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Abstract

Hepatocellular carcinoma (HCC) is one of the most malignant cancers with high morbidity and mortality. Nowadays,
AFP-negative hepatocellular carcinoma (AFP-NHCC) has been found in many HCC patients and AFP analysis can’t
be used to screen HCC in these cases. In this study, we have examined the expression patterns of pre-albumin (PA),
fibrinogen, D-Dimer and their clinical significance in AFP-NHCC. We recruited 214 AFP-NHCC patients and 210
controls in the study. PA, fibrinogen and D-Dimer levels were detected by turbidimetry, clauss and
immunoturbidimetry methods, respectively. Serum PA levels were significantly lower in AFP-NHCC (84.5+
24.7 mg/L) than that in the controls (240.6 +59.4 mg/L, P<0.05). For plasma fibrinogen levels, there was no
difference between the controls (2.9+0.7 g/L) and AFP-NHCC (2.5+0.7 g/L). Compared with AFP-NHCC (0.8 +
0.2 mg/L), plasma D-Dimer levels were significantly lower in controls (0.1 +0.0 mg/L, P <0.05). The levels of PA,
fibrinogen and D-Dimer were significantly correlated with differentiation (P <0.01), and the PA and D-Dimer values
were correlated with TNM stage (P <0.05). Moreover, PA levels were correlated with tumor size (P=0.034).
Receiver operating characteristic curve (ROC) analyses elaborated that combination of PA, fibrinogen and D-
Dimer possessed a higher sensitivity (93.4%) for differentiating AFP-NHCC from the controls, but the diagnostic
specificity was reduced due to the combination of fibrinogen. After adjusting for all significant outcome predictors
of the univariate logistic regression analysis, low levels of PA and high levels of D-Dimer were remained indepen-
dent unfavorable outcome predictors (P <0.05). Our data suggested that the expression levels of PA, fibrinogen and
D-Dimer played critical roles in AFP-NHCC tumorigenesis. Moreover, PA and D-Dimer might be considered as
potential diagnostic indicators in AFP-NHCC.
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Introduction

Wei Jing and Ruoyu Peng contributed equally to this work.

Liver cancer is one of the most common malignant tumors,
which is also the common death-related diseases in China.
Among primary liver cancers, 85%—90% are hepatocellular
carcinoma (HCC) [1]. Cirrhosis is recognized as the most
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nodules less than 1 cm [3]. AFP is the most important and
traditional serological diagnostic indicator for HCC, but AFP
is measured separately in early HCC with a missed diagnosis
rate of 40% [4]. Even though 15%—-30% of serum AFP is at a
normal level (<20 ng/mL) in advanced patients, we refer to
this type of HCC as AFP-negative hepatocellular carcinoma
(AFP-NHCC) [4]. AFP-NHCC accounts for about 30%—40%
of HCC, and is an important type of liver cancer that currently
causes many HCC patients to lose early diagnosis and treat-
ment, especially in HCC with tumors less than 3 cm [4]. The
clinical symptoms of AFP-NHCC patients are usually mild
and lack specificity, and their clinical diagnosis rely mainly
on imaging and other tumor marker tests. However, because
the tumor of AFP-NHCC is usually small, imaging examina-
tion is prone to missed diagnosis. It is reported that the diag-
nostic rates of AFP-NHCC patients by CT, MRI and B-
ultrasound are about 50.9%, 50.0%, 10.4%, respectively [5].
In addition, liver nodular lesions such as cirrhosis regenerative
nodules, hepatic focal nodular hyperplasia, hepatic adenomas,
etc. may also have HCC-like imaging findings, making AFP-
NHCC patients easily misdiagnosed as benign disease, and
lose the opportunity for early treatment.

Pre-albumin (PA) is synthesized by hepatocytes. Its con-
centration in serum is sensitive to protein malnutrition, liver
dysfunction, and is more sensitive than albumin and transfer-
rin [6]. In addition to being a sensitive nutrient protein indica-
tor, PA concentrations are also reduced in malignancies. Wen
et al. [7] found that the preoperative serum PA was a valuable
prognosis predicting biomarker for HCC patients who may be
under consideration for curative resection, and lower level of
pre-surgery PA was an independent factor of poor post-surgery
prognosis in HCC patients. Fibrinogen and D-Dimer are two
important indicators of the blood coagulation state of the re-
action body. In the process of malignant tumors, due to the
infiltration, metastasis, and destruction of tumor cells, a large
amount of pro-coagulant substances are allowed to enter the
blood, causing the body to be in a hypercoagulable state
[8—10]. Up to now, the expression characteristic and diagnos-
tic values of PA, fibrinogen and D-Dimer in AFP-NHCC have
not been reported.

In this study, we examined the expression levels of PA,
fibrinogen and D-Dimer in 214 AFP-NHCC patients and
210 controls, aiming to provide new ideas for the differential
diagnosis of AFP-NHCC.

Materials and Methods
Experimental Subjects
We recruited 214 patients (168 men and 46 women; median

age: 53, interquartile range [IQR]: 44-67) who were diagnosed
as AFP-NHCC in the First Affiliated Hospital of Zhengzhou
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University. The diagnosis of AFP-NHCC was confirmed by
liver puncture or surgical histopathology examination. At the
same time, we also collected 210 age and gender matched
controls, including 162 males and 48 females, median age:
53, interquartile range [IQR]: 45-67. All the controls were
without hepatitis, hepatic diseases, abnormal liver biochemical
outcome, inflammation, thrombosis or malnutrition.

Ethical Approval and Consent to Participate

This study was all approved by the Ethics Committee of The
First Affiliated Hospital of Zhengzhou University. Written
informed consent was provided in accordance with the
Declaration of Helsinki.

Clinical Data Collection

Clinical information was collected, including the following:
gender, age, smoking history and drinking history. Laboratory
information, such as serum liver function indicators including
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL) and y-glutamyl transpeptidase
(GGT), was also gathered.

Sample Collection and PA, Fibrinogen and D-Dimer
Testing

Sodium citrate (1: 9) collection tube was used to collect 3 mL
of venous blood. After centrifugation at 3500 g (centrifugation
radius was 10 cm) for S min at 15 °C -18 °C, the upper plasma
was collected for detection of fibrinogen and D-Dimer levels.
The levels of fibrinogen were determined using the clauss
method. D-Dimer levels were determined using the
immunoturbidimetry method. In all samples, fibrinogen and
D-dimer were assayed using the ACL TOP system
(Instrumentation Laboratory, Milan, Italy). For the analysis
of PA, blood was drawn in vacuum tube filled with separation
gel and centrifuged at 3500 rpm for 5 min, and then PA was
analyzed by cobas 8000 automatic biochemistry analyzer
(Roche Diagnostics, Indianapolis, USA). PA levels were de-
termined using the turbidimetry method. The quality of labo-
ratory data was validated throughout the study period by reg-
ular internal quality control procedures and participation in an
External Quality Assessment Scheme.

Statistical Analysis

Statistical analysis was performed using SPSS 22.0. Normal
distribution data was presented as mean =+ standard deviation
(M £SD). Non-normally distributed data was expressed in
quartiles. For normally distributed data, differences between
two groups were evaluated by Student’s t test. For non-
normally distributed variables, Mann-Whitney U-test was
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Table 1 Comparison of baseline

characteristics between AFP- Characteristics AFP-NHCC Controls P

NHCC and controls N=214 N=210
Age (years), median (IQR) 53 (44, 67) 53 (45, 67) 0.693°
Male sex (n), % 168 (78.50%) 162 (77.14%) 0.736 *
Smoking (n), % 128 (59.81%) 121 (57.62%) 0.646 *
Drinking (n), % 145 (67.76%) 134 (63.81%) 0.392¢
TBIL (umol/L), median (IQR) 27.13 (15.63, 62.27) ¢ 17.42 (12.26, 19.67) <0.001°
ALT (U/L), median (IQR) 48.45(27.12,98.73) ¢ 16.68 (14.18, 22.83) <0.001°
AST (U/L), median (IQR) 72.75 (31.34, 118.42) ¢ 21.97 (18.33, 27.87) <0.001°
GGT (U/L), median (IQR) 64.24 (28.30, 127.93) © 16.56 (13.65, 24.53) <0.001°

# Chi-square test. b Mann-Whitney U-test. © Compared with controls, P < 0.05. ALT, alanine aminotransferase;
AST, aspartate aminotransferase; TBIL, total bilirubin; GGT, y-glutamyl transpeptidase

used to evaluate the difference between two groups. The cat-
egorical variables were analyzed using Chi-square test.
Receiver operating characteristic curve (ROC) analysis was
performed to estimate the value of PA, fibrinogen and D-
Dimer to discriminate AFP-NHCC, and the area under the
curve (AUC), the 95% confidence interval (CI), and the cor-
responding diagnostic sensitivity, specificity, positive and
negative predictive values were also calculated. Binary logis-
tic regression analysis was used to calculate the odds ratio
(OR) and 95% CI for PA, fibrinogen and D-Dimer, and the
covariates included gender, age, smoking history, drinking
history, ALT, AST, TBIL, and GGT. In this study, P<0.05
was considered to be statistically significant.

Results
Study Characteristics

The main baseline characteristics of the studied subjects were
illustrated in Table 1. No significant differences were ob-
served in age, sex ratio, smoking history and drinking history
between the two groups (P> 0.05). There was a significant
difference in ALT, AST, TBIL and GGT (P < 0.05).

Comparison of PA, Fibrinogen and D-Dimer Levels
in AFP-NHCC and Controls

The reference ranges of PA, fibrinogen and D-Dimer were as
follows: 180—400 mg/L for PA, 2.0-4.0 g/L for fibrinogen and
0.0-0.3 mg/L for D-Dimer. Our results demonstrated that se-
rum PA levels were significantly lower in AFP-NHCC (84.5 +
24.7 mg/L) than that in the controls (240.6 +59.4 mg/L,
P <0.05) (Fig. 1a). For plasma fibrinogen levels, there was no
difference between the AFP-NHCC (2.5 +0.7 g/L) and controls
(2.9+0.7 g/L) (Fig. 1b). Compared with AFP-NHCC (0.8 +
0.2 mg/L), plasma D-Dimer levels were significantly lower in
the controls (0.1 +0.0 mg/L, P <0.05) (Fig. 1c).

Correlation between PA, Fibrinogen, D-Dimer Levels
and Clinical Parameters of AFP-NHCC

As shown in Table 2, the levels of PA and D-Dimer were signif-
icantly correlated with differentiation (P < 0.01) and TNM stage
(P <0.05), and the levels of PA were significantly correlated with
tumor size (P = 0.034). Meanwhile, there was a relationship be-
tween fibrinogen levels and differentiation (P < 0.01). No statis-
tically significant relevancies were found in age, gender, smoking
history, drinking history and cirrhosis (P> 0.05).
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Fig. 1 PA, Fibrinogen and D-Dimer levels in AFP-NHCC and controls. a PA level in serum. b Fibrinogen level in plasma. ¢ D-Dimer level in

plasma. © P <0.05
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Table 2  Relationship between PA, fibrinogen and D-Dimer and clinical features of AFP-NHCC

Characteristics N PA (mg/L) Fibrinogen (g/L) D-Dimer (mg/L)

M=+SD t P M =SD t P M=SD t P
Differentiation 7.132 <0.001 —12.476 <0.001 —4.516 <0.001
High 55 109.7 + 23.7 20+0.8 0.6+0.2
Moderate/low 159 75.8 £ 18.0 27+1.1 09+03
Tumor size (cm) 2.129 0.034 —-1.887 0.091 1.817 0.101
<3 143 88.8 £ 24.0 24 +£0.7 0.8+02
>3 71 81.8 £ 19.6 2.7+0.8 0.7 +0.1
TNM stage 10.146 <0.001 -1.176 0.241 -2.514 0.012
I-11 69 110.2 £27.1 25+0.8 0.6 £0.2
I-1v 145 723 £21.4 27+13 0.7+03

The bold represents the meaningful data

Diagnostic Value Analysis

To estimate the diagnostic value of PA, fibrinogen and D-
Dimer between AFP-NHCC and controls, ROC was con-
structed (Fig. 2, Table 3). The AUCRroc indicated that PA
and D-Dimer levels possessed a moderate ability for detecting
AFP-NHCC patients from controls, respectively (AUC =
0.900, 0.868). However, the diagnostic value of fibrinogen
was not noticeable in discriminating AFP-NHCC patients
and controls. Moreover, combination of PA and D-Dimer
levels possessed a good specificity of 89.2% in identifying
AFP-NHCC patients from controls. When we combined the
three indicators for differentiating AFP-NHCC from controls,
we found that the diagnostic sensitivity raised up to 93.4%,
but the specificity decreased. Therefore, combination of cir-
culating PA, fibrinogen and D-Dimer levels might serve as
combined diagnostic indicators for early diagnosis of AFP-
NHCC, but the diagnostic specificity was reduced by the com-
bination of fibrinogen.

Univariate and Multivariate Logistic Regression
Analyses for AFP-NHCC

In univariate logistic regression analysis, PA, fibrinogen and
D-Dimer levels compared with other risk factors are presented
in Table 4. After adjusting for all significant outcome predic-
tors of the univariate logistic regression analysis, low levels of
PA and high levels of D-Dimer were remained independent
unfavorable outcome predictors (P < 0.05).

Discussion

Although there are great developments in the current treat-
ment of HCC, including surgical resection, liver transplanta-
tion, adjuvant therapy and interventional therapy. Many HCC
patients are diagnosed after the occurrence of relevant clinical
symptoms, and most of them are in advanced stage, resulting
in a low 5-year survival rate [11, 12]. It is worth noting that the
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Fig. 2 Receiver operating characteristic curves. a Differential diagnosis value of single index for AFP-NHCC. b Differential diagnosis value of two
indicators for AFP-NHCC. ¢ Differential diagnosis value of three indicators for AFP-NHCC
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Table 3 ROC analysis of PA,

fibrinogen and D-Dimer values Group AUC 95% C1 P Se (%) Sp (%) PPV NPV

between AFP-NHCC and

controls PA 0900  0.867-0.934  <0.001 90.1% 86.3% 87.0%  89.5%
Fibrinogen 0.476  0.418-0.534 0393  70.6% 40.1% 54.5%  572%
D-Dimer 0.868  0.833-0.903  <0.001 73.8% 87.1% 85.4%  76.5%
PA + D-Dimer 0.941 0.920-0.963  <0.001 85.7% 89.2% 89.0%  86.0%
PA + Fibrinogen 0.904  0.871-0.937  <0.001 89.8% 83.6% 84.8%  88.9%
D-Dimer+Fibrinogen 0.879  0.847-0.911 <0.001 82.4% 79.8% 80.6%  81.6%
PA + D-Dimer+Fibrinogen ~ 0.943  0.921-0.964  <0.001 93.4% 80.8% 832%  923%

AUC, area under the receiver operating characteristic curves; C/, confidence interval; Se, sensitivity; Sp,
specificity; PPV, positive predictive value; NPV, negative predictive value

S-year survival rate of HCC patients who were diagnosed
early and treated with appropriate treatment exceeded 50%,
suggesting that early screening can effectively reduce HCC
mortality [13].

PA, also called transthyretin, is an acute phase response
protein with a half-life of only 2.5 days that can reflect liver
synthesis and reserve function [14]. Hepatocyte damage or
inflammatory stimulation can alter PA levels. Studies have
shown that the level of PA is more sensitive than other indica-
tors in liver disease, and PA level is reduced in approximately
30% of patients with normal albumin [15]. PA is also used as a
predictor of nutritional status, morbidity and mortality [16].
Nutritional status closely correlates with tumor progres-
sion. Several studies have suggested that PA levels may
be related to liver function and therefore show prognos-
tic value. Jia et al. [17] collected and followed up 526
patients with HCC and found that the 10-year survival
rate of patients with low PA level (<182 mg/L) was sig-
nificantly lower than that with high PA level (>182 mg/L).

They also found that low PA level (<182 mg/L) was related
to tumor size and macrovascular invasion. However, the ex-
pression characteristic of PA in AFP-NHCC has not been
reported. In the present study, for the first time, we investigat-
ed the clinical value of PA in AFP-NHCC patients. We found
that serum PA levels were significantly lower in AFP-NHCC
than in controls. Meanwhile, correlation analysis results
showed that PA levels were related to differentiation, tumor
size and TNM stage. The area under the ROC elaborated that
the value of PA was helpful for differentiating AFP-NHCC
patients from the controls, with good sensitivity (90.1%) and
specificity (86.3%). Our current findings suggest that PA re-
duction is also well correlated with malignant biological pro-
cesses in APF-NHCC patients and can be used for clinical
diagnosis and evaluation of patients with AFP-NHCC.
Plasma fibrinogen is synthesized by liver and is an acute-
phase soluble glycoprotein [18]. Fibrinogen is a 350-kDa gly-
coprotein that comprises 2 sets of 3 different polypeptide
chains, a, b, and ¢, and plays a major role in hemostasis,

Table 4 Logistic regression

analyses for AFP-NHCC Parameter Univariate analysis Multivariate analysis b
OR (95% CI)* P OR (95% CI)* P
Age 1.039 (0.982, 1.138) 0.904
Male sex 1.030 (0.576, 1.782) 0.681
Smoking 0.896 (0.987, 1.237) 0.204
Drinking 1.085 (0.916, 1.536) 0.172
TBIL 0.995 (0.882, 1.446) 0.826
ALT 1.051 (0.557, 1.984) 0.878
AST 1.786 (0.906, 3.522) 0.094
GGT 1.242 (0.643, 2.398) 0.519
PA 0.764 (0.593, 0.906) <0.001 0.804 (0.616, 0.927) <0.001
Fibrinogen 1.060 (0.989, 1.103) 0.134
D-Dimer 1.198 (1.067, 1.311) <0.001 1.215 (1.074, 1.335) <0.001

OR, odds ratio; CI, confidence interval; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 7TBIL,
total bilirubin; GGT, y-glutamyl transpeptidase; PA, Pre-albumin

2 Note that the odds ratio corresponds to a unit increase in the explanatory variable; ® OR was adjusted for all
significant outcome predictors of the univariate logistic regression analysis
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thrombosis and platelet aggregation [19]. Fibrinogen is widely
known for its association with the maintenance of hemostatic
function, but recent substantial evidence indicates that plasma
fibrinogen levels also play critical roles in patients with HCC
and are closely associated with metastasis, disease progres-
sion, and poor prognosis [20, 21]. The expression and clinical
value of fibrinogen in AFP-NHCC has not been reported. In
our research, the levels of plasma fibrinogen were no differ-
ence between the AFP-NHCC and controls. Meanwhile, fi-
brinogen was unhelpful to diagnose between AFP-NHCC and
controls. However, we found that there was a relationship
between plasma fibrinogen levels and differentiation. The
plasma fibrinogen levels were significantly higher in the
moderately/poorly differentiated patients than that in the well
differentiated cases. The possible mechanisms accounting for
the link between high plasma fibrinogen and tumor differen-
tiation are as follows. Firstly, high plasma fibrinogen may be
associated with increased fibrinogen deposits in tumor tissue.
In the process of malignant tumors, due to the infiltra-
tion, metastasis and destruction of tumor cells, a large
amount of pro-coagulant substances are injected into the
blood, and the cells release secretory mucin, tissue fac-
tor, then destroy vascular endothelial cells, inhibit
thrombin expression, and promote blood coagulation activity,
thereby raising the level of fibrinogen, causing the body to be
in a hypercoagulable state [22]. Secondly, in the case of ma-
lignant tumors, the fibrinogen concentration is increased,
which can enhance the adhesion of platelets to cancer cells,
thereby facilitating the metastasis of cancer cells [23]. Lastly,
chronic inflammatory responses play critical roles in tumor
development and progression. In particular, there is a close
relationship between fibrinogen and systemic inflammation
[24]. However, studies with more cases need to be further
researched.

D-Dimer is a degradation product of the cross-linked fibrin
polymer that is degraded by plasmin during fibrinolysis [25].
Previous studies have reported that plasma D-Dimer levels
can predict poor prognosis in several types of malignancies,
including ovarian [26], breast [27], colorectal [28] and lung
cancer [29]. This study we found that plasma D-Dimer levels
in AFP-NHCC were significantly higher than that in controls.
In addition, we also found that D-Dimer values were signifi-
cantly correlated with differentiation and TNM stage. Most
importantly, D-Dimer levels yielded an AUC of 0.868
(73.8% sensitivity, 87.1% specificity) for differentiating
AFP-NHCC from controls. Many studies have pointed out
that due to the invasion of tumor cells and the damage of
tumor cells to the vascular endothelium, tumor patients are
accompanied by different degrees of coagulation abnormali-
ties [30]. Studies have also shown that due to the tumor
wrapped in the network structure, as the disease develops or
the rate of metastasis accelerates, the network structure is
destroyed, then the release of D-Dimer is increased, and

@ Springer

thrombotic diseases are easily prone to occur [31]. However,
the exact explanation needs further research.

For the first time, we assessed the expression levels
of PA, fibrinogen and D-Dimer to analysis the clinical
value in AFP-NHCC. The AUC elaborated that combi-
nation of PA, fibrinogen and D-Dimer possessed a
higher sensitivity for differentiating AFP-NHCC from
controls, but the specificity was reduced by the combi-
nation of fibrinogen. Our results suggested that the
levels of PA and D-Dimer were meaningful markers in
detecting AFP-NHCC from the controls. In multivariate
logistic regression analyses, after adjusting for all sig-
nificant outcome predictors of the univariate logistic re-
gression analysis, low levels of PA and high levels of
D-Dimer were remained independent unfavorable out-
come predictors. However, the number of AFP-NHCC
cases included in this study is limited. A multi-center
cohort study is needed in the future to further validate
the results of the study, and a large sample of study is
needed to confirm the clinical values of PA, fibrinogen
and D-Dimer in AFP-NHCC patients in China.

Conclusion

In our research, results showed that the expression
levels of PA, fibrinogen and D-Dimer played important
roles in AFP-NHCC tumorigenesis. Moreover, PA and
D-Dimer might be served as potential diagnostic indicators
in AFP-NHCC.
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