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ABSTRACT 

 

Introduction: Recently, the range of targeted therapy has 

expanded and the tumor microenvironment has been suggested 

as a probable target of a novel systemic targeted therapy. 

Furthermore, the Immunoscore (IS) system, which quantifies 

one of the tumor microenvironmental factors, tumor-infiltrating 

lymphocyte (TIL), has been recently suggested to be a useful 

prognostic biomarker, especially in colorectal cancer (CRC). 

We aimed to investigate the clinical significance of 

microenvironmental factors, which include microvessel density 

(MVD), lymphatic vessel density (LVD), cancer-associated 

fibroblasts (CAF), and tumor-infiltrating immune cells, in 

relationship to tumor location of advanced CRC. 

Methods: A total of 196 advanced CRC patients with 

synchronous or metachronous metastases who were treated at 

Seoul National University Bundang Hospital were enrolled in 

this study. The tumor microenvironments including MVD, LVD, 

CAF, and tumor-infiltrating immune cells were confirmed using 

immunohistochemistry (IHC) and a computerized image 

analysis system. To evaluate the regional heterogeneity of 

these properties, tissue from three sites (the center [CT] and 
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invasive margin [IM] of the primary cancer and a distant 

metastasis [DM]) were examined. The IS score, which is based 

on the combination scoring data from several tumor-infiltrating 

immune cells in respective tumor regions, was assessed for all 

patients. 

Results: The tumor microenvironmental factors showed 

heterogeneity with respect to the tumor location. Patients with 

low MVD and LVD in their CT had worse outcomes and patients 

with few CAFs in their IM and DM had a lower survival rate. 

Patients with high TIL in their primary or metastatic tumor had 

better outcomes. A high density of tumor-associated 

macrophages (TAMs) was also associated with poorer 

outcomes. When the patients were assessed using the IS 

system, a higher score was significantly correlated with better 

patient outcomes. In multivariate analysis, the IS model, which 

encompasses the results of TILs in DM, was an independent 

prognostic factor (p = 0.012). 

Conclusions: Microenvironmental factors are distributed 

heterogeneously with respect to the tumor location in CRC 

patients and they have a significant effect on patient outcome. 

IS is a reproducible method and is useful for predicting the 
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survival of advanced CRC patients. This new immunoscoring 

model, including CD3- and CD8-positive cells in distant 

metastases, can independently predict overall survival in 

advanced CRC patients. 

------------------------------------- 

Keywords: Advanced colorectal carcinoma, Tumor 

microenvironment, Microvessel density, Lymphatic vessel 

density, Cancer-associated fibroblast, Tumor-infiltrating 

lymphocyte, Tumor-associated macrophage, Tumor 

heterogeneity 
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INTRODUCTION 

 

Although the mortality rates of colorectal cancer (CRC) 

patients have decreased in most western countries and in 

several developing countries in Asia, advanced CRC patients 

who initially present with stage IV disease or those who 

develop distant metastases several months after diagnosis have 

a lower 5 year survival rate (1, 2). Recently, the range of 

possible therapies has expanded and targeted therapy, including 

epidermal growth factor receptor (EGFR) and vascular 

endothelial growth factor (VEGF) inhibitors, have been used in 

advanced CRC patients, increasing patient survival (3). 

However, some CRC patients respond poorly to targeted 

therapy despite presenting with positive results in targeted 

therapy-specific mutation studies (4). One possible explanation 

for this therapeutic failure is tumor heterogeneity; several 

studies have reported that CRCs possess a heterogenic 

genotype and phenotype, including variability in KRAS, p53, and 

BRAF (5-7). Therefore, the differing characteristics of the 

primary tumor site and the corresponding metastatic organ 

need to be clarified to improve the management of CRC patients 
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with metastatic diseases. Furthermore, understanding the 

clinicopathologic characteristics of advanced CRC is important 

for the development and improvement of systemic therapies. 

Since Paget et al. first described the cancer 

microenvironment by the ‘seed and soil’ theory (8), there 

has been growing evidence that cancer-associated stroma 

might affect the cancer cells themselves and contribute to 

cancer progression (9). The main components of the cancer 

microenvironment are microvasculature (microvessels and 

lymphatic vessels), cancer-associated fibroblasts (CAFs), and 

tumor-infiltrating immune cells (10-12). The current method 

of verifying angiogenetic and lymphangiogenetic activity in 

cancer tissue is to assess microvessel density (MVD) and 

lymphatic vessel density (LVD), respectively. MVD has been 

proposed as a surrogate marker of cancer-associated 

angiogenesis to identify patients with a high risk of recurrence 

or those with poor prognoses for various cancers, including 

CRC (13, 14). However, the prognostic correlation of 

angiogenesis in CRC is still controversial (15, 16). Similar to 

angiogenesis, LVD has received interest as a means of 

lymphatic metastasis and survival (17, 18), but its role in tumor 
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progression is still unclear (19). The other prominent 

components of stroma, CAFs, are consistently activated and 

affect many aspects of tumor initiation, invasion, and 

progression (9). While some studies have suggested that CAFs 

may inhibit tumor progression (20, 21) other studies have 

proposed that CAFs may promote progression in prostate, 

breast, and skin cancers (22-24). In the context of CRC, 

Tsujino et al. have suggested that the presence of α-smooth 

muscle actin (SMA)-expressing CAFs might be a useful 

indicator of a poor prognosis. However, these results were 

restricted to stage II and III CRCs (25). 

Tumor-infiltrating immune cells could influence tumor 

progression and metastasis. One of their activities is 

recognition of the tumor cells as a target of immunity and 

elimination of tumor cells (26). Recently, it has been suggested 

that tumor-infiltrating lymphocytes (TILs) have an important 

role in antitumor immunity in CRC (27-29). Furthermore, 

several studies have demonstrated that TILs are essential for 

the accurate prediction of a patient’s prognosis. Galon et al. 

have introduced the Immunoscore (IS) method that provides a 

score based on the number of CD3- and CD8-positive 
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lymphocytes in the center and in the invasive margin of tumors 

(29-31). Moreover, some authors have reported the IS method 

is superior to the current tumor-node-metastases staging 

system in various cancers (32). However, most studies only 

targeted stage I to III disease (30, 33). 

Tumor-associated macrophages (TAMs) are another 

component of tumor-infiltrating immune cells. Macrophages are 

derived from monocytes and show two polarization states in 

response to different micro-environmental signals (34). M1 

macrophages are pro-inflammatory and function as bactericidal 

and antigen-presenting cells. M2 macrophages have an 

immunosuppressive phenotype. There have been several 

studies showing that M2 macrophage infiltration is associated 

with unfavorable outcomes in CRC (35-37).  

The aim of this study was to determinate the 

characteristics of microenvironments, including micro-

vasculatures, CAFs, and tumor-infiltrating immune cells, in 

advanced CRC patients. Furthermore, the prognostic values of 

the tumor microenvironment and IS method for advanced CRC 

patients were evaluated. Additionally, we assessed the 

heterogeneity among varying tumor locations. 
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MATERIALS AND METHODS 

Patient selection and tissue microarray construction 

 A total of 196 advanced CRC patients who presented 

with synchronous or metachronous metastases were enrolled in 

this study. They underwent surgical treatment for primary and 

metastatic disease at Seoul National University Bundang 

Hospital (Seongnam-si, South Korea) between 2003 and 2009. 

Of the 196 patients, none had received preoperative systemic 

therapy or radiation treatment. The patient ’ s clinical and 

pathological data were obtained through medical charts and 

pathology reports. The patient outcomes and their survival 

times were collected. The patients lost to follow-up or dead 

from causes other than CRC were assumed as censored. The 

follow-up period ranged from 0.8 to 104.6 months (median, 

37.3 months). 

 The clinicopathologic characteristics of the advanced 

CRC patients are described in Table 1. The CRC patients with 

synchronous metastases had aggressive features including 

larger tumor size, more advanced pT and pN stage, and the 

presence of perineural and venous invasion than the patients 

with metachronous metastasis (p<0.05). All patients with 
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synchronous metastasis had adjuvant chemotherapy after the 

surgical resection of primary and metastatic tumor. Of the 62 

patients with metachronous metastasis, 56 underwent adjuvant 

chemotherapy and metastatic lesion was presented during their 

follow-up period. Six patients with metachronous metastasis 

treated with curative resection of primary cancer and had no 

adjuvant chemotherapy after the surgical resection. Since the 

metastatic lesion was observed in their follow-up duration, 

they treated with metastatectomy and chemotherapy. 

 Formalin-fixed paraffin-embedded tissues from the 

CRCs were collected. The representative core tissues (2 mm in 

diameter) were used. The obtained tumor tissue included the 

area of center (CT) and invasive margin (IM) of the primary 

tumor as well as its related distant metastatic tumor (DM). 

Each core tissue was rearranged into tissue array blocks using 

a trephine apparatus (Superbiochips Laboratories, Seoul, South 

Korea) (38). 
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Table 1. Clinicopathologic characteristics of advanced colorectal 

cancers 

Parameters Total  
(n=196) 

Metachronous 
(n=62) 

Synchronous 
(n=134) 

P value 

Age (mean±SD) 59.35±12.14 61.35±10.89 59.03±12.62 0.189 

Sex 
Male 
Female 

 
107 
89 

 
44 (71.0%) 
18 (29.0%) 

 
63 (47.0%) 
71 (53.0%) 

0.002 
 
 

Initial serum CEA 
conc. (ng/mL) 

42.62±177.33 10.76±30.44 57.60±212.64 0.021 

Location 
Right colon 
Left colon 
Rectum 

 
40 
85 
71 

 
7 (11.3%) 

32 (51.6%) 
23 (37.1%) 

 
33 (24.6%) 
53 (39.6%) 
48 (35.8%) 

0.178 
 
 
 

Size of primary 
tumor (cm) 

5.517±2.565 4.602±1.788 5.920±2.704 <0.001 

Histologic grade 
Low grade 
High grade 

 
170 
26 

 
57 (91.9%) 
5 (8.1%) 

 
113 (84.3%) 
21 (15.7%) 

0.178 
 
 

T stage 
T1 
T2 
T3 
T4 

 
1 
5 

115 
75 

 
1 (1.6%) 
3 (4.8%) 

49 (79.0%) 
9 (14.5%) 

 
0 

2 (1.5%) 
66 (49.3%) 
66 (49.3%) 

<0.001 
 
 
 
 

N stage 
N0 
N1 
N2 

 
38 
67 
91 

 
25 (40.3%) 
25 (40.3%) 
12 (19.4%) 

 
13 (9.7%) 
42 (31.3%) 
79 (59.0%) 

<0.001 
 
 
 

Perineural 
invasion 

Absent 
Present 

 
95 
101 

 
38 (61.3%) 
24 (38.7%) 

 
57 (42.5%) 
77 (57.5%) 

0.021 
 
 

Venous invasion 
Absent 
Present 

 
137 
59 

 
50 (80.6%) 
12 (19.4%) 

 
87 (64.9%) 
47 (35.1%) 

0.030 
 
 

Chemotherapy 
before 
metastatectomy 

Absent 
Present 

 
 
 

 
 
 

6 (9.7%) 
56 (90.3%) 
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Immunohistochemistry and image analysis  

 Array slides were labelled by immunohistochemistry 

using antibodies for CD31 (1:100, DAKO, Glostrup, Denmark), 

D2-40 (1:100, DAKO), SMA (1:1000, Neomarkers, Fremont, 

CA, USA), desmin (1:300, DAKO), and PTEN (1:80, Epitomics, 

Burlingame, CA, USA) after a microwave antigen retrieval 

procedure (except for SMA). The presence of tumor-

infiltrating immune cells was confirmed by 

immunohistochemistry using antibodies for CD3 (1:100, DAKO, 

Glostrup, Denmark), CD4 (RTU, Ventana, Tucson, AZ, USA), 

CD8 (1:100, Neomarkers, Fremont, CA, USA), FOXP3 (1:100, 

Abcam, Cambridge, UK), CD68 (1:100, DAKO), and CD163 

(1:100, Novocastra, Newcastle, UK). Immunostaining for CD3, 

CD8, and FOXP3 was performed using a Bond polymer kit 

(Leica Microsystems) and Leica BOND-MAX autostainer 

(Leica Microsystems). CD4, CD68, and CD163 expression was 

detected immunohistochemically on a Ventana Bench mark XT 

autostainer (Ventana) with the OPTIVIEW universal DAB kit 

(Ventana). 

 Representative results of immunohistochemistry for 

each tumor’s microenvironmental factors are shown in Figure 
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1. All immunostained slides were scanned on an Aperio 

ScanScope®  CS instrument (Aperio Technologies, Inc., Vista, 

CA, USA) at 20x magnification. Subsequently, they were 

analyzed with an ImageScopeTM (Aperio Technologies). To 

calculate MVD and LVD, the Microvessel Analysis v1 algorithm 

(Aperio Technologies) was used. Because desmin-positive 

muscularis mucosa and propria are positive for SMA, the area 

of CAFs (mm2) was calculated by subtracting the areas of 

desmin staining from that of SMA staining (SMA − desmin). 

CD3-, CD4-, CD8- and FOXP3-positive lymphocytes were 

counted using the Nuclear v9 algorithm. CD68- and CD163-

positive macrophages were counted using the Positive pixel 

count v9 algorithm. The density of each tumor ’ s micro-

environmental factors were calculated for a whole tissue core. 
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Figure 1. Representative figures of immunohistochemistry for 

tumor microenvironmental factors (x400). Microvessel density 

and lymphatic vessel density were confirmed with CD31 (A) 

and D2-40 (B), respectively. The area of CAFs was calculated 
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by subtracting the areas of desmin (D) staining from that of 

SMA (C) staining. Tumor-infiltrating lymphocytes were 

stained with CD3 (E), CD4 (F), CD8 (G) and FOXP3 (H) 

antibodies. Tumor-associated macrophage was confirmed using 

CD68 (I) and CD163 (J) antibodies 
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 Determination of scoring system 

 The patients were divided into two groups by the 

density of each tumor-infiltrating immune cell according to 

each tumor location (high vs low). To set the best cut-off 

values, the maximal chi-square method was used related to the 

patient’s overall survival (30, 31, 39). The detailed cut-off 

values for each of the variables are listed in Table 2. 

The Immunoscore (IS) is defined as a quantification system 

based on the combination of two markers (CD3 and CD8) in two 

regions (CT and IM) (30, 31, 39). A high density of 

immunomarker-positive lymphocytes in each region was 

recorded as a score. We established two additional scoring 

models that encompass the density of CD3- and CD8-positive 

TILs in metastatic tumors (Immunoscore-metastatic, IS-M) 

and the density of CD163-positive TAMs in the primary tumor 

(Immunoscore-macrophage, IS-ma). The schematic definitions 

of each of the three IS models are described in Figure 2. We 

also recorded a low density of TAMs as a score because our 

data showed that TAM had an opposite prognostic correlation 

compared to TIL.  
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Figure 2. Schematic description of IS model. IS model based on 

the numeration of two lymphocyte subsets (CD3 and CD8) in 

CT and IM of primary tumor. All patients are grouped into high 

density and low density for each marker in each region. 

Immunoscore-metastatic model additionally includes 

lymphocyte density data in distant metastasis. In 

Immunoscore-macrophage model, data of CD163-positive 

macrophage density in CT and IM was added. 
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Detection of mutations in KRAS, BRAF, and PIK3CA using real-

time PCR 

Hematoxylin-Eosin (HE)-stained slides of CRC tissues 

were reviewed by a pathologist (H.S.L). Tumor areas were 

identified and microscopically dissected to sections with an area 

of more than 1 × 1 cm and comprising more than 60% tumor 

cells. One or two 8-μm-thick formalin-fixed paraffin-

embedded (FFPE) tumor tissue sections were de-paraffinized 

in xylene for 5 min at room temperature (RT), dehydrated in 

absolute alcohol for 5 min at RT, and air dried completely for 

10 min. DNA was isolated using the Cobas DNA Sample 

Preparation Kit (Roche, Branchburg, NJ, USA) according to 

manufacturer’s instructions, and the same preparation protocol 

was followed for all Cobas mutation kits used in this study. The 

concentration of the isolated DNA was measured using a 

NanoDrop UV spectrophotometer (Thermo Fisher Scientific, 

Wilmington, DE, USA), and the DNA was diluted with DNA 

Specimen Diluent from the Cobas 4800 Mutation Test kit 

(Roche) to the optimal concentration for each gene (KRAS, 4 

ng/μL; BRAF, 5 ng/μL; and PIK3CA, 2 ng/μL). Amplification 

and detection were performed using an Automated Cobas X480 
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analyzer. The real-time PCR assay was performed to detect 

the mutation in codons 12, 13, and 61 of KRAS; the V600E 

BRAF mutation; and the mutation in exons 1, 4, 7, 9, and 20 of 

PIK3CA. 
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Statistical analysis 

To compare each non-continuous variable, a 

Wilcoxon/Mann-Whitney test or Kruskal-Wallis analysis was 

used. To establish the optimal cut-offs of continuous variables, 

the maximal chi-squared method was performed using the R 

program (http://cran.r-project.org/). The Kaplan Meier method 

was used to examine survival outcomes and the significance of 

the differences between groups was compared using the log-

rank test. A univariate and multivariate regression analysis was 

performed using Cox proportional hazards models to determine 

hazard ratios (HRs). P values of less than 0.05 were considered 

statistically significant. All statistical analysis, except for the 

maximal chi square test, was performed using IBM SPSS 

statistics 20 (Armonk, NY, USA).  
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RESULTS 

Heterogeneity of tumor microenvironmental factors according to 

examined tumor locations 

 The heterogeneous values for microenvironmental 

factors are shown in Fig 3. LVD was the highest in the CT 

(median, interquartile range (IQR); 37.00, 10.50–81.00) than 

any other site (5.00, 1.00–23.75 at the IM; 3.00, 1.00–20.00 in 

the DM). MVD was lower in the DM (median, IQR; 641.50, 

428.00–1006.75) than at the IM (731.00, 508.25–1049.75). 

The area occupied by CAFs was the lowest in the DM (median, 

IQR; 0.91, 0.68–1.18) than any other site (1.12, 0.88–1.41 in 

the CT; 1.22, 0.96–1.54 in the IM). The cell count per area 

(cells/mm2) of CD3-positive lymphocyte was the highest in the 

IM (median, interquartile range (IQR); 389.15, 246.95–649.42) 

than any other site (297.79, 154.13–516.33 at the CT; 76.27, 

28.04–204.55 at the DM). The density of CD8-positive 

lymphocytes was lower in the CT (112.24, 48.42–232.98) than 

the IM (293.20, 177.85–504.41) and the DM (235.68, 91.52–

648.20). The pixel count per area (pixels/mm2) of CD68-

positive macrophages was the highest in the DM (500631.05, 

318786.38–844905.83). Similarly, CD163-positive 
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macrophages were more frequently infiltrating in the DM 

(160636.11, 85120.41–283752.28) than any other site. All 

tumor-infiltrating immune cells except FOXP3-positive 

lymphocytes presented a heterogeneous density according to 

tumor location. The comprehensive median and IQR values of 

the density of each tumor’s microenvironmental factors are 

described in Table 2. 

 In addition, the microenvironmental characteristics 

varied in relationship to the metastatic organ examined (Figure 

4). MVD and LVD were higher in lung metastases than in the 

liver, peritoneum, or lymph nodes (p < 0.001). However, the 

numbers of CAFs were consistent among the different 

metastatic organs (p = 0.180). Therefore, CD3-, CD4-, and 

CD8-positive lymphocytes are denser in metastatic non-

regional lymph nodes than in any other metastatic site. 

However, FOXP3-positive lymphocytes are observed more 

frequently in lung metastases than in distant metastatic lymph 

nodes. All marker-positive immune cells had the lowest density 

in the ovary. 
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Figure 3. Heterogeneity of tumor microenvironmental factors. 

The LVD (A) and MVD (B) were significantly different 

according to each tumor location. The CAFs (C) in IM differ to 

DM. The density of CD3- (D), CD4-(E), CD8- (F), CD68- (H) 

and CD163- (I) positive cell had regional heterogeneity, but 

the density of FOXP3-positive lymphocyte (G) did not present 

heterogeneity according to tumor location. 
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Table 2. The median, IQR and cut-off values of the tumor 

microenvironmental factors 

  Median IQR 
Cut-off 

value 

LVD CT 37.00 11.00 - 81.50 107.00 

 IM 5.00 1.00 - 23.75 47.00 

 DM 3.00 1.00 - 20.25 24.00 

MVD CT 689.00 488.25 - 928.00 418.00 

 IM 731.00 513.25 - 1048.75 999.00 

 DM 641.50 428.00 - 1024.25 434.00 

CAF CT 1.12 0.89 - 1.41 1.30 

 IM 1.22 0.98 - 1.54 1.19 

 DM 0.92 0.67 - 1.18 0.50 

CD3 CT 297.79 154.13 - 516.33 158.52 

 IM 389.15 246.95 - 649.42 321.15 

 DM 76.27 28.04 - 204.55 272.23 

CD4 CT 98.01 38.30 - 241.05 22.88 

 IM 59.01 24.03 - 124.82 82.25 

 DM 238.52 94.42 - 506.93 52.61 

CD8 CT 112.24 48.42 - 232.98 310.10 

 IM 293.20 177.85 - 504.41 164.67 

 DM 235.68 91.52 - 648.20 98.92 

FOXP3 CT 11.67 2.92 - 33.33 6.37 

 IM 9.58 2.52 - 38.26 0.71 

 DM 9.36 2.72 - 23.27 33.69 

CD68 CT 340080.87 
229761.65 – 

 480635.88 
623734.20 

 IM 330204.65 
233509.22 –  

485385.06 
278123.90 

 DM 500631.05 
318786.38 –  

844905.83 
488839.60 

CD163 CT 138787.44 
80061.73 –  

201969.89 
328155.00 

 IM 153225.53 
100686.21 –  

250086.39 
230371.20 

 DM 160636.11 
85120.41 –  

273752.28 
53170.20 
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Figure 4. Microenvironmental factors at different distant 

metastasis site. MVD (A) and LVD (B) were higher in lung 

metastases than other metastatic sites. CAF (C) area were 

consistent among metastatic organs. CD3- (D), CD4- (E) and 

CD8- (F) positive lymphocytes were more frequently observed 

in non-regional lymph nodes. However, FOXP3-positive 

lymphocytes (G) were higher in lung metastases than in distant 

lymph nodes. Including CD68- (H) and CD163- (I) positive 

macrophages, all tumor-infiltrating immune cells have the 

lowest density in ovary metastases. 
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Clinical significance and prognostic association of LVD, MVD and 

CAFs in advanced CRCs 

 The MVD, LVD, and number of CAFs at each tumor 

location were compared according to their clinicopathologic 

features (Table 3). High grade CRCs were associated with 

lower numbers of CAFs in samples taken from the CT (p = 

0.041). When compared with synchronous metastases, the 

patients with metachronous metastases had higher LVD in the 

CT and IM. Most patients with metachronous metastases were 

treated by adjuvant chemotherapy before metastatectomy. LVD 

and MVD in the DM were significantly higher in the patients 

who had received chemotherapy before metastatectomy than 

those who did not (p = 0.011 and 0.048, respectively).  

Lower LVD, MVD, and CAFs in the CT were significantly 

correlated with shorter survival. Lower LVD and CAFs in the 

IM were also associated with a poor outcome. Patients with 

high MVD and CAFs in the DM had better outcomes. In 

univariate analysis, synchronous metastasis, old age, larger size, 

high histologic grade, advanced pT and pN stage, and presence 

of perineural invasion were associated with a worse prognosis, 

among other clinicopathologic features (Table 4). By 
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multivariate Cox regression analysis, the hazard ratio of 

synchronous versus metachronous was the highest (4.029) 

with the lowest p value (p = 0.001) (Table 5). CAFs in the DM, 

LVD, and MVD in the CT, LVD in the IM, age, and perineural 

invasion also independently predicted patient survival times. 
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Table 3. Clinicopathologic factor and LVD, MVD and CAFs  

  CT (mean)  IM (mean)  DM (mean) 

  LVD MVD CAFs  LVD MVD CAFs  LVD MVD CAFs 

Total  59.43 792.69 1.16  19.79 826.85 1.26  18.32 784.87 0.96 

Histologic grade 

  Low grade 

 High grade 

  

57.33 

73.13 

 

799.52 

748.04 

 

1.18* 

1.00* 

  

20.08 

17.88 

 

838.47 

750.79 

 

1.27 

1.17 

  

17.35 

24.67 

 

811.92 

607.92 

 

0.96 

.95 

pT stage 

 pT2 

  pT3 

  pT4 

  

65.00 

60.81 

56.87 

 

737.80 

840.96 

721.81 

 

1.10 

1.20 

1.10 

  

23.40 

22.28 

15.67 

 

754.80 

869.03 

766.65 

 

1.45 

1.25 

1.26 

  

9.40 

17.47 

20.29 

 

748.00 

861.89 

668.12 

 

0.83 

0.94 

0.99 

LN metastasis 

  Absent 

  Present 

  

66.71 

57.68 

 

736.03 

806.27 

 

1.19 

1.15 

  

24.49 

18.66 

 

900.91 

809.09 

 

1.33 

1.24 

  

26.57 

16.34 

 

838.77 

771.95 

 

0.97 

0.95 

Perineural 

invasion 

  Absent 

  Present 

  

61.52 

57.40 

 

845.55 

741.55 

 

1.15 

1.16 

  

22.13 

17.52 

 

842.17 

812.02 

 

1.29 

1.22 

  

19.42 

17.26 

 

847.61 

724.18 

 

0.98 

0.94 

Metastasis 

  Synchronous 

  Metachronous 

  

51.17* 

77.39* 

 

769.77 

842.54 

 

1.13 

1.21 

  

16.85* 

26.18* 

 

836.24 

806.40 

 

1.22 

1.34 

  

17.10 

20.98 

 

726.75 

911.32 

 

0.97 

0.94 

Chemotherapy†  

Not done 

Done  

          

15.13* 

23.49* 

 

717.75* 

893.83* 

 

0.95 

0.96 

*, p<0.05; **, p<0.01; †, chemotherapy prior to metastatectomy of distant metastasis 
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Table 4. Univariate survival analysis of LVD, MVD and CAFs.  

 Univariate survival analysis 

Factors HR (95% CI) P value 

Metastasis 

(synchronous vs. metachronous) 

4.617  

(2.472 – 8.624) 

<0.001 

Age 1.023  

(1.004 – 1.044) 

0.020 

Size 1.073  

(1.005 – 1.146) 

0.036 

Histologic grade  

(high vs. low) 

1.862  

(1.061 – 3.269) 

0.030 

pT stage  

(pT4 vs. pT1-3) 

2.341  

(1.503 – 3.645) 

<0.001 

pN stage  

(pN1-2 vs. pN0) 

3.848  

(1.760 – 8.411) 

0.001 

Perineural invasion  

(present vs. absent) 

2.628  

(1.640 – 4.211) 

<0.001 

Venous invasion 

(present vs. absent) 

1.217  

(0.757 – 1.956) 

0.418 

LVD, CT 

(high vs. low) 

0.364  

(0.158 – 0.836) 

0.017 

LVD, IM 

(high vs. low) 

0.235  

(0.086 – 0.644) 

0.005 

LVD, DM 

(high vs. low) 

0.569  

(0.314 – 1.032) 

0.063 

MVD, CT 

(high vs. low) 

0.391  
(0.233 – 0.655) 

<0.001 

MVD, IM 

(high vs. low) 

1.456  
(0.911 – 2.327) 

0.117 

MVD, DM 

(high vs. low) 

0.579  
(0.364 – 0.921) 

0.021 

CAFs, CT 

(high vs. low) 

0.579  
(0.352 – 0.954) 

0.032 

CAFs, IM 

(high vs. low) 

0.524  
(0.336 – 0.817) 

0.004 

CAFs, DM 

(high vs. low) 

0.492  
(0.271 – 0.894) 

0.020 
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Table 5. Multivariate survival analysis of LVD, MVD and CAFs.  

 Multivariate survival analysis 

Factors HR (95% CI) P value 

Metastasis 

(synchronous vs. metachronous) 

4.029  

(1.981 – 8.193) 

<0.001 

Age 1.037 (1.016 – 

1.059) 

0.001 

Size 0.981 (0.887 – 

1.085) 

NS (0.709) 

Histologic grade  

(high vs. low) 

1.718 (0.909 – 

3.250) 

NS (0.096) 

pT stage  

(pT4 vs. pT1-3) 

1.239 (0.737 – 

2.082) 

NS (0.418) 

pN stage  

(pN1-2 vs. pN0) 

1.721 (0.740 – 

4.001) 

NS (0.207) 

Perineural invasion  

(present vs. absent) 

2.003 (1.210 – 

3.318) 

0.007 

Venous invasion 

(present vs. absent) 

--  

LVD, CT 

(high vs. low) 

0.310 (0.123 – 

0.780) 

0.013 

LVD, IM 

(high vs. low) 

0.256 (0.089 – 

0.739) 

0.012 

LVD, DM 

(high vs. low) 

--  

MVD, CT 

(high vs. low) 

0.448 (0.246 – 

0.818) 

0.009 

MVD, IM 

(high vs. low) 

--  

MVD, DM 

(high vs. low) 

1.190 (0.687 – 

2.061) 

NS (0.535) 

CAFs, CT 

(high vs. low) 

1.075 (0.634 – 

1.823) 

NS (0.789) 

CAFs, IM 

(high vs. low) 

0.807 (0.494 – 

1.316) 

NS (0.389) 

CAFs, DM 

(high vs. low) 

0.275 (0.138 – 

0.546) 

<0.001 
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Prognostic correlation of tumor-infiltrating immune cells 

 We divided the patients into low and high groups by the 

predetermined cut-off values of the continuous variables 

according to each immune cell marker in each tumor location. 

The Kaplan Meier method revealed that a low density of CD3-

positive lymphocytes in the CT and the DM was statistically 

associated with a poor outcome (p = 0.030 and p = 0.013, 

respectively). A low density of CD4-positive lymphocytes in 

the CT and IM was also related to a poor outcome (p = 0.001 

and p = 0.018, respectively). In contrast, there was an 

association between CD8- and FOXP3-positive lymphocytes in 

the DM and patient worse outcome (p = 0.002 and p = 0.008, 

CD8 and FOXP3 respectively). The patients presenting with a 

high density of CD68- and CD163-positive macrophages in the 

CT of their primary tumor had significantly worse outcomes. 

Additional data on the median survival time and comparisons 

between patient groups according to immune cell markers and 

respective tumor location are listed in Table 6.  
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Table 6. The median survival time and its comparison between 

two patient groups according to each immune cell markers of 

respective tumor location 

 
Tumor 

location 

Median survival 

(months) P 

low high 

CD3 Tumor center 46.93 74.1 0.030 

 Invasive margin 60.2 - 0.059 

 Distant metastasis 61.7 - 0.013 

CD4 Tumor center 26.5 74.1 0.001 

 Invasive margin 62.6 - 0.018 

 Distant metastasis 61.7 67.1 0.723 

CD8 Tumor center 64.5 69.0 0.900 

 Invasive margin 52.2 69.0 0.144 

 Distant metastasis 37.4 - 0.002 

FOXP3 Tumor center 56.2 74.1 0.074 

 Invasive margin 49.5 67.1 0.272 

 Distant metastasis 60.2 - 0.008 

CD68 Tumor center 79.8 37.9 0.011 

 Invasive margin 67.1 62.6 0.460 

 Distant metastasis 67.1 64.5 0.866 

CD163 Tumor center 79.8 36.6 <0.001 

 Invasive margin 64.5 - 0.981 

 Distant metastasis 61.7 64.5 0.912 
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Application of Immunoscore models and its clinical implication in 

advanced CRCs 

 Through the assembled density data, we evaluated the 

patients with the IS system, which gives a score depending on 

the total number of high densities marked (from IS0 to IS4). 

Owing to loss of TMA core tissue, IS results were available for 

only 193 of 196 patients. According to the IS, 49.7% (96/193) 

was recorded as a low IS and 50.3% (96/193) was a high IS 

(IS0: 5.7%, IS1: 19.7%, IS2: 24.4%, IS3: 43.0%, and IS4: 7.3%).  

In the present study, we used two additional scoring models 

that incorporate the results of macrophage infiltration into the 

primary tumor (IS-ma, from IS-ma0 to 6) and lymphocyte 

infiltrates into distant metastases (IS-M, from IS-M0 to 6). 

IS-ma and IS-M results were available in 193 and 188 patients, 

respectively. Seventy five (38.9%) patients were low IS-ma 

and 118 (61.1%) patients presented with a high IS-ma (IS-

ma0: 0%, IS-ma1: 1.0%, IS-ma2: 10.9%, IS-ma3: 26.9%, IS-

ma4: 28.0%, IS-ma5: 29.0%, and IS-ma6: 4.1%). Of 188 

patients, 53.2% (100/188) had low IS-M and 46.8% (88/100) 

had high IS-M (IS-M0: 3.2%, IS-M1: 10.6%, IS-M2: 16.0%, 

IS-M3: 23.4%, IS-M4: 33.5%, IS-M5: 10.6%, IS-M6: 2.7%). 
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When the IS was compared to the patient’s clinicopathologic 

features, higher pT stage (p = 0.001) and the presence of 

perineural invasion (p = 0.008) were significantly correlated 

with lower IS (Table 7). Lower IS-ma was associated with 

higher pT stage (p = 0.004) and synchronous metastasis (p = 

0.007). Lower IS-M was also correlated with aggressive 

clinicopathologic features, including higher pT stage (p < 

0.001), lymphatic invasion (p = 0.003), and perineural invasion 

(p = 0.004).  



31 

 

Table 7. Clinicopathologic factor and tumor-infiltrating immune cells 

Characteristics 

Immunoscore  Immunoscore-macrophage  Immunoscore-metastatic 

Low (0-2) 

(%) 

High (3-4) 

(%) 
P  

Low (0-3) 

(%) 

High (4-6) 

(%) 
P 

 Low (0-3) 

(%) 

High (4-6) 

(%) 
P 

Age (mean±SD) 60.41±1.33 59.38±1.19 0.459  60.89±1.52 59.25±1.09 0.308  60.11±1.31 59.66±1.20 0.801 

Gender   

0.666 

   

0.767 

   

0.559 Male 50 (52.1) 54 (55.7)  39 (52.0) 65 (55.1)  52 (52.0) 50 (56.8) 

Female 46 (47.9) 43 (44.3)  36 (48.0) 53 (44.9)  48 (48.0) 38 (43.2) 

pT stage   

0.001 

   

0.004 

   

<0.001 pT1-3 47 (49.0) 71 (73.2)  36 (48.0) 82 (69.5)  49 (49.0) 65 (73.9) 

pT4 49 (51.0) 26 (26.8)  39 (52.0) 36 (30.5)  51 (51.0) 23 (26.1) 

pN stage   

0.738 

   

0.570 

   

0.083 pN0 17 (17.7) 19 (19.6)  12 (16.0) 24 (20.3)  14 (14.0) 21 (23.9) 

pN1-2 79 (82.3) 78 (80.4)  63 (84.0) 94 (79.7)  86 (86.0) 67 (76.1) 

Metastasis   

0.143 

   

0.007 

   

0.087 Metachronous 28 (29.2) 38 (39.2)  15 (20.0) 46 (39.0)  29 (29.0) 36 (40.9) 

Synchronous 68 (70.8) 59 (60.8)  60 (80.0) 72 (61.0)  71 (71.0) 52 (59.1) 

Lymphatic invasion   

0.104 

   

0.119 

   

0.003 Absent 27 (28.1) 38 (39.2)  20 (26.7) 45 (38.1)  24 (24.0) 39 (44.3) 

Present 69 (71.9) 59 (60.8)  55 (73.3) 73 (61.9)  76 (76.0) 49 (55.7) 

Perineural invasion   

0.008 

   

0.240 

   

0.004 Absent 37 (38.5) 56 (57.7)  32 (42.7) 61 (51.7)  39 (39.0) 53 (60.2) 

Present 59 (61.5) 41 (42.3)  43 (57.3) 57 (48.3)  61 (61.0) 35 (39.8) 

Total 96(100.0) 97 (100.0)   75 (100.0) 118 (100.0)   100 (100.0) 88 (100.0)  
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Prognostic value of Immunoscore models in advanced CRCs 

The Kaplan Meier analysis revealed that all three IS 

models had a prognostic association. Higher scores were 

significantly correlated with improved survival (p = 0.021, p < 

0.001, and p < 0.001, for IS, IS-ma, and IS-M, respectively) 

(Figure 5). By univariate COX regression analysis, the hazard 

ratios of IS, IS-ma, and IS-M were 1.666, 2.165, and 2.431, 

respectively (Table 8). Among other clinicopathologic features, 

age, advanced pT and pN stage, synchronous metastasis, 

lymphatic invasion, and perineural invasion were correlated 

with poorer outcomes.  

Multivariate COX regression analysis revealed that of all 

three IS models, only the IS-M model was an independent 

prognostic factor (p = 0.012) (Table 9). Older age and 

synchronous metastases were also independent prognostic 

factors. The hazard ratio of a low IS-M was 1.858, higher than 

that of advanced pT and pN stage (1.291 and 1.874, 

respectively).  
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Figure 5. The Kaplan Meier survival curve according to each IS 

models. (A) IS, (B) IS-ma and (C) IS-M.  
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Table 8. Univariate analysis according to clinicopathologic 

features including IS models 

 Univariate survival analysis 

Variables HR (95% CI) P value 

Age  

(≥65 vs. <65) 

1.680  

(1.096-2.575) 

0.017 

pT stage 

 (T4 vs. T1-3) 

2.256  

(1.468-3.466) 

<0.001 

pN stage  

(N1-2 vs. N0) 

4.186  

(1.919-9.131) 

<0.001 

Metastasis 

(Synchronous vs. Metachronous) 

4.407 

 (2.421-8.023) 

<0.001 

Differentiation 

(Poorly to Undifferntiated vs.  

Well to moderately differentiated 

1.744 

 (0.998-3.049) 
0.051 

Lymphatic invasion 

 (Present vs. Absent) 

2.889  

(1.653-5.051) 

<0.001 

Perineural invasion  

(Present vs. Absent) 

2.510 

 (1.591-3.962) 

<0.001 

Venous invasion 

(Present vs. Absent) 

1.204 

 (0.757-1.913) 

0.433 

Immunoscore  

(Low (score 0-2) vs. High (score 3-4)) 

1.666  

(1.079-2.572) 
0.021 

Immunoscore-macrophage  

(Low (score 0-3) vs. High (score 4-6)) 

2.165  

(1.408-3.328) 
<0.001 

Immunoscore-metastatic  

(Low (score 0-3) vs. High (score 4-6)) 

2.431  

(1.527-3870) 
<0.001 
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Table 9. Multivariate analysis according to clinicopathologic features including IS models 

Score 

model 

 Multivariate survival analysis 

Variables HR (95% CI) P value 

A Immunoscore (Low (score 0-2) vs. High (score 3-4)) 1.336 (0.852-2.094) 0.206 

 Age (≥65 vs. <65) 2.160 (1.374-3.394) 0.001 

 pT stage (T4 vs. T1-3) 1.229 (0.779-1.940) 0.375 

 pN stage (N1-2 vs. N0) 1.892 (0.849-4.219) 0.119 

 Metastasis (Synchronous vs. Metachronous 3.677 (1.927-7.016) <0.001 

 Lymphatic invasion (Present vs. Absent) 1.958 (1.095-3.502) 0.023 

 Perineural invasion (Present vs. Absent) 1.448 (0.896-2.339) 0.131 

B Immunoscore-macrophage (Low (score 0-3) vs. High (score 4-

6)) 
1.525 (0.981-2.370) 0.061 

 Age (≥65 vs. <65) 1.031 (1.011-1.052) 0.002 

 pT stage (T4 vs. T1-3) 1.252 (0.794-1.973) 0.333 

 pN stage (N1-2 vs. N0) 2.071 (0.933-4.598) 0.074 

 Metastasis (Synchronous vs. Metachronous 3.402 (1.796-6.447) <0.001 

 Lymphatic invasion (Present vs. Absent) 2.021 (1.129-3.615) 0.018 

 Perineural invasion (Present vs. Absent) 1.537 (0.956-2.470) 0.076 
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C Immunoscore-metastatic (Low (score 0-3) vs. High (score 4-

6)) 
1.858 (1.144-3.018) 0.012 

 Age (≥65 vs. <65) 2.359 (1.477-3.766) <0.001 

 pT stage (T4 vs. T1-3) 1.291 (0.814-2.048) 0.278 

 pN stage (N1-2 vs. N0) 1.874 (0.847-4.146) 0.121 

 Metastasis (Synchronous vs. Metachronous 3.696 (1.935-7.060) <0.001 

 Lymphatic invasion (Present vs. Absent) 1.744 (0.975-3.122) 0.061 

 Perineural invasion (Present vs. Absent) 1.422 (0.881-2.296) 0.149 
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Relationship of mutational status with immune cell infiltration and 

IS  

 Of the 196 cases examined, 89 (45.6%) had wild-type 

KRAS and 106 (54.4%) had mutated KRAS. Among the tumors 

with mutated KRAS, mutations in codon 12 or 13 were 

identified in 99 (93.4%). Additionally, mutations in BRAF 

(V600E) were identified in 7 patients (3.6%), and those in 

PIK3CA were identified in 25 patients (13.1%). The two most 

common PIK3CA mutations were found in exon 9 (17 cases, 

68.0%) and exon 20 (5 cases, 20.0%).  

 There was no difference in the T cell densities of 

tumors with KRAS or PIK3CA mutations. In BRAF-positive 

patients, the density of CD4-positive and FOXP3-positive T 

cells was significantly low (p = 0.011 and p < 0.001, 

respectively) in the CT, whereas FOXP3-positive T cell 

density was significantly high (p < 0.001) in the IM. The 

density of CD163-positive macrophages in the IM was 

significantly high in patients with KRAS mutation (p = 0.038).  

 Kaplan-Meier survival analysis revealed that KRAS, 

PIK3CA, and BRAF mutations had no significant prognostic 

association. In subgroup analysis, IS-M and IS-ma showed 
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significant prognostic association regardless of the KRAS 

mutational status. The IS showed a prognostic association in 

KRAS mutation-negative group (Figure 5). IS-M and IS-ma 

also presented prognostic association regardless of PIK3CA 

mutational status. All three IS models showed prognostic 

significance in the BRAF mutation-negative group. None of the 

three IS models showed a prognostic association in the BRAF 

mutation-negative group (n = 7). Four of these 7 patients died 

during the follow-up period; all 4 had low IS, IS-M, and IS-ma. 
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Figure 6. The Kaplan Meier survival curve according to IS-M 

model in (A) KRAS mutation positive group, (B) KRAS 

mutation negative group, (C) PIK3CA mutation positive group 

and (D) PIK3CA mutation negative group. 
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DISCUSSION 

 Carcinoma cells in different tissue areas have distinct 

characteristics  In central areas of the tumor, carcinoma cells 

maintain an epithelial cell phenotype, but carcinoma cells in the 

invasive front acquire a more malignant and mesenchymal 

phenotype and are thought to have an increased migratory 

capacity and contribute to metastatic diseases. These 

metastatic cells may restore the epithelial phenotype at 

metastatic sites (40, 41). In addition to carcinoma cells 

themselves, microenvironment is suggested to be uneven within 

a given tumor because tumor formation and progression involve 

the co-evolution of cancer cells and microenvironments (42).  

The present study demonstrated that the cancer-

associated microenvironment also had distinct characteristics in 

different areas. Of the sites examined, LVD was highest in CT. 

MVD was slightly higher in CT than at IM, but this difference 

was not statistically significant. Interestingly, the amount of 

CAFs in DM was significantly lower than in center and 

periphery of the primary cancer. The density of CD3- and 

CD8- positive lymphocytes were higher in IM than CT. The 

infiltration of CD3-, CD8, and CD163-positive immune cells 
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were significantly different between CT and IM as well as CT 

and DM.  

 We evaluated the MVD, LVD, and amount of CAFs in 

metastatic tissues of various organs including the liver, lung, 

peritoneal seeding, distant lymph nodes, and ovary. Of the 

metastatic organs we examined, both LVD and MVD were the 

highest in lung. Tumor-infiltrating immune cells were observed 

more frequently in distant lymph node metastasis and it is 

considered as an obvious finding. Except non-regional lymph 

node metastasis, the density of tumor-infiltrating immune cells 

was higher in lung metastasis than liver, peritoneum or ovary.   

 Although numerous studies have attempted to 

demonstrate an association between tumor microenvironment 

characteristics and survival, the prognostic impacts of MVD and 

LVD are still controversial. Some studies have been presented 

that active angiogenesis and lymphangiogenesis represented by 

high MVD and LVD are associated with poor prognosis and 

aggressive clinicopathologic factors (43, 44). Recent meta-

analysis has demonstrated that LVD was significantly 

associated with disease-free survival, but not overall survival 

(45). Other studies have reported no statistical significance of 
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MVD and LVD on survival (46). Prall et al. has reported that 

high MVD and LVD are related with better survival in a 

consecutive series and liver metastases (47). Our results were 

based on patients with advanced disease with distant metastasis 

and we showed that high MVD and LVD were related with 

improved survival. This might be because all the patients in this 

study had confirmed to have distant metastasis and 

microvasculatures could influence even delivery of the 

chemotherapeutic drug into the tumor.  

 The role of CAFs in tumor progression is still 

controversial (20-24). In the present study, high density of 

CAFs was correlated with better outcome. Several previous 

studies described the histological patterns of CRC liver 

metastasis (48, 49).  In desmoplastic pattern, fibrotic tissue 

separates tumor cells and the hepatocytes. In pushing or 

replacing pattern, there is no desmoplastic reaction (48). Of the 

3 histological patterns, the metastatic CRC with desmoplastic 

growth pattern had good prognosis (48, 50, 51). However, 

other studies represented that stromal fibroblasts of primary 

tumor area could promote tumor progression (22-24). Thus, 
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further study is needed to clarify the role of CAFs in primary 

and metastatic tumor areas. 

 Our study had some limitations in terms of the survival 

analysis. We enrolled the CRC patients with available surgically 

resected cancer tissues from both primary tumors and 

corresponding metastatic tumors. Not all advanced CRC patients 

with metastatic diseases were included and far advanced cases 

were not enrolled because of their inoperability. Therefore, 

unrecognized biases might have influenced our survival results. 

Through several previous studies, the protective role of 

T cell subsets on tumor progression has been consistently 

reported (29, 45, 52). They have demonstrated that dense 

infiltration of CD3-, CD8- or CD45RO-positive lymphocytes 

associated with less aggressive clinicopathologic features and 

better prognosis (29, 53). In this study, our cohorts composed 

of the patients with metastatic disease and demonstrated the 

prognostic value of IS method. Hence, TIL of tumor 

microenvironmental factors and IS system could be a robust 

prognostic factor which assessable to advanced CRC patients 

with distant metastasis. 
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 Our results demonstrated that IS-M model which 

includes the score of two lymphocytic markers in DM is 

superior to IS or IS-ma. The conventional model designed by 

Galon et al. covers lymphocytic infiltrates in only primary tumor. 

However, in the present study, we confirmed that tumor-

infiltrating immune cells have not only heterogeneity of quantity 

but also distinct clinical significance in relation to the tumor 

location. Therefore, the immune infiltrates in metastatic lesion 

as well as in primary tumor should be assessed to validate the 

patient’s systemic immune reaction on whole tumors. And this 

is supported by the results that IS-M model was the only 

independent prognostic marker among IS models in multivariate 

analysis. 

 In recent paper, Lea et al. pointed that current tumor-

node-metastasis (TNM) system have resulted in controversy 

(54). Furthermore, another study presented the evidence that 

the reaction of immune cell to cancer had better prognostic 

importance (33). Furthermore, the multivariate survival 

analysis conducted by Anitei et al. confirmed that the IS system 

has stronger prognostic value than the TNM staging system 

(39). The present study demonstrated that the IS-M has a 
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significant association with prognosis regardless of KRAS or 

PIK3CA mutational status. Hence, immune contexture, including 

immune cell density in primary and metastatic tumors, could be 

a reliable prognostic marker in CRC, regardless of patients’ 

mutational status. 

 However, it seems to be that there are some challenges 

to applicate IS system as a prognostic predictive factor. First of 

all, the determination of optimal cut-off value is a matter. In the 

studies performed by Galon et al. they illustrated that the 

predetermined cut-off value should be used to score high 

versus low for each markers in each locations. Likewise our 

study, the each cut-off values should be determined for distinct 

markers in distinct regions due to the heterogeneity of tumor-

infiltrating immune cells. The previous study as well our study 

used maximal-chi square method to set optimal cut-off values. 

However, the cut-off values calculated by this method would 

be different according to several factors including cohort 

characteristics, the quality of sample, the selected area of 

examination, antibodies to be used or cell counting algorithms. 

Thus the multicenter prospective study for standardization of 

detailed methodology is needed. 
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 In summary, we demonstrated the regional 

heterogeneity of stromal microenvironment factors according to 

the tumor location in our large cohort of advanced CRC patients 

with synchronous and metachronous distant metastasis. Also, 

the amount of tumor microenvironmental factors was also 

heterogeneous in relation to the metastatic organ examined. By 

Cox regression analysis, LVD and MVD in CT, LVD in IM, and 

CAFs in DM were independently associated with patients’ 

prognosis in addition to synchronous distant metastasis, age, 

and perineural invasion.  Higher infiltrates of TIL and lower 

infiltrates of TAM correlated with longer survival. The three IS 

models, IS, IS-Ma and IS-M also had prognostic significance in 

univariate analysis. Among three IS methods, IS-M model 

which cover TIL infiltrates in DM was an independent 

prognostic marker. And our results suggest that immune 

infiltration in DM should be evaluated to assess the IS system 

to advanced CRC patients with distant metastasis.   
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국   

 

: 종양 미  경 인자는 종양 주변 질  구  요소를 뜻 며 

이들이 새 운 항암 료   면  종양 미  경 

인자  요 이 계속 여 고 있다. 근 연구에  이러  

종양 미  경 인자  구  요소  나인 종양 침  림 구를 

양  평가  Immunoscore 법이 시 었 며, 특히 장암 

자에  이 법이 효과  자  후를 다는 증거가 

진  있다. 라  본 연구에 는 미   도, 림   

도, 종양   모 포를 롯 여 종양 침  면역 포를 

포함  종양 미  경인자  임상  요 과 후 인자  

미를 평가 고자 다. 

법: 울  분당 울 병원에   를 는 

196 명  장암 자가 연구  상이 었 며 이들  모  진단 

당시 이 암 병소가 있거나 추후 이 암 병소가 생 여 이에 

  를 았다. 각 종양 미  경인자 요소는 면역 

조직  검사를 이용 여 인 며, 컴퓨터를 이용  이미지 

분  통해 그 도 값  얻   있었다. 이러  종양 미  

경인자  종양 에 른  균질  평가  해 도 

값  원  종양  앙과 침  경계, 이 종양에  각각 평가 

었다. Immunoscore 는 원  종양  앙과 침  경계  CD3  
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CD8 양  림 구  도에 라 를 산 고 그것  모  

합산 여 산출 다. 본 연구에 는 이 종양  CD3  CD8 

양  림 구 도 보를 포함 는 Immunoscore-metastatic 

모델과 원  종양  CD163 양  식 포 도 보를 포함 는 

Immunoscore-macrophage 모델  추가  계 여 가지 

 체계를 다.  

결과: 종양 미  경 인자는 종양  에 라  균질  

보 다. 낮  미   도나 림   도를 보이는 자들  

생존 간이 통계  미 있게 짧았 며 이 종양에  종양 

 모 포  도가 낮  경우 역시 좋지 않  후를 

보 다. 종양 침  림 구  도는 높   좋  후  연 이 

있었 며, 종양 연  식 포  도가 높  경우 나쁜 후를 

보 다. 가지 Immunoscore 모델 모  단변량 분 에 는 

후  연  보 나, 다변량 분  결과 Immunoscore-

metastatic 모델만이 독립 인 후 인자임  인   있었다.  

결 : 종양 미  경인자는 진행  장암 자에  종양  에 

라  균질  보이며 이것  자  료 경과에 향  미  

 있다. Immunoscore 법  장암 자  후를 효과 이며 

일  있게 다는 것  인   있었 며, 특히 이 종양

이 있는 장암 자  경우에는 이 암 병소  면역 포 침  

함께 평가 는 경우 욱 효과  자  후를   있
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다는  알  있었다. 본 연구는 진행  장암 자  종양 미

 경 인자를 통합  조사 고 보고함 써 추후 종양 미  

경 인자를 다루는 연구  본 인 자료가  것이며 

Immunoscore 체계를 이용  장암 자  후 평가를 임상

 용   가 는 연구  작용  것이다. 

------------------------------------- 

주요어 : 진행  장암,  균질 , 종양 미  경 인자, 미  

도, 림   도, 종양  모 포, 종양 침  림 구, 

종양  식 포 
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