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Abstract

Background The lack of effective and accurate predictive indicators remains a major bottleneck for the improve-
ment of the prognosis of patients with hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC). Hepatitis B
virus X (HBx) has been widely suggested as a critical pathogenic protein for HBV-driven liver carcinogenesis, while
tumor-associated macrophage (TAM) infiltration is also closely related to the tumorigenesis and progression of HCC.
However, few studies have determined whether combining HBx expression with TAM populations could increase the
accuracy of prognostic prediction for HBV-related HCC.

Methods The study cohort enrolling 251 patients with HBV-related HCC was randomly split into a training and a
validation group (ratio 1:1). The expression levels of HBx and TAM marker CD68 in HCC samples were detected by
immunohistochemistry. Kaplan—Meier curves, Cox regression and Harrell's concordance index (C-index) analysis were
conducted to evaluate the prognostic significance of these indicators alone or in combination.

Results The expression level of HBx was strongly correlated with CD68* TAM infiltration in HCC tissues. Elevated

HBx or CD68 expression indicated poorer overall survival (OS) and progression-free survival (PFS) after hepatectomy,
and both of them were independent risk factors for postoperative survival. Meanwhile, patients with both high HBx
and CD68 levels had worst clinical outcomes. Moreover, integrating HBx and CD68 expression with clinical indicators
(tumor size and micro-vascular invasion) showed the best prognostic potential with highest C-index value for survival
predictivity, and this proposed model also performed better than several conventional classifications of HCC.

Conclusion Combining the expression of intratumoral HBx, CD68" TAM population and clinical variables
could enable better prognostication for HBV-related HCC after hepatectomy, thus providing novel insights into
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developing more effective clinical prediction model based on both molecular phenotypes and tumor-immune

microenvironment.
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Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth
most frequent malignant tumors and the third lead-
ing cause of death from cancer worldwide, making it
a major public health challenge with enormous eco-
nomic burdens [1]. Hepatitis B virus (HBV) infection
is the predominant etiological factor of HCC particu-
larly in Southeast Asia and sub-Saharan Africa, where
HBV-related HCC is prevalent [2]. More than half of
the world’s total HCC cases occur in China, with an
estimate of 420,000 newly diagnosed HCC patients and
390,000 deaths in 2018 [3]. Although surgical resec-
tion is the mainstay treatment modality for HCC and
have the potential to cure patients at earlier stages,
the overall prognosis of HCC patients is still far from
satisfaction, with a high recurrence rate of up to 70%
within 5 years after surgery [1, 4]. Difficulties in early
diagnosis and prognostic prediction for HCC, as well
as the limited knowledge of the great heterogeneity and
molecular mechanisms underlying HCC carcinogenesis
largely impeded the improvement of long-term progno-
sis for HCC patients. Thus, to improve surgical results
and to prolong postoperative survival of these patients,
it is imperative to identify more reliable and promising
indicators or biomarkers for prognostication and moni-
toring HCC recurrence after surgery.

It has been reported that multiple viral factors are
involved in the development and progression of HBV-
related HCC. Among them, hepatitis B virus X (HBx)
protein, which is encoded by a 1.1 kb fragment of the
HBV genome, has been implicated in viral replica-
tion and viral-mediated liver carcinogenesis [5, 6]. It is
also a key transactivator that regulates various cellular
genes involved in tumorigenesis [7-9]. Previous studies
including ours have revealed that aberrant overexpres-
sion of HBx was significantly associated with aggressive
clinicopathological characteristics and poor prognosis
of patients with HBV-related HCC [10-13], making it
a potential prognostic indicator and therapeutic tar-
get for HCC management. However, the tremendous
heterogeneity of HCC makes it difficult for a single
HBx oncogene to comprehensively reflect the malig-
nant behaviors of HCC and accurately predict clini-
cal outcomes. This has prompted us to further explore
whether combining HBx with additional molecules or
biomarkers could better predict prognosis and guide
treatment for HBV-driven HCC patients.

The tumor immune microenvironment, which consists
of a wide variety of immune cell subtypes and non-cellu-
lar elements, has gained extensive attention for its vital
effects on tumorigenesis and development [14, 15]. As
an indispensable part of the microenvironment, tumor-
associated macrophages (TAMs) have been shown to
play a critical role in the occurrence and progression of
malignant tumors, including HCC [16-18]. It was sug-
gested that specific TAM subtypes can be recognized as
prognostic indicators for tumors, and multiple molecular
biomarkers have been used for the identification of TAM
populations [19, 20]. Among them, CD68 is one of the
well-accepted TAM-specific biomarkers, and the associa-
tion of CD68* TAMs infiltration with poor clinical out-
comes has been well documented both in HCC and other
malignancies [21-26]. As for HBV-mediated carcinogen-
esis, although HBx plays a critical role in a range of physi-
ological and pathological processes, very few studies have
reported the interplay between HBx expression and the
tumor immune microenvironment or the regulation of
HBx to the infiltration of TAM subsets in the context of
HCC. Also, whether combing the expression level of HBx
and TAM biomarker CD68 could better stratify post-
operative prognosis in patients with HBV-related HCC
remains obscure.

Thus, this study sought to determine the relationship
between high expression of HBx and CD68" TAM:s infil-
tration in HBV-related HCC tumor tissues, and further
evaluated the prognostic value of integrating HBx and
CD68 for survival prediction in a cohort of HCC patients
with chronic HBV infection. Meanwhile, the clinical sig-
nificance of combining the HBx-CD68-based prognostic
model with currently used clinical indicators in predict-
ing postoperative prognosis of patients with HBV-related
HCC was also investigated. Our data may provide new
insight into understanding of the cross-talk between HBx
expression and TAMs infiltration in HCC progression,
and also identify a promising prognostic index for HBV-
related HCC patients after liver resection.

Materials and methods

Patients and samples

Data on 251 consecutive patients who underwent
curative-intent liver resection for HBV-related HCC
at Eastern Hepatobiliary Surgery Hospital between
March 2013 and September 2016 were retrospectively
collected and analyzed. The diagnosis of HCC for all
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surgical specimens was confirmed by histopathologi-
cal examinations after surgery. Curative resection was
considered as complete removal of all visible lesions
with microscopic negative margins (RO resection). All
patients were positive for serum HBV surface antigen
(HbsAg), and chronic HBV infection was defined as
HbsAg positivity for more than 6 months. Patients who
(a) had portal vein tumor thrombus; (b) had received
any anti-tumor treatment prior to surgery or (c) had
other etiologies of HCC except for HBV infection were
excluded. All enrolled patients were randomly classified
into the training (n=126) and validation (n=125) sets at
a ratio of 1:1. This study was carried out adhering to the
guideline of the Reporting Recommendations for Tumor
Marker Prognostic Studies (REMARK) [27]. Approval
was granted by the Ethics Committee and Institutional
Review Board of the hospital. Written informed consent
was obtained from all participants for the use of tissue
samples and clinical data for research purpose. Patients’
demographic and clinical data including age, gender,
positivity of HBV envelope antigen (HbeAg), presence of
liver cirrhosis, Child—Pugh grading, Tumor Node Metas-
tasis (TNM) stage, preoperative serum o-fetoprotein
(AFP) level, largest tumor size, tumor number, tumor
satellites, tumor differentiation and microvascular inva-
sion (MVI) of both cohorts are summarized in Supple-
mentary Table 1. The predictive endpoints were overall
survival (OS) and progression-free survival (PES). OS
was calculated from the date of surgery to patient’s death
or final follow-up, while PFS was defined as the time
from surgery to first documented recurrence or disease
progression. Routine laboratory and imaging exami-
nations including liver function, serum AFP level and
abdominal ultrasound were regularly scheduled in all
patients who underwent hepatectomy for HCC every 2
to 3 months after discharge from hospital. Detailed fol-
low-up program, diagnosis of postoperative HCC recur-
rence and the relevant treatment modalities have been
clearly stated in our previous study [4].

Immunohistochemistry (IHC)

HCC tissue microarray (TMA) blocks were constructed by
using paraffin-embedded tissue samples from 251 patients
evaluated, and then sliced into 4 um-thick sections for IHC
staining as previously reported [11]. Briefly, the TMA slides
were subjected to deparaffinication, rehydration and then
processed for antigen retrieval. Then the endogenous per-
oxidases and non-specific binding sites were blocked by
incubating the slides with peroxidase blockers and normal
goat serum, respectively, and the TMA sections were sub-
sequently incubated with primary antibodies against HBx
(1:200 dilution; rabbit polyclonal, ab39716, Abcam, Cam-
bridge, UK) and CD68 (1:200 dilution; mouse monoclonal,
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ab53444, Abcam) at 4 °C in an incubator overnight. Then
the slides were incubated with corresponding second-
ary antibodies and counterstained with hematoxylin after
developing with diaminobenzidin. All slides were visualized
and photographed under a light microscope (Olympus,
Tokyo Japan) and TMA images were quantified double-
blindly by two independent experienced pathologists. The
staining index of HBx was determined by H-score, which
was reported as an aggregate of the percentage of tumor
cells staining positive multiplied by the staining inten-
sity of the positive cells in given areas [28]. Based on this
semi-quantitative grading method, staining intensity was
ranged from O to 3, with O representing the negative or no
detectable staining, score 1 weakly intense staining, score
2 moderate intense staining, and score 3 strongly intense
staining. Similarly, the proportion of areas covered by posi-
tive staining cells was ranged from 0 to 100. As for CD68*
cells, the staining intensity was determined by evaluation of
cell density, which was expressed as number of stained cells
per mm? (cell/mm?).

Statistical analysis

All statistical calculations were conducted using SPSS Statis-
tic version 21.0 (SPSS Inc., Chicago, IL, USA) and R-project
software version 3.5.3 (http://www.r-project.org/). Continu-
ous data were presented as mean+standard deviation and
compared using the two-tailed Student’s t test or Wilcoxon
test, while discontinuous variables were displayed as number
(proportion) and compared using the y? test or Fisher’s exact
test. The OS and PFS curves were plotted using Kaplan—
Meier method and compared using the log-rank test. Inde-
pendent risk factors were identified using Cox proportional
hazard regression models, and only those variables with a
P value<0.1 in the univariate analysis were enrolled into
the multivariate analyses to predict postoperative surviv-
als. Nomogram models were created using “rms” package
of R software, based on the results of multivariate analysis.
The cutoff values of HBx and CD68 were determined using
time-dependent receiver operating characteristic (ROC)
analysis with “survival ROC” package. The accuracy in pre-
dicting 5-year survival was assessed by the area under the
curve (AUC) of ROC analysis. The discriminatory ability of
any model or clinical indicators for survival prediction were
calculated using Harrell's concordance index (C-index) and
calibration curves. A P value<0.05 was considered statisti-
cally significant.

Results

Elevated HBx expression was closely linked to high density
of infiltrating CD68* TAMs in HBV-related HCC
Considering the critical role of HBx in HBV-driven tum-
origenicity and the emerging research focus of tumor
immune microenvironment in HCC, it is worthwhile


http://www.r-project.org/

Wang et al. BMC Cancer (2023) 23:593

to illustrate the expression pattern and potential link
between HBx and immune-related indicators, especially
TAM surface markers, as well as their synthetic effect
in the development of HBV-related HCC. Our previous
study has analyzed the expression level of HBx mRNA
in human HCC and paired adjacent non-tumoral tis-
sues, with the results demonstrating that HBx was more
frequently expressed in HCC tissues than in the peritu-
moral tissues [11]. To further validate these above results,
an overall cohort comprising a total of 251 individuals
with HBV-related HCC were randomly classified into the
training and testing sets in a ratio of 1:1, and summary of
the patients’ baseline characteristics of the two sets are
shown in Supplementary Table 1. Then, IHC staining of
the TMA sections from HCC patients were performed to
detect the expression of HBx and CD68 in HBV-related
HCC tissues (Fig. 1A). Although the expression levels
of HBx and CD68 varied widely among all tumor sam-
ples, HBx expression was demonstrated to be strongly
correlated with CD68 in human HBV-related HCC tis-
sues, with a Pearson’s coefficient of 0.38 (P<0.0001;
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Fig. 1B). These data provided evidence about the strong
correlation between intratumoral HBx expression and
CD68%Y TAM infiltration during HBV-mediated liver
carcinogenesis.

Elevated expression of HBx or CD68 was predictive of poor
postoperative prognosis of HBV-related HCC patients

Given the observed correlation between HBx and CD68
at the expression level in HCC samples, the functional
roles of these two biomarkers, either alone or in com-
bination, in the evaluation and prognostication of
patients with HBV-related HCC after resection were
further explored. Using 5-year OS as the major end-
point, the best cut-off value of the HBx and CD68 THC
score for survival prediction was determined by ROC
analysis. As shown in Fig. 2A and B, the optimal cut-
off values of HBx for predicting 5-year OS of patients
in the training cohort was 110 (H-score; AUC =0.766),
while H-score of 13 was the best cut-off point for CD68
with an AUC of 0.789. Then, Kaplan—Meier survival
curves were plotted to illustrate the prognostic value of
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Fig. 1 High expression level of intratumoral HBx was positively correlated with CD68* TAM infiltration in HCC specimens. A Representative images
of H&E and immunohistochemical staining of HBx and CD68 expression in HBV-related HCC samples. Scale bars: 100 (left) and 50 pum (right). B
Pearson's correlation analysis for the expression levels of HBx (H-score) and CD68 (cell density) in 251 HCC specimens
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HBx or CD68 in HBV-related HCC. Patients with either
high HBx or CD68 expression showed significantly
inferior OS and PFS compared to their counterparts.
Similar findings were also observed in the validation
cohort by using the same cut-off values established in
the training cohort (Fig. 2C-F). Furthermore, univariate
and multivariate Cox regression analyses were used to
assess the independent prognostic factors associating
with the clinical outcomes. As shown in Table 1, both
HBx and CD68, as well as MVI and tumor size, were
independently associated with worse OS and PES of
patients with HBV-related HCC in the training cohort.
In addition, consistent results were observed in the
validation and overall cohorts (Supplementary Table 2),
confirming the prognostic value of either HBx or CD68
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in evaluating post-surgical prognosis of patients with
HBV-related HCC following hepatectomy.

Concomitant high HBx and CD68 expression

was correlated with more unfavorable clinical features

and worse outcomes of HBV-related HCC

To further investigate the potential synergistic effect of
combining HBx and CD68 expression in prognostic pre-
diction of HBV-related HCC, all patients from the training
cohort were stratified into 4 groups based on the cut-off
values of HBx and CD68 from the ROC curves: I: Both low
(n=56); II and III: either HBx or CD68 high (n=25 and
16); IV: both high (n=29). Table 2 summarizes the clinico-
pathological features among the 4 groups of patients in the
training cohort. Comparison exhibited that patients with
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Fig. 2 Either high HBx or CD68 expression was predictive of unfavorable long-term clinical outcomes after hepatectomy for HBV-related HCC.
A ROC analysis of the optimal cut-off value of HBx to predict 5-year OS in training cohort (n=126; cut-off H-score of HBx: 110, AUC=0.766,
P<0.001). B ROC analysis of the optimal cut-off value of HBx to predict 5-year OS in training cohort (n=126; cut-off cell density of CD68™ TAM:
13, AUC=0.789, P<0.001). C, D Kaplan-Meier curves of OS and PFS for HBV-related HCC patients according to the expression levels of HBx (high
v.s. low) in training (n=126) and validation cohort (n=125). E, F Kaplan-Meier curves of OS and PFS for HBV-related HCC patients according

to the cell density of CD68* TAM (high v.s. low) in training (n=126) and validation cohort (n=125). ROC, receiver operating characteristic; TAM,
tumor-associated macrophage; OS, overall survival; PFS, progression-free survival
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Table 1 Univariate and multivariate Cox regression analysis of HBx, CD68 expression and clinical variables with overall survival and

progression-free survival in training cohort (n=126)

Characteristics Overall survival

Progression-free survival

Univariate Multivariate Univariate Multivariate
HR (95% Cl) PValue HR(95% Cl) PValue HR(95% Cl) PValue HR(95% Cl) PValue
Age (years) 1.507 (0.855-2.656) 0.156 1.372 (0.808-2.328) 0.241
(<50vs.>50)
Gender 1211 (0.577-2.541) 0612 1322 (0.679-2.571) 0441
(Female vs. Male)
HBeAg positive 1.231(0.849-1.484) 0.144 1.137 (0.614-2.103) 0.683
(No vs. Yes)
Liver cirrhosis 1.339(0.740-2.423) 0.335 1442 (0.831-2.501) 0.193
(No. vs. Yes)
AFP (ng/mL) 1.366 (0.805-2.318) 0.248 1.530(0.939-2.495) 0.088
(<400 vs.>400)
Tumor Size (cm) 2.535(1.352-4.755) 0.004 1916(1.016-3.612) 0.045  2.078(1.211-3.565) 0.008 1618(0.932-2.813) 0.088
(<5vs.>5)
Tumor number 1.556 (0.845-2.865) 0.156 1.541 (0.862-2.756) 0.145
(Single vs. multiple)
Tumor satellites 1.387(0.754-2.552) 0.292 1.392 (0.803-2.416) 0.237
(No vs. Yes)
Microvascular invasion 2.861 (1.554-5.265) 0.001 2.183(1.182-4.032) 0.013 2629 (1.531-4514) <0.001 2.192(1.260-3.812) 0.005
(No vs. Yes)
Tumor differentiation 1.967 (0.481-8.047) 0.347 1.566 (0.717-7.193) 0.103
(Well vs. Intermediate)
Child-Pugh grade 1.268 (0.626-2.566) 0.510 0.943 (0.470-1.890) 0.868
(class A vs. B)
HBx expression 3.849 (2.291-6.468) <0.001 2222 (1.307-3.777) 0.003 2941 (1.856-4.659) <0.001 1.811(1.110-2.953) 0.017
(low vs. high)
CD68 expression 5248 (3.160-8.713) <0.001 3.935(2343-6.606) <0.001 4.729 (2.667-7.540) <0.001 3.709(2.251-6.112) <0.001

(low vs. high)

AFP a-fetoprotein, HBx hepatitis B virus X protein, HR hazard ratio, C/ confidence interval

both high expression of HBx and CD68 were more often
had MVI and a larger tumor size (both P<0.01). The results
comparing long-term survival outcomes among the dif-
ferent groups are depicted in Fig. 3A and B. As expected,
the HBXM€"CD68"¢" group had worst OS and PES than
the remaining subgroups. Moreover, repeated analyses in
the validation cohort also showed similar results as above,
as the most aggressive clinical characteristics and short-
est long-term survival time were seen in patients with
concomitant high HBx and CD68 expression (Fig. 3C, D;
Supplementary Table 3). Taken together, these data sug-
gested that the combination of HBx expression and CD68
could effectively stratify the prognosis and thus had great
potential to predict unfavorable clinical outcomes in HCC
patients relating to HBV infection.

Both high expression of HBx and CD68 in combination
with clinical variables indicated a better prognostic
stratification in patients with HBV-related HCC

Next, the prognostic accuracy of either HBx, CD68,
or clinical parameters alone or in combination was

assessed by using C-index analysis. Table 3 shows the
combination of HBx and CD68 expression to be mark-
edly superior to any of the indicators alone, while
the incorporation of HBx and CD68 into currently
established clinical parameters presented the best
prediction accuracy with the highest C-index value
for post-surgical survival prediction in patients with
HBV-related HCC. Similarly, in the validation set, the
C-indexes of the constructed model were 0.869 (95%
CI 0.805-0.933) and 0.811 (95% CI 0.730-0.893) for
OS and PFS, respectively (Supplementary Table 4). On
the basis of abovementioned results, an optimal nomo-
gram model integrating HBx, CD68 and clinical vari-
ables (MVI and tumor size) was further constructed to
better stratify the postoperative prognosis (Fig. 4A and
B). Calibration curves for the models exhibited good
performance in estimating the 1, 3, and 5-year OS and
PES (Fig. 4C and D), which meant the nomogram-pre-
dicted survival probabilities well matched the actual
survival rates.
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Table 2 Clinicopathological characteristics of HCC subtypes defined by HBx and CD68 expression in training cohort (n=126)
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Characteristics HBx / CD68 expression
Both low HBx"oh HBx"" Both high Total P value*
(n=56) CD68'" CD68Mio" (n=29) (n=126)
(n=25) (n=16)

Age (years) 0.856
<50 27 15 9 14 65
>50 29 10 15 61

Gender 0.035
Male 52 25 12 23 112
Female 4 0 4 6 14

HBeAg positive 0.105
Yes 6 6 5 13 30
No 50 19 11 16 96

Liver cirrhosis 0.721
Yes 40 19 13 22 94
No 16 6 3 7 32

AFP (ng/mL) 0.787
>400 36 15 11 21 83
<400 20 10 5 8 43

Tumor size (cm) 0.001
<5 28 2 2 6 38
>5 28 23 14 23 88

Tumor number 0621
Single 47 22 14 22 105
Multiple 9 3 2 7 21

Tumor satellites 0.125
Yes 41 16 15 24 96
No 15 9 1 5 30

Microvascular invasion <0.001
Yes 26 20 14 22 82
No 30 5 2 7 44

Tumor differentiation 0.542
Well (1) 3 2 1 0 6
Intermediate (lI-1ll) 53 23 15 29 120

Child-Pugh grade 0.259
Class A 52 21 12 25 110
Class B 4 4 4 4 16

TNM stage 0.020
| 27 5 3 5 40
Il 26 18 12 19 75
Il 3 2 1 5 I

HCC hepatocellular carcinoma, AFP a-fetoprotein, TNM Tumor Node Metastasis

* Statistical significance was calculated by chi-square or fisher’s exact test for categorical/binary measures

Comparisons of the HBx-CD68-based prognostic model
with several conventional staging systems

The survival predictability was also compared between
the proposed prognostic model with other commonly-
used conventional models, including the TNM and
Child—Pugh staging systems. The Kaplan—Meier curves

for long-term outcomes according to the TNM and
Child—Pugh stages for both training and validation
cohorts are depicted in Supplementary Fig. 1. Compari-
sons of the predictive abilities for survival among these
models are shown via the ROC curves, and the AUCs
of this HBx-CD68-based model in the training set were
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Table 3 C-index analyses of the prognostic accuracy of HBx, CD68 and clinical variables alone or in combination for overall survival

and progression-free survival in training cohort (n=

126)

Characteristics

C-index (95% Cl)

Overall survival

Progression-free survival

Tumor size (<5vs.>5)

MVI (No vs. Yes)
HBx (low vs. high)
CD68 (low vs. high)
Tumor size + MVI
HBx+CD68

HBx + Tumor Size + MVI
HBx + CD68 + Tumor Size + MVI

0616 (0.517~0.715)
0.648 (0.552~0.745)
0.715 (0.624~0.807)
0.725(0.634~0.815)
0.702 (0.610~0.794)
0.809 (0.732~0.887)
0.783 (0.701~0.864)
0.835(0.762~0.907)

0.604 (0.501 ~0.707
0.665 (0.565~0.765
0.684 (0.589~0.778
0.722 (0.637~0.814
0.715 (0.622~0.808
0.797 (0.716~0.877
0.763 (0.677 ~0.849
(

0.826 (0.754~0.898

HBx hepatitis B virus X protein, MV/I microvascular invasion, C/ confidence interval

superior to other well-established classifications for OS

and PFS (all P<0.001) (Supplementary Fig. 2). The above
results were also verified in the validation set, suggesting
that the proposed model performed better and was more

accurate than other commonly-used staging systems in
predicting long-term survival of HBV-related HCC fol-
lowing hepatectomy. Collectively, these results indicated
that integrating tumor-specific biomarkers (HBx and
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Fig. 4 The established nomograms showed good predictive ability for OS and PFS in patients with HBV-related HCC. A, B The nomogram models
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progression-free survival. C, D Calibration curves of the nomogram for predicting 1, 3, and 5-year OS and PFS

CD68) with well-established clinical indicators could
serve as a promising and reliable prognostic model with
best predictive accuracy than the currently used single
biomarker or clinical indicator for survival estimation.

Discussion
In China, HBV-related HCC is the most common type of
liver cancer and remains a highly lethal disease with lim-
ited response to current treatment modalities and dismal
overall prognosis. Although enormous putative biomark-
ers have been identified for prognosis prediction of HCC
patients [29, 30], most have very limited predictive power
and only a few of them were independently validated in
clinical settings. Thus, there remains an urgent demand
to develop novel prognostic biomarkers or even inte-
grated models to add further value in risk stratification
and survival estimation for patients with HBV-related
HCC.

HBV replication is closely linked to the occurrence
and development of HCC in HBV epidemic areas [31],

and HBx has been broadly indicated as a critical patho-
genic protein for HBV-driven liver carcinogenesis [32].
Our group as well as others have been working toward
the molecular mechanisms of HBx-mediated hepato-
carcinogenesis for a long time and have elucidated the
signaling pathways and downstream regulators involved
in this process [10, 11, 33]. Meanwhile, elevated HBx
expression was also predictive of adverse clinicopatho-
logical characteristics and poor outcomes, making it a
promising prognostic indicator for HBV-related HCC
evaluation. In addition, with increasing awareness of the
great importance of immune microenvironment in HCC
tumorigenesis, it therefore seems necessary to seek effec-
tive immunological biomarkers for identifying patients
at high-risk of recurrence or even death following hepa-
tectomy. However, very few studies have focused on the
regulatory effect and mechanisms of HBx on the immune
microenvironment in HCC, as well as a lack of investi-
gation into the relationship between HBx expression and
immune cell infiltration. Therefore, the present study for
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the first time investigated the clinical correlates of HBx
expression with TAM infiltration and determined their
prognostic values alone or in combination for HBV-
related HCC, thus developing an integrated prognostic
model including both intratumoral biomarkers and clini-
cal variables, with an attempt to improve the prognosis
assessment for surgical-treated HCC patients.

TAMs has gradually emerged as a research hotspot
due to its great value in diagnosing and predicting tumor
prognosis, with mounting evidence has linked the abun-
dance of TAM subsets with patients’ clinical outcomes
[17, 18]. In HCC, several studies have determined the
association of CD68* TAM infiltration and the long-
term outcomes with conflicting results [34]. Specifically,
high cell density of CD68% macrophages in marginal
area of the tumor was demonstrated to predict short OS
and tumor recurrence after hepatectomy for HCC [35],
whereas other groups supported that the intratumoral
but not peritumoral CD68* TAM infiltration correlated
with tumor progression and unfavorable OS and PFS
[21, 23, 36]. This was consistent with our findings, which
suggested that infiltration of intratumoral CD68" TAMs
was an independent prognostic factor for HBV-related
HCC patients. Therefore, it would be reasonable to use
CD68 as specific TAM-related indicator to assess the
patients’ outcomes after resection for HBV-related HCC
in subsequent analyses.

Owing to the great heterogeneity of HCC, it appears
difficult to comprehensively predict patients’ prognosis
relying only on several specific intratumoral indicators. In
addition to certain biomarkers, clinicopathological vari-
ables are easily accessible and have been widely applied to
predict postoperative recurrence and clinical outcomes
in HCC patients, including serum AFP level, tumor size,
tumor number and the presence of MVI [4, 37]. In this
study, by using multivariate Cox analysis, two commonly
used clinical indicators (tumor size and MVI) were iden-
tified as independent predictors for survival and then
were incorporated into the HBx-CD68-based prognostic
model, thus providing more accuracy in the prediction
of clinical outcomes for patients with HBV-related HCC.
From our perspective, the main novelty of this study lies
in revealing the potential correlation between oncogenic
HBx and CD68* TAMs infiltration, and also constructing
an integrated prognostic model based on the possible link
between HBx and TAM subset in HBV-related HCCs. As
for the molecular mechanisms by which HBx regulates
CD68" TAMs in HCC, our previous findings revealed
that HBx could promote stromal cell-derived factor-1
(SDE-1) secretion and exert downstream effects by bind-
ing to its ligand C-X-C chemokine receptor 4 (CXCR4)
[11], while interaction with SDF-1 and CXCR4 was
shown to drive recruitment and M2-type polarization
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of TAMs in HCC, thus inducing an immunosuppres-
sive microenvironment and accelerating tumor progres-
sion [38]. These data may partially explain the close link
between HBx expression and CD68" TAM infiltration in
HBV-related HCCs, and it is reasonable to speculate that
HBx may regulate CD68" TAM s infiltration in an SDF-1/
CXCR4-dependent manner. It is hoped that our data may
help establish a novel and reliable tool for survival predic-
tion by simultaneously integrating both HBV-associated
oncoprotein, TAM biomarker and routinely used clinico-
pathological parameters, which may partially compensate
for the lack of effective prognostic biomarkers or models
for HBV-related HCC at present.

In the present study, the prognostic value of our pro-
posed model for HBV-related HCC was further com-
pared with other HCC-specific biomarkers, like AFP,
and conventional staging systems. Of note, although
AFP was the most widely used serum biomarker for
HCC diagnosis [39], its serum level as a continuous vari-
able could not accurately predict post-surgical prognosis
of HBV-related HCC patients, with AUCs of 0.550 and
0.565 for 5-year OS in the training and validation sets. In
addition, nearly 20.3% of patients (51/251) in our overall
cohort had normal AFP level, suggesting that any prog-
nostic models including serum AFP value may not be
accurate enough for survival estimation, especially for
AFP-negative HCCs. Meanwhile, the Child—Pugh grad-
ing and TNM staging system are most commonly used
for the evaluation of liver function and clinical outcomes
in HCC patients [40, 41], but their predictive powers
remain dismal due to the limited specific populations
that are applied for [42]. For instance, reported prog-
nostic accuracies of TNM stage for predicting long-term
survival of HCC ranged from 0.590 to 0.656 depending
on the examined cohorts [43, 44]. In the present study,
our model exhibited favorable discriminatory capaci-
ties in both the training and validation sets and out-
performed the conventional HCC staging systems in
predicting postoperative survival. To some extent, this
personalized model was established for patients who
underwent liver resection for HBV-related HCC, and
may give some hint for the estimation of individual
prognosis following hepatectomy. At the same time, it
must be acknowledged that, although the cell density
of TAMs in HCC microenvironment was incorporated
into this model, it still has limited potential to provide
novel molecular therapeutic targets for HBV-related
HCC or to assist clinicians in decision-making, espe-
cially can’t be used to identify those patients who may
benefit from immunotherapies, which has been emerg-
ing as an important treatment modality for unresectable
or recurrent HCCs in recent years. Therefore, whether
our newly-established model could effectively predict
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the response to immunotherapy according to the risk
stratification warrants further validation through more
prospective clinical studies.

Certain limitations of this study should be acknowl-
edged. First, since the data of this study was mainly
collected from a Chinese cohort of patients with HBV-
related HCC, this model may not be generalizable
to HCC patients in Western countries, where chronic
hepatitis C virus infection or alcoholic liver disease is
the predominant etiology of HCC [2]. Second, because
of the inevitable defects of retrospective design, much
clinical information on whether the patients had
received regular antiviral therapies or had developed
HBYV reactivation was missing, and these factors have
been clearly stated to be involved in tumor recurrence
of HBV-related HCC [4]. Third, due to the lack of a
well-established external cohort, the external validation
was performed by splitting overall cohort into train-
ing and validation sets at a ratio of 1:1, instead of using
another independent cohort, which may partially influ-
ence the accuracy of our proposed predictive model.
Fourth, although a strong correlation between HBx and
CD68 expression was observed, the detailed regulatory
mechanisms of HBx on CD68* TAMs infiltration in
HBV-related HCCs are lacking, and additional experi-
ments are warranted to uncover the molecular basis of
this correlation in the near future.

In conclusion, high HBx expression was significantly
associated with more CD68" TAM:s infiltration in HBV-
related HCC. Besides, combing this HBx-CD68-based
classifier with clinicopathological indicators performed
better than any indicator alone and showed superior pre-
dictability on long-term survival in patients with HBV-
related HCC.

Abbreviations

HCC Hepatocellular carcinoma

HBV Hepatitis B virus

HBx Hepatitis B virus X

TAM Tumor-associated macrophage
HBsAg Hepatitis B surface antigen

HbeAg Hepatitis B envelope antigen
AFP a-Fetoprotein

MVI Microvascular invasion

[N Overall survival

PFS Progression-free survival
TNM Tumor Node Metastasis

cT Computed tomography

MRI Magnetic resonance imaging
HC Immunohistochemistry

TMA Tissue microarray

SDF-1 Stromal cell-derived factor-1
CXCR4 C-X-C chemokine receptor 4
ROC Receiver operating characteristic
AUC Area under the curve of ROC
C-index  Concordance index

SD Standard deviation

HR Hazard ratio

Page 11 of 12

MV Multivariable
@ Confidence interval

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-023-11027-6.

[ Additional file 1. }

Acknowledgements
Not applicable.

Authors’ contributions

MDW and HX contributed equally to this work. Conception and design:
MDW, HX and CW; Administrative support: HX, FHY and LZ; Provision of study
materials: LZ, TYH and AM; Data collection and assembly: HX, TYH and AM;
Data analysis and interpretation: MDW and CW; Manuscript preparing: MDW;
Critical revision: FHY, LZ and CW; All authors approved the submission.

Funding

This work was supported by the National Natural Science Foundation of
China (No. 82173357, 81773154), Natural Science Foundation of Shanghai
(22ZR1477900; 20ZR1449600) and Pudong New Area Science and technology
development fund special fund for people’s livelihood Research (medical and
health) (PKJ2019-Y19).

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in line with the principles of the Declaration of Hel-
sinki. Approval was granted by the Ethics Committee of Eastern Hepatobiliary
Surgery Hospital. Written informed consent was obtained from all participants
for the use of tissue samples and clinical data for research purpose.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Shanghai Health Commission Key Lab of Artificial Intelligence-Based
Management of Inflammation and Chronic Diseases, Gongli Hospital, Navy
Medical University, 219 Miaopu Road, Shanghai 200135, China. 2Departmem
of Hepatobiliary Surgery, Eastern Hepatobiliary Surgery Hospital, Navy Medical
University, Shanghai 200433, China. *The Third Affiliated Hospital of Zunyi
Medical University, The First People’s Hospital of Zunyi), Guizhou 563000,
China. *Department of Colorectal Surgery, Shanghai Changhai Hospital,

Navy Medical University, Shanghai 200433, China. °Department of Obstet-

rics and Gynecology, School of Medicine, Chengdu Women'’s and Children’s
Central Hospital, University of Electronic Science and Technology of China,
Sichuan 610000, China. ®Department of Urinary Surgery, Gongli Hospital, Navy
Medical University, Shanghai 200135, China.

Received: 16 October 2022 Accepted: 30 May 2023
Published online: 27 June 2023

References
1. Llovet JM, Kelley RK, Villanueva A, et al. Hepatocellular carcinoma Nat Rev
Dis Primers. 2021;7(1):6.


https://doi.org/10.1186/s12885-023-11027-6
https://doi.org/10.1186/s12885-023-11027-6

Wang et al. BMC Cancer (2023) 23:593

20.

21.

22.

23.

24.

25.

Wong M, Huang J, George J, et al. The changing epidemiology of liver
diseases in the Asia-Pacific region. Nat Rev Gastroenterol Hepatol.
2019;16(1):57-73.

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424.

Wang MD, Li C, Liang L, et al. Early and Late Recurrence of Hepa-

titis B Virus-Associated Hepatocellular Carcinoma. Oncologist.
2020;25(10):e1541-51.

Tang H, Delgermaa L, Huang F, et al. The transcriptional transactivation
function of HBx protein is important for its augmentation role in hepatitis
B virus replication. J Virol. 2005;79(9):5548-56.

Sze KM, Chu GK, Lee JM, Ng 10. C-terminal truncated hepatitis B virus

X protein is associated with metastasis and enhances invasiveness by
C-Jun/matrix metalloproteinase protein 10 activation in hepatocellular
carcinoma. Hepatology. 2013;57(1):131-9.

Chan C, Thurnherr T, Wang J, et al. Global re-wiring of p53 tran-

scription regulation by the hepatitis B virus X protein. Mol Oncol.
2016;10(8):1183-95.

Chen SL, Liu LL, Lu SX, et al. HBx-mediated decrease of AIM2 contributes
to hepatocellular carcinoma metastasis. Mol Oncol. 2017;11(9):1225-40.
Wang J, Li N, Huang ZB, et al. HBx regulates transcription factor PAX8
stabilization to promote the progression of hepatocellular carcinoma.
Oncogene. 2019;38(40):6696-710.

Huang P, Zhuang B, Zhang H, et al. Hepatitis B Virus X Protein (HBx) Is
Responsible for Resistance to Targeted Therapies in Hepatocellular Carci-
noma: Ex Vivo Culture Evidence. Clin Cancer Res. 2015;21(19):4420-30.

. Wang C,Wang MD, Cheng P, et al. Hepatitis B virus X protein promotes

the stem-like properties of OV6(+) cancer cells in hepatocellular carci-
noma. Cell Death Dis. 2017;8(1): €2560.

Sivasudhan E, Blake N, Lu Z, Meng J, Rong R. Hepatitis B Viral Protein HBx
and the Molecular Mechanisms Modulating the Hallmarks of Hepatocel-
lular Carcinoma: A Comprehensive Review. Cells. 2022;11(4):741.

Yang S, LiuY, Feng X, et al. HBx acts as an oncogene and promotes the
invasion and metastasis of hepatocellular carcinoma both in vivo and
vitro. Dig Liver Dis. 2021;53(3):360-6.

Pitt JM, Marabelle A, Eggermont A, Soria JC, Kroemer G, Zitvogel L. Target-
ing the tumor microenvironment: removing obstruction to anticancer
immune responses and immunotherapy. Ann Oncol. 2016,27(8):1482-92.
Locy H, de Mey S, de Mey W, De Ridder M, Thielemans K, Maenhout SK.
Immunomodulation of the Tumor Microenvironment: Turn Foe Into
Friend. Front Immunol. 2018;9:2909.

Lei X, Lei Y, Li JK, et al. Immune cells within the tumor microenvironment:
Biological functions and roles in cancer immunotherapy. Cancer Lett.
2020;470:126-33.

Pan,YuY,Wang X, Zhang T. Tumor-Associated Macrophages in Tumor
Immunity. Front Immunol. 2020;11: 583084.

HuangY, Ge W, Zhou J, Gao B, Qian X, Wang W. The Role of Tumor
Associated Macrophages in Hepatocellular Carcinoma. J Cancer.
2021;12(5):1284-94.

Yang L, Zhang Y. Tumor-associated macrophages: from basic research to
clinical application. J Hematol Oncol. 2017;10(1):58.

Senovilla L, Vacchelli E, Galon J, et al. Trial watch: Prognostic and
predictive value of the immune infiltrate in cancer. Oncoimmunology.
2012;1(8):1323-43.

Ding T, Xu J, Wang F, et al. High tumor-infiltrating macrophage density
predicts poor prognosis in patients with primary hepatocellular carci-
noma after resection. Hum Pathol. 2009;40(3):381-9.

Wang H, Wang X, Li X, et al. CD68(+)HLA-DR(+) M1-like macrophages
promote motility of HCC cells via NF-kB/FAK pathway. Cancer Lett.
2014;345(1):91-9.

Xin H, Liang D, Zhang M, et al. The CD68+ macrophages to CD8+ T-cell
ratio is associated with clinical outcomes in hepatitis B virus (HBV)-related
hepatocellular carcinoma. HPB (Oxford). 2021,23(7):1061-71.

Wang C, Hong T, Wang Y, et al. Integration of intratumoral RASSF10
expression and tumor-associated macrophages into the established
clinical indicators better predicts the prognosis of clear cell renal cell
carcinoma patients. Oncoimmunology. 2020;9(1):1736793.

Hu'Y, He MY, Zhu LF, et al. Tumor-associated macrophages correlate

with the clinicopathological features and poor outcomes via inducing

Page 12 of 12

epithelial to mesenchymal transition in oral squamous cell carcinoma. J
Exp Clin Cancer Res. 2016;35:12.

26. Sjddahl G, Lovgren K, Lauss M, et al. Infiltration of CD3* and CD68™ cells
in bladder cancer is subtype specific and affects the outcome of patients
with muscle-invasive tumors. Urol Oncol. 2014;32(6):791-7.

27. McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM.
REporting recommendations for tumor MARKer prognostic studies
(REMARK). Nat Clin Pract Urol. 2005;2(8):416-22.

28. Yoshida A, Tsuta K, Wakai S, et al. Immunohistochemical detection of
ROST is useful for identifying ROS1 rearrangements in lung cancers. Mod
Pathol. 2014;27(5):711-20.

29. Ayoub WS, Steggerda J, Yang JD, Kuo A, SundaramV, Lu SC. Current status
of hepatocellular carcinoma detection: screening strategies and novel
biomarkers. Ther Adv Med Oncol. 2019;11:1758835919869120.

30. Nault JC, Villanueva A. Biomarkers for Hepatobiliary Cancers. Hepatology.
2021;73(Suppl 1):115-27.

31. EASL clinical practice guidelines. Management of chronic hepatitis B virus
infection. J Hepatol. 2012;57(1):167-85.

32. Guerrieri F, Belloni L, Pediconi N, Levrero M. Molecular mecha-
nisms of HBV-associated hepatocarcinogenesis. Semin Liver Dis.
2013;33(2):147-56.

33. Wang C, Yang W, Yan HX, et al. Hepatitis B virus X (HBx) induces tumori-
genicity of hepatic progenitor cells in 3,5-diethoxycarbonyl-1,4-dihydro-
collidine-treated HBx transgenic mice. Hepatology. 2012;55(1):108-20.

34. DingW, TanY, Qian'Y, et al. Clinicopathologic and prognostic significance
of tumor-associated macrophages in patients with hepatocellular carci-
noma: A meta-analysis. PLoS ONE. 2019;14(10): €0223971.

35. Ren CX, Leng RX, Fan YG, et al. Intratumoral and peritumoral expression of
CD68 and CD206 in hepatocellular carcinoma and their prognostic value.
Oncol Rep. 2017;38(2):886-98.

36. Zhang,LiJQ, Jiang ZZ,Li L, WuY, Zheng L. CD169 identifies an anti-
tumour macrophage subpopulation in human hepatocellular carcinoma.
J Pathol. 2016,239(2):231-41.

37. Erstad DJ, Tanabe KK. Prognostic and Therapeutic Implications of
Microvascular Invasion in Hepatocellular Carcinoma. Ann Surg Oncol.
2019,26(5):1474-93.

38. Ghanem |, Riveiro ME, Paradis V, Faivre S, de Parga PM, Raymond E.
Insights on the CXCL12-CXCR4 axis in hepatocellular carcinoma carcino-
genesis. Am JTrans| Res. 2014,6(4):340-52.

39. Galle PR, Foerster F, Kudo M, et al. Biology and significance of alpha-
fetoprotein in hepatocellular carcinoma. Liver Int. 2019;39(12):2214-29.

40. EASL-EORTC clinical practice guidelines. management of hepatocellular
carcinoma. J Hepatol. 2012;56(4):908-43.

41. Edge SB, Compton CC.The American Joint Committee on Cancer: the 7th
edition of the AJCC cancer staging manual and the future of TNM. Ann
Surg Oncol. 2010;17(6): 1471-4.

42. Chen LJ, Chang YJ, Chang YJ. Survival Predictability Between the Ameri-
can Joint Committee on Cancer 8th Edition Staging System and the
Barcelona Clinic Liver Cancer Classification in Patients with Hepatocellular
Carcinoma. Oncologist. 2021;26(3):e445-e453.

43. LiuC,Duan LG, Lu WS, et al. Prognosis evaluation in patients with hepa-
tocellular carcinoma after hepatectomy: comparison of BCLC, TNM and
Hangzhou criteria staging systems. PLoS ONE. 2014,9(8): e103228.

44. Yang Z, Zi Q, Xu K, Wang C, Chi Q. Development of a macrophages-
related 4-gene signature and nomogram for the overall survival predic-
tion of hepatocellular carcinoma based on WGCNA and LASSO algorithm.
Int Immunopharmacol. 2021;90: 107238.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Integrated analysis of intratumoral biomarker and tumor-associated macrophage to improve the prognosis prediction in cancer patients
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients and samples
	Immunohistochemistry (IHC)
	Statistical analysis

	Results
	Elevated HBx expression was closely linked to high density of infiltrating CD68+ TAMs in HBV-related HCC
	Elevated expression of HBx or CD68 was predictive of poor postoperative prognosis of HBV-related HCC patients
	Concomitant high HBx and CD68 expression was correlated with more unfavorable clinical features and worse outcomes of HBV-related HCC
	Both high expression of HBx and CD68 in combination with clinical variables indicated a better prognostic stratification in patients with HBV-related HCC
	Comparisons of the HBx-CD68-based prognostic model with several conventional staging systems

	Discussion
	Anchor 19
	Acknowledgements
	References


