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Abstract
Background: We aimed to evaluate the whether AFP levels alone is an adequate screening indicator, or a
combination of Generally, alpha-fetoprotein (AFP), CA19-9 and CEA could provide a better diagnostic tool
in detecting and screening asymptomatic patients with primary hepatic cancer (PHC), and also evaluate the
correlation of degree of differentiation with serum biomarker levels.
Methods: We retrospectively reviewed the medical records of 1362 patients form 2014-2018 who visited the
first Affiliated Hospital of Zhejiang University, Hangzhou, China for health check-ups or were diagnosed with
cancer or cirrhosis. We then analyzed preoperative tumor markers level of AFP, CA19-9, and CEA. The
standard reference values (AFP ≤20 ng/L CEA ≤ 5 ng/L, and CA19-9 ≤ 37 U/mL) were as positive or
negative cut off values. Further, the histological sections of patients were categorized and correlated them with
the three serum biomarkers.
Results: Serum AFP, CEA, and CA19-9 levels in the PHC group were significantly higher compared to those
with liver cirrhosis and healthy control groups (P < 0.03). With AFP as a single tumor marker for PHC diagnosis, it had a sensitivity of 63.3% with a specificity of 80.8%. AFP combined with CA19-9 and CEA showed
specificity of 100%, a sensitivity 2.5% with the positive and negative predictive values of 100% and 22% respectively. Furthermore, histological evaluation revealed the highest AFP level of 9366.14±23902.61 ng/L
associated with poorly differentiated HCC, while well-differentiated HCC, had the lowest mean AFP level of
45.19±181.27 ng/L.
Conclusion: Combined serum levels of AFP, CA19-9 and CEA does not provide a superior advantage over
AFP alone as a screening and diagnostic tool for HCC detection.
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Introduction
Hepatocellular carcinoma (HCC) is a primary
malignancy of the liver that is associated with an
increasing incidence and mortality rate. With an314

nually reported cases, it is ranked the fifth most
common and the second leading cause of cancerrelated deaths worldwide. Globally, 800,000 new
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cases of HCC are reported annually, with more
than 50% of cases occurring in China (1).
In mainland China, HCC is most prevalent
among males, with an incidence of 58/100,000
compared to 53/100,000 in Taiwan and
29.9/100,000 in Hong Kong (2, 3). Currently, it
is the second and third leading cause of cancerrelated deaths in males and females respectively
in China (4, 5). This rise in incidence over the
past few decades has been attributed to high
prevalence of chronic hepatitis B virus (HBV)
infection (6-7). Over 93 million HBV carriers are
Chinese, accounting for 2/3 of patients worldwide (8, 9). Currently, the standard treatment for
HCC is comprehensive therapy predominantly in
the form of surgery; resection and liver transplantation (7, 8). However, diagnosis is often made
patients at a later or an advanced stage of the disease due to the non-specific symptomatic nature
or the disease course, making surgical option less
available to most patients. Hence, for decades,
the prognosis of HCC patients has generally been
poor (9-11). Following diagnosis, the median
survival is approximately 6 to 20 months (12).
The overall 5-year survival rate in patients with
HCC who receive liver resection is about 40%
compared to. 60-70% 5-year survival rate in early
diagnosed HCC (9, 12). Often, one or more imaging modalities are often required for definitive
diagnosis (13, 14). Ideally, tumors of approximately 2 cm in size without vascular or nodal invasion offer a better prognosis, while large tumor
size with vascular invasion, poor functional status, and nodal metastases are associated with
poor outcomes (15, 16).
The American Association for the Study of Liver
Disease (AASLD), the National Comprehensive
Cancer Network (NCCN), and the Asian Pacific
Association for the Study of the Liver (APASL
treatment guidelines recommend screening and
surveillance as early detection of HCC currently
is the most important predictor of treatment options and prognosis (17). Diagnostic imaging
techniques include ultrasonography, computed
tomography (CT), and magnetic resonance imaging (MRI) have proven to be. A systematic review
has shown that ultrasonography has a sensitivity
Available at:

http://ijph.tums.ac.ir

of 58% and a specificity of 94%, CT has shown
sensitivity of 68% and a specificity of 93% while
MRI has shown sensitivity of 81% and a
specificity of 85% (18). Ultrasound, because of its
simplicity, low cost, minimal invasiveness, and
the fact that it allows real-time observation features, is the most common imaging tool used to
screen for HCC. However, successful ultrasound
detection relies on the expertise of the physician,
the availability of ultrasound equipment, and the
echogenicity of the liver. Thus, evaluating the
actual sensitivity and specificity of ultrasound detection is difficult because of the lack of standards (19, 20). Serum biomarkers are striking potential tools to screen for and diagnose HCC early thanks to the non-invasive, objective, and reproducible assessments they can potentially enable.
Serum alpha-fetoprotein (AFP), cancer antigens
(CA19-9), and carcinoembryonic antigen (CEA)
levels were in patients with primary hepatic cancer (PHC), Liver cirrhosis, and the healthy population can be used as a screening and prognostic
tool. In this study, we evaluated AFP, CA19-9
and CEA levels as well as positive rates, sensitivity and specificity of the serum markers in diagnosing hepatocellular carcinoma to establish a
potential prognostic correlation between their
serum levels.

Methods
Patient inclusion criteria

The study included a total of 1,362 subjects that
were admitted for treatment or that had their
physical check-up in the First Affiliated Hospital
of Zhejiang University (Hangzhou, China) from
2014 to 2018. Totally 1075 subjects were patients
with primary hepatic cancer (PHC). Out of these
1075 PHC study subjects, 909 were male and 166
were female with an age range of 18 to 91 yr,
with an average of 56.2±11.0 years. 237 patients
were diagnosed with liver cirrhosis, they were
comprised of 187 men and 50 women, with a
mean age of 49.31 ± 13 yr (range: 2-74 yr). 50
healthy individuals who underwent physical examinations in the same hospital were also
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included in this study. They served as a control in
this study and were comprised of 36 men and 14
women, with a mean age of 61 ± 6 years (range:
40-75 yr). Patients enrolled in the study were
chosen on the basis that they had no other underlying diseases or conditions and that no study
subject was receiving chemotherapy or radiotherapy.
The data were retrieved from the Department of
Hepatobiliary and Pancreatic Surgery, First Affiliated Hospital, School of Medicine, Zhejiang University. The study was reviewed and approved by
the Institutional Review Board of First Affiliated
Hospital, School of Medicine, Zhejiang University.

Study design

A retrospective analysis of patients diagnosed
with primary hepatic cancer and liver cirrhosis
was collected from the hospital database. The
patients enrolled in this study were chosen according to predefined inclusion criteria such as
confirmed pathological diagnosis, all the 3 serum
biomarkers under study, preoperative serum biomarkers level. Subjects major underlying diseases, metastatic history, or who had undergone
treatment such as radiotherapy, chemotherapy, or
endocrine therapy was excluded. Patients who
fulfilled the criteria mentioned above were

selected for the study. The primary hepatic cancer patients and the liver cirrhosis patients were
compared to a group of healthy individuals from
the same period as mentioned above.
In this study, 1075 primary hepatic cancer patients were selected and represented the primary
hepatic cancer group (Group A), 237 liver cirrhosis patients were selected and represented the
Cirrhosis group (Group B) and 50 healthy individuals were selected as control (Group C). After
patients were grouped, we analyzed preoperative
tumor markers level of these three different biomarkers AFP, CA19-9, and CEA. The normal
reference values used for the three different biomarkers under study were as follows: AFP ≤20
ng/L CEA ≤ 5 ng/L, and CA19-9 ≤ 37 U/Mr.
Patients with serum AFP > 20 ng/L, serum CA
19-9 >37 U/mL and a serum CEA >5ng/L were
considered positive. The mean levels of all three
different biomarkers in all Groups were
calculated and the results were tabulated in Table
1.
Additionally, serum biomarkers were combined
as AFP and CA19-9; AFP and CEA; and AFP
and CA19-9 and CEA, and the positive rates of
the different combination of biomarkers in the
three different groups were calculated as shown
in Table 2.

Table 1: Serum AFP, CEA, and CA 19-9 levels compared between the three groups: primary hepatic cancer group
(group A), cirrhotic group (group B) and the control group (group C)

Group
A
B
C

N

AFP(ng/L)

CA19-9(U/mL)

CEA(ng/L)

1075
237
50

4336.47±16094.35
28.41±73.17
<20.00

40.90±342.38
23.58±33.34
20.42±15.56

3.11±3.76
2.76±1.78
2.63±1.71

Group A= primary hepatic cancer, Group B: Cirrhosis, Group C= Control Results are mean ±SD
Table 2: Positive rates of AFP, CEA and CA 19-9 combinations in the different study groups n (%)

Serum markers
AFP
AFP+CEA
AFP+CA19-9
AFP+CEA+CA19-9
n=Number of positive cases
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PHC (n=1075)

Cirrhosis (n=237)

Control (n=50)

681(63.35)
83(7.7)
78(7.3)
27(2.5)

53(22.3)
6(2.5)
15(6.8)
0(0)

2(4)
1(2)
1(2)
0(0)
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The sensitivity, specificity, positive predictive
values (PPV) and negative predictive values

(NPV) were calculated for the different groups
(Table 3) and Fig. 1.

Table 3: The sensitivities, specificities, Positive and Negative values compared between serum biomarkers AFP, and
the different combination of AFP + CA19-9, AFP + CEA and AFP + CA19-9 + CEA

Serum biomarkers

Sensitivity %

Specificity %

AFP
AFP + CA19-9
AFP + CEA
AFP+CA19-9+CEA

63.3
7.3
7.6
2.5

80.8
94.42
95.56
100

PPV%
92
84
92
100

NPV%
37
21
22
22

Fig. 1: Sensitivity and specificity compared amongst AFP, CA19-9, CEA and combined analysis of all three biomarkers (A). positive and vegative predictive values of all three biomarkers (B)

The patients in the primary hepatic cancer group,
group A, were further divided according to their
pathological types as follows: poorly differentiated hepatocellular carcinoma (104 patients); moderately-poorly differentiated hepatocellular carcinoma (412 patients); moderately differentiated
hepatocellular carcinoma (422 patients); wellmoderately differentiated hepatocellular carcinoma with 45 study subjects; Well-differentiated
hepatocellular carcinoma with 27 study subjects;
and combined hepato-cholangiocarcinoma with
65 study subjects. Their mean serum biomarkers
level for all the three biomarkers were calculated
and the positive rates of AFP combined with
CA19-9 and CEA were calculated in the different
groups.
Available at:
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Statistical analysis

Statistical analysis was performed using SPSS
version 18.0 statistical software (SPSS Inc., Chicago, IL, United States). The data were expressed
as mean ± SD. Measurement data between
groups were compared with the t- distribution.
All test was two-tailed and a P-value of less than
0.05 was considered statistically significant.

Results
The significance of AFP CA19-9 and CEA
levels among groups

Significant differences in mean serum levels and
positive rate of AFP, CEA and CA19-9 were observed between the PHC group and the other
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two groups (P< 0.03). There were no significant
differences between the control and benign liver
cirrhosis groups as shown in Tables 3-4. In the
primary hepatic cancer group (group A), an increased AFP level above the cut off level was
observed in 681 study subjects accounting for
63.35% of the PHC patients; 83 subjects had increased AFP and CEA levels (7.7%); 78 subjects
had increased AFP and CA19-9 levels (7.3%);
and 27 subjects had increased levels of AFP,
CA19-9 and CEA (2.5%). The mean serum
marker level for AFP was 4336.47±16094.35
ng/L, 40.90±342.38 U/mL for CA19-9 and
3.11±3.76 ng/L for CEA in the HCC group. In
the Liver cirrhosis group (group B), 53 out of the
237 patients tested positive for elevated AFP
(22.4%); 6 tested positive for AFP and CEA
(2.5%); 15 tested positive for AFP and CA19-9
(6.8%); and none tested positive for AFP, CA199 and CEA (0%). The mean AFP level was
28.41±73.17ng/L, mean CA19-9 level was
23.58±33.34 U/mL and the mean CEA level was
2.76±1.78 ng/L. In the control group, 2 out of
the 50 patients tested positive for AFP (4%); 1
positive for AFP and CEA (2%); 1 positive for
AFP and CA19-9 (2%); and none tested positive
for AFP, CEA, and CA19-9. The mean AFP level
was <20.00μg/L, mean CA19-9 level was
20.42±15.56 U/mL and the mean CEA level was
2.63±1.71 ng/L. The mean serum AFP, CA19-9
and CEA levels were clearly higher in the PHC
group than in the other liver cirrhosis and control
groups.

AFP levels increase significantly in primary
liver cancer compared to other markers

Comparing serum biomarkers levels in the
primary hepatic cancer group (group A) to the
cirrhotic group (group B) and the control group
(group C), significant statistical differences (P <
0.03 were observed between the malignant group
and the benign group, whereas no statistically
significant difference (P > 0.06) were present
between the Liver cirrhosis group and the healthy
control group, thus indicating higher serum AFP,
CA19-9 and CEA mean levels in the cancer
group as compared to the other two groups.
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Moreover, a higher positive rate of the different
combinations of biomarkers was observed in the
PHC group compared with the other two groups.
The mean serum marker level for AFP in the
cancer group was 4336.47±16094.35 ng/L as
compared to 28.41±73.17μg/L in the Liver cirrhosis group and <20.00μg/L in the healthy control group. This shows that AFP serum level had
greatly increased in the cancer group by 154-fold
as compared to the liver cirrhosis group. The
mean serum marker level for CA19-9 in the cancer group was 40.90±342.38 U/mL as compared
to 23.58±33.34 U/mL in the Liver cirrhosis
group and 20.42±15.56 U/mL in the healthy
control group. This shows that CA19-9 serum
level had a considerable increased in the cancer
group by a 2-fold as compared to the liver cirrhosis group and the control group. The mean serum
marker level for CEA in the cancer group was
3.11±3.76 ng/L as compared to 2.76±1.78 ng/L
U/mL in the Liver cirrhosis group and 2.63±1.71
ng/L in the healthy control group. This shows a
1.2-fold increase in serum level CEA in the cancer group compared to the liver cirrhosis group
and the control group. Thus, this finding
indicates increased serum AFP levels in the Primary Hepatic Cancer patients compared to the
other 2 groups. Also, a slight increase in serum
CA19-9 and CEA levels were noted compared to
a large increase observed with AFP levels.

AFP compares to combination markers as a
stand-alone marker

AFP, as a stand-alone marker, showed a
sensitivity of 63.3%, a specificity of 80.8% with a
92% PPV and a 37% NPV. Combining AFP with
CA19-9, a sensitivity of 7.3%, specificity of
94.42% with 84% PPV and a 21% NPV was
observed. The combination with AFP with CEA
showed sensitivity of 7.6%, specificity of 95.56%
with 92% PPV and a 22% NPV. The combination of all three markers AFP CA19-9 and CEA
showed sensitivity of 2.5%, specificity of 100%
with 100% PPV and a 22% NPV. Though a
higher specificity was observed with combined
AFP, CA19-9 and CEA (100%) with high Positive predictive value (100%), the sensitivity was
Available at:
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very low (2.5 %) compared to the sensitivity of
AFP alone. The lower sensitivity observed in the
combinations of the three serum biomarkers
prevents them from been used a potential diagnostic tool and thus has no superior advantage as
a diagnostic and screening tool than AFP alone.

Combined AFP, CA19-9, and CEA has increased specificity but decreased sensitivity.

The sensitivities and specificities of the different
combinations of the serum biomarkers, as well as
their positive predictive values (PPV) and negative predictive values (NPV), were computed as
shown in Table 3. The sensitivities of AFP; AFP
and CA19-9; AFP and CEA; and AFP, CA19-9
and CEA were 63.3%, 7.3%, 7.6% and 2.5% respectively. The sensitivity of AFP alone was
greater than the sensitivity of AFP combined
with the other two biomarkers. The specificities
of AFP; AFP and CA19-9; AFP and CEA; and
AFP, CA19-9, and CEA were 80.8%, 94.4%,
97.6% and 100% respectively. The specificity of
AFP combined with CA19-9; CEA; CA19-9 and
CEA were higher than the specificity of AFP
alone. The PPV of AFP; AFP and CA19-9; AFP
and CEA; and AFP, CA19-9 and CEA were 92%,
84%, 92% and 100% respectively. The NPV of
AFP; AFP and CA19-9; AFP and CEA; and
AFP, CA19-9 and CEA were 37%, 21%, 22%
and 22% respectively.

Pathological differentiation correlates with
significantly increased AFP levels but not
CEA and CA19-9 levels

To assess the correlation between serum markers
and degree of differentiation, 104 patients diagnosed with poorly differentiated HCC had a
mean AFP level of 9366.14±23902.61 ng/L,
mean CA19-9 level of 43.35±206.86 U/mL and
mean CEA level of 2.99±2.32 ng/L and 1 patient
out of the 104 was positive for all the 3 biomarkers. Of the patients, diagnosed with moderate-poorly differentiated HCC, 412 patients had
a mean AFP level of 8170.17±20781.66 ng/L,
mean CA19-9 level of 53.27±318.64 U/mL and
mean CEA level of 3.00±4.63 ng/L and ten patients out of the 412 tested positive for all the
Available at:
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three biomarkers. Amongst the patients diagnosed with moderate-poorly differentiated HCC
422 of them had a mean AFP level of
1686.38±7922.22 ng/L, mean CA19-9 level of
20.94±58.03 U/mL and mean CEA level of
2.95±1.89 ng/L and 13 patients out of the 422
was positive for all the three biomarkers. Of
those
diagnosed
with
moderate-poorly
differentiated HCC, 45 patients had a mean AFP
level of 164.20±666.20 ng/L, mean CA19-9
level of 21.03±23.82 U/mL and mean CEA level
of 3.78±2.13 ng/L with 1 patient testing positive
for all the three biomarkers. All 27 patients
diagnosed with well-differentiated HCC, had a
mean AFP level of 45.19±181.27 ng/L, mean
CA19-9 level of 13.60±13.92 U/mL and mean
CEA level of 2.45±1.41 ng/L with no patient
testing positive for all the three biomarkers. Out
of the patients diagnosed with moderately-poor
differentiated HCC, 65 had a mean AFP level of
2134.73±6158.24 ng/L, mean CA19-9 level of
113.29±356.71 U/mL and mean CEA level of
4.51±7.83 ng/L and two patients only were positive for all the three biomarkers, as shown in
(Table 4).

Discussion
HCC is one of the most common malignant tumors. Early diagnosis and early surgical resections are imperative for improving the survival of
HCC patients. The incidence of hepatocellular
carcinoma has increased worldwide as well as in
China in the recent decade. Its prevalence has
been increased mostly due to an increase in the
rate of HBV infections (21-23). AFP, a specific
glycoprotein produced primarily by the fetal liver
has been the most practical and widely used serum biomarker for HCC diagnosis. However, its
sensitivity and specificity vary significantly from
40%–65% and 76%–96%, respectively (23-25).
This has increased the demand for specific biomarkers that can lead to the early diagnosis and
improved prognosis. In this study, we systematically evaluated the role of combining serum levels
of CA19-9 and CEA to AFP in diagnosing hepatocellular carcinoma.
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Table 4: Comparable serum levels of AFP, CA19-9 and combination of AFP+CEA+CA19-9 in relation to the different pathological types (Poorly diff, Moderately-poorly diff, Moderately diff, Well-moderately diff, Well diff and
Combined Hepato-Cholangiocarcinoma) of HCC

Diagnosis

N

AFP
(ng/L)

CEA
(ng/L)

CA19-9
(U/mL)

Poorly dif HCC

104

Moderately-poorly dif HCC

412

Moderately dif HCC

422

9366.14±
23902.61
8170.17±
20781.66
1686.38±
7922.22
164.20±
666.20
45.19±
181.27
2134.73±
6158.24

2.99±
2.32
3.00±4.
63
2.95±
1.89
3.78±
2.13
2.45±
1.41
4.51±
7.83

43.35±
206.86
53.27±
318.64
20.94±
58.03
21.03±
23.82
13.60±
13.92
113.29±
356.71

Well- moderately dif HCC

45

Well dif HCC

27

Combined Hepato-Cholangiocarcinoma

65

AFP+CEA
+CA19-9(n)
1
10
13
1
0
2

N=Number of studied subjects; n=number of positive cases of AFP+CA19-9+CEA dif=differentiated

Alpha-fetoprotein (AFP), a fetal-specific glycoprotein antigen, is the most commonly used serological biomarker and is considered as a useful
and practical tool for the screening and early diagnosis of HCC in clinical practice. However, the
clinical diagnostic accuracy of AFP is
unsatisfactory due to the wide variation in its sensitivity and specificity observed making elevated
AFP non-specific, especially in the early stages of
HCC. AFP has been found to have a sensitivity
of 39-65% and a specificity of 76-94% in detecting HCC AFP cut-off value of 20ng/mL (26).
However, in up to 30% of patients with HCC,
AFP levels are underexpressed and goes undetected as AFP levels fall within the normal range
(27). Moreover, overexpression of AFP levels can
also be observed in some patients with the nonmalignant chronic liver disease, including 15-58%
with chronic hepatitis and 11-47% with liver cirrhosis (28). These variations in AFP levels observed in both malignant and benign patients
presents a diagnostic challenge in some cases as a
screening tool in diagnosing HCC. This has
opened up a potential research field to detect biomarkers to complement AFP to achieve early
diagnosis and better prognosis.
In the current study, we found a higher prevalence of moderately differentiated HCC (39.3 %)
compared to poorly differentiated HCC (9.7%),
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moderate-poorly differentiated HCC (38.3%),
Well-moderately differentiated HCC (4.2%), welldifferentiated HCC (2.5%), and Combined Hepato-Cholangiocarcinoma (6.1%). The rates of
AFP+CA19-9+CEA being positive were 3.7%
(1/27), 37% (10/27), 3.7% (1/27), 0% (0/27)
and 7.4% (2/27) respectively.
Furthermore, we observed that patients with
poorly differentiated HCC expressed significantly
increased AFP level of 9300+ ng/L, while welldifferentiated HCC pathology expressed very low
serum AFP levels. The most observed diagnosis
was that of moderately differentiated HCC with
422 study subjects diagnosed (422/1075, 39.3%)
and had the higher positive rates of AFP+CA199+CEA (13/27, 48%). The least observed diagnosis was that of well-differentiated HCC with 27
study subjects (27/1075, 2.5%) and had no
positive rates of AFP+CA19-9+CEA (Table 4).
Based on our results we found that in welldifferentiated HCC AFP levels approximate to a
level of about <200 ng/L; in well-moderately
differentiated HCC AFP levels are observed at
about
200-1600
ng/L;
in
moderately
differentiated HCC AFP levels were about 2000
ng/L; in moderately-poorly differentiated HCC,
AFP levels were recorded at 2000-8000ng/l; and
in poorly differentiated HCC AFP levels were >
8000ng/L. The combined AFP+CA19-9+CEA
Available at:
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or AFP+CA19-9 or AFP+CEA although have
low sensitivity, it high specificity makes it a better
marker to rule out HCC when patients test, making it a potential definitive and differential diagnostic combined marker.

Conclusion
Although AFP combined with CA19-9 and CEA,
has a specificity of 100% and a positive predictive
value of 100% its low sensitivity of 2.5 % makes
it use as a screening tool inferior to AFP alone in
HCC and differentiating HCC from non-HCC
patients, and therefore not a suitable substitute in
screening of potential HCC patients, however it
can aid in the definitive diagnosis of HCC and
exclude HCC as the primary. In summary, although we propose the combination of AFP,
CA19-9 and CEA for HCC surveillance in HCC
patients, the search for novel biomarkers of early
HCC detection requires further research.
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