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Abstract

Background: Tumor-associated macrophages (TAMs), inflammatory cells in tumor microenvironment, are crucial for
the tumor occurrence and progression which in turn increase the expression of soluble CD163 (sCD163). Nevertheless,
not much has been established regarding sCD163 and its connection to HCC diagnosis and prognosis. This study was
conducted to evaluate the diagnostic and prognostic role of sCD163 in patients with HCC on top of HCV-related liver
cirrhosis. Forty adult patients with HCV-related liver cirrhosis and HCC (HCC group) were randomly selected and
subjected to locoregional therapies, either transarterial chemoembolization (TACE) or radiofrequency ablation (RFA).
Four patients were excluded because of portal vein invasion. Another group of 20 patients with liver cirrhosis only
served as controls (LC group). Routine laboratory studies and abdominal ultrasound were done for all. Alpha-
fetoprotein (AFP) and sCD163 were measured twice, at baseline and 1-month post-intervention, using a commercially
available enzyme-linked immunosorbent assay kit.

Results: At baseline, sCD163 showed an insignificant higher value in HCC group (p > 0.05). The best cutoff value for
sCD163 and AFP was 6.2 mg/L and 195 ng/mL, respectively. AFP had a larger area under the curve (0.88 vs. 0.767). An
overall significant decline was seen in sCD163 after treatment (6.5±1.5 to 3.1±2.5 mg/L; p < 0.001), while AFP showed
an insignificant decrease (p > 0.05). Also, sCD163 decreased significantly in the eradicated cases (6.1±1.4 mg/L before
intervention vs. 2.3±1.4 mg/L after intervention, p < 0.01), while there was a significant increase in the recurrent cases
(8.4±0.4 mg/L before intervention vs. 10.3±1.6 after intervention; p < 0.05). Moreover, sCD163 showed a significant
difference in its pre-intervention and post-intervention values between recurrent and eradicated HCC cases (p < 0.01).

Conclusions: It is concluded that sCD163 has a minor role as a diagnostic marker for HCC, yet it could be used as a
good prognostic marker in predicting the tumor response to locoregional therapies.
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Background
Hepatocellular carcinoma (HCC) poses a major global health
problem as it is the fifth most common cancer and the sec-
ond most frequent cause of cancer-related death worldwide,
with an estimate of 7% of all cancers and with 5-year survival
of 18% [1]. Most of HCC cases arise within chronically in-
flamed liver tissues, with the majority due to viral hepatitis
with HBV (54% of all HCCs) or HCV (31% of all HCCs), cir-
rhosis (80% of all HCCs), high alcohol consumption, obesity,
genetic disorders such as hemochromatosis, and exposure to
aflatoxin-contaminated foodstuff [2].
In addition to the underlying liver cirrhosis as a patho-

genic precursor of HCC, HCV may unintentionally be a
precursor to HCC development through several mecha-
nisms including persistent hepatocyte inflammation and
immune-mediated intracellular oxidative stress damage
and deregulation of cell signaling pathways induced by
viral proteins (HCV core, NS3, and NS5A/B). Moreover,
HCV facilitates metabolic re-programming to steatosis,
which in turn leads to progressive fibrosis and HCC [3].
As a well-known fact, surgical resection and liver

transplantation (LT) are the mainstay curative tools for
the long-term survival, yet despite the advances in this
field, only 5–15% of HCC lesions are estimated to be
readily resectable. This might be attributed to many fac-
tors including tumor location and size or severity of the
underlying liver disease [4].
Thus, locoregional therapy is considered among the

most important and feasible lines of HCC treatment in-
cluding radiofrequency ablation (RFA) and transarterial
chemoembolization (TACE). RFA is the best tool in pa-
tients with early stage of HCC who are not eligible for sur-
gical resection or LT [5]. On the other hand, TACE has
been shown to be a good therapeutic option in patients
with Child-Pugh A-B cirrhosis with no local vascular inva-
sion or extrahepatic cancer-related symptoms, and it
could be applied before LT as a neoadjuvant therapy or as
a means of downstaging of patient’s condition [6].
Hepatocellular carcinoma usually progresses with sub-

clinical events or with minor abnormalities in hepatic
functions escaping early diagnosis, which in turn makes
screening and surveillance of this fatal disease highly
crucial, giving a good chance for early intervention. In
standard clinical practice, imaging studies are so long
considered the gold standard non-invasive methods,
where abdominal ultrasonography is the most widely
used screening imaging study, followed by triphasic
computed tomography (CT) or dynamic magnetic reson-
ance imaging (MRI) as confirmatory tools [7]. However,
the diagnostic performance of imaging technologies is
sometimes unsatisfactory, particularly for the diagnosis
of small lesions and early-stage HCC [8].
Serological biomarkers can provide a diagnostic sup-

port for the imaging results and may provide a crucial

breakthrough in detecting biochemical changes prior to
the image-based identification of hepatic malignant nod-
ules. Alpha-fetoprotein (AFP) is the most extensively
tested biomarker in HCC. However, it has a limited
diagnostic performance in HCC surveillance with a sen-
sitivity of only 25% for nodules smaller than 3 cm [9].
Besides, variable levels of AFP might be seen in liver cir-
rhosis or might reflect flares of underlying viral infection
[10]. This raises our need for identification of new more
reliable biomarkers for early diagnosis of HCC.
Mounting evidence has shown that macrophages are in-

volved as a key pathogen in many conditions that range
from severe sepsis to carcinogenesis [11]. According to
their functional status, macrophages are further subclassi-
fied into M1 (classically activated) and M2 (alternatively
activated), where tumor-associated macrophages (TAM)
have an M2 phenotype with pro-tumoral impacts [12].
HCC is a typical example of an inflammation-related
tumor, as more than 90% of HCC cases arise in the con-
text of hepatic injury and inflammation, a fact that was
shown in some anecdotal studies where an interaction be-
tween HCC cells and hepatic macrophages was illustrated
by the association between the density of the TAMs and
HCC progression. Consequently, macrophages may repre-
sent a possible therapeutic target in HCC [13].
Moreover, macrophage-associated markers have raised sci-

entists’ interest as possible markers of HCC presence and
progression. Among these markers is the hemoglobin-
haptoglobin scavenger receptor CD163, which is located ex-
clusively on the cell surface of macrophages and monocytes.
Upon macrophage activation, CD163 is shed from the cell
surface into the circulation. Thus, the soluble form of CD163
(sCD163) might be considered a promising specific marker
of macrophage activation that might have a good capacity as
a biomarker of the severity and outcome of various liver dis-
eases, including HCC [14].
In this study, we aimed to evaluate the diagnostic utility

of serum sCD163 in HCC and to study its role as a prog-
nostic marker before and after locoregional intervention.

Methods
This study was a prospective single-center study con-
ducted on 40 randomly selected adult patients with HCV-
related liver cirrhosis and HCC (HCC group). The diagno-
sis of HCC was confirmed according to the American
Association for the Study of Liver Diseases (AASLD)
guidelines in 2011 [15]. Another group of 20 age- and sex-
matched subjects with only liver cirrhosis without HCC
participated as a control group (LC group). The study was
carried out on patients attending the hepatology out-
patient clinics or admitted at the internal medicine depart-
ment, in collaboration with the Radiology Department,
Ain Shams University Hospitals, during the interval be-
tween September 2018 and May 2019.
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During patients’ selection, those with any contraindi-
cation for locoregional therapies were excluded from the
study, including any radiological evidence of major por-
tal or hepatic vein branch invasion, extrahepatic metas-
tases or other non-hepatic malignancies, Child-Pugh
class C cirrhosis or impaired coagulation profile (platelet
count below 50×109/L or prothrombin activity below
50%), active gastrointestinal bleeding, and pregnancy.
The study was performed according to the ethical stan-

dards for human experimentation and in accordance with
the ethical principles of the 1975 Declaration of Helsinki
that was granted by the local Ethics Committee of Ain
Shams University. Before enrollment in the study and after
explaining the aim of the study and the nature of the in-
vestigations and interventions required, an informed writ-
ten consent was obtained from all participants.
Patients in both groups were subjected to a thorough

medical history, clinical assessment, and laboratory in-
vestigations including complete blood count, hepatic
and renal profiles, and viral markers (HCV Ab and
HBsAg). Serum AFP was measured in all subjects using
human AFP EIA kit (CanAg Diagnostics; Gothenburg,
Sweden) according to the manufacturer’s instructions.
Serum sCD163 levels were determined with the

Macro163 sandwich ELISA (Trillium Diagnostics, Ban-
gor, Maine, USA) according to the recommendation of
the manufacturer. The assay is based on the principle of
the sandwich ELISA. A polyclonal antibody recognizing
CD163 is immobilized on the surface of a microtiter
plate. After incubation with the sample or recombinant
CD163 standard, a second biotinylated monoclonal anti-
body recognizing CD163 is added. Detection of the latter
was done by adding streptavidin-horseradish peroxidase
(HRP). Using TMB as substrate for the enzyme HRP,
the amount of sCD163 protein could be quantified. Be-
fore use, all buffers should be allowed to reach room
temperature (20–25 °C) except for reagent F (TMB)
which is kept at 4 °C. The washing buffer (reagent D) is
diluted 10 times with demineralized water before use.
The dilution buffer (reagent E) is diluted 10 times with
demineralized water before use.
Abdominal ultrasound was done for all patients, and

only those in HCC group underwent further confirma-
tory imaging studies including abdominal triphasic CT
or dynamic MRI as a part of HCC diagnosis. Child-Pugh
classification was calculated for all studied patients to as-
sess the severity of liver disease, depending on patients’
clinical and laboratory data (ascites, hepatic encephalop-
athy, serum albumin, serum bilirubin, and international
normalized ratio INR).
Radiofrequency ablation was applied for patients with

very early (BCLC-0) or early (BCLC-A) HCC who are
not candidates for liver resection or LT, with tumor size
less than 5 cm in diameter or less than three nodules

with a maximum diameter of 3 cm. RFA was performed
using a specific electrode into the targeted lesion that
generates a zone of thermal destruction encompassing
the tumor (temperature range 60–100 °C). A heat-sink
effect is also generated by the convective cooling by ad-
jacent blood vessels when ablated tissues are heated [16].
TACE was applied in patients with intermediate BCLC
stages who had Child-Pugh A-B cirrhosis, large or multi-
focal HCC, which were not suitable for surgical resection
or RFA. It was performed in a super-selective way, de-
pending on the details provided in the imaging studies,
by injecting the feeding artery of tumor nodule with the
emulsion of lipiodol chemotherapy drug and then use
the same vascular embolization to obtain the synergistic
effect of cytotoxic activity of drug and ischemia [17].
Both techniques were performed by an expert interven-
tional radiologist.
During follow-up, AFP, sCD163, and imaging studies

were performed twice in the HCC cohort (baseline and
1-month post-intervention).

Statistical methods
The collected data were coded, tabulated, and statisti-
cally analyzed using the IBM SPSS statistics (Statistical
Package for Social Sciences) software version 18.0, IBM
Corp., Chicago, USA. Descriptive statistics were done for
quantitative data as mean ± SD (standard deviation) for
normally distributed data, and median and 1st and 3rd
interquartile range for non-normally distributed data,
while it was done for qualitative data as number and
percentage.
For quantitative variables, independent t-test was used

in cases of two independent groups with normally dis-
tributed data, paired t-test in cases of two dependent
groups with normally distributed data, Mann-Whitney U
in cases of two independent groups with non-normally
distributed data, and Wilcoxon signed rank test in cases
of two dependent groups with non-parametric data.
In qualitative data, analyses for independent variables

were done using Chi square test for differences between
proportions and Fisher’s exact test for variables with
small, expected numbers.
ROC curve was constructed to evaluate the perform-

ance of different tests and differentiate between certain
groups. The level of significance was taken as p-value <
0.05 is significant and < 0.01 is highly significant, other-
wise is insignificant.

Results
A total of 60 subjects were recruited in this study, in-
cluding 40 patients with proved liver cirrhosis and HCC
with mean age of 57.1±6.8 years old (28 were males
(70%) and 12 females (30%)), and 20 patients with liver
cirrhosis only with mean age of 54.8±7.6 years old (12

Sakr et al. Egyptian Liver Journal           (2021) 11:22 Page 3 of 10



were males (60%) and 8 females (40%)). Hepatitis C virus
(HCV) was the underlying etiology in all included sub-
jects. Child-Pugh A class was found in 32 patients (23 in
the HCC group and 9 in the LC group), Child-Pugh B in
27 patients (17 in the HCC group and 10 in the LC
group), and Child-Pugh C in 1 patient in the liver cir-
rhosis group. Demographic and laboratory data of all
studied subjects are shown in Table 1.
At baseline, the mean value of sCD163 was higher in

the HCC group as compared to the LC group, yet non-
significant (6.6±1.6 mg/L vs. 6.1±1 mg/L; p = 0.079). On
the other hand, AFP showed a significant difference be-
tween the 2 groups with a median value much higher in
the HCC group (305 ng/ml vs. 25 ng/ml; p < 0.001)
(Table 2). Among the randomly selected 40 HCC pa-
tients, 4 of them were found to have portal vein invasion
and were excluded from underlying locoregional ther-
apy. None had PVT in LC group. sCD163 was signifi-
cantly higher among cases with portal vein thrombosis
(8.4±0.2 mg/L vs. 6.0±1.5 mg/L; p < 0.001), while AFP
showed no significant difference regarding PVT.
For the estimation of diagnostic efficacy, ROC curve was

performed for both sCD163 and AFP to get the best cutoff
value to discriminate between HCC and LC group. Area
under the curve (AUC) for serum sCD163 was 0.767 (95%
CI 0.644–0.889) while that of AFP was 0.880 (95% CI
0.79–0.969). Both were statistically significant (p < 0.01).

According to the curve, the best cutoff value for sCD163
was 6.2 mg/L, above which the sensitivity to discriminate
HCC patients was 63.9%, and below which the specificity
to discriminate LC patients was 85% with 71.4% diagnostic
accuracy (true results for both), while AFP could differen-
tiate HCC from LC cases at a cutoff value of 195 ng/mL,
with 75% sensitivity, 85% specificity, and 78.6% diagnostic
accuracy (Table 3, Fig. 1).
The approved selection criteria were applied for locor-

egional therapies, where 26 patients were eligible for
TACE and 10 patients for RFA. During follow-up (1
month) after intervention, 6 patients had HCC recur-
rence (3 in RFA and 3 in TACE). At that time, 1 month
after therapeutic intervention, sCD163 showed an overall
significant decline from a mean value of 6.5±1.5 to 3.1±
2.5 mg/L in all treated case; p < 0.001. Also, AFP de-
creased from a median value of 327 to 280 ng/ml, yet it
was an insignificant decline (p = 0.66) (Table 4).
For further details, sCD163 and AFP were compared

in both recurrent and eradicated HCC cases before and
after intervention. sCD163 showed a significant decrease
in the eradicated cases (n=30), with a mean value of 6.1±
1.4 mg/L before intervention as compared to 2.3±1.4
mg/L after intervention (p < 0.001), while it showed a
significant increase in the recurrent cases (n=6) (8.4±0.4
mg/L before intervention vs. 10.3±1.6 after intervention;
p = 0.022). Moreover, sCD163 showed a significant

Table 1 Demographic and laboratory data of studied groups

Parameter HCC group (n=40) LC group (n=20) p

Age (years) 57.1±6.8 54.8±7.6 0.236

BMI (Kg/m2) 24.7±2.1 25.4±3 0.365

Gender Male n (%) 28 (70%) 12 (60%) 0.439

Female n (%) 12 (30%) 8 (40%)

Child-Pugh class A n (%) 23 (57.5%) 9 (45%) 0.305

B n (%) 17 (42.5%) 10 (50%)

C n (%) 0 (0.0%) 1 (5%)

ALT (U/L) 57.0±28.3 40.2±17.3 0.006

AST (U/L) 57.9±31.0 30.9±17.1 < 0.001

ALP (U/L) 79.2±23.6 88.4±30.7 0.25

S. albumin (g/dl) 3.6±0.4 3.4±0.6 0.156

T. bilirubin (mg/dl) 1.5±0.4 1.7±0.6 0.13

D. bilirubin (mg/dl) 0.7±0.2 0.9±0.4 0.117

INR 1.4±0.38 1.31±0.37 0.37

Hemoglobin (g/dL) 11.0±1.5 10.3±0.9 0.022

WBCs (× 103/mL) 7±2.3 5.6±1.4 0.28

Platelets (× 103/mL) 148.0±36.5 137.4±41 0.313

S. creatinine (mg/dL) 0.85±0.32 0.79±0.32 0.516

S. sodium (mEq/L) 137.6±3.8 136.3±3.1 0.187

S. potassium (mEq/L) 4.0±0.5 4.2±0.4 0.129
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difference in its pre-intervention mean values between
recurrent and eradicated HCC cases (p < 0.001), and it
had a significant difference between both subgroups
post-intervention (p < 0.001). On the other hand, AFP
showed insignificant changes in both recurrent and
eradicated cases (p > 0.05) (Table 5).
The diagnostic accuracy of both biomarkers was

assessed for the discrimination between patients with re-
current and eradicated HCC. ROC curve was performed
showing an AUC of AFP before and after intervention
0.528 (95% CI 0.311–0.744) and 0.642 (95% CI 0.374–
0.910), respectively (p > 0.05), while that of sCD163 was
0.986 (95% CI 0.000–1.000) and 0.994 (95% CI 0.000–
1.000), respectively (p < 0.001). A highly significant dif-
ference was found between AUROC of AFP and sCD163
(p < 0.001). As the AUC of AFP was extremely low, a
cutoff value could not be postulated. The best cutoff
value of sCD163 at 7.8 mg/L before intervention had a
sensitivity of 100% and specificity of 90%, with a positive
predictive value of 66.7%, and a negative predictive value
of 100%, with a diagnostic accuracy of 91.7%, and at best
cutoff value of 5 mg/L after intervention, a sensitivity of
100% and specificity of 86.7% were detected. The posi-
tive predictive value of the test was 60%, while the nega-
tive predictive value of the test was 100%. The
diagnostic accuracy of the test was 88.9% (Fig. 2).
The most relevant demographic, clinical, and bio-

chemical data found in recurrent and eradicated HCC
cases were age of patients, Child-Pugh score, s. albumin,
and number and size of HCC focal lesions (62.8±3.1 vs.
56.0±6.9 years, p < 0.001; 7.2±0.8 vs. 5.9±1.0, p = 0.008;
3.3±0.2 vs. 3.7±0.4 g/dl, p = 0.036; 3.0±0.0 vs. 1.7±0.7, p
< 0.001; 6.2±1.6 vs. 3.3±1.2 cm, p < 0.001, in recurrent
and eradicated HCC cases, respectively) (Table 6).

Discussion
Globally, HCC is reported to be the second most com-
mon cause of cancer-related death. Chronic HCV

remains on the top of the etiologic factors, considered as
a strong promoter of inflammation and hence hepato-
carcinogenesis [18]. In recent years, despite the revolu-
tion in HCV treatment by the direct-acting antiviral
agents (DAAs) with achievement of high rates of sus-
tained virologic response (SVR), the risk of HCV-related
HCC could not be fully eradicated, particularly in those
with advanced liver disease [19]. Consequently, diagnosis
of HCC at early stages seems crucial giving an optimum
chance for successful curative treatment, but frequently
a challenge due to the scarcity of symptoms until discov-
ered at late stage. Besides, current screening strategies
comprising ultrasound for high-risk patients (mainly
those with cirrhosis) consume substantial amounts of re-
sources, and sensitivity is often suboptimal [20].
For years, serum AFP has been used as the most useful

serum marker for diagnosis of HCC. However, serum
AFP is not always elevated to a diagnostic level in all pa-
tients, particularly in small HCC, and considerable num-
bers of patients with more advanced stages would be
missed unless another diagnostic tool is used [21]. Thus,
it seems implausibly demanding to require a biomarker
that helps in diagnosis and follow-up of HCC after
locoregional treatment.
Recent studies have raised the significance of the tumor

microenvironment in the development, metastasis, and re-
currence of HCC. Tumor-associated macrophages (TAMs)
are copious in the tumor microenvironment and vital in
tumor development and metastasis [22]. Upon activation
of the resident liver macrophages (Kupffer cells) by various
stimuli including hepatocyte death, it releases a variety of
interleukins, cytokines, and reactive oxygen species which
modulate hepatocellular growth. Soluble CD163 was
shown to reflect macrophage activity in serum and can be
regarded as a marker for activated macrophages. Thus, sol-
uble CD163 has shown a promising capacity as a bio-
marker of the severity and outcome of various liver
diseases, including HCC [23].

Table 2 Comparison between the 2 studied groups as regards baseline sCD163 and AFP

Parameter sCD163 (mg/L) p AFP (ng/ml) p

Mean±SD Range Median IQR

HCC group (n=40) 6.6±1.6 3.7–8.8 0.079 305 145.8–550.5 < 0.001

LC group (n=20) 6.1±1 4.9–8.3 25 12.8–110.5

IQR interquartile range

Table 3 Diagnostic performance of the best cutoff values of sCD163 and AFP in discriminating HCC groups from LC group

Parameter Cutoff value AUC
(95% CI)

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy
(%)

p

sCD163
(mg/L)

6.2 0.767
(0.644–0.889)

63.9 85 88.5 56.7 71.4 < 0.01

AFP
(ng/ml)

195 0.88
(0.790–0.969)

75 85 90 65.4 78.6 < 0.01
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In this study, we aimed at evaluating the diagnostic
value of serum level of sCD163 as a tumor marker for
HCC and studying its prognostic performance before
and after locoregional therapies.
Sixty subjects were included in the present study, clas-

sified into 2 groups: group I (HCC group) including 40
randomly selected patients with HCV-related liver cir-
rhosis and HCC (excluding BCLC class D) who under-
went either RFA or TACE, and group II (LC group)
including 20 age- and sex-matched patients with HCV-
related liver cirrhosis only. Among the randomly se-
lected HCC patients, 4 were excluded due to portal vein
thrombosis; thus, 36 patients were subjected to locore-
gional treatment according to the selective criteria for
intervention.
Among HCC patients, males were predominantly af-

fected (28 males (70%) vs. 12 females (30%)); a result

that is in accordance with a recent single-center Egyp-
tian study that aimed at identifying the trend, possible
risk factors, and any pattern change of HCC over a dec-
ade, [24] showing a significant increase in male propor-
tion from 82.5 to 87.6% (p = 0.009), M/F from 5:1 to 7:1
in periods I (1993–1997) and II (1998–2002), respect-
ively. This finding might be explained in part by expos-
ure to risk factors and sex hormones. It has been
speculated that estrogens, androgens, degree of iron de-
position, and difference in ethnicity could modulate
hepatocarcinogenesis and explain the higher incidence
of HCC in men [25].
For HCC diagnosis, the present study did not demon-

strate any significant difference in serum sCD163 levels
between patients with HCC and LC patients (p =0.079),
yet AFP showed a significant difference between the 2
groups with a median value much higher in HCC group

Fig. 1 ROC curve showing comparison of the diagnostic performance of serum sCD163 and AFP for discriminating HCC group from liver
cirrhosis group

Table 4 Pre- and post-intervention values of AFP and sCD163 in all treated HCC cases (n=36)

Parameter Pre-intervention value Post-intervention value p

AFP (ng/ml) median (IQR) 327 (154.5–687) 280 (202.8–768) 0.66a

sCD163 (mg/L) mean ±SD 6.5 ± 1.5 (3.7–8.8) 3.1 ± 2.5 (0.8–9.2) < 0.001b

aWilcoxon signed rank test
bPaired t test
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(p < 0.001). These results might be explained by the fact
that sCD163 expression is significantly increased in liver
tissues of chronic HCV patients, correlated well with the
degree of hepatic fibrosis and cirrhosis, which is in line
with another recent publication confirming sCD163 as a

fibrosis predictor [26]. Moreover, an anecdotal study re-
ported elevated levels of plasma sCD163 in patients with
acute and chronic viral hepatitis [27]. Taken together, all
these findings could explain the poor diagnostic value of
sCD163 in differentiating HCC from mere liver cirrhosis.

Table 5 AFP and sCD163 in recurrent and eradicated HCC cases pre- and post-locoregional intervention

Variable Recurrent HCC cases (n=6) Eradicated HCC cases (n=30) p

AFP (ng/ml)

Pre-intervention 0.832a

Median (IQR) 356 (232.5–502.5) 305 (138.5–742.5)

Post-intervention

Median (IQR) 365 (235.8–1999.8) 249 (182–634) 0.279a

p 0.832b 0.279b

sCD163 (mg/L)

Pre-intervention < 0.001c

Mean±SD 8.4±0.4 6.1±1.4

Post-intervention

Mean±SD 10.3±1.6 2.3±1.4 < 0.001c

p 0.022d < 0.001d

aMann-Whitney (U) test
bWilcoxon rank sum test
cIndependent t test
dPaired t test

Fig. 2 ROC curve showing comparison of the diagnostic performance of pre- and post-intervention sCD163 and AFP in differentiating recurrent
from eradicated HCC cases
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That is why the difference in sCD163 level was insignifi-
cant between the 2 groups in our study.
Moreover, sCD163 shows an inferior sensitivity, speci-

ficity, and overall accuracy to that of AFP in discriminat-
ing HCC from LC groups. The AUC of sCD163 was
lower than that of AFP (0.767 vs. 0.880), indicating that
AFP had a better diagnosing accuracy.
Interestingly, in the present study, sCD163 was signifi-

cantly higher among patients with portal vein invasion
(p < 0.001). That result agreed with those made by Ling-
Qun et al. [28] who stated that soluble CD163 was sig-
nificantly higher among patients with microvascular in-
vasion (p= 0.037). Most notably, sCD163 is a specific
marker for the M2 macrophage which produces a variety
of matrix metalloproteinase and chemokines such as
MMP-2, CCL18, and CCL22 that facilitate cancer micro-
vascular invasion [29].
Contradictory to our results, Konstantin et al. [30]

stated that there was no association between sCD163
and vascular invasion.
On comparing the values of sCD163 and AFP before

and after locoregional intervention, of notice, sCD163
showed a marked decline after intervention (3.1 ± 2.5
post-intervention vs. 6.5 ± 1.5 pre-intervention; p<
0.001), while AFP showed insignificant decline after
intervention (p = 0.66). As observed in previous studies,
sCD163 activity in HCC patients had a significant

decrease after 1 month of intervention with TACE or
RFA. Besides, its activity decreased close to the normal
level, showing that serum CD163 activity appeared to be
correlated with curative effect, thus might have an im-
portant value in post-treatment monitoring of HCC pa-
tients [30, 31].
Currently, there is a clinical need for monitoring the

outcome of HCC prior to locoregional therapy to assess
susceptibility and predict tumor response to locoregional
therapies, and thus, an exploration of effective predictive
indicators is of great significance and of great value in
adopting timely treatment strategies to avoid recurrence
and improve outcomes of HCC patients [32, 33]. To our
knowledge, there is still limited number of studies that
have investigated whether sCD163 could predict the
prognosis of HCC patients treated with TACE or RFA.
In the present work, sCD163 showed a good predictive
value in comparing patients who were successfully eradi-
cated and those who had failed locoregional treatment.
At baseline, sCD163 had higher values in patients who
had HCC recurrence after intervention as compared to
eradicated cases (8.4 ± 0.4 vs. 6.1 ± 1.4 mg/L; p < 0.001).
Also, during follow-up after intervention, there was a
notable decline in sCD163 in eradicated cases from 6.1
± 1.4 to 2.3 ± 1.4 mg/L (p < 0.001), while those who had
HCC recurrence showed a significant increase from 8.4
± 0.4 to 10.3 ± 1.6 mg/L (p = 0.022).

Table 6 Demographic, clinical and biochemical parameters among recurrent and eradicated HCC cases

Parameter Recurrent HCC cases (n=6) Eradicated HCC cases (n=30) p

Age (years) 62.8±3.1 56 ±6.9 < 0.001

BMI (Kg/m2) 24.5±1.6 24.7±2.3 0.869

Gender Male n (%) 5 (83.3) 20 (66.7) 0.643a

Female n (%) 1 (16.7) 10 (33.3)

Child-Pugh score 7.2±0.8 5.9±1.0 0.008

ALT (U/L) 67.8±38.9 54.3±26.2 0.295

AST (U/L) 62.8±41.4 56.8±29.5 0.672

ALP (U/L) 80.0±24.5 79.5±24.7 0.964

S. albumin (g/dl) 3.3±0.2 3.7±0.4 0.036

T. bilirubin (mg/dl) 1.7±0.5 1.5±0.4 0.198

D. bilirubin (mg/dl) 0.8±0.2 0.7±0.2 0.119

INR 1.6±0.4 1.3±0.4 0.118

Hemoglobin (g/dL) 9.6±1.9 10.2±1.4 0.358

WBCs (× 103/mL) 4.2±2.4 5.3±2.3 0.301

Platelets (× 103/mL) 159.2±21.6 146.2±37.4 0.42

S. creatinine (mg/dL) 0.92±0.33 0.84±0.34 0.598

S. sodium (mEq/L) 137.3±4.1 137.5±3.7 0.907

S. potassium (mEq/L) 4.1±0.7 4.0±0.5 0.841

Number of HCC lesions 3.0±0.0 1.7±0.7 < 0.001

Size of HCC lesions (cm) 6.2±1.6 3.3±1.2 < 0.001
aFisher’s exact test
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The diagnostic accuracy of both AFP and sCD163 was
assessed for discriminating between patients with recur-
rent HCC and those with eradicated HCC. AUC of AFP
was low both before and after intervention 0.528 (95%
CI 0.311–0.744) and 0.642 (95% CI 0.374–0.910), re-
spectively (p > 0.05), while sCD163 showed a signifi-
cantly higher AUC, 0.986 (95% CI 0.000–1.000) and
0.994 (95% CI 0.000–1.000), respectively (p < 0.001). At
baseline, the best cutoff of sCD163 to predict HCC re-
currence was 7.8 mg/L, and post-intervention, it was 5
mg/L. Thus, this study highlights the importance of
sCD163 as a prognostic predictor in ablative therapy for
HCC, which has an intrinsic problem of unavailability of
histopathological prognostic features. These findings
agreed with Konstantin et al. [30] who found that pa-
tients with high level of basal soluble CD163 with cutoff
≥8.0 mg/L had shorter progression-free survival. Also,
these results were supported by Shabo and Svanvik [34]
who reported that soluble CD163 is not only a param-
eter of macrophage activation but also an indicator of
the M2 polarization of tumor-associated macrophage
which support tumor progression. Consistently, recent
studies introduced by Mark et al. [35] reported that in-
creased plasma concentration of the soluble form of
CD163 “a marker of alternatively activated M2” has been
associated with poor survival in HCC patients indicating
that M2 macrophage may be a potential target for HCC
immunotherapy.
Some limitations should be considered in the present

work. The number of studied populations was relatively
small; CD163 levels were not assessed at different stages
of HCC as regards tumor size and number; the follow-
up period had to be extended to a more prolonged time.

Conclusions
It is concluded from this study that sCD163 has no reli-
able role as a diagnostic marker for HCC, yet it has a
good prognostic role in predicting the tumor response
to locoregional therapies as it showed a significant de-
cline in eradicated cases of HCC after treatment.
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