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Abstract. An immunoscore for colorectal cancer  (CRC) 
has higher prognostic significance than the TNM staging 
system. However, the tumor immune microenvironment 
contains various components that affect clinical prognosis. 
Therefore, a broader range of immune markers is required 
to establish an accurate immunoprofile to assess the prog‑
nosis of patients with CRC. Using immunohistochemistry 
combined with multispectral immunohistochemistry and 
objective assessments, the infiltration of four immune cell 
types (CD4+/CD8+/forkhead box p3+/CD33+ cells), as well as 
the expression of six co‑signaling molecules [programmed 
cell death 1 (PD1) ligand 1/PD1/T‑cell immunoglobulin mucin 
family member 3/lymphocyte‑activating 3/tumor necrosis 
factor receptor superfamily, member  4/inducible T‑cell 
costimulator] and indoleamine 2,3‑dioxygenase 1 were investi‑
gated in two independent cohorts of CRC. The patients' overall 
survival (OS) was evaluated using the Kaplan‑Meier method. 
Using the Cox proportional hazards model, independent prog‑
nostic factors of patients were assessed and a nomogram‑based 

immunoprofile system was developed. The predictive ability 
of the nomogram was determined using a concordance index 
(C‑index) and calibration curve. To facilitate clinical appli‑
cation, a simplified nomogram‑based immunoprofile was 
constructed. Using receiver operating characteristic (ROC) 
analysis, the predictive accuracy for OS was compared 
between the immunoprofile and the TNM staging system 
for patients with stage II/III CRC. According to multivariate 
analysis for the primary cohort, independent prognostic factors 
for OS were CD8+ tumor‑infiltrating lymphocytes, CD33+ 
myeloid‑derived suppressor cells and TNM stage, which were 
included in the nomogram. The C‑index of the nomogram for 
predicting OS was 0.861 (95% CI: 0.796‑0.925) for the internal 
validation and 0.759 (95% CI: 0.714‑0.804) for the external 
validation cohort. The simplified nomogram‑based immu‑
noprofile system was able to separate same‑stage patients 
into different risk subgroups, particularly for TNM stage II 
(P<0.0001) and III (P=0.0002) patients. Pairwise comparison 
of ROC curves for the immunoprofile and TNM stage systems 
for patients with stage II/III CRC revealed statistically signifi‑
cant differences (P=0.046) and the Z‑statistic value was 1.995. 
In conclusion, the nomogram‑based immunoprofile system 
provides prognostic accuracy regarding clinical outcomes and 
is a useful supplement to the TNM staging system for patients 
with stage II/III CRC.

Introduction

The prognosis of patients with colorectal cancer (CRC) 
after surgical resection is based on the American Joint 
Committee on Cancer (AJCC)/International Union Against 
Cancer (UICC)‑TNM staging system  (1,2). However, this 
anatomy‑based system gives useful but insufficient prognostic 
information, particularly for prognosis assessments in patients 
with UICC stage II and III CRC (2‑5).

In numerous solid tumor types, such as CRC, accumulating 
studies have indicated that the invasion of immune factors, 
depending on the type, density and location of infiltration (6) 
in the tumor microenvironment, has a profound impact on the 
prognosis of cancer patients (7‑10). Specifically, a high density 
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of adaptive immune cells infiltrating the core and invasive 
margin of the tumor was associated with a favorable prognostic 
effect for disease‑free survival and overall survival (OS) in 
patients with early and advanced‑stage CRC (11,12). Thus, an 
immunoscore based on the density and location of CD3/CD8+  
lymphocytes was used as a supplementary component for 
CRC classification (13).

However, the tumor immune microenvironment is 
complex and involves multiple immune cell types  (14), as 
well as co‑signaling molecules and immunomodulatory 
factors (15,16), which may produce both pro‑ and antitumor 
functions. Multiple immune effector cells, such as CD8+TIL 
or CD4+TIL, and immunosuppressive cells, such as regulatory 
T (Treg) cells or myeloid‑derived suppressor cells (MDSCs), are 
reportedly present at the tumor site (14). Immune cell subtypes 
have demonstrated differential prognostic value depending 
on the histological type of cancer (17). In melanoma, as well 
as colorectal and breast cancer, high CD8+TIL infiltration 
was strongly correlated with favorable clinical outcome (8). 
However, the role of Treg cells in CRC is controversial, as 
Foxp3+Treg infiltration indicated favorable prognosis in certain 
studies  (18‑21). Furthermore, MDSCs are a heterogeneous 
collection of immature myeloid cells that exhibit pathological 
activation and display potent immunosuppressive activity in the 
tumor microenvironment (22). Recently, the prognostic value 
of MDSCs was studied in different types of cancer (23‑25), 
but the prognostic significance of tumor‑infiltrating MDSCs in 
CRC has remained to be fully determined.

To promote or suppress T‑cell activation, co‑signaling mole‑
cules may be classified as co‑stimulators or co‑inhibitors (15). 
Programmed cell death 1 (PD1)/PD1 ligand 1 (PD‑L1), the 
most extensively studied co‑inhibitors, initiated a new wave of 
cancer immunotherapy (26). Within the past several years, PD1 
or PD‑L1 inhibitors have been successively approved as first‑ or 
second‑line therapies for various solid and hematological 
tumors, including metastatic CRC with mismatch‑repair‑defi‑
ciency or microsatellite instability‑high (27,28). Furthermore, 
co‑inhibitors such as lymphocyte‑activating 3 (LAG3) and 
T‑cell immunoglobulin mucin family member 3 (TIM3), as 
well as co‑stimulators tumor necrosis factor receptor super‑
family, member 4 (OX40) and inducible T‑cell costimulator 
(ICOS), either alone or in combination with the PD1/PD‑L1 
pathway, have been tested in clinical trials for various advanced 
malignancies, including CRC (16,29). However, the prognostic 
value of these co‑signaling molecules remains controversial 
and has remained to be fully elucidated. Another factor of 
interest is indoleamine 2,3‑dioxygenase 1 (IDO1), an immu‑
nomodulatory factor expressed in immune cells and various 
tumor cells (TCs) that potently mediates immunosuppressive 
effects in cancer (30). Whether IDO1 expression in different 
cells offers prognostic value for CRC warrants investigation.

Recently, a visualized nomogram model was developed 
for a variety of cancer types, which involved more param‑
eters and had better survival prediction ability than TNM 
staging (24,31,32). Thus, a wide range of immune markers may 
be used to establish an accurate immunoprofile to evaluate 
the prognosis of patients with CRC. In the present study, the 
infiltration of four immune cell types (CD8+TIL, CD4+TIL, 
Foxp3+Treg and CD33+MDSC), as well as the expression of four 
co‑inhibitors (PD1/PD‑L1/TIM3/LAG3), two co‑stimulators 

(OX40/ICOS) and the immunomodulatory factor IDO1 were 
evaluated in CRC. Subsequently, the independent prognostic 
impact of the above variables was ascertained and a nomo‑
gram‑based immunoprofile for CRC was established. The 
nomogram‑based immunoprofile system provides diagnostic 
accuracy in the prognosis of clinical outcomes and is a useful 
supplement to TNM staging for patients with stage II/III CRC. 
It is expected that the present results will improve the ability of 
clinicians to distinguish different clinical outcomes in patients 
with CRC and the same TNM stage, particularly for TNM 
stage II/III patients.

Materials and methods

Study population and selection criteria. A retrospective 
study was performed on a primary cohort of 96 patients who 
underwent surgical resection of primary CRC at the First 
Medical Centre of Chinese PLA General Hospital (Beijing, 
China) between April  2010 and November  2013, with a 
mean follow‑up time of 63.1±23.7  months. The inclusion 
criteria were as follows: No history of neoadjuvant treatment, 
complete resection of colorectal tumors, histologic diagnosis 
of colorectal carcinoma and administration of standard‑
ized combination chemotherapy if relapsed. The exclusion 
criteria were as follows: Other malignancies, missing clini‑
copathological and follow‑up information, and perioperative 
mortality. Using the same criteria, from January  2009 to 
May 2010, an independent validation cohort of consecutive 
patients with CRC (n=153), who were followed up for a mean 
of 50.4±26.8 months, was evaluated at Qingyang People's 
Hospital (Qingyang, China). All patients were classified using 
the AJCC 8th TNM staging system. These studies complied 
with ethical approval processes and were approved by the 
institutional review board the Chinese PLA General Hospital 
(Beijing, China). The clinical characteristics of the two cohorts 
are summarized in Table I.

Immunohistochemistry (IHC) and pathologic assessment. 
IHC staining of immune cell markers (CD4, CD8, Foxp3 and 
CD33) and other immunological markers (PD‑L1, PD1, LAG3, 
TIM3, OX40, ICOS and IDO1) was performed as described 
previously (24), with slight modifications. In brief, after antigen 
retrieval and blocking of endogenous peroxidase, as well as 
blocking of non‑specific binding sites, 3‑µm‑thick tissue 
sections were incubated with specific primary antibodies at 
4˚C overnight. Subsequently, the sections were incubated for 
30 min with HRP‑labeled rabbit/mouse secondary antibody 
(Gene Tech) at 37˚C. The primary antibodies used for IHC are 
listed in Table SI.

Immunostaining results were examined by two pathologists 
independently blinded to any information on the clinicopatho‑
logical features of the patients using a semi‑quantitative score. 
The relative percentage of positive cells for each marker was 
calculated using the mean value of five randomly selected 
high‑magnification (x200) fields on full slides. The analysis 
of CD33 and the immunological markers, such as LAG3, 
TIM3, OX40 and ICOS, was performed on the entire tumor 
region (e.g., parenchyma and mesenchyme). The other markers 
(CD4/CD8/Foxp3/PD‑L1/PD1/IDO1) were assessed in both the 
tumor parenchyma and mesenchyme regions. The assessment 
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of PD‑L1 in the tumor parenchyma distinguished the TCs and 
immune cells (ICs). For statistical analyses, the optimal cutoff 
value for each marker was determined using the minimum 
P‑value, which was calibrated using the X‑Tile tool (33). Each 
marker was stratified into dichotomous variables (high vs. low) 
and a calibrated KM analysis was recorded (Table SII).

Multiplex IHC (mIHC) and evaluation of staining. 
Measurement of CD8, CD33 and CK (separated tumor tissue) 
was performed by mIHC using the Opal iterative staining 
protocol according to the manufacturer's protocol (Akoya 
Biosciences) and previously published methods (24,34). In 
brief, pretreatment of mIHC sections was performed as in the 
IHC assay described above and antigen retrieval was performed 
by microwave heating. Subsequently, sections were subjected 

to CD33, cytokeratin (CK) and CD8 Opal iterative staining 
and Opal 520, Opal 570 and Opal 620 (Akoya Biosciences) 
were applied to each antibody. Nuclei were counterstained 
with DAPI (Akoya Biosciences). The primary antibodies used 
for mIHC are listed in Table SI.

MIHC slide images were captured using the Vectra plat‑
form (Perkin‑Elmer) and analyzed using inForm software 
version 2.2.1 (Akoya Biosciences). To better achieve the multi‑
spectral unmixing of mIHC fluorescence signals, the images 
of single stained slides of each marker were used to create a 
spectrum library and those of unstained slides were used to 
extract tissue autofluorescence. The quantification of positive 
cells for each marker was performed using the minimum 
region signal threshold in the inForm software automated 
counting tool. Measurements were recorded as the mean value 

Table I. Basic clinical and pathological features of the patients from the two cohorts.

Parameter	 Primary cohort (n=96)	 Validation cohort (n=153)	 P‑value

Age, years			   0.191
  Median	 62.5	 66
  Range	 24‑90	 22‑95
Sex			   0.240
  Male	 63 (65.6)	 89 (58.2)
  Female	 33 (34.4)	 64 (41.8)
Tumor location			   0.108
  Colon	 62 (64.6)	 83 (54.2)
  Rectum	 34 (35.4)	 70 (45.8)
Histological type			   0.270
  Adenocarcinoma	 94 (97.9)	 144 (94.1)
  Othera	 2 (2.1)	 9 (5.9)
Vascular invasion			   0.505
  Yes	 7 (7.3)	 8 (5.2)
  No	 89 (92.7)	 145 (94.8)
Grade			   0.705
  G1	 5 (5.2)	 5 (3.3)
  G2	 74 (77.1)	 123 (80.4)
  G3	 17 (17.7)	 25 (16.3)
T stage			   0.866
  T1+T2	 9 (9.4)	 12 (7.8)
  T3	 76 (79.2)	 121 (79.1)
  T4	 11 (11.5)	 20 (13.1)
N stage			   0.976
  N0	 58 (60.4)	 91 (59.5)
  N1	 27 (28.1)	 45 (29.4)
  N2	 11 (11.5)	 17 (11.1)
TNM stage			   0.246
  IA+IB	 7 (7.3)	 12 (7.8)
  IIA+IIB	 45 (46.9)	 76 (49.7)
  IIIA+IIIB	 35 (36.5)	 60 (39.2)
  IVA	 9 (9.3)	 5 (3.3)

aSignet‑ring cell carcinoma and mucinous adenocarcinoma. Values are expressed as n (%) unless otherwise specified.
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of five randomly selected high‑magnification (x200) fields 
on full slides. For CD8+TIL, signals from tumor parenchyma 
(CK‑positive) and mesenchyme (CK‑negative) were counted. 
For CD33+MDSCs, the levels were assessed in whole tumor 
regions (e.g., parenchyma and mesenchyme). Similarly, the 
minimum P‑value of CD8+TIL and CD33+MDSC in mIHC 
was set as the optimal cutoff value.

Statistical analysis. Values are expressed as the mean ± stan‑
dard deviation. Statistical calculations were performed 
using SPSS  Statistics (version  22; IBM Corporation) and 
GraphPad Prism (version 7; GraphPad Software, Inc.). The 
χ2  test was used to examine the categorized variables. For 
continuous variables, the Mann‑Whitney U test was used. The 
correlation between the expression levels of each marker was 
determined using the Spearman coefficient and the correlation 
matrix was subjected to unsupervised hierarchical clustering. 
OS was defined as the time from surgical resection to last 
contact. The Kaplan‑Meier method and log‑rank test were used 
to evaluate OS. The univariate and multivariate Cox propor‑
tional hazards model was used to adjust the independent risk 
factors. Statistical significance was set at P<0.05 (two‑tailed).

Using the rms package in R version 3.6.1, a visualized 
nomogram based on the results of the Cox model analysis was 
developed using data from the primary cohort. The primary 
cohort served as the internal validation group for the 
nomogram, while external validation of the nomogram was 
performed using the validation cohort. The nomogram's model 
performance was quantified using Harrell's concordance index 
(C‑index). Internal validation of the nomogram was performed 
using the bootstrap method and a relatively unbiased esti‑
mate was acquired through 1,000 repetitions. The predictive 
accuracy and recognition capacity of the nomogram using the 
internal and external validation cohorts was assessed by calcu‑
lating the C‑index and calibration curve. To facilitate clinical 
practice, the nomogram was simplified and an immunoprofile 
based on the nomogram was constructed. Finally, the receiver 
operating characteristic (ROC) curve of the immunoprofile 
and TNM stage system were compared in patients with 
stage II/III CRC.

Results

Patient clinical characteristics in both cohorts. The 
basic clinical and pathological features of the patients 
with CRC from the two cohorts are listed in Table  I. No 
significant differences in clinical characteristics between 
the two cohorts were observed (Table  I). At the time of 
diagnosis, in the primary cohort, the median age was 62.5 
(range, 24‑90) years, 63  (65.6%) patients were male, and 
in the validation cohort, the median age was 66 (range, 
22‑95) years, of which 89 (58.2%) patients were male. In the 
present study, most patients presented with locally advanced 
stages of the disease (TNM stage II and III), accounting for 
83.3% (80/96) in the primary cohort and 88.9% (136/153) 
in the validation cohort. Postoperative adjuvant therapy was 
as follows: Patients with TNM stage I entered the follow‑up 
period directly after curative surgical resection, whereas 
most patients with TNM stage II/III received close surveil‑
lance and capecitabine or 5‑FU‑based standard adjuvant 

chemotherapy. Advanced patients were given systemic treat‑
ment. The patients of the two cohorts were followed up for 
at least 5 years.

CRC immune markers
Infiltrating ICs. Infiltration of CD4+TILs, CD8+TILs, 
Foxp3+Tregs and CD33+MDSCs at the CRC tumor in  situ 
was observed  (Fig.  1, upper panel). In CRC, the location 
and density of the four tumor‑infiltrating ICs were heteroge‑
neous. As presented in Fig. 1, the compositions of CD4+TILs, 
CD8+TILs and Foxp3+Tregs were different in the tumor 
parenchyma and mesenchyme regions. These ICs, particularly 
CD4+TIL and CD8+TIL, were markedly higher in the tumor 
mesenchyme than in the tumor parenchyma. Immunopositives 
in the tumor parenchyma and mesenchyme were described as 
‘(P)’ and ‘(M)’, respectively. In the primary cohort, 85% of 
patients (82/96; P) and 97% of patients (94/96; M) had at least 
1% CD8+TIL infiltration. A total of 26% of patients (25/96; P) 
and 100% of patients (96/96; M) had at least 1% CD4+TIL 
infiltration. Furthermore, 21% of patients (20/96; P) and 97% of 
patients (94/96; M) had at least 1% Foxp3+Treg infiltration. 
Furthermore, the infiltration of CD33+MDSCs was relatively 
sparse in the tumor mesenchyme and parenchyma. Thus, the 
analysis of CD33+MDSCs was performed in the entire tumor 
region and at least 1% CD33+MDSC infiltration was noted in 
48% of patients (46/96) (Table SII).

Expression of co‑signaling molecules and immunomodu‑
latory factors. The expression levels of PD‑L1, PD1, LAG3, 
TIM3, OX40, ICOS and IDO1 were examined in the CRC 
tumors in  situ by IHC (Fig.  1, middle and lower panels). 
Overall, the expression rate of PD‑L1 in tumor parenchyma 
was low, with only seven patients (7/96) expressing ≥1% PD‑L1 
in TCs, and only one case (1/7) with 5% PD‑L1 in ICs, whereas 
70% (67/96) of the patients had at least 1% PD‑L1 expression 
in the tumor mesenchyme. At least 1% PD‑1 expression was 
observed in 21% of patients (20/96; P) and 60% of patients 
(58/96; M). The positive expression was defined as ≥1% expres‑
sion in ICs. The expression of LAG3, TIM3, OX40 and ICOS 
was 8% (8/96), 43% (41/96), 59% (57/96) and 79% (76/96), 
respectively. Furthermore, IDO1 was observed in both TCs 
and ICs. When considering ≥1% to indicate positive staining, 
it was observed that 36% of patients (35/96) exhibited IDO1 
expression in TCs, while 89% of patients (85/96) expressed 
IDO1 in ICs.

Correlation between tumor‑inf iltrating ICs and 
co‑signaling molecules or immunomodulatory factors. 
According to the mechanisms governing tumor immunology, 
ICs may be regulated by the expression of activated and 
inhibited molecules, which may shift the immune response 
toward anti‑inflammatory profiles or escaped antitumor 
immunity. Thus, the correlation between CD8+TIL, CD4+TIL, 
Foxp3+Treg, CD33+MDSC and PD‑L1, PD‑1, LAG3, TIM3, 
OX40, ICOS and IDO1 was analyzed (Fig. S1). The densities 
of CD8+TIL, both in the tumor parenchyma and mesenchyme, 
were significantly correlated with the expression of PD‑L1 (P), 
PD1 (M), TIM3, OX40 and ICOS (all P<0.001) and increased 
along with CD4+TIL (M) and Foxp3+Treg (M) (all P<0.001). 
By contrast, CD33+MDSCs were associated with the infiltra‑
tion of CD4+TIL (P<0.001) and expression of TIM3 (P=0.016). 
In addition, CD4+TIL  (M) and Foxp3+Treg  (M) were also 
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positively correlated with the expression of PD‑L1  (P), 
PD1 (M), TIM3, OX40, ICOS and IDO1 (all P<0.001). These 
correlations may reflect a highly activated immune microenvi‑
ronment in CRC.

Association between immune markers and clinical outcomes
Infiltrating ICs and clinical outcomes. The relationship 
between the patients' OS and CD4+TIL, CD8+TIL and 
Foxp3+Treg expression in the tumor parenchyma and mesen‑
chyme was evaluated. The survival curves indicated that the 
favorable prognosis of patients with high densities of CD8+TIL, 
both in the tumor parenchyma and mesenchyme according to 
IHC and mIHC staining, was statistically significant compared 
to those with low CD8+TIL (Fig. 2A and B). The densities of 
CD8+TIL in both tumor regions were analyzed in combina‑
tion, with poor infiltration defined as ≤1% CD8+TIL in the 
parenchyma, together with ≤5% CD8+TIL in the mesenchyme, 
whereas other combinations were regarded as rich infiltration 
(Figs. 2B and S2). In both cohorts, the CD8+TIL rich groups 
were significantly associated with prolonged patient survival 
(P=0.0002 in the primary cohort and P<0.001 in the validation 
cohort; Fig. 2B). The favorable prognostic effect mentioned 
above was not observed in the parenchyma, mesenchyme 
or whole tumor region for either CD4+TIL or Foxp3+Tregs 
(Fig. S3A). Of note, the analysis of CD33+MDSC revealed 

that a high density of CD33+MDSCs resulted in a significantly 
unfavorable prognosis compared to low CD33+MDSC in both 
cohorts of patients with CRC (P=0.0019 in the primary cohort 
and P=0.0003 in the validation cohort; Fig. 2C and D).

Next, the prognostic value of the different proportions 
of the CD8+TILs and CD33+MDSCs when they appeared 
simultaneously in the CRC microenvironment was analyzed 
(Fig. 2E and F). Tumors with rich CD8+TILs in the TME 
(TME‑activated) were associated with favorable survival, 
whereas tumors with high CD33+MDSC (TME‑inhibitory) 
were associated with poor clinical outcomes. Near‑equal infil‑
tration of CD8+TIL and CD33+MDSCs tended to indicate an 
equilibrium TME, in which the patients had inferior survival 
compared to those with an activated TME. However, no signif‑
icant differences were observed between TME‑equilibrium 
and TME‑inhibitory in the validation cohort. These data 
highlight the importance of defining a good scoring system to 
assess the status of TME in CRC.

Co‑signaling molecules or immunomodulatory factors 
and clinical outcomes. Among the six co‑signaling molecules 
examined, only PD1  (P) and PD1  (M) were significantly 
associated with favorable OS (P=0.0421 and P=0.0197, respec‑
tively), whereas PD‑L1 (P), PD‑L1 (M), LAG3, TIM3, OX40, 
ICOS, IDO1 (P) and IDO1 (M) were not significantly associ‑
ated with any outcome (Fig. S3B and C). To further assess 

Figure 1. Immunohistochemical staining of CD4, CD8, Foxp3, CD33, PD‑L1, PD1, LAG3, TIM3, OX40, ICOS and IDO1 in colorectal cancer samples 
(magnification, x200; scale bar, 100 µm; blue, nuclear staining; brown, positive staining). TC, tumor cell; IC, immune cell; Foxp3, forkhead box p3; PD1, 
programmed cell death 1; PD‑L1, PD1 ligand 1; TIM3, T‑cell immunoglobulin mucin family member 3; LAG3, lymphocyte‑activating 3; OX40, tumor 
necrosis factor receptor superfamily, member 4; ICOS, inducible T‑cell costimulator; IDO1, indoleamine 2,3‑dioxygenase 1. 
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the prognostic significance of PD1, PD1 (P) and PD1 (M) 
were defined, with ≥1% as PD1+TIL‑rich and the others as 

PD1+TIL‑poor. Similarly, PD1+TIL‑rich cells were signifi‑
cantly associated with prolonged patient survival (P=0.0459; 

Figure 2. Association between the immune cells and clinical outcomes. (A) IHC and mIHC staining of CD8+TIL in the tumor parenchyma (red arrow) and 
mesenchyme (yellow arrow), and the solid purple line is the delimitation of parenchyma/mesenchyme. (B) Survival curves comparing OS of patients stratified 
by different CD8+TIL infiltration status. (C) IHC and mIHC staining of CD33+MDSCs. The assessment of CD33+MDSCs was performed in the entire tumor 
region. (D) Survival curves comparing OS of patients stratified by different CD33+MDSC infiltration status. (E) Representative mIHC images for three 
different statuses of tumor‑infiltrating immune cells in the TME (magnification, x200; scale bar, 100 µm). (F) Survival curves comparing the OS of patients 
stratified by different TME status. MDSCs, myeloid‑derived suppressor cells; OS, overall survival; IHC, immunohistochemistry; mIHC, multiplex IHC; TME, 
tumor microenvironment; TIL, tumor‑infiltrating lymphocytes; CK, cytokeratin.
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Fig. S3B). IDO1 was observed to be expressed by TCs and 
ICs (Fig. 1, lower panels) and Kaplan‑Meier survival analyses 
suggested that no statistically significant differences were 
present between groups with high and low IDO1 expression 
levels in the different cells (Fig. S3C).

Construction and validation of the nomogram‑based immu‑
noprofile
Independent prognostic factors. First, the hazard ratio of the 
clinical parameters and immune markers was analyzed in 
the primary cohort using a univariate regression model. As 
presented in Table II, among the clinical characteristics, only 
pathologic T stage, N stage and TNM stage were associated 
with increased risk of death and OS (Fig. S4A‑C). Subsequently, 
TNM stage and immunological markers with P<0.1 in the 
univariate analysis were incorporated into a Cox proportional 
regression model for multivariate analysis (Table II). It was 

determined that CD8 (HR=0.201; 95%  CI:  0.056‑0.727; 
P=0.014), CD33 (HR=4.565; 95% CI: 1.428‑14.592; P=0.010) 
and TNM stage (II vs. IV, HR=0.129; 95% CI: 0.034‑0.498; 
P=0.003) exhibited independent prognostic value for OS in 
patients with CRC.

Construction of the nomogram‑based immunoprofile 
and validation. Although both CD8+TIL and CD33+MDSC 
had independent prognostic significance in the multivariate 
analyses (Table II), they were reported to have functionally 
opposite effects during the antitumor immune responses in 
patients with CRC (11,35), preventing their use for accurate 
prediction of survival. Therefore, a comprehensive immuno‑
profile nomogram for predicting survival was created using 
the independent prognostic variables (Fig. 3A). The C‑index 
for the predicted OS was 0.861 (95% CI:  0.796‑0.925) in 
the internal validation and 0.759 (95% CI: 0.714‑0.804) in 
the external validation cohort. The calibration plot for the 

Table II. Univariate/multivariate analyses for overall survival in the primary cohort.

	 Univariate analyses	 Multivariate analyses
	 ––––––––––––––––––––––––––––––––––––––––	 ––––––––––––––––––––––––––––––––––––––––
Prognostic factor	 Hazard ratio	 P‑value	 Hazard ratio	 P‑value

Age, <63 vs. ≥63 years	 1.596 (0.652‑3.907)	 0.306
Male vs. female sex	 0.465 (0.155‑1.392)	 0.171
History of smoking, yes vs. no	 1.807 (0.752‑4.344)	 0.186
History of drinking, no vs. yes	 1.517 (0.551‑4.178)	 0.420
Histological type,	 2.643 (0.351‑19.889)	 0.345
adenocarcinoma vs. othera

Vascular invasion, no vs. yes	 2.578 (0.754‑8.820)	 0.131
Grade, G1 vs. G3	 0 (0)	 0.983
Grade, G2 vs. G3	 0.613 (0.223‑1.688)	 0.344
T stage, T1+T2 vs. T4	 0 (0)	 0.980
T stage, T3 vs. T4	 0.304 (0.116‑0.796)	 0.015
N stage, N0 vs. N2	 0.193 (0.061‑0.609)	 0.005
N stage, N1 vs. N2	 0.439 (0.138‑1.396)	 0.163
AJCC TNM stage, Ι vs. IV	 0 (0)	 0.976	 0 (0)	 0.983
AJCC TNM stage, II vs. IV	 0.080 (0.023‑0.279)	 <0.001	 0.129 (0.034‑0.498)	 0.003
AJCC TNM stage, III vs. IV	 0.248 (0.086‑0.712)	 0.010	 0.358 (0.119‑1.077)	 0.068
CD4+TIL, poor vs. rich	 1.206 (0.495‑2.941)	 0.680
CD8+TIL, poor vs. rich	 0.216 (0.088‑0.530)	 0.001	 0.201 (0.056‑0.727)	 0.014
Foxp3+TIL, poor vs. rich	 1.336 (0.546‑3.271)	 0.525
CD33+MDSC, low vs. high	 4.816 (1.609‑14.414)	 0.005	 4.565 (1.428‑14.592)	 0.010
PD‑L1‑parenchyma, low vs. high	 1.618 (0.374‑6.998)	 0.520
PD‑L1‑mesenchyme, low vs. high	 0.454 (0.188‑1.098)	 0.080	 0.631 (0.222‑1.792)	 0.388
PD1+TIL, poor vs. rich	 0.418 (0.173‑1.011)	 0.053	 0.796 (0.228‑2.776)	 0.720
LAG3, low vs. high	 0.042 (0.000‑27.922)	 0.340
TIM3, low vs. high	 0.903 (0.369‑2.210)	 0.823
OX40, low vs. high	 0.525 (0.217‑1.269)	 0.152
ICOS, low vs. high	 0.427 (0.174‑1.045)	 0.062	 1.407 (0.392‑5.054)	 0.600
IDO1‑parenchyma, low vs. high	 1.735 (0.709‑4.249)	 0.228
IDO1‑mesenchyme, low vs. high	 0.622 (0.226‑1.716)	 0.359

aSignet‑ring cell carcinoma and mucinous adenocarcinoma. AJCC, American Joint Committee on Cancer; Foxp3, forkhead box p3; PD1, 
programmed cell death 1; PD‑L1, PD1 ligand 1; TIM3, T‑cell immunoglobulin mucin family member 3; LAG3, lymphocyte‑activating 3; 
OX40, tumor necrosis factor receptor superfamily, member 4; ICOS, inducible T‑cell costimulator; IDO1, indoleamine 2,3‑dioxygenase 1.
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probability of 5‑year OS between the actual observed survival 
and the prediction by the nomogram was in good accordance 
in the primary cohort (Fig. 3B) as well as in the validation 
cohort (Fig. 3C).

To facilitate clinical application, a recent study by our group 
proposed modifying a nomogram into a simple immunoprofile 
system based on a nomogram for patients with esophageal 
cancer (24). In the present study, an immunoprofile for patients 
with CRC was developed. In the immunoprofile system, 0, 1, 
2 and 3 points corresponded to stages I, II, III and IV, respec‑
tively. The points for CD8‑poor and CD33+MDSC ≥1% were 
between stage II and III in the nomogram; thus, 1.5 points 
was assigned in the immunoprofile. Next, each patient was 
assigned an immunoprofile index by adding the values of 
CD8 and CD33. Patients with different immunoprofile indices 
had variant clinical outcomes: Patients with a high immu‑
noprofile index had unfavorable OS; patients with the lowest 
immunoprofile index had the highest OS; other patients had 
intermediate clinical outcomes (Fig. S4D).

Comparison of the predictive accuracy for OS between the 
immunoprofile and TNM staging systems. The ability of the 
immunoprofile to identify differences in patients at the same 

TNM stage was further investigated. As presented in Fig. 4A, 
all patients (n=249) were divided into two risk subgroups based 
on their immunoprofile for CD8+TIL and CD33+MDSCs, 
regardless of TNM stage, using a value of 1.5 as the cutoff. 
During the observation period, 86.7% of patients with an immu‑
noprofile index <1.5 were still alive and only 43.7% of cases 
were still alive in the high immunoprofile index (≥1.5) group. 
The immunoprofile system was able to separate patients at the 
same tumor stage into different risk subgroups (Fig. 4B‑E), 
particularly for TNM stages II (P<0.0001) and III (P=0.0002), 
where significant separation was noted in these patients.

For the patients at stage  II/III (n=216), the predictive 
accuracy for OS between the immunoprofile and TNM stage 
system was compared by ROC curve analysis. The area 
under the ROC curve (AUC) of the immunoprofile and TNM 
staging system was 0.702 (95% CI: 0.636‑0.762) and 0.613 
(95% CI: 0.0544‑0.0678), respectively (Fig. 4F). The Z‑statistic 
value of the pairwise comparison of ROC curves was 1.995, 
exhibiting a statistically significant difference (P=0.046). 
These results demonstrated that the immunoprofile provided 
a more accurate prognosis for patients with stage II/III CRC 
compared with the TNM staging system.

Figure 3. Construction and validation of the prognostic nomogram. (A) The nomogram was constructed using independent prognostic variables of the 
multivariate analysis in patients with colorectal cancer. (B and C) Calibration curves of the nomogram for predicting 5‑year patient survival in (B) the 
primary cohort and (C) the validation cohort. OS, overall survival.
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Discussion

Cancer has traditionally been defined with a cellular‑centered 
vision, but this is being replaced by a holistic vision that includes 
the microenvironment (36). The immune microenvironment 
has an important role in the evolution of tumors (37), and the 
immune components within the microenvironment have a 
crucial impact on the clinical outcomes for tumor patients (8). 
CRC is a chronic mucosal inflammatory‑related malig‑
nancy (2). Pagès et al (13) first established an immunoscore in 
CRC that included only CD3/CD8 adaptive lymphocytes and 
did not consider immunosuppressive markers. In the present 
study, to improve the application of immune parameters in 
the prognosis assessment of patients, for the first time, the 
density and location of 11 immunological markers in situ was 
simultaneously analyzed and an immune‑related prognostic 
nomogram for patients with CRC was constructed. To facili‑
tate routine clinical usage and discriminate the nomogram 
system from the previous immunoscore algorithm, the system 
of the present study was modified and defined as an ‘immuno‑
profile’. The present results indicated that the immunoprofile 
system had a good predictive performance. The AUC for 
predicting OS in patients with stage II/III was 0.702, signifi‑
cantly better than that for the TNM II/III stage (AUC=0.613) 
(Z‑value=1.995, P=0.046).

The present immunoprofile model utilized tumor‑infiltrating 
CD8+TIL and CD33+MDSCs, which are significantly associ‑
ated with clinical outcomes for CRC. CD8+T lymphocytes 
are the most important immune effector and have a central 
role in eliminating TCs (38). The prognostic role of CD8+TIL 
as the most robust immune biomarker has been reported in 
various cancer types (8,17). The results of the present study 

are consistent with those of previous reports (11,39) in terms 
of high CD8+TIL infiltration being associated with improved 
patient survival and being an independent prognostic factor 
according to multivariate analyses. Furthermore, the distribu‑
tion of CD8+TILs in the human tumor regions was not random, 
which corroborated reports that infiltration to specific regions 
varies according to the different tumor types (6,40,41). In 
the present study, it was observed that the increased density 
of CD8‑TILs in the parenchyma was more essential for the 
prognosis of CRC. Compared with CD8+TILs infiltrating the 
mesenchyme, CD8+TILs in the parenchyma exerted a greater 
antitumor immune response. Correlation analysis suggested 
that infiltration of CD8+TIL was significantly correlated with 
the expression of PD‑L1, PD‑1, TIM3, OX40 and ICOS. The 
PD‑1/PD‑L1 pathway has an important role in inhibiting the 
immune response and controls the induction and maintenance 
of immune tolerance in the tumor microenvironment (42). 
TIM3, another inhibitive immune checkpoint molecule, 
is expressed in CD8+T cells and is thought to be involved 
in T‑cell differentiation and activation, and its persistence 
may be associated with an exhaustion status (43). OX40 is a 
co‑stimulatory molecule, which, if in contact with the OX40 
ligand expressed by antigen‑presenting cells, promotes the 
proliferation of CD4+ and CD8+T cells and the survival of 
antigen‑specific memory T cells (44). Evidence suggests that 
OX40 expression improves the prognostic significance of 
CD8+T‑cell infiltration in CRC (45). ICOS is another T‑cell 
co‑stimulatory molecule. ICOS is expressed on activated 
T cells, memory T cells and regulatory T cells. Similarly, 
ICOS binds to its ligand (ICOSL), which regulates T‑cell 
proliferation and survival, as well as stimulates the production 
of cytokines (46). Thus, these T‑cell inhibitory and activating 

Figure 4. Survival analysis of the immunoprofile based on CD8+ tumor‑infiltrating lymphocytes and CD33+ myeloid‑derived suppressor cells. (A) Based on the 
immunoprofile, all patients (n=249) were divided into different risk subgroups, regardless of TNM stage, with a cutoff value of 1.5. (B‑E) The immunoprofile 
separated contemporaneous patients into different risk subgroups, particularly for patients with TNM stage II/III, who exhibited a significant separation. 
(B) TNM stage I, (C) TNM stage II, (D) TNM stage III and (E) TNM stage IV. (F) ROC curves were compared between the immunoprofile and the TNM stage 
system in patients with stage II/III colorectal cancer (n=216). The Z‑statistic value of the pairwise comparison of the ROC curves was 1.995, with a statistically 
significant difference (P=0.046). ROC, receiver operating characteristic.
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receptors modulate the balance between immune tolerance 
and immune response in the CRC tumor  (29). However, 
these co‑inhibitors and co‑stimulators are expressed simul‑
taneously or at different times on CD8+T cells, resulting in 
different phenotypes  (47). The relationship between these 
phenotypes and the prognosis of patients with CRC remains 
to be fully elucidated and requires to be further investigated. 
In addition, there is growing evidence that CD4+T cells have 
a vital role in anti‑tumor immunity, specifically designed 
to activate the CD8+ cytotoxic T‑lymphocyte response (48). 
The present correlation analysis indicated that the infiltra‑
tion of CD8+TIL was associated with increased CD4+TIL, 
suggesting that CD4+TIL have an adjunct role in the efficacy 
of anti‑tumor CD8+TIL responses in the CRC microenviron‑
ment. Furthermore, correlation analysis also revealed that 
the infiltration of CD8+TIL was associated with increased 
Foxp3+Tregs, which may also demonstrate the negative 
feedback mechanism of the immune system. However, this 
hypothesis requires to be further analyzed and verified by 
Digital Spatial Profiling (49).

MDSCs represent a heterogeneous population of patho‑
logically activated immature myeloid cells that have potent 
immune suppressive activity in peripheral lymphoid organs 
and tumor in situ, and the abnormal accumulation of these cells 
is an important mechanism for tumor immune evasion (22,50). 
Previous studies have indicated that the proportion of circu‑
lating CD33+/CD11b+ HLA‑DR‑MDSCs in patients with CRC 
was higher than that in healthy individuals and the percentage 
of MDSCs in the peripheral blood of patients with CRC was 
closely correlated with clinical cancer stage and distant metas‑
tasis (35,51). Furthermore, recent evidence has revealed that the 
expansion of circulating granulocytic MDSCs was associated 
with poor prognosis in patients with metastatic CRC treated 
with FOLFOX‑Bevacizumab chemotherapy  (52). Although 
tumor tissue was included in certain studies  (35,51), the 
significance was limited by low sample numbers. The present 
study first analyzed the relationship between the infiltration 
of CD33+MDSCs in situ and the risk of death in patients with 
CRC. It was revealed that a high density of CD33+MDSCs 
in the tumor in  situ was associated with poor outcome 
compared with a low density of CD33+MDSCs. Multivariate 
analyses suggested that CD33+MDSCs were an independent 
prognostic factor in CRC. Furthermore, it was observed that 
tumor‑infiltrating CD33+MDSCs were closely correlated with 
the infiltration of CD4+TILs (P<0.001), suggesting that MDSCs 
affect antitumor immunity by CD4+T cells in CRC in situ (53); 
however, further investigation is required to confirm their 
immunosuppressive function.

In the tumor microenvironment, different ICs lead to 
different TME statuses and affect the prognosis of patients. 
Based on immune effector CD8+TIL and immunosuppressive 
CD33+MDSC, the present immunoprofile system demonstrated 
good predictive performance for patients with stage  II/III 
CRC. However, the present study also has several limitations. 
First, the sample size of stage I/IV patients was too small, 
limiting the performance evaluation of the immunoprofile 
system, which thus requires further research. In addition, the 
immune factors used in the present study were quite limited. 
With the development of cancer and immune microenviron‑
ment research, there is no doubt that continuous improvement 

of the immunoprofile will be implemented, incorporating 
more prognostic parameters and improving the predictive 
model. Furthermore, the prognostic value of tumor‑infiltrating 
Foxp3+Tregs in CRC remains controversial. Certain studies 
have indicated that Foxp3+Tregs are associated with favorable 
prognosis in CRC, whereas the results of the present study did 
not indicate such positive prognostic value. Therefore, future 
investigations should distinguish Treg‑cell subpopulations (21) 
or define a suppressive index of Treg cells (40) in CRC, and 
to explore the underlying mechanisms governing the roles of 
these cells.

In conclusion, in the present study, a nomogram‑based 
immunoprofile system based on CD8+TILs and CD33+MDSCs 
was established in patients with CRC. The results demonstrated 
that the immunoprofile provides accurate prognosis prediction 
and is an important supplement to the TNM staging system for 
patients with stage II/III CRC.
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