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Abstract

Aim of the study: Hepatocellular carcinoma (HCC) is the most frequent primary cancer of the liver. It s also one of
the world's most common cancers and an important leading cause of cancer mortality in many parts of the world.
As aresult, it is essential to look for efficient markers for early and accurate HCC diagnosis. CXCL9 and pentraxin 3
are involved in the pathway of many cancers. The aim of the study was to assess the value of serum CXCL9 and
pentraxin 3 as diagnostic markers of HCC among cirrhotic hepatitis C virus (HCV) patients.

Material and methods: The current study was conducted on 90 candidates divided into 3 groups: group | - 30 pa-
tients with HCV induced liver cirrhosis without HCC; group Il = 30 patients with HCV induced liver cirrhosis with HCC;
group Il - 30 healthy subjects (control group). All candidates were subjected to detailed history taking and thorough
clinical examination, laboratory investigations, serum CXCL9, serum pentraxin 3, ultrasound abdomen and CT triphasic
liver in group IIl.

Results: Serum CXCL9 and serum pentraxin 3 levels were significantly higher in group Il than group I and significantly

higher in group | than group Ill.

Conclusions: Serum CXCL9 and serum pentraxin 3 could be utilized as diagnostic markers for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the most im-
portant primary liver cancer and is the world’s 6™ most
frequent cancer and the 3™ leading cause of cancer
related death [1]. Cirrhosis is the commonest trigger
for HCC, which can complicate most of the causes of
cirrhosis [2].

Early detection of HCC is crucial for minimizing
HCC-related mortality since many patients are diag-
nosed late in the course of their HCC and thus miss
out on potential therapies [3].

The European Association for the Study of the Liver
(EASL) recommends that patients with liver cirrho-
sis undergo hepatic ultrasound, which is an indirect

diagnostic technique with limited ability to distin-
guish HCC from non-neoplastic lesions and is heavily
dependent on operator expertise [4].

Serum a-fetoprotein (AFP) is insufficient as a bio-
marker for HCC since its sensitivity ranges from
40% to 65%. AFP levels are rarely increased in a signif-
icant proportion of people with early-stage, potentially
curable HCC. Furthermore, AFP levels may rise tran-
siently, intermittently, or chronically in patients with
viral hepatitis who do not have HCC [5].

CXCL9 is a short cytokine which represents a part
of the CXC chemokine family that causes tissue extra-
vasation by stimulating chemotaxis and promoting
leukocyte differentiation and proliferation by binding
with the chemokine receptor CXCR3 [6].
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CXCLY facilitated the invasiveness of CD133+
hepatic malignant cells by stimulating the phosphor-
ylated extracellular signal-regulated kinase 1/matrix
metalloproteinase 2/matrix metalloproteinase 9 path-
way [7]. Lan et al. discovered that by overexpres-
sing phosphatidylinositol-3,4,5-trisphosphate Rac ex-
changer 2, CXCL9 improves the invasion potential
of HCC [8].

Pentraxin 3 corresponds to the pentraxin super-
family, which includes both short pentraxins such as
C-reactive protein and serum amyloid P and long pen-
traxins such as pentraxin 3 [9]. It participates in the
innate immune system and inflammation by con-
trolling the complement system and also it has an im-
portant role in tissue remodelling and repair [10, 11].

Pentraxin 3 expression has been associated with
the development of cancers such as prostate cancer,
gastric cancer, liposarcoma, pancreatic carcinoma, lung
carcinoma, and glioma. However, little is known about
pentraxin 3’s role in HCC [10].

The aim of this study was to evaluate serum CXCL9
and pentraxin 3 as diagnostic markers of HCC among
cirrhotic HCV patients.

Material and methods

This study included 90 individuals admitted to the
Tropical Medicine Department of Alexandria Main
University Hospital, who were divided into 3 groups:
group I (n = 30) patients with HCV induced liver cir-
rhosis without HCC, group II (n = 30) patients with
HCYV induced liver cirrhosis with HCC, and group III
(n = 30) healthy subjects.

All patients underwent complete history taking
and clinical assessment. Laboratory investigations in-
cluded: complete blood count, liver function assays,
renal function tests, C-reactive protein, fasting blood
sugar, viral hepatitis markers B and C, PCR for HCV
RNA and serum o-fetoprotein. All cirrhotic cases
were assigned to Child-Pugh classification, and HCC
cases were assigned to Barcelona Clinic Liver Cancer
(BCLCQ) classification. Human CXCL9 ELISA kit and
Human Pentraxin 3 ELISA kit were used to measure
serum CXCL9 and serum pentraxin 3 respectively.
All patients were previously treated for HCV by direct-
acting antiviral drugs and achieved sustained virologi-
cal response (SVR), which was confirmed by a negative
polymerase chain reaction (PCR) for HCV at the time
of the study. All groups had abdominal ultrasound,
and a triphasic computed tomography (CT) scan was
ordered to diagnose HCC by showing the typical ra-
diological pattern of arterial hyperenhancement and
delayed venous washout.

Exclusion criteria

Patients with HIV infection, chronic HBV infec-
tion, any cause of chronic hepatitis other than HCV,
malignancies other than HCC, diabetes mellitus, kid-
ney disease, heart disease, autoimmune disease and
active infection were excluded from this research.

Statistical analysis

Sample size was calculated using Power Analysis
and Sample Size Software (PASS 2020; NCSS, LLC.
Kaysville, Utah, USA, ncss.com/software/pass).
A minimal total hypothesized sample size of 90 eli-
gible patients recruited from Main Alexandria Uni-
versity Hospitals (30 per group) is needed to study
the value of serum CXCL9 and pentraxin 3 as a di-
agnostic marker of hepatocellular carcinoma among
cirrhotic HCV patients, taking into consideration
a 95% confidence level and 80% power using the chi-
square (x?) test [12-14].

The IBM SPSS software program version 20.0 was
used to analyse the data. Chi-square test, Fisher’s exact
test, Student t-test, F-test (ANOVA), Mann-Whitney
test, Kruskal-Wallis test, and Spearman coeflicient were
the statistical tests utilized. Plotting sensitivity (TP)
on the Y axis versus 1-specificity (FP) on the X axis at
various cut-off levels yielded a receiver operating char-
acteristic curve (ROC). The diagnostic performance of
a test is measured by the area under the ROC curve.

Ethical approval

All participants signed a written informed consent
form. This study was authorized by the Alexandria
University Faculty of Medicine’s ethical committee and
is in agreement with the Helsinki Declaration of 1975.
Committee reference No.: 0201402. Date: 15 October
2020. IRB No.: 00012098. FWA No.: 00018699.

Results

Table 1 compares the demographics of liver cirrho-
sis and HCC groups with the control group in relation
to age and gender.

Serum AFP levels in HCC patients were statistically
significantly higher than in cirrhotic patients and
the control group (p < 0.001, p < 0.001). However,
there was no statistically significant difference between
the cirrhosis and control groups (p = 0.222) (Table 2).

Serum CXCL9 values were statistically significantly
higher in HCC patients compared to cirrhotic patients
and the control group (p < 0.001, p < 0.001). Also, they
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Table 1. Comparison of the three groups analysed based on demographic data

Parameter Cirrhosis HCC Control Test of Sig. p
(n=30) (n=30) (n=30)
Gender, n (%)
Male 16 (53.3) 19(63.3 17 (56.7) x> =0.638 0.727
Female 14 (46.7) 11(36.7) 13 (43.3)
Age (years)
Mean +SD 59.2 £7.6 60.9 +7.8 60.5 +£5.66 F=0.445 0.642
Median (min.-max.) 57 (50-76) 60 (50-78) 60.5 (50-69)
SD - standard deviation, F - F for one-way ANOVA test, y? - chi-square test, p — p value for comparing between the three studied groups
Table 2. Comparison of the three groups analysed based on tumour markers
Parameter Cirrhosis HCC Control Test of Sig. Pairwise
(n=30) (n=30) (n=30)
Serum AFP (ng/ml) p, <0.001*
Mean +5D 82454 3489 +6182 5.4 1152 H=41431* P, :0050212
< X *
Median (min.-max.) 6.3 (2.9-22) 295 (4-22000) 5.55 (2.2-7.8) p<0.001* P
CXCLY (ng/1) p, =0.001*
Mean 5D 273 £124 560 +338 179 £33.58 H=39.541* P = 888?
<0. *
Median (min.-max.) 245 (125-567) 425 (159-1298) 175 (124-241) p<0.001* &
Pentraxin 3 (ng/ml) p, < 0.001:
Mean +SD 443118 6.96 +2.36 141 £0.57 F=7632* p,< 8881
< X *
Median (min.-max.) 4.6 (0.6-7.7) 6.2 (3.1-11.9) 1.5 (0.47-2.3) p<0.001* P

SD - standard deviation, F - F for one-way ANOVA test, pairwise comparison between each 2 groups was done using a post hoc test (Tukey), H - H for Kruskal-Wallis test, pairwise comparison
between each 2 groups was done using a post hoc test (Dunn’s test for multiple comparisons), p - p value for comparing between the three studied groups, p, - p value for comparing
between cirrhosis and HCC, p, - p value for comparing between cirrhosis and control, p, - p value for comparing between HCC and control, * statistically significant at p < 0.05

were statistically significantly higher in the cirrhosis
group than the control group (p = 0.005) (Table 2).

Serum pentraxin 3 levels were statistically sig-
nificantly higher in patients with HCC than in pa-
tients with cirrhosis and the control group (p < 0.001,
p < 0.001). Also, they were statistically significantly
higher in the cirrhosis group than the control group
(p <0.001) (Table 2).

Serum CXCL9 concentrations were statistically sig-
nificantly higher in HCC patients with different para-
meters such as infiltrative type (p = 0.038), lymph node
metastasis (p = 0.007), distant metastasis (p = 0.002)
and portal vein thrombosis (p = 0.001). The only ex-
ceptions were tumour number (p = 0.580) and BCLC
classification (p = 0.218) (Table 3).

Serum pentraxin 3 levels were statistically signifi-
cantly higher in HCC patients with various parameters
such as tumour number (p = 0.022), lymph node metas-
tasis (p = 0.001), distant metastasis (p < 0.001) and por-
tal vein thrombosis (p = 0.022) except infiltrative type
(p=0.129) and BCLC classification (p = 0.200) (Table 3).

The largest tumour diameter ranged between 1.50
and 18.0 cm with a mean of 7.49 £5.08 cm and there
was significant positive correlation between tumour
size and CXCL9, as well as pentraxin 3 (Table 3).
The dependence between the tumour size and the cut-
off for diagnosing HCC using CXCL9 and pentraxin 3
is presented in Table 4.

The diagnostic performance, cut-off point, sensi-
tivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) for discriminating
HCC from liver cirrhosis for CXCL9, pentraxin 3 and
AFP are shown in Table 5. ROC curves were generated
to evaluate the cut-off points for CXCL9, pentraxin 3
and AFP for predicting the probability for HCC, as il-
lustrated in Figure 1.

The combinations CXCL9 and AFP, pentraxin 3 and
AFP, and CXCLY, pentraxin 3 and serum AFP have their
diagnostic performance, sensitivity, specificity, PPV and
NPV for distinguishing HCC from liver cirrhosis pre-
sented in Table 6 and the ROC curves in Figure 2.

The diagnostic performance, cut-off point, sensitiv-
ity, specificity, PPV, NPV for CXCL9, pentraxin 3 and
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Table 3. Relation between CXCL9 and pentraxin 3 with different tumour parameters in hepatocellular carcinoma (HCC) group (n = 30)

Parameter N CXCL9 (ng/I) Pentraxin 3 (ng/ml)
Mean +SD Median (min.-max.) Mean +SD Median (min.-max.)
Tumour number
1 10 440 +158 425 (164-742) 5714177 5.48 (3.9-9.53)
2 6 426 +227 381 (159-830) 5.63 £1.62 5.9 (3.08-7.8)
3 3 675 +465 450 (366-1210) 8.44 +2.81 8.9 (5.43-11.0)
>3 1 712 430 833 (163-1298) 8.42 +2.19 8.78 (5.52-11.9)
Test of Sig. (p) H=1963, p=0.580 H=9.674", p=0022"
Infiltrative
No 24 496 +307 396 (159-1255) 6.51 £1.92 5.98 (3.08-11.0)
Yes 6 816 +363 836 (385-1298) 8.78 +3.22 10.12 (4.09-11.9)
Test of Sig. (p) U=320,p=0.038 U=4250,p=0.129
Lymph node metastases
No 23 449 +237 385 (159-1255) 6.11 +1.71 5.8 (3.08-9.53)
Yes 7 928 +375 960 (163-1298) 9.76 +2.04 10.7 (5.89-11.9)
Test of Sig. (p) U=21.0", p=0.007" U=16.0", p=0.001"
Distant metastases
No 27 489 +272 408 (159-1255) 6.48 £1.94 5.95 (3.08-10.70)
Yes 3 1203 99 1210 (1100-1298) 11.30 £0.52 11.0(11.0-11.90)
Test of Sig. (p) U=20, p=0.002" U=0.0", p<0.001"
Portal vein thrombosis
No 13 340 +£109 377 (159-480) 5.64 £1.35 5.80 (3.08-7.76)
Yes 17 729 £359 742 (163-1298) 7.97 £2.49 8.78 (4.09-11.9)
Test of Sig. (p) U=37.0,p=0.001" U=56.0", p=0.022"
BCLC
A 5 384 +50 384 (308-444) 4.87 £1.30 5.57 (3.08-6.0)
B 5 353 £115 375 (166-480) 6.53 £1.03 6.73 (5.43-7.76)
C 7 704 +359 742 (163-1255) 7.72 £2.51 9.06 (4.09-10.70)
D 13 630 +398 450 (159-1298) 7.53 £2.60 6.55 (3.92-11.90)
Test of Sig. (p) H=4.440,p=0218 H=4.638, p=0.200
Tumour size r.=0.696, p < 0.001° r.=0.565, p=0.001"

(largest diameter in cm)

SD - standard deviation, U - Mann-Whitney test, H - H for Kruskal-Wallis test, r. - Spearman coefficient, p - p value for comparing between different categories, * statistically significant

atp < 0.05

serum AFP alone and in combinations to discriminate
early HCC patients (BCLC A+B) from cirrhosis patients
are shown in Table 7 and the ROC curves in Figure 3.

Discussion

Hepatocellular carcinoma is one of the world’s most
frequent malignancies with a high death rate, and sur-
vival rates as low as 1% in untreated individuals after
2 years. With more than two-thirds of patients diag-
nosed at late stages of illness, identifying the most valu-
able biomarkers to serve as additions or alternatives for

AFP in HCC diagnosis, and even an appropriate tool
for assessing tumour spread and patient prognosis, is
critical, since these markers could indeed guide clinical
decision-making concerning HCC treatment [15].

Serum CXCL9 and serum pentraxin are studied in
our research as potential markers for accurate and early
diagnosis of HCC.

In this research, serum CXCL9 levels were consid-
erably higher in the HCC group when compared to
the cirrhotic and control groups, which is compatible
with Wang et al. [16] data of higher CXCL9 expression
in HCC tissues. Furthermore, the cut-oft for diagnosing
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Table 4. Relation between cut-off for diagnosing hepatocellular carcinoma (HCC) using CXCL9 and pentraxin 3 and tumour size in HCC group (n = 30)

Parameter CXCL9 (ng/l) Pentraxin 3 (ng/ml)
<296 > 296 <5.36 > 5.36
(n=4) (n = 26) (n=5) (n=25)
Tumour size (largest diameter in cm)
Mean +SD 3.88 £1.70 8.05 £5.21 5.80 £5.79 7.83 £4.98
Median (min.-max.) 4.25 (1.5-5.5) 7.35(1.5-18) 3.0(1.5-15.0) 6.0 (1.7-18.0)
Test of Sig. (p) U=300,p=0.198 U=410,p=0.251

SD - standard deviation, U ~ Mann-Whitney test, p - p value for comparing between different categories

Table 5. Validity (AUC, sensitivity, specificity, PPV, NPV) for CXCL9, pentraxin 3 and serum AFP to discriminate hepatocellular carcinoma (HCC) patients (n = 30)
from cirrhosis patients (n = 30)

Parameter Auc p 95% CI Cut off Sensitivity ~ Specificity PPV NPV
CXCL9 (ng/l) 0.812 <0.001* 0.699-0.926 > 296 86.67 76.67 788 85.2
Pentraxin 3 (ng/ml) 0.804 <0.001* 0.692-0.917 > 5.36" 83.33 80.0 80.6 82.8
Serum AFP (ng/ml) 0.882 <0.001* 0.793-0.972 >20.1 73.33 96.67 95.7 784

AUC - area under a curve, p value - probability value, CI - confidence interval, NPV - negative predictive value, PPV - positive predictive value, * statistically significant at p < 0.05

Table 6. Validity (AUC, sensitivity, specificity, PPV, NPV) for combined CXCL9, pentraxin 3 and serum AFP to discriminate hepatocellular carcinoma (HCC) patients
(n = 30) from cirrhosis patients (n = 30)

Combined AUC p 95% Cl Sensitivity Specificity PPV NPV
CXCLY (ng/1) & serum AFP (ng/ml) 0918 <0.001*  0.836-0.999 90.0 83.33 84.4 89.3
Pentraxin 3 (ng/ml) & serum AFP (ng/ml) 0.934 <0.001*  0.877-0.992 9333 7333 77.8 91.7
CXCLY (ng/1) & pentraxin 3 (ng/ml) 0.954 <0.001*  0.909-1.000 96.67 70.0 76.3 95.5

& serum AFP (ng/ml)

AUC - area under a curve, p value - probability value, CI - confidence interval, NPV - negative predictive value, PPV - positive predictive value, * statistically significant at p < 0.05
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Fig. 1. ROC curve for CXCL 9 (ng/I), pentraxin 3 (ng/ml) and serum AFP (ng/ml)
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Table 7. Validity (AUC, sensitivity, specificity, PPV, NPV) for CXCL9, pentraxin 3 and serum AFP alone and in combinations to discriminate early hepatocellular

carcinoma (HCC) patients (BCLC A+B) (n = 10) from cirrhosis patients (n = 30)

Parameter Auc p 95% Cl Cut-off Sensitivity  Specificity PPV NPV
CXCLY (ng/1) 0.777 0.010* 0.612-0.941 > 296 90.0 76.67 56.3 95.8
Pentraxin 3 (ng/ml) 0.740 0.025* 0.557-0.923 >5.36 80.0 80.0 57.1 923
Serum AFP (ng/ml) 0.833 0.002* 0.667-1.000 >20.1 60.0 96.67 85.7 87.9
CXCL9 & serum AFP 0.867 0.001* 0.702-1.032 - 90.0 76.67 56.3 95.8
Pentraxin 3 & serum AFP 0.930 < 0.001* 0.848-1.012 - 90.0 7333 529 95.7
CXCLY & pentraxin 3 0.940 <0.001* 0.862-1.018 - 100.0 70.0 52.6 100.0
& serum AFP

AUC - area under a curve, p value - probability value, CI - confidence interval, NPV - negative predictive value, PPV - positive predictive value, * statistically significant at p < 0.05
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Fig. 3. ROC curve for CXCL 9 (ng/I), pentraxin 3 (ng/ml) and serum AFP (ng/ml)
alone and in combinations to discriminate early HCC patients (BCLC A+B)
(n=10) from cirrhosis patients (n = 30)

HCC using serum CXCL9 was 296 ng/1, with a sensitiv-
ity of 86.67%, a specificity of 76.67%, and an area under
the ROC curve (AUROC) of 0.812.

Additionally, serum pentraxin 3 levels were consid-
erably higher in the HCC group than in the cirrhotic
and control groups, which is consistent with Song et al.
[14] who found higher pentraxin 3 expression in HCC
tissues. Furthermore, the cut-off for serum pentraxin 3
to diagnose HCC was 5.36 ng/ml, with a sensitivity of
83.33%, a specificity of 80.0% and an AUROC of 0.804.

Several combinations were significant in distin-
guishing cirrhotic cases from HCC, including CXCL9
and AFP, pentraxin 3 and AFP, and CXCL9, pentraxin 3
and AFP, with increasing AUROC (0.918, 0.934, 0.954

respectively) and sensitivity (90.0%, 93.33%, 96.67% re-
spectively) but decreasing specificity (83.33%, 73.33%,
70.0% respectively).

The use of serum CXCL9 and serum pentraxin 3 as
early HCC markers at the same cut-off points was test-
ed and our study found that serum CXCL9 levels and
serum pentraxin 3 levels alone and in the combinations
CXCL9 and AFP, pentraxin 3 and AFP, and CXCL9,
pentraxin 3 and AFP were statistically significantly
higher in the early HCC group (BCLC A+B) than in
the cirrhotic group. However, more studies are need-
ed to confirm these results because of the small size of
the early HCC group (10 patients).

Our study revealed a significant positive correlation
between serum CXCL9 and various HCC parameters
such as tumour size, infiltrative type, lymph node me-
tastases, distant metastases, and portal vein thrombo-
sis, which was consistent with Lan ef al. [8], who found
that CXCL9 increases HCC invasion ability. BCLC and
tumour number were the only HCC parameters in our
analysis that were not correlated with CXCL9.

The current research found a significant relation-
ship between serum pentraxin 3 and different HCC pa-
rameters such as tumour size, tumour number, lymph
node metastases, distant metastases, and portal vein
thrombosis, which was in agreement with Song et al.
[14], who found higher pentraxin 3 expression in more
aggressive HCCs. BCLC and infiltrative pattern were
the only variables in our analysis that were not correlat-
ed with pentraxin 3.

Conclusions

The significantly elevated levels of serum CXCL9
and serum pentraxin 3 in HCV patients with HCC
could support their use as early diagnostic markers
for HCC, either alone or in addition with each other
or with serum AFP, allowing for quick intervention, at
a time frame allowing for radical treatment of HCC.
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Furthermore, the significant high values of both mark-
ers in patients with larger tumour size, lymph node
metastasis, portal vein thrombosis and distant metas-
tasis could suggest their use as an indicator of HCC
aggressiveness as well as a guide to the best treatment
modality for HCC as additional tools with BCLC and
AFP. However, more studies are needed to evaluate
the role of these markers in HCC caused by other
aetiologies of liver cirrhosis such as HBV and NAFLD.
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