mass. The
enhanced CT showed continuous enhancement of
tumor parenchyma from the arterial phase to the
venous phase, while there was no enhancement of
the central scar tissues, showing low-density are-
as, the latter of which was histologically confirmed
as ischemic fiber scar structure. Sometimes, en-
hancement signals of the hilar region and enlarged
lymph nodes in the abdomen could be observed
(Figure 2).

Comparison of diagnostic efficiency of serum TM and
CT scan in HCC

The single detection of TM, combined detec-
tion of TMs and combined detection of TMs and CT
were analyzed by the ROC test, hoping to enhance
the diagnostic level. If one of the three indexes
(AFP, CEA and CA19-9) was positive, then the di-
agnosis result was positive. The results (Table 3
and Figure 3) showed that the single detection of
TM had a low specificity and sensitivity, while the
combined detection of TMs significantly increased
both the specificity and sensitivity. The combined
detection of TMs and CT could achieve a specificity
of 95.71% and a sensitivity of 87.47%, superior to
the combined detection of TMs (p<0.05).

HCC patients with different clinicopathological features

Pathological staging n AFP p value CA19-9 p value CEA p value
(ng/mL) (U/L) (ng/mL)
Gender >0.05 >0.05 >0.05
Male 36 123.17+44.73 38.83+10.34 10.43+3.47
Female 26 118.29+37.42 37.94+13.26 11.75+4.20
Age, years >0.05 >0.05 >0.05
>50 124.74+52.41 38.32+£14.42 9.24£2.66
<50 116.34+44.08 40.21+13.95 10.73+4.62
Differentiation grade 46.23+£13.82 <0.05 34.43+9.92 <0.05 4.23+1.83 <0.05
Highly differentiated 63.74+28.58 37.23+16.63 8.34+4.40
Moderately differentiated 109.43+57.72 46.23+18.85 13.23+3.81
Poorly differentiated 13 119.51+£17.93 >0.05 37.52+106.87 >0.05 6.21£2.34 >0.05
Clinical stage >0.05 >0.05 >0.05
T1 - -
T2 14 116.52+£23.52 35.83+24.53 8.55+5.23
T3 28 122.28+66.23 35.04+14.55 9.63+5.04
T4 7 136.05+£73.41 406.87+24.62 12.03+6.82
Distant metastasis <0.05 <0.05 <0.05
Yes 88.24+24.57 45.54+9.83 13.72+2.88
No 47.34+37.24 33.87+11.94 9.72£1.62
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Figure 2. Imaging findings of plain and enhanced CT in HCC patients. This patient had persistent pain in the right
upper quadrant, with progressive aggravation and emaciation for more than one month. The CT scan showed multiple
intrahepatic low-density lesions with varying size and irregular shape, which were considered liver cancer with multi-
ple intrahepatic metastases. After enhancement, the lesions showed significant annular enhancement, while the middle
low-density lesions showed no apparent enhancement, which was considered as necrotic tissue. Arrows show the liver

cancer.

Table 3. Comparison of diagnostic efficiency of serumtu-

mor markers and CT scan in HCC

Diagnostic method n  Specificity Sensitivity
(%) (%)
Serum AFP 62 61.54 61.23
Serum CA19-9 62 68.36 6843
Serum CEA 62 65.23 66. 09
Combined detection of TMs 62 90.66 7527
CT scan 62 85.54 72.31
Combined detection of TMs 62 95.71 87.47
and CT
x2 6.36 5.82
p 0.025 0.018

TM: tumor markers, CT: computed tomography
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Figure 3. Detection of diagnostic efficiency of serum TM
and CT scan in HCC by ROC curves. Single detection of TM
showed low specificity and sensitivity. Combined detection
of TMs and CT achieved high specificity (95.71%) and high
sensitivity (87.47%).
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Table 4. Comparisons of tumor recurrence and tumor marker levels of HCC patients 6 months after the operation

(mean+SD)
Tumor markers Group n Before operation 6 months after operation
AFP Recurrent patients 8 92.64+32.37 134.46+63.65*
Non-recurrent patients 54 88.27+29.44 53.77+27.31%*
CA19-9 Recurrent patients 8 35.15+828 4539+0.17*
Non-recurrent patients 54 38.20+9.39 34.88+0.44**
CEA Recurrent patients 8 8.56+3.74 12.62+4.75*
Non-recurrent patients 54 8.34+3.61 5.22+2.38%*

Compared with the recurrent patients before operation, *p<0.05. Compared with the recurrent patients after operation **p<0.05

Comparisons of tumor recurrence and TM levels in
HCC patients

Table 4 shows that there were 8 recurrent
cases 6 months after the operation. There were
no statistically significant differences in the lev-
els of serum AFP, CA19-9 and CEA before opera-
tion between recurrent and non-recurrent patients
(p>0.05). The levels of serum AFP, CA19-9 and CEA
of recurrent patients 6 months after operation were
significantly increased compared with those before
operation, and significantly higher than those of
non-recurrent patients (p<0.05).

Discussion

In recent years, the incidence and mortality
rates of liver cancer remain high, showing increas-
ing trends year by year [10]. With the development
of oncology molecular biology, immunology, hu-
man genome project and the clinical application of
modern new testing equipments, TM has become
a hot topic in basic and clinical tumor research
[11]. The monitoring of TM levels can provide
the following clinical information: 1) The cancer
screening and screening of high-risk populations.
2) Differential diagnosis and auxiliary pathological
diagnosis of tumor. 3) Identify if operation, radio-
therapy and/or drug treatment are effective. 4) De-
tection of the tumor changes. The detection of TM
levels at different time points in the treatment can
help the detection of the tumor residual, recurrence
and metastasis. At present, serum TM, as a routine
test technique, has been widely used in clinical
applications and scientific research in numerous
grade A class 3 hospitals. The application of TM
combined with imaging techniques facilitates the
development of combined detection, which has
been widely accepted in early diagnosis, staging
and classification, and prognosis judgment [12].

In China, about 90% of HCC cases are compli-
cated with cirrhosis. The most clinically effective

detection mean is still AFP. However, AFP-nega-
tive HCC cases account for 20-30%. Even in AFP-
positive cases, the diagnosis and localization of
lesions must rely on imaging examination [13].
CA19-9 is a pancreatic cancer TM. The serum
CA19-9 in healthy people is <20U/mL, while it is
significantly increased in patients with pancreatic
cancer [14]. Studies have shown that when CA19-9
combined with CEA is used to detect pancreatic
cancer, the positive rate can be as high as 90%. In
other gastrointestinal tumors, such as liver can-
cer, gastric cancer, biliary cancer and colon cancer,
the positive rate of CA19-9 is found to be about
30-60% [15]. Therefore, CA19-9 can also be used
to monitor tumor recurrence and prognosis. CEA
was initially found in colon cancer and fetal intes-
tinal tissue, so named carcinoembryonic antigen.
Serum CEA concentration is below 2.5 ng/mL in
97% of healthy adults. Increased CEA level is often
found in colorectal cancer, pancreatic cancer, gas-
tric cancer, small cell lung cancer, breast cancer,
medullary thyroid cancer, etc. CEA higher than 20
ng/mL may imply the existence of gastrointestinal
cancer [16]. However, serum CEA levels are also
elevated in 15-53% of individuals with smoking,
gestational and cardiovascular diseases, diabetes
and nonspecific colitis, therefore, CEA is only used
as an auxiliary diagnostic marker [17].

In this study, we detected the levels of serum
AFP, CA19-9 and CEA in HCC patients. The results
showed that the positive rates of these TMs in
HCC patients were 88.71, 83.87 and 67.74%, re-
spectively, which were significantly higher than
those in healthy controls. The diagnostic specific-
ity of detecting AFP, CA19-9 and CEA for HCC was
61.54, 68.36 and 65.23%, respectively, while it was
88.71% in the combined serum TM detection, sig-
nificantly superior to the single detection of TM.
Although the detection accuracy of TM has been
greatly improved, there are still many deficiencies.
Different TMs are used for different pathological
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types and stages. The single and combined detec-
tion of TMs may cause missed diagnosis and mis-
diagnosis due to the great variations in sensitivity
and specificity.

As one of the important means of diagnosing
HCC, imaging examination is especially important
for patients with chronic liver diseases, such as
hepatitis B and cirrhosis, who are at risk of devel-
oping HCC. The focal liver examination should be
performed regularly. In addition, distinguishing
HCC from other solid lesions such as regenerative
nodules, atypical nodules and fusion hepatic fibro-
sis is important and difficult [18]. CT plays an im-
portant role in the diagnosis of HCC. The features
of CT plain scan include low-density foci with
clear boundary, pseudocapsule, and calcifications
of some lesions. Most of the patients have round
or oval low-density lesions, infiltrative growth of
tumor without capsules, and vague boundary. In
a few patients, a single massive liver mass, with
small satellite lesions, double lesions, diffuse
multiple lesions around the mass can be seen, and
ischemic necrosis, hemorrhage and calcification
may occur in the center of the lesions [19]. The
enhanced CT sometimes shows enhancement of
the hilar region and enlarged lymph nodes in the
abdomen, and continuous enhancement of tumor
parenchyma from the arterial phase to the venous
phase and also low-density cancer embolus. Hepat-
ic vein and inferior vena cava tumor embolus show
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