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Abstract: This study aimed to define the role of heterogeneity of liver parenchymal enhancement on computed 
tomography (CT) in the survival of patients with hepatocellular carcinoma (HCC) after hepatic resection. The medi-
cal records of patients with HCCs and who had undergone hepatic resection were retrospectively reviewed. The 
standard deviation (SD) of three different enhanced CT scan images was used to estimate the heterogeneity of liver 
parenchymal enhancement: SD of > 5.6, heterogenous enhancement, and SD of ≤ 5.6, homogeneous enhance-
ment. A total of 57 patients had heterogenous enhancement, and 143 patients had homogeneous enhancement. 
The patients with heterogenous enhancement had longer disease-free and overall survivals than those with other 
enhancements (log-rank test, P < 0.001 and P = 0.036). The pathologic exam showed that heterogenous enhance-
ment tended to develop septa in the peritumoral liver tissues. The prevalence of CD8+ cells was significantly higher 
in the peritumor liver tissues with septa than in those without (0.83% vs. 0.26%, P < 0.001). The peritumoral CD8/
Foxp3 ratio was higher in the liver tissues with septa than in those without (1.22 vs. 0.47, P = 0.001), and patients 
with CD8/Foxp3 of > 0.8 had better overall survival than those with CD8/Foxp3 of ≤ 0.8 (log-rank test, P = 0.028). 
In conclusion, patients who had undergone hepatic resection with a heterogenous liver parenchymal enhance-
ment tended to develop hepatic septa, which was associated with a higher CD8/Foxp3 ratio and longer survival. 
Therefore, contrast-enhanced CT scans might be a useful tool to predict the outcome of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the major 
type of primary liver cancer and is the fourth 
leading cause of cancer-related deaths world-
wide [1]. Its most common risk factors are hep-
atitis B, hepatitis C, alcoholic liver disease, and 
nonalcoholic steatohepatitis [2, 3]. Patients 
with chronic hepatitis are diagnosed with HCC 
based on imaging or liver biopsy, and the choice 
of treatment depends on the cancer stage 
[4-6]. Hepatic resection is the preferred treat-
ment option for patients with early-stage HCC 
[7]. Factors associated with the intrahepatic 
recurrence of HCC after resection include 
tumor size, histologic grade of HCC, microvas-

cular invasion, and increased alpha-fetoprotein 
(AFP) level, respectively [8-12].

Heterogeneity of liver parenchyma on comput-
ed tomography (CT) scan is related to the liver 
cirrhosis severity [13], and the enhancement 
was significantly heterogeneous in patients 
with cirrhosis, in contrast that the non-cirrhotic 
liver presented with a homogeneous liver paren-
chyma [14]. Younger patients with HCC present-
ed with better liver function, lesser severe liver 
cirrhosis, and more homogeneous liver paren-
chyma, but had more advanced cancer stage 
and higher AFP compared with older patients 
with HCC at diagnosis [15]. Therefore, the 
homogeneous liver parenchyma might be asso-
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ciated with an advanced HCC stage in younger 
patients. Furthermore, an increase in liver par- 
enchymal heterogeneity was associated with a 
low risk of liver metastases in patients with 
stage II/III colon cancer [16], suggesting that 
the tumor microenvironment of the heteroge-
nous liver parenchyma might suppress the 
tumor growth and metastasis.

However, whether the heterogenous liver paren-
chyma prevented HCC from intrahepatic recur-
rence is still unclear. Therefore, this study 
aimed to define the role of liver parenchymal 
heterogeneity in the prognosis and survival of 
patients with HCC after hepatectomy.

Materials and methods

Study population

The medical records of patients with HCCs 
(Barcelona Clinic Liver Cancer [BCLC] stage A 
and B) and who had undergone hepatic resec-
tion as the initial HCC treatment modality were 
retrospectively reviewed at Tri-Service General 
Hospital between January 2015 and Decem- 
ber 2018. Patients who underwent abdominal 
dynamic CT scan before resection were re- 
cruited.

Radiographic and clinical data

The protocol requirements for abdominal dy- 
namic CT scan met the criteria recommended 
by the American Association for the Study of 
Liver Diseases guideline [17, 18]. The CT imag-
ing from the institutional Picture Archiving and 
Communication Systems database was ana-
lyzed individually. The CT attenuation of the 
liver parenchyma was measured using manual-
ly drawn circular regions of interest (ROIs) mea-
sured at around 1 cm in diameter and placed 
with care to avoid the tumor, blood vessels, and 
areas of artifact (Supplementary Figure 1). 
Three ROIs were placed at the unenhanced and 
delayed phase images. The differenced enhan- 
cement of the liver parenchyma was measured 
(delayed phase of the liver - unenhanced liver) 
at the same location of ROIs. The heterogeneity 
of liver parenchymal enhancement was esti-
mated using the standard deviation (SD) of the 
differenced enhancement of three ROIs [13]. 
The heterogeneity of liver parenchymal enhan- 
cement on CT has been associated with the 

liver fibrosis severity, and the mean SD of a nor-
mal liver was 5.6 [13]. Therefore, our patients 
were divided into two groups, with heteroge-
neous (SD > 5.6) and homogeneous (SD ≤ 5.6) 
liver parenchyma.

The clinical data and medical history of all pa- 
tients were subsequently reviewed. The patient 
demographic data and previous hepatic resec-
tion laboratory examinations were recorded.

Immunohistochemical analysis

The formalin-fixed and paraffin-embedded liver 
tissue samples of the first quarter of reviewed 
patients who were included in this study were 
used for immunohistochemical analysis. Hema- 
toxylin and eosin (H&E) stain was used to define 
the tumor and peritumoral liver tissues. Using 
the Beecher Instruments arraying device 
(Beecher Instruments, Silver Spring, MD), tis-
sue cores with a 3-mm diameter were punched 
from the targeted tumor and peritumoral area 
of each tissue block to create the tissue array. 
Then, the consecutive sections were prepared 
for immunohistochemical analyses. Immuno- 
histochemical stains were used to detect CD4, 
CD8, Foxp3, and CD11b antigens using the fol-
lowing antibodies: CD4 (Leica CD4-368-L-CE, 
diluted 1:100), CD8 (Leica CD8-4B11-L-CE, 
diluted 1:100), Foxp3 (GeneTex, GTX107737, 
diluted 1:100), and CD11b (Abcam, ab133357, 
diluted 1:100). To quantify the CD4+, CD8+, 
Foxp3+, and CD11b+ cells, ImageJ was used to 
count each tissue block (at least 107 cells in 
each tissue block). The proportion of positive 
cells among total cells was calculated.

Statistical analysis

All analyses were performed using SPSS statis-
tics software, version 20 (IBM Co., Somers, NY, 
USA). The Chi-square or Fisher’s exact tests 
were used to analyze categorical variables. 
Student’s t-test was used to analyze continu-
ous variables. The Kaplan-Meier method was 
used to identify the time-to-disease end-points; 
meanwhile, the log-rank test was used to esti-
mate differences in survival between the two 
groups. A Cox proportional hazards model was 
used to compute multivariate hazard ratios 
(HRs) for the study parameters. All reported 
P-values were two-tailed, and the results were 
considered significant at P < 0.05.
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Table 1. Clinical characteristics of study participants with a 
different parenchymal heterogeneity of liver

SD > 5.6 
n = 57

SD ≤ 5.6 
n = 143 p value

Age, median (range) 63 (33-95) 62 (31-87) 0.61
Gender, male/female 36/21 112/31 0.027
Etiology of liver disease 0.56
    HBV 35 92
    HCV 13 26
    HBV and HCV 0 5
    Alcohol 1 1
    Others 8 19
Child-Pugh class 0.22
    A 51 135
    B 6 8
Bilirubin (mg/dL) 1.39 ± 2.63 0.83 ± 0.45 0.14
Albumin (gm/dL) 3.65 ± 0.73 3.75 ± 0.74 0.41
AST (U/L) 43.9 ± 25.1 42.1 ± 25.7 0.66
ALT (U/L) 42.4 ± 28.3 44.6 ± 39.0 0.70
Platelet count (×103/µl) 173.1 ± 82.6 168.2 ± 77.8 0.70
INR 1.23 ± 1.29 1.08 ± 0.75 0.31
AFP > 400 ng/ml (%) 12 (21.1) 23 (16.1) 0.40
ALBI grade 0.20
    I 22 68
    II 28 67
    III 7 8
FIB-4 0.80
    < 1.45 12 28
    1.45-3.25 21 60
    > 3.25 24 55
APRI 0.80
    < 0.5 24 65
    0.5-1.5 26 58
    > 1.5 7 20
Tumor size (cm) 4.7 ± 3.5 5.3 ± 3.7 0.32
BCLC stage 0.79
    A 46 113
    B 11 30
Microvascular invasion (%) 5 (8.8) 19 (13.3) 0.38
Histologic grade 0.77
    Well differentiated 8 22
    Moderated differentiated 44 104
    Poorly differentiated 5 17
Recurrence (%) 15 (26.3) 82 (57.3) < 0.001
AFP: alpha-fetoprotein; ALBI grade: albumin-bilirubin grade; ALT: alanine 
aminotransferase; APRI: AST to platelet ratio index; AST: aspartate amino-
transferase; BCLC: Barcelona-Clinic Liver Cancer; FIB-4: fibrosis-4; HBV: 
hepatitis B virus; HCV: hepatitis C virus; INR: international normalized ratio; 
SD: standard deviation. Results are expressed as mean ± SD.

Results

The clinical characteristics and 
prognostic factors were similar be-
tween patients with HCC with het-
erogenous and homogenous liver 
parenchyma

This retrospective study included  
a total of 200 patients. They had 
early- and intermediate-stage HCCs 
and underwent hepatic resection 
as the initial treatment modality for 
HCCs. Patients were divided into 
two groups based on the heteroge-
neity of liver parenchymal enhance-
ment on CT, which was assessed 
using SD of the CT Hounsfield units 
(HU) of ROIs (Supplementary Table 
1). There were 57 patients with an 
SD of > 5.6, suggesting a heteroge-
neous liver parenchyma, and 143 
patients with an SD of ≤ 5.6, sug-
gesting a homogeneous liver paren-
chyma. No significant differences 
were observed in patient demo-
graphics between the two groups, 
except for the gender ratio (Table 
1). The proportion of male patients 
in the homogeneous group was 
higher than that in the heteroge-
neous group (78.3% vs. 63.2%, P = 
0.027). The causes of liver disease 
were hepatitis B (63.5%), hepatitis 
C (19.5%), hepatitis B and C dual 
infection (2.5%), alcoholic hepatitis 
(1%), and others (13.5%), with hepa-
titis B being the majority cause of 
liver disease in both groups. Other 
basic clinical characteristics, such 
as aspartate aminotransferase, al- 
anine transaminase, bilirubin, pro-
thrombin time, and Child-Pugh 
class, were not significantly differ-
ent between these two groups. The 
noninvasive assessment of the 
hepatic fibrosis, fibrosis-4 (FIB-4) 
index, revealed similar fibrotic stag-
es in these two groups, and 79 
(39.5%) patients had an index of > 
3.25. Another noninvasive assess-
ment of hepatic fibrosis, aspartate 
aminotransferase to platelet ratio 
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index (APRI), also showed similar fibrotic status 
between these two groups, and 27 (13.5%) 
patients were > 1.5. Factors that may be asso-
ciated with the HCC prognosis, such as tumor 
size, BCLC stage, AFP percentage of > 400 ng/
ml, albumin-bilirubin (ALBI) grade, microvascu-
lar invasion, and histological grade of HCC, 
were not statistically significantly different bet- 
ween the two groups.

The heterogeneous liver parenchyma is associ-
ated with a lower risk of HCC recurrence after 
resection compared with the homogenous liver 
parenchyma

The clinical characteristics and prognostic fac-
tors were similar between patients with HCC 
with heterogenous and homogenous liver 
parenchyma; however, the HCC recurrent rate 
in the heterogeneous group was significantly 
lower than that in the homogenous group 
(26.3% vs. 57.3%, P < 0.001, Table 1). The 
Kaplan-Meier method was used to analyze dis-
ease-free survival and overall survival. The 
median disease-free survival of patients with 
SD of > 5.6 was not reached, and that of the 
patients with SD of ≤ 5.6 was 32.9 (range, 
25.5-40.4) months. Patients with SD of > 5.6 
had significantly longer disease-free survival 
than those with SD of ≤ 5.6 (log-rank test P < 
0.001, Figure 1A). Furthermore, both the medi-
an overall survival of patients with SD of > 5.6 
and SD of ≤ 5.6 was not reached. Patients with 
an SD of > 5.6 had significantly longer overall 
survival than those with an SD of ≤ 5.6 (log-
rank test P = 0.036, Figure 1B).

A Cox proportional hazards model was used to 
adjust the factors that might be related to the 
HCC prognosis, such as gender, tumor size, 
Child-Pugh class, BCLC stage, AFP percentage 
of > 400 ng/ml, ALBI grade, FIB-4, APRI, micro-
vascular invasion, and histologic grade of HCC, 
and the risk of recurrence in patients with HCC 
with SD of ≤ 5.6 was still significantly higher 
than those with SD of > 5.6 (HR 4.03, 95% con-
fidence interval [CI]: 2.22-7.29, P < 0.001, Table 
2). Patients with BCLC stage B also had a high-
er risk of HCC recurrence than patients with 
BCLC stage A (HR 2.48, 95% CI: 1.39-4.42, P = 
0.002). Furthermore, patients with microvascu-
lar invasion also had a higher risk of HCC recur-
rence than those without (HR 1.95, 95% CI: 
1.04-3.64, P = 0.037). No significant differenc-
es in the risk of recurrence were observed in 
terms of gender, FIB-4, APRI, tumor size, AFP 
percentage of > 400 ng/ml, and histologic 
grade of HCC (P > 0.05).

Pathological findings in different heterogene-
ities of the liver parenchyma

To investigate the mechanism associated with 
heterogenous liver parenchyma and favorable 
prognosis, the pathological findings in different 
heterogeneity of the liver parenchyma were 
examined. The 50 paraffin-embedded tissue 
blocks were stained with H&E, and 24 samples 
presented with septa in the peritumoral liver 
tissue (Figure 2A). Patients with heterogeneous 
liver parenchyma were significantly higher at 
developing septa compared with patients wi- 

Figure 1. The heterogeneous liver parenchyma was associated with a lower risk of HCC recurrence after resection 
compared with the homogenous liver parenchyma. Comparison of (A) the disease-free survival (log-rank test P < 
0.001) and (B) overall survival (log-rank test P = 0.036) curve based on the heterogeneity of liver parenchymal en-
hancement on CT scan. CT: computed tomography; SD: standard deviation.
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Table 2. Cox proportional hazards model for the HCC recur-
rence after resection
Risk factors Hazard ratio (95% CI) p value
Liver parenchymal enhancement
    SD > 5.6 1
    SD ≤ 5.6 4.03 (2.22-7.29) < 0.001
Gender
    Female 1
    Male 0.95 (0.58-1.56) 0.84
Etiology
    Others 1
    HBV 1.10 (0.72-1.68) 0.84
Child-Pugh class
    A 1
    B 1.46 (0.62-3.45) 0.39
AFP
    ≤ 400 ng/ml 1
    > 400 ng/ml 0.80 (0.44-1.47) 0.47
ALBI grade
    I 1
    II 1.39 (0.86-2.22) 0.18
    III 0.78 (0.29-2.12) 0.63
FIB-4
    < 1.45 1
    1.45-3.25 1.36 (0.69-2.71) 0.38
    > 3.25 1.11 (0.45-2.70) 0.63
APRI
    < 0.5 1
    0.5-1.5 1.40 (0.80-2.45) 0.24
    > 1.5 2.74 (1.15-6.50) 0.023
Tumor size 1.01 (0.95-1.08) 0.69
BCLC stage
    A 1
    B 2.48 (1.39-4.42) 0.002
Microvascular invasion
    Without 1
    With 1.95 (1.04-3.64) 0.037
Histologic grade
    Well differentiated 1
    Moderated differentiated 1.61 (0.82-3.13) 0.16
    Poorly differentiated 2.15 (0.91-5.11) 0.083
AFP: alpha-fetoprotein; ALBI grade: albumin-bilirubin grade; APRI: AST to 
platelet ratio index; BCLC: Barcelona-Clinic Liver Cancer; CI: confidence 
interval; FIB-4: fibrosis-4; HBV: hepatitis B virus; HCC: hepatocellular carci-
noma; SD: standard deviation.

th homogenous liver parenchyma (100% vs. 
33.3%, P = 0.001, Table 3). The prevalence of 
intratumoral CD4+, CD8+, Foxp3+, and CD11b+ 

cells (Figure 2B-E) were not signifi-
cantly different between patients 
with and without peritumoral septa 
(Table 3). However, the prevalence of 
CD8+ cells was significantly higher in 
the peritumor liver tissues with septa 
than that in the peritumoral liver tis-
sues without septa (0.83% vs. 0.26%, 
P < 0.001, Table 3). The prevalence 
of Foxp3+ cells was also higher in the 
peritumor liver tissues with septa 
than in those without septa, but it did 
not reach statistical significance 
(1.05% vs. 0.59%, P = 0.076, Table 
3). No significant difference in peritu-
moral CD4+ and CD11b+ cells was 
observed in peritumoral liver tissues 
with and without septa.

An increased intratumoral CD8/
Foxp3 ratio is associated with a 
favorable prognosis of HCC after 
hepatic resection [19]. In our study, 
the intratumoral CD8/Foxp3 ratio in 
patients with peritumoral septa was 
higher than that in those without, but 
it did not reach statistical signifi-
cance (0.62 vs. 0.49, P = 0.32, Table 
3). The peritumoral CD8/Foxp3 ratio 
was significantly higher in the peritu-
mor liver tissues with septa than in 
those without septa (1.22 vs. 0.47, P 
= 0.001, Table 3). The median CD8/
Foxp3 ratio of early HCC pathologic 
stage T1 was 0.8 [19]. Using it as a 
cut-off value, 17 and 33 patients with 
HCC had the peritumoral CD8/Foxp3 
ratio of > 0.8 and ≤ 0.8, respectively, 
in this study. Four patients with a per-
itumoral CD8/Foxp3 ratio of > 0.8 
and 22 patients with a peritumoral 
CD8/Foxp3 ratio of ≤ 0.8 had recur-
rent HCCs within 2 years after resec-
tion (23.5% vs. 66.7%, P = 0.004). 
Furthermore, patients with a peritu-
moral CD8/Foxp3 ratio of > 0.8 had 
better disease-free survival after 
resection than patients with ≤ 0.8 
(log-rank test P = 0.043, Figure 3A). 
The overall survival was significantly 
longer for patients with a peritumoral 

CD8/Foxp3 ratio of > 0.8 than those with a 
peritumoral CD8/Foxp3 ratio of ≤ 0.8 (log-rank 
test P = 0.028, Figure 3B).
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Figure 2. The H&E and immunohistochemical stains of HCC. (A) The H&E 
stain showing the peritumoral liver tissue sections without or with septa, and 
the immunohistochemical stain showing (B) CD4+, (C) CD8+, (D) Foxp3+, and 
(E) CD11b+ cells.

Discussion

This retrospective study reviewed the clinico-
pathologic data of patients with early- and 
intermediate-stage HCC who had undergone 
hepatic resection as the first treatment modal-
ity. Patients with HCC with heterogenous liver 
parenchymal enhancement on CT scan had a 
longer disease-free survival and overall survival 
than those with homogenous liver parenchymal 
enhancement. Furthermore, patients with het-

erogenous liver parenchyma 
tended to develop peritumoral 
septa, whereas those with 
peritumoral septa were likely 
to have a higher CD8/Foxp3 
ratio, a lower risk of early 
recurrence, and a favorable 
overall survival (Supplemen- 
tary Figure 2).

Liver cirrhosis is a well-known 
risk factor for HCC [20]; there-
fore, identifying liver cirrhosis 
is an important issue during 
the regular follow-up of pa- 
tients with chronic hepatitis. A 
liver biopsy is considered the 
best method to evaluate the 
severity and diagnosis of liver 
fibrosis [21]. However, it might 
not be the gold standard. Liver 
biopsy has some limitations, 
such as interobserver varia-
tions and sampling variability 
[22, 23]. Additionally, the 
chronic liver disease would 
cause a bleeding tendency 
that increased the risk for 
post-biopsy hemorrhage. Al- 
ternatively, noninvasive meth-
ods for liver fibrosis, such as 
FIB-4 and APRI, could provide 
diagnostic ability [24, 25]. In 
this study, patients without 
significant difference in FIB-4 
and APRI between SD of > 5.6 
and SD of ≤ 5.6 groups, and 
most patients did not have 
advanced liver fibrosis, such 
as FIB-4 of > 3.25 or APRI of > 
1.5, and 93% of patients had 
Child-Pugh class A (Table 1). 
Hepatic fractional extracellu-

lar space is another noninvasive method for 
liver fibrosis using CT scan [26], and no differ-
ence in the hepatic fractional extracellular 
space was observed between the two groups 
(Supplementary Table 1), suggesting a similar 
severity of liver fibrosis between the homoge-
neity and heterogeneity of liver parenchymal 
enhancement when patients with early HCC 
and could undergo hepatic resection. Although 
the heterogeneity of liver parenchymal en- 
hancement is associated with the severity of 



Hepatic heterogeneity and HCC

2990 Am J Cancer Res 2024;14(6):2984-2993

Table 3. Liver parenchymal heterogeneity and immunohistochemical variables of study participants 
with or without hepatic septa

With septa 
n = 24

Without septa 
n = 26 p value

Liver parenchymal heterogeneity 0.001
    SD > 5.6 8 0
    SD ≤ 5.6 16 26
CD4+ cells (%)
    Intratumor 0.063 ± 0.073 0.070 ± 0.069 0.74
    Peritumor 0.240 ± 0.615 0.084 ± 0.110 0.21
CD8+ cells (%)
    Intratumor 0.41 ± 0.46 0.37 ± 0.46 0.79
    Peritumor 0.83 ± 0.72 0.26 ± 0.27 < 0.001
Foxp3+ cells (%)
    Intratumor 0.76 ± 0.77 0.76 ± 0.68 0.99
    Peritumor 1.05 ± 1.19 0.59 ± 0.49 0.076
CD11b+ cells (%)
    Intratumor 0.032 ± 0.046 0.023 ± 0.041 0.46
    Peritumor 0.239 ± 0.906 0.037 ± 0.111 0.26
CD8+/Foxp3+

    Intratumor 0.62 ± 0.48 0.49 ± 0.41 0.32
    Peritumor 1.22 ± 0.96 0.47 ± 0.32 0.001
HCV: hepatitis C virus; INR: international normalized ratio; SD: standard deviation. Results are expressed as mean ± SD.

Figure 3. The disease-free and overall survival was significantly longer for patients with a peritumoral CD8/Foxp3 
ratio of > 0.8 than those with a peritumoral CD8/Foxp3 ratio of ≤ 0.8. Comparison of (A) the disease-free survival 
(log-rank test P = 0.043) and (B) overall survival (log-rank test P = 0.028) curve based on the peritumoral CD8/
Foxp3 ratio.

liver fibrosis [13], the majority of patients 
recruited in this study did not have advanced 
liver fibrosis; thus, showing the difference of 
fibrosis in this patient population might be dif-
ficult with this method. In our study, all patients 
with HCC with heterogeneous liver parenchyma 
on CT scan had peritumoral septa. In contrast, 
only 38.1% of patients with homogeneous liver 
parenchyma had peritumoral septa (see Table 
3). The septa in non-tumor hepatic tissue might 

hamper the distribution of the contrast medium 
evenly and then cause the heterogenous liver 
parenchyma on the CT scan after administering 
the contrast medium.

In our study, the heterogenous liver parenchy-
ma is associated with the generation of septa 
in non-tumor tissues. Fibrotic septa are a 
unique pathological feature in the development 
of liver fibrosis [27]. In an animal study of liver 
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fibrosis, the CD8+ T-cell administration could 
induce the expression of transforming growth 
factor β1 and collagen I and increase the area 
of liver fibrosis [28]. Furthermore, patients with 
liver cirrhosis had a higher proportion of CD8+ T 
cells in the liver tissues compared with patients 
without cirrhosis [29]. These results suggested 
that CD8+ T cells might play a profibrotic role in 
liver fibrosis [30]. In this study, the prevalence 
of CD8+ cells was significantly higher in the peri-
tumoral liver tissue with septa than that in the 
peritumoral liver tissue without septa (Table 3). 
Our finding is consistent with that of previous 
reports that CD8+ T-cell is associated with liver 
fibrosis.

CD8+ T cells have an anticancer effect in the 
tumor microenvironment of HCC [31]. However, 
its activity is negatively regulated by regulatory 
T cells (Tregs) that impaired the CD8+ T-cell 
function and promoted HCC disease progres-
sion [32]. Patients with HCC with low intratu-
moral Tregs and high intratumoral CD8+ T cells 
have longer survival and lesser recurrence 
compared with others after hepatic resection 
[33]. Furthermore, increased intratumoral 
CD8/Foxp3 ratio is related to a favorable HCC 
prognosis after hepatic resection [19]. However, 
the intratumoral CD8/Foxp3 ratio was not sig-
nificantly different between the liver tissues 
with and without septa in this study. In- 
terestingly, the CD8/Foxp3 ratio of peritumoral 
liver tissue was significantly higher in patients 
with HCC with septa than that without septa, 
and a higher CD8/Foxp3 ratio of the peritumor-
al liver tissue is associated with a lower risk of 
early recurrence and longer survival. These 
findings suggested that the heterogeneous 
liver parenchyma on contrast-enhanced CT 
scan is associated with the septal generation 
and increased CD8/Foxp3 ratio of the peritu-
moral liver tissue and then resulted in a better 
prognosis of HCC after hepatic resection. 
Therefore, the heterogeneous liver parenchyma 
might represent a favorable tumor microenvi-
ronment for cancer treatment.

In routine clinical practice, obtaining data on 
the HCC tumor microenvironment without he- 
patic resection is difficult. In this study, we pro-
vided an accessible and noninvasive method to 
obtain the phenotype of the HCC tumor micro-
environment. It might be a useful method to 
guide adjuvant therapy after hepatic resection 

or curative radiofrequency ablation. For exam-
ple, the heterogeneous liver parenchyma might 
present with an immunoactive tumor microen-
vironment that enhances the therapeutic effect 
of immunotherapy. To verify this assumption, 
further clinical trials are warranted.

Conclusions

According to this study, patients with HCC with 
heterogenous liver parenchymal enhancement 
on CT scan might develop fibrotic septa in peri-
tumoral liver tissue, which is associated with a 
higher CD8/Foxp3 ratio and then results in a 
lower risk of early recurrence and a longer over-
all survival.
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Supplementary Figure 1. Three ROIs were set as the schema (A) to measure the CT HU values at the unenhanced 
(B) and delayed phase images (C). CT, computed tomography; HU, Hounsfield units; ROI, regions of interest.

Supplementary Figure 2. Schematic diagram depicts the heterogenous liver parenchyma tended to develop peri-
tumoral septa, whereas those with peritumoral septa were likely to have a higher CD8/Tregs ratio, a suppression 
of free cancer cells, and a decrease in the recurrent rate. Tregs, regulatory T cells. Created with BioRender.com.

Supplementary Table 1. The CT imaging features of patients with a different parenchymal heteroge-
neity of liver

SD > 5.6 
n = 57

SD ≤ 5.6 
n = 143 p value

Unenhanced scan (HU)
    ROI1 51.8 ± 9.0 55.4 ± 8.4 0.010
    ROI2 55.4 ± 9.8 54.6 ± 9.3 0.57
    ROI3 53.4 ± 11.3 53.9 ± 9.8 0.73
Delayed phase (HU)
    ROI1 96.8 ± 11.1 95.6 ± 11.8 0.50
    ROI2 97.7 ± 14.3 95.3 ± 13.4 0.26
    ROI3 90.8 ± 19.1 93.2 ± 13.0 0.30
Hepatic fractional extracellular space (%)a 35.1 ± 11.2 36.4 ± 11.5 0.47
CT: computerized tomography; HU: Hounsfield unit; ROI: regions of interest; SD: standard deviation. Results are expressed as 
mean ± SD. a: (delayed phase liver - unenhanced liver) × (100 - hematocrit)/(delayed phase aorta - unenhanced aorta).


