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ABSTRACT 

Background: The tumor cell microenvironment, which includes local oxygen 

saturation, pericellular pH and stromal cells, can modulate tumor progression. 

Aims: This study determined the prognostic impact of infiltrating tumor-associated 

macrophages and the expression of monocarbohydrate transporter 4 (MCT4) and 

glypican 3 (GPC3) in hepatocellular carcinoma (HCC) clinical specimens. 

Methods: A total of 225 cases of resected HCC were subjected to 

immunohistochemical analyses of CD68, CD204, MCT4 and GPC3. 

Immunoreactivities and other common clinicopathological parameters were subjected to 

univariate prognostic analyses for overall survival (OS, n = 225) and disease-free 

survival (DFS, n = 222). All variables with prognostic impact were further analyzed in 

multivariate analysis. 

Results: Increased intratumoral infiltration of CD204-positive or MCT4-positive 

macrophages suggested shorter OS (p = 0.015 or p = 0.001, respectively), but DFS was 

not altered. The GPC3 score (with an emphasis on circumferential immunoreactivity) 

was correlated with shorter OS and DFS. Aberrant expression of MCT4 in HCC cells 

was observed in a subset of HCC cases (21%, 47/225). In those cases, significantly 

poorer OS (p < 0.0001) and DFS (p = 0.0003) were observed, and there was a positive 

correlation to the intratumoral infiltration of CD204- or MCT4-positive macrophages 

and the GPC3 score. Multivariate analysis showed that aberrant MCT4 expression in 

HCC cells was an independent prognostic factor for shorter OS (p = 0.018) and DFS (p 

= 0.006) after resection of HCC. 

Conclusions:  Aberrant expression of MCT4 in carcinoma cells serves as a novel, 

independent prognostic factor for HCC, indicating a poorer patient outcome. 
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INTRODUCTION 

Hepatocellular carcinoma (HCC) is a prevalent cancer worldwide and the 5-year 

survival rate after surgery remains low with a high recurrence rate (1). Its incidence is 

increasing, mainly due to the increasing prevalence of advanced hepatitis C virus 

(HCV) infection (2). The tumor microenvironment is a critical factor that determines the 

biology of cancer cells. The microenvironment is a complex mixture of tumor cells, 

stromal cells, proteins expressed on and around the cells, extracellular matrix, 

pericellular oxygen tension and pH. Like many other solid cancers, the role of the tumor 

cell microenvironment is thought to be critical in progression of HCC (2). Macrophages 

(mφ) constitute a major component of the cellular infiltrate in tumor tissue, and 

tumor-associated mφ (TAMs) are known to be related to tumor progression and 

outcome (3, 4). Generally, TAMs show the M2 polarized phenotype and express CD204 

and/or CD163 (5, 6). Like other solid cancers, the prognostic significance of 

intratumoral infiltration of mφ has been studied in HCC; however, conflicting results 

have been reported (7, 8, 9). Monocarboxylate transporters (MCTs) are proteins that 

facilitate the transmembrane transport of short-chain fatty acids, such as pyruvate and 

lactate, coupled with a proton, and they play a critical role in preventing intracellular 

acidosis associated with increased glycolysis (10). Among the MCTs, MCT4 is strongly 

expressed by monocytes and mφ (11) and might constitute a marker of enhanced 

glycolysis in mφ. Moreover, as MCT4 expression is regulated by HIF-1 signaling (12), 
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its enhanced expression in tumor cells might represent a hypoxic microenvironment in 

cancer tissue. 

Previously, we described circumferential expression of cell surface glypican 3 

(GPC3), an oncofetal GPI-anchored glycoprotein highly expressed in HCC. We 

concluded that it might indicate poor patient outcome (13), but the mechanism by which 

the circumferential GPC3 expression influenced disease progression has remained 

undefined. Based on a small number of HCC (30 cases), we suggested that there was a 

positive correlation between circumferential GPC3 expression and infiltration of TAMs 

(14). The data indicated a possible role of the tumor microenvironment in the GPC3 

expression pattern or vice versa in HCC. The present retrospective study was initially 

aimed at assessing the prognostic significance of intratumoral infiltration of mφ, using 

CD68 (a pan-marker for mφ/monocyte), CD204, and MCT4 as markers, in surgically 

resected HCC samples and their relationships to the circumferential GPC3 expression 

score. Rather unexpectedly, we found that aberrant MCT4 expression in HCC cells, 

which was observed in a subset of HCC cases, predicted significantly worse prognosis 

of the patients. 

 

 

MATERIALS AND METHODS 

Study cohort 

This study protocol was approved by the Institutional Review Board of the Faculty 

of Medicine, University of Miyazaki. A total of 225 Japanese patients (168 males and 

57 females) were included in this study. All were diagnosed with HCC and had received 

partial hepatectomy at the University of Miyazaki Hospital from February 1999 to 
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March 2013. Patients’ ages ranged from 18 to 86 years-old, with mean and median ages 

of 65.5 and 68, respectively. Clinicopathological data (summarized in Table 1) included 

tumor size, tumor multiplicity, recurrence, infection by hepatitis B virus (HBV) and 

HCV, serum α-fetoprotein (AFP) level, serum protein induced by vitamin K absence or 

antagonist II (PIVKA-II) level, Child-Pugh score, TNM stage, cancer of the liver Italian 

program (CLIP) score, Japan integrated staging (JIS) score, tumor morphology, vascular 

invasion, capsular invasion, and cirrhosis. Tumor grading and histological types were 

assessed according to World Health Organization classification. 

The postoperative mean follow-up period was 3.6 years, with 13.8 years as the 

longest period, while the mean disease-free interval was 2.4 years. During the follow-up 

period, 75 patients (33%) died of HCC, and 20 patients (9%) died of unrelated (19 

cases) or unknown (1 case) causes. Primary study endpoints were postoperative overall 

survival (OS) and postoperative disease-free survival (DFS). OS (n = 225) and DFS (n = 

223) were defined as the time from the date of surgery to the date of death from HCC 

and to the date of initial detection of local recurrence or distant metastasis, respectively.  

The postoperative follow-up included abdominal ultrasonography or computed 

tomography study every 3 months and laboratory testing of AFP and/or PIVKA-II level 

at 1 to 3 month intervals. Patients underwent hepatic angiography, bone scintigraphy or 

chest computed tomography when clinically indicated. Fifty-five cases received 

neoadjuvant therapy within three months of surgery. Postoperative chemotherapy was 

performed for 41 patients, when portal vein invasion or metastasis was detected by 

pathologic studies. If cancer recurrence was confirmed, various treatments, including 

repeat hepatectomy, transcatheter arterial embolization, percutaneous ablation and 

radiation therapy were applied as deemed necessary. 
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Preparation of tissue samples and immunohistochemistry 

Paraffin-embedded tissue sections with a thickness of 5 μm were fixed in 10% 

formalin for hematoxylin and eosin (HE) and immunohistochemical staining.  Most of 

these sections included surrounding non-neoplastic liver tissue. They were 

immunostained for expression of CD68, CD204, MCT4 and GPC3. The primary 

antibodies used were as follows: rabbit polyclonal anti-MCT4 antibody (clone H-90, 

1:200, Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse monoclonal 

anti-CD68 antibody (clone PG-M1, 1:100, Dako, North America, Inc.), mouse 

monoclonal anti-CD204 antibody (clone SRA-E5, 1:100, Trans Genic, Kobe, Japan), 

and mouse monoclonal anti-GPC3 antibody (GC33, 1 µg/mL) (13, 15). The staining 

was carried out on the Leica Bond-Max III automated immunostainer according to the 

manufacturer’s instructions. Heat treatment for antigen retrieval was 10 min for CD68, 

20 min for CD204, or 30 min for MCT4 and GPC3. Negative controls consisted of 

sections with omission of the primary antibody. 

 

Intratumoral mφ counting and scoring system for GPC3 and MCT 

immunoreactivity in HCC cells 

Infiltrating mφ with expression of CD68, CD204 or MCT4 were counted with a 40 

× objective lens (high power field: HPF) at three representative areas randomly selected 

from the tumor portion, and the average number/HPF was calculated. To count mφ, 

immune-positive cells that were obviously larger than 10 μm in width were selected and 

counted. The GPC3 scoring system with an emphasis on circumferential 

immunoreactivity of HCC cells (A-Cm score) was described previously (13). For 
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MCT4, both HCC with focal aggregation(s) of MCT4-positive HCC cells (more than 20 

cells) and with rather diffuse immunoreactivity were judged as positive, as long as 

readily visible membranous immunoreactivity was identified with a 4 × objective lens.  

In all immunohistochemical analysis, the evaluation was performed by two or three 

independent researchers (A.O., K.Y. and/or H. K.). 

 

Statistical analysis 

 Fisher’s exact test, χ2 test and Spearman’s rank correlation test were used for 

assessment of the relationship between variables. OS and DFS were estimated using the 

Kaplan-Meyer method and groups were compared using the log-rank test. Cox 

proportional hazards regression models were used to calculate the hazard ratios (HRs) 

and 95% confidence of intervals (CIs). Patients were censored on the date of last contact 

or dying of causes other than HCC. The multivariable Cox proportional hazards 

regression analysis model was used to detect independent prognostic factors. Statistical 

significance was assumed if p < 0.05. Data were analyzed by STAT view 5.0 (SAS 

Institute Inc., Cary, NC, USA). 

 

 

Results 

Intratumoral infiltration of CD204- or MCT4-positive mφ in HCC tissues and 

patient prognosis 

We conducted univariate analyses of the clinicopathological factors in HCC 

patients’ OS (n = 225) and DFS (n = 222) in this study cohort. Most conventional 

prognostic factors such as recurrence, tumor size, multiplicity, serum AFP and 
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PIVKA-II levels, presence of liver cirrhosis, vascular invasion, tumor grade, and staging 

(TNM, CLIP and JIS) showed significant prognostic impact on both OS and DFS (Table 

2). To analyze the number of TAMs with an M2 polarized phenotype in human HCC, an 

immunohistochemical study was undertaken using 225 cases of surgically resected HCC 

samples and antibody against CD204. The mean number ± standard deviation (SD) of 

CD204-positive TAMs (hereafter indicated as M2-mφ) per HPF was 20.0 ± 13.1. A 

representative example is shown in Figure 1A. Among 225 cases, 93 showed M2-mφ 

above average numbers and were designated as high M2-mφ cases. 

Univariate analysis for OS and DFS revealed that high M2-mφ cases showed 

shorter OS (p = 0.015, Cox proportional hazards regression analysis) (Table 3). 

However, no relationship to DFS was observed. On the other hand, the number of 

intratumoral CD68-positive mφ did not show a prognostic impact in this study. Mφ and 

monocytes that were clearly immunoreactive with anti-MCT4 were also seen in HCC 

tissues, particularly around necrosis (Figure 1B). In addition, activated mφ forming 

epithelioid granulomas also showed strong MCT4 immunoreactivity (data not shown).  

MCT4-positive mφ were comparatively fewer in number between tumor cells compared 

to M2-mφ, showing 1.4 ± 2.8/HPF (Figure 1C). Notably, cases that showed intratumoral 

MCT4-positive mφ above average (62 cases) had shorter OS (p = 0.001), similar to the 

case for M2-mφ (Table 3). No relationship to DFS was observed. 

 

Aberrant expression of MCT4 by HCC cells 

       During the course of the immunohistochemical analysis for intratumoral 

infiltration of MCT4-positive mφ, we found that a subset of HCC cases showed MCT4 

immunoreactivity at the HCC cell surface. The immunopositive-HCC cells were found 
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either focally as groups of readily visible positive cells (Figure 2A) or nodularly in a 

substantial area (Figure 2B). Non-neoplastic hepatocytes were negative. The existence 

of groups of HCC cells with readily recognizable membranous MCT4 expression was 

judged as MCT4-positive in HCC (MCT4+ HCC). The MCT4+ HCC cases accounted 

for about 21% (47 cases) of the total analyzed cases, with diffusely positive 

immunoreactivity (>50% of HCC cells) in 8 cases.  In focally positive cases, the 

MCT4-positive cancer cells often emerged near necrotic portions, frequently with 

M2-mφ and occasionally in nests isolated in fibrosing stroma (Figure 2C-E). In the 

remaining 178 cases, MCT4-immunoreactivity was hardly observed in HCC cells. 

MCT4+ HCC cases showed statistically significant correlations to higher intratumoral 

M2-mφ (p = 0.0004) and higher intratumoral MCT4-positive mφ (p < 0.0001). 

 

Relationship of aberrant MCT4 expression to clinicopathological parameters and 

patient prognosis 

The putative association between MCT4 expression in HCC cells and various 

clinicopathological factors was evaluated statistically (Supplemental Table 1). MCT4+ 

HCC correlated with higher AFP levels (p = 0.001, χ2 test), presence of vascular 

invasion (p = 0.016), and a less differentiated histology (p < 0.0001).  MCT4+ HCC 

was also associated with advanced clinical stages. Furthermore, Kaplan-Meyer survival 

analysis and the log-rank test revealed that MCT4+ HCC was associated with 

significantly worse prognoses in both OS (p < 0.0001) and DFS (p < 0.0001) after 

resection of HCC (Figure 3). Interestingly, there was no statistically significant 

difference between HCT4+ HCC with a smaller positive area (< 20%; n = 31) and a 

larger positive area (≥ 20%; n = 16) in regard to the prognosis (Supplemental Figure 1). 
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Relationship of TAMs and MCT4 expression to circumferential GPC3 

immunoreactivity 

GPC3 is a well-known marker of HCC cells and in this study cohort, GPC3 

immunoreactivity was observed in 78% (176/225) of HCC. Previously, we reported that 

there were several immunoreactivity patterns of GPC3 in HCC (membranous, 

canalicular, luminal, and intracytoplasmic) (13). We hypothesized that a GPC3 

immunoreactivity scoring system with an emphasis on circumferential membranous 

pattern (A-Cm score) might be useful for predicting patient prognosis, as higher scores 

correlated to a poorer prognosis in 185 cases that overlapped with this study cohort (13). 

With an additional 40 cases (total 225 cases), we confirmed the above trend in this study 

(Supplemental Figure 2). Then, we analyzed the correlation between the GPC3 A-Cm 

score and intratumoral mφ number or MCT4+ HCC. The GPC3 score showed positive 

correlations to the number of M2-mφ (p = 0.0003, Spearman’s rank correlation test) and 

MCT4+ HCC (p < 0.0001), but not to intratumoral MCT4-positive mφ (p = 0.118) 

(Supplemental Figure 3). 

 

Aberrant MCT4 expression in HCC cells as a novel, independent prognostic factor 

for HCC 

Finally, to compare all prognostic factors directly in terms of their impacts on 

patient OS or DFS, we carried out a multivariate analysis of eligible patients of all HCC 

cases (Table 4). Parameters that showed a statistically significant impact in the 

univariate analyses were incorporated into this analysis. Notably, MCT4+ HCC was an 

independent prognostic factor for both OS (p = 0.018) and DFS (p = 0.006) after 
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resection of HCC (Table 4). Other independent prognostic factors in this study cohort 

included tumor recurrence (p = 0.006), larger tumor size (p = 0.048), high AFP level (p 

= 0.045) for OS. With regard to DFS, prognostic factors included Child-Pugh score (p = 

0.002), liver cirrhosis (p = 0.038) and TNM stage (p = 0.030). 

 

 

DISCUSSION 

     In this immunohistochemical study of HCC (225 cases), tumors with increased 

intratumoral CD204-positive mφ (M2-mφ), MCT4-positive mφ and expression of 

MCT4 in HCC cells (MCT4+ HCC) were associated with an unfavorable patient 

outcome. To some extent, this work also suggested that M2-mφ number and MCT4+ 

HCC were correlated with each other and might also be correlated with a 

circumferential GPC3 expression pattern. In the multivariate analysis that included all 

statistically significant univariate prognostic parameters in this study cohort, we 

observed that MCT4+ HCC was an independent prognostic factor predicting decreased 

OS and DFS after resection of HCC. To the best of our knowledge, this study is the first 

to show the prognostic significance of MCT4 expression in HCC. 

MCTs belong to the SLC16 gene family that is composed of 14 members (10).  

Among MCTs, MCT1 and MCT4 are important proton symporters that regulate 

intracellular pH. They are believed to play a critical role in the maintenance of 

glycolytic metabolism through the proton-linked transmembrane transport of lactate. 

Upregulation of MCT1 and MCT4 has been reported in several solid tumors, such as 

gastrointestinal, gynecological, breast, prostatic, lung, head and neck carcinomas, 

melanoma, and central nervous system tumors (10, 16 - 21) and the prognostic 
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significance of MCT4 has been shown (10, 17, 19 - 21). In this study, we observed 

aberrant MCT4 expression in 21% of the HCC cases analyzed. The immunoreactivity 

pattern was largely focal, showing scattered groups of positive cells, and cases with 

rather diffuse immunoreactivity (positive in more than 50% of the cells) represented 

only 17% of MCT4+ HCC cases. However, regardless of the area of positivity, MCT4+ 

HCC cases showed significant prognostic impact. We also analyzed the expression of 

MCT1 in HCC cells (data not shown). However, there was no clear relationship 

between MCT1 expression and patient prognosis. 

The question, then, is how MCT4+ HCC is associated with poor patient outcome.  

MCT4 expression is regulated by HIF-1 signaling (12). Therefore, it is reasonable to 

postulate that the existence of MCT4-expressing HCC cells represents enhanced 

activation of HIF-1 signaling that is critically involved in angiogenesis and 

chemoresistance of HCC cells (22, 23). Moreover, the expression of MCT4 might result 

in an acidic pericellular milieu by exporting intracellular lactate. Acidification might in 

turn modulate the tumor cell microenvironment in favor of malignant progression. 

Indeed, recent evidence suggests that acidity in the tumor microenvironment drives 

local invasion (24). As there was a positive correlation between MCT4+ HCC and 

M2-mφ infiltration in tumor tissue, MCT4-mediated alteration of the pericellular 

microenvironment might recruit TAMs, which might also be involved in an unfavorable 

outcome for patients. Alternatively, MCT4 might contribute to malignant progression of 

HCC via other functions than its capacity to work as a proton symporter. For example, 

MCT4 is reported to be colocalized with CD147; the latter induces expression of matrix 

metalloproteases (MMP) as indicated by its synonym, EMMPRIN (extracellular MMP 

inducer) (25 - 27). Therefore, expression of CD147 by MCT4+ HCC cells might 
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produce higher activities of pericellular MMP. In fact, expression of CD147 in HCC has 

been reported (28). The expression of CD147 in HCC cells might also induce the 

epithelial to mesenchymal transition, resulting in a more invasive phenotype (29).  

Finally, a recent study suggests that CD147 is associated not only with MCT4, but also 

with assembly of CD44, epidermal growth factor receptor, and drug transporters in the 

plasma membrane, having a role in the properties characteristic of cancer stem-like cells 

(30). Therefore, the MCT4-positive area in HCC might be an area enriched with cancer 

stem-like cells. 

   This study also suggests a possible role of CD204-positive M2-mφ in decreased OS 

after resection of HCC, which is in accordance with a presumed supporting role of 

TAMs in tumor progression (3, 4, 9). In accordance with a previous report (14), we 

observed a positive correlation between M2-mφ and circumferential membranous GPC3 

immunostaining score (A-Cm score). Of note, this GPC3 immunostain score might also 

be higher in MCT4+ HCC. Currently, it is not known whether these correlations are 

simply epiphenomena in dedifferentiated tumors or represent a functional 

interrelationship between the parameters. We also analyzed the prognostic impact of 

MCT4-positive mφ in this study. While MCT4 is reported to be expressed abundantly 

by mφ (11), the number of intratumoral mφ clearly positive for MCT4 was much less 

than CD204-positive or CD68-positive mφ and most MCT4-positive mφ showed plump 

phagocytizing morphology and were enriched in/around necrotic areas. Although the 

precise nature of MCT4-positive mφ remains undefined, higher intratumoral 

MCT4-positive mφ showed a positive correlation to the existence of MCT4-positive 

HCC cells and also to decreased OS after HCC resection. 

     In summary, our study revealed that, in a subset of HCC cases, focal or diffuse 
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expression of MCT4 occurs in HCC cells. The aberrant MCT4 expression in HCC 

predicts decreased OS and DFS after resection of HCC and serves as a novel 

independent prognostic marker for HCC. For these MCT4-positive HCC cases, 

inhibition of MCT4 function could be a new and advantageous therapeutic approach. 
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FIGURE LEGENDS 

Figure 1. Representative immunohistochemistry of infiltrating mφ. A. Intratumoral 

infiltration of CD204-positive mφ. Bar, 100 μm. B. MCT4-positive mφ in tumor tissue 

(left panel) and perinecrotic area (right panel). Bar, 100 μm. C. Comparative 

immunohistochemistry of CD68-, CD204- and MCT4-positive mφ in serial sections of 

HCC tissue. Bar, 200 μm. 

 

Figure 2. Expression of MCT4 in HCC cells. A. Focal immunoreactivity in small 

groups of HCC cells. Bar, 200 μm. T, tumor portion. N, non-tumor portion. Inset, higher 

manigification photo of NCT-positive HCC cells. B. Diffuse immunoreactivity pattern 

in HCC cells with average (left) or strong (right) intensity. T, tumor portion. N, 

non-tumor portion. Bars, 200 (left) and 100 μm (right). C-E. Representative examples 

of focal MCT4 immunoreactivity in HCC cells, showing perinecrotic pattern (C), 

isolated nest pattern (D) and association with CD204-positive mφ (E). Note that 

MCT4-positive HCC cells are rimmed by CD204-positive mφ (E). *, necrotic portion.  

Bars, 100 μm or 50 um (high magnification photo in D). 

 

Figure 3. Kaplan-Meyer survival curves of MCT4+ HCC for OS (A) and DFS (B) after 

resection of HCC. P value was calculated by log-rank test. 

 



 

Table 1. Demographic and baseline characteristics of all HCC patients     

 

 Variables Number Mean ± SD / median / range 

Age (years)    225 65.5 ± 11.0 / 68.0 / 18 - 86 

Gender: Male / Female   168 / 57                          

HBV / HCV / both / none 68 / 90 / 4 / 71 

Newly onset / Recurrence 183 / 42 

Tumor diameter (cm)   225 4.8 ± 3.4 / 4.0 / 0.8 - 19 

Tumor number, single / multiple 175 / 50 

Serum AFP (ng/ml)  225  12614 ± 89409 / 28 / 1 - 1121170 

Serum PIVKA-II (mAU/ml)  223  7173 ± 34215 / 124 / 7 - 443000 

Child-Pugh score, A / B 196 / 29 

Adjuvant therapy  41 

Tumor differentiation: 

 well / moderate / poor 82 / 123 / 20 

Vascular invasion + / - 118 / 107 

Capsular invasion + / - 140 / 85 

Cirrhosis  + / - 109 / 116 

Staging 

TNM I / II / III / IV 23/80/81/41     

CLIP 0 / 1 / 2 / 3 / 4 / 5 75/96/29/17/8/0  

JIS 0 / 1 / 2 / 3 / 4 / 5 22/72/82/46/3/0  

AU, Anson unit; 

 

  



Table 2. Univariate analysis of demographic and basaline characteristics for OS and DFS 

 

 Parameters OS (n = 225) DFS (n = 222) 

 HR (95% CI) p value c HR (95% CI) p value c 

Age (< 60 vs ≥ 60) 1.4 (0.8-2.2) 0.197 1.2 (0.9-1.9) 0.250 

Gender (male vs female)  0.9 (0.6-1.6) 0.956 0.9 (0.6-1.3) 0.621 

Recurrent (recurrent vs new) 2.6 (1.6-4.2) 0.0002 1.8 (1.2-2.8) 0.005 

Tumor size (≥ 5cm vs < 5) 2.4 (1.5-3.8) 0.0002 1.7 (1.2-2.4) 0.003 

Multiplicity (multiple vs single) 1.8 (1.1-3.1) 0.025 1.7 (1.2-2.6) 0.006 

AFP a (≥ 14 vs < 14) 4.3 (2.3-8.1) < 0.0001 2.2 (1.5-3.2) < 0.0001 

PIVKA-II b (≥ 40 vs < 40) 2.5 (1.4-4.4) 0.001 1.8 (1.2-2.7) 0.003 

Child-Pugh score (B vs A) 1.7 (0.9-3.1) 0.082 2.2 (1.4-3.5) 0.0008 

Adjuvant therapy (+ vs –) 1.8 (1.0-3.2) 0.033 1.8 (1.1-2.7) 0.010 

Cirrhosis (+ vs –) 1.7 (1.0-2.6) 0.033 1.7 (1.2-2.4) 0.005 

Capsular invasion (+ vs –) 1.6 (0.9-2.6) 0.086 1.1 (0.7-1.6) 0.693 

Vascular invasion (+ vs –) 4.0 (2.3-6.9) < 0.0001 2.4 (1.7-3.4) < 0.0001 

Tumor grade (mod. + poor vs well) 3.1 (1.7-5.6) 0.0001 1.9 (1.3-2.8) 0.001 

TNM stage (III-IV vs I-II) 3.9 (2.2-6.8) < 0.0001 2.9 (2.0-4.3) < 0.0001 

CLIP (≥ 2 vs ≤ 1) 4.1 (2.6-6.5) < 0.0001 3.2 (2.2-4.7) < 0.0001 

JIS (≥ 2 vs ≤ 1) 3.6 (2.0-6.3) < 0.0001 2.8 (1.9-4.2) < 0.0001 

a, ng/ml; b, mAU/ml; c, Cox proportional hazards regression analysis 

 

 

  



Table 3. Univariate analysis of intratumoral mφ number for OS and DFS after resection of HCC 

 

 Parameters OS (n = 225) DFS (n = 222) 

 n HR (95% CI) p value b n HR (95% CI) p value b 

CD68-positive mφ  

≥ 14/HPF a  91 1.5 (0.9-2.4) 0.064 89 1.2 (0.8-1.7) 0.330 

< 14/HPF 134 133 

 

CD204-positive mφ 

≥ 20/HPF a  93 1.8 (1.1-2.8) 0.015 91 1.2 (0.9-1.8) 0.271 

< 20/HPF 132 131 

 

MCT4-positive mφ  

≥ 1.4/HPF a  62 2.2 (1.4-3.5) 0.001 60 1.4 (0.9-2.1) 0.068 

< 1.4/HPF 163 162 

a, each numer represents mean value/HPF of all cases analyzed.  b, Cox proportional hazards regression 

analysis  

 

 

  



Table 4. Multivariate analysis of factors associated with OS and DFS in all eligible cases 

 

 Parameters OS (n = 225) DFS (n = 222) 

 HR (95% CI) p value c HR (95% CI) p value c 

Recurrent (recurrent vs new) 2.2 (1.3-3.8) 0.006 1.4 (0.9-2.3) 0.109 

Tumor size (≥ 5 vs < 5) 1.7 (1.0-3.0) 0.048 1.3 (0.9-2.0) 0.217 

Multiplicity (multiple vs single) 1.3 (0.7-2.3) 0.438 1.3 (0.8-2.1) 0.240 

AFP (≥ 14 vs < 14) 2.1 (1.0-4.3) 0.045 1.3 (0.8-2.0) 0.263 

PIVKA-II (≥ 40 vs < 40) 1.8 (0.9-3.3) 0.059 1.5 (0.9-2.4) 0.066 

Child-Pugh score (B vs A) - - 2.3 (1.3-3.8) 0.002 

Adjuvant therapy (+ vs –) 1.2 (0.6-2.1) 0.626 1.3 (0.8-2.1) 0.332 

Cirrhosis (+ vs –) 1.5 (0.9-2.5) 0.132 1.5 (1.0-2.3) 0.038 

Vascular invasion (+ vs –) 1.9 (0.9-4.2) 0.127 1.1 (0.6-1.8) 0.779 

Tumor grade (mod. + poor vs well) 1.2 (0.6-2.5) 0.521 0.9 (0.6-1.6) 0.925 

TNM stage (III-IV vs I-II) 3.2 (0.4-22.7) 0.250 3.1 (1.1-8.6) 0.030 

CLIP (≥ 2 vs ≤ 1) 1.5 (0.8-2.6) 0.184 1.5 (0.9-2.4) 0.074 

JIS (≥ 2 vs ≤ 1) 0.3 (0.05-2.5) 0.296 0.5 (0.2-1.5) 0.223 

CD204-positive mφ (high vs low) a 0.7 (0.4-1.3) 0.259 - - 

MCT4-positive mφ (high vs low) b 1.2 (0.7-2.1) 0.598 - - 

MCT4+ HCC (positive vs negative) 2.0 (1.1-3.5) 0.018 1.9 (1.2-2.9) 0.006 

GPC3 score (A-Cm score ≥ 2 vs ≤ 1) 1.6 (0.9-2.9) 0.092 1.2 (0.8-1.9) 0.332 

a, high: > 20/HPF;  b, hign: 1.4/HPF;  c, Cox proportional hazards regression analysis 
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