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Background: The role of the immune system in locally advanced rectal cancer (LARC) following preoperative chem-
oradiotherapy (CRT) has been widely investigated in recent years. This study examined the prognostic significance of
indoleamine-pyrrole 2,3-dioxygenase (IDO) expression in patients with LARC who received preoperative CRT.

Methods: Ninety patients with LARC who underwent preoperative CRT and curative resection were enrolled. IDO
and programmed death-ligand 1 (PD-L1) expression was evaluated by immunohistochemistry.

Results: Clinicopathological factors did not significantly differ between patients with positive or negative IDO
expression, excluding the correlation of positive IDO expression with better tumor differentiation (p=0.02). IDO
expression was not associated with pathological response (p=0.44), but it was associated with PD-L1 expression.
The 5-year overall survival (OS) rate was significantly worse in the IDO-positive group than in the IDO-negative group
(64.8% vs. 85.4%, p=10.02). Univariate analysis identified IDO and PD-L1 expression (p=0.02), surgical procedure
(p=0.01), final pathological stage (p=0.003), lymph node metastasis (p <0.001), and lymphatic invasion (p=0.002) as
significant prognostic factors for OS. Multivariate analysis revealed that IDO expression (HR: 7.10, p = 0.0006), surgical
procedure (HR: 5.03, p = 0.01), lymph node metastasis (HR: 2.37, p = 0.04) and lymphatic invasion (HR: 4.97, p= 0.01)
were independent prognostic indicators. Disease-free survival was not correlated with IDO or PD-L1 expression.

Conclusions: IDO expression in patients with LARC who received preoperative CRT could be a potential prognostic
indicator. IDO expression could be a useful marker for specifying individual treatment strategies in LARC.

Background

Chemoradiotherapy (CRT) is widely used as a standard
therapy for locally advanced rectal cancer (LARC). Pre-
operative CRT can both reduce tumor size and the risk
of local recurrence and increase the tumor resection rate.
Furthermore, preoperative CRT helps preserve the anal
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sphincter and increase the anus retention rate, thereby
maintaining patient quality of life [1].

Our group previously conducted a phase I study of pre-
operative CRT using tegafur/gimeracil/oteracil (S-1) plus
oxaliplatin (SOX) and bevacizumab [2] following phase
I and II studies of preoperative CRT using individual
drugs [3]. We recently reported a phase II study of pre-
operative CRT using the SOX+bevacizumab regimen
in patients with LARC [4]. The pathological response
rates were not improved by the SOX+ bevacizumab
regimen (59%) compared with S-1 monotherapy (57%).
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This result indicated that the benefits of additional drugs
during CRT are limited. Moreover, preoperative CRT
might increase the risk of tumor growth in unresponsive
patients. Our group also investigated potential predictive
biomarkers such as surviving [5], microRNA-223 [6], and
the neutrophil-to-lymphocyte ratio [7]. However, signifi-
cant proportions of patients have poor responses to pre-
operative CRT. Despite the application of preoperative
CRT, the improvement of overall survival (OS) and dis-
ease-free survival (DFS) has not been sufficient [8]. Better
molecular markers, especially for discriminating progno-
sis in patients without pathological complete responses,
are necessary for LARC.

The role of the immune system in colorectal cancer
(CRC) has been widely investigated in recent years. We
previously reported that programmed cell death pro-
tein 1 (PD-1) and programmed death-ligand 1 (PD-
L1) expression was associated with poor prognosis in
patients with CRC [9]. We also revealed the prognostic
relevance of several immune-related molecules accord-
ing to the sidedness of CRC tumors [10]. The prognostic
factors were indoleamine-pyrrole 2,3-dioxygenase (IDO)
in right-sided CRC and PD-L1 and forkhead box P3
(Foxp3) in left-sided CRC. The role of immune molecules
in patients with LARC who received preoperative CRT
has recently been illuminated. Although previous reports
discussed the prognostic significance of PD-L1 [11-13],
Foxp3, and tumor-infiltrating lymphocytes (TILs) [14],
the prognostic impact of IDO in patients with LARC who
received preoperative CRT remains unknown. Therefore,
this study assessed the prognostic significance of IDO
expression in patients with LARC who received preop-
erative CRT.

Methods

Patients

Ninety patients newly diagnosed with LARC who under-
went CRT at the Department of Surgery in Tokushima
University Hospital from 2008 to 2017 were enrolled in
the present study. The study protocol was approved by
the Tokushima University Hospital Institutional Ethics
Committee (#1910), and informed consent was obtained
from all participating patients.

CRT is routinely offered to patients with locally
advanced cancers (>T3 and/or node-positive) at the
time of diagnosis and to those with distal T2NO cancer
near or involving the sphincter. CRT was performed as
previously described [7]. Curative radical resection was
performed 6-8weeks after the completion of CRT. In
total, ninety-three patients with LARC were registered in
this study. One patient withdrew because of stroke. Two
patients refused surgery after CRT because of good clini-
cal responses. Demographic, patient and pathological
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variables were collected from clinical data available in the
electronic medical record.

Immunohistochemistry

Tissue samples for immunohistochemistry were fixed in
formalin and embedded in paraffin. Samples were cut
into 5-pm-thick serial sections, which were dewaxed,
deparaffinized in xylene, and rehydrated using a series of
decreasing alcohol concentrations. Samples were boiled
in citrate buffer (pH6.0) for 20 min in a microwave oven
for antigen retrieval. The sections were incubated in Pro-
tein Block Serum-Free Reagent (DAKO, Carpinteria, CA,
USA) for 30 min to block nonspecific binding. The slides
were then incubated with primary antibodies overnight
at 4°C. The primary antibodies were a rabbit monoclonal
antibody against PD-L1 (ab174838, 1:100; Abcam, Cam-
bridge, UK) and a mouse monoclonal antibody against
IDO (ab71276, 1:50; Abcam). Secondary antibody bind-
ing to these proteins was detected using an EnVision
Dual Link System-HRP (K4065, Dako Corporation). A
secondary peroxidase-labeled polymer conjugated to
goat anti-mouse immunoglobulin was applied for 60 min.
The sections were developed in 3,3-diaminobenzidine
and counterstained with Mayer’s hematoxylin. Each slide
was dehydrated using a series of increasing alcohol con-
centrations and then covered with a coverslip. Sections
of human tonsils served as the positive control. The pres-
ence of positive cells on each slide was determined by a
pathologist blinded to the origin of the samples.

PD-L1 and IDO expression was predominantly cytoplas-
mic, and the staining intensity was scored as follows: 0, no
staining; 14-, weak staining; 2+, moderate staining; and 3+,
strong staining. Distribution scores were determined by
calculating the percentage of positive cancer cells and scor-
ing the samples as follows: PD-L1, 0, 0-5%; 1+, 6—25%; 2+,
26-50%; 3+, 51-75%; and 4+, 76—100%; IDO, 0, 0%; 1+,
1-9%; 2+, 10-50%; 3+, 51-80%; and 4+, 81-100%. The
total score was calculated as the sum of the staining inten-
sity and distribution scores. PD-L1 positivity was indicated
by a total score exceeding 3 [15, 16], whereas IDO positivity
was indicated by a total score exceeding 4 [17].

Statistical analysis

All statistical analyses were performed using JMP 8.0.1
(SAS, Cary, NC, USA). Continuous variables were com-
pared using the Mann—Whitney U test, and categorical
data were compared using the chi-squared test.

OS and DFS were calculated using the Kaplan—Meier
method and compared using the log-rank test. Univariate
and multivariate regression analyses of OS and DFS were
performed using Cox’s proportional hazard model incor-
porating age at diagnosis (with 70years as the cut point)
and sex as patient factors, stage and main tumor location
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Table 1 Patients’clinicopathological characteristics

Variables n=90

< Patient’s factor >
Age (years) 6594104
Sex (men/women) 63/27

< Pre-CRT factor >
Stage (I/11/111) 5/28/57
Main tumor location (Ra/Rb/P) 12/75/3

< Treatment factor >
Drug (5-1/UFT/5-FU) 73/16/1

Surgical procedure (LAR/ISR/APR/Local/TPE)
< Post-CRT factor >

40/10/37/2/1

Tumor differentiation (diff./undiff) 83/7
fStage (I/11/111) 28/31/31
T(1/2/3/4) 10/27/50/3
Lymph node metastasis (—/+) 62/28
Venous invasion (—/4+) 45/45
Lymphatic invasion (—/+) 65/25
Pathological response grade (0/1/2) 1/57/32

CRT Chemoradiotherapy, S-1 Tegafur/gimeracil/oteracil, UFT Tegafur/uracil,

5-FU 5-fluorouracil, diff./undiff. differentiated histological type/undifferentiated
histological type, LAR Low anterior resection, ISR Intersphincteric resection, APR
Abdominoperineal resection, Local Local resection, TPE Total pelvic exenteration,
fStage final pathological stage
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as pre-CRT factors, drug and surgical procedure as treat-
ment factors, tumor differentiation, fStage, tumor depth,
lymph node metastasis, venous invasion, lymphatic inva-
sion, IDO expression, PD-L1 expression and pathologi-
cal response as post-CRT factors to identify independent
prognostic factors for OS and DFS. Statistically signifi-
cant factors defined as p<0.05 on univariate analysis
were included in the multivariate regression analysis.
Since final pathological stage and lymph node metastasis
are confounders. We included one of these which showed
stronger correlation in the multivariate regression anal-
ysis. Regarding the drug as a treatment factor, only one
patient received 5-FU based chemotherapy. This patient
was excluded for survival analysis.

Results

The characteristics of the ninety patients are listed in
Table 1. Median age was 65.8 years and 63 patients (70%)
were men. Pre CRT stage was I (5.5%), II (31.1%) and III
(63.3%). In more than 80% of the patients, the neoadju-
vant CRT was performed with S-1.

Immunohistochemistry of IDO and PD-L1
Representative images of immunohistochemistry of IDO
and PD-L1 were shown in Fig. 1 (IDO: Fig. 1a, PD-L1:

Fig. 1 Indoleamine-pyrrole 2,3-dioxygenase
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(IDO) and programmed death-ligand 1 (PD-L1) expression in patients with locally advanced rectal
cancer who received preoperative chemoradiotherapy. a IDO-positive expression in tumor cells (x 200). b PD-L1-positive expression in tumor cells
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Table 2 Immunohistochemistry results of IDO and PD-L1

Staining intensity n (%) Distribution n (%) Total score n (%)

< IDO expression>

0, no staining 52 (58%) 0,0% 52 (58%) 0 52 (58%)

1+, weak staining 2 (2%) 14+, 1-9% 8 (9%) 1 0

2+, moderate staining 15 (17%) 2+, 10-50% 21(23%) 2 0

34, string staining 21 (23%) 34, 51-80% 8 (9%) 3 8 (9%)

4+,81-100% 1 (1%) 4 3 (33%)

5 25 (28%)
6 1(1%)
7 1(1%)

< PD-L1 expression>

0, no staining 18 (20%) 0,0-5% 18 (20%) 0 18 (20%)

1+, weak staining 23 (26%) 1+, 6-25% 16 (18%) 1 0

2+, moderate staining 38 (42%) 2+, 26-50% 38 (42%) 2 6 (7%)

3+, string staining 11 (12%) 34,51-75% 11 (12%) 3 20 (22%)

4+, 76-100% 7 (8%) 4 25 (28%)

5 14 (16%)
6 5(5%)
7 2 (2%)

Fig. 1b). Range of IDO and PD-L1 expression by intensity
and distribution score was shown in Table 2. Regarding
IDO expression, the average of intensity score, distri-
bution score and total score were 1.05+1.3, 0.89+1.1
and 1.93+2.4, respectively. Regarding PD-L1 expres-
sion, average of intensity score, distribution score and
total score were 1.47+10, 1.71£+1.2 and 3.2+1.9,
respectively.

Patient and tumor characteristics according to IDO
expression

The characteristics of patients and tumors according to
IDO expression are presented in Table 3. Following CRT,
30% of tumors were positive for IDO expression.

No significant difference was found in patient char-
acteristics according to IDO expression. IDO expres-
sion was significantly correlated with greater tumor
differentiation (p =0.02). IDO expression tended to be
correlated with venous invasion and lymphatic inva-
sion (p=0.11 and p=0.19, respectively). Furthermore,
the patient with IDO positive expression tended to
have UFT regime than the patient with IDO negative
expression (25.9% vs 14.3%, p =0.11), although the dif-
ferences were not statistically significant. There was no
correlation between IDO expression and pathologi-
cal response (p=0.44). However, IDO expression was
positively correlated with PD-L1 expression (p=0.03,
Fig. 1c).

Associations of IDO expression on OS

The 5-year OS rate was significantly worse in the IDO-
positive group than in the IDO-negative group (64.8% vs.
85.4%, p=0.02, Fig. 2a).

Univariate analysis identified IDO and PD-L1 expres-
sion (p=0.02, Fig. 2b), surgical procedure (p=0.01), final
pathological stage (p=0.003), lymph node metastasis
(p<0.001), and lymphatic invasion (p=0.002) as signifi-
cant prognostic factors for OS (Table 4). Regarding surgi-
cal procedure, the 5-year OS rate was 89.2% (low anterior
resection, LAR), 76.2% (intersphincteric resection, ISR),
73.4% (abdominoperineal resection, APR), 50% (local
resection) and 0% (total pelvic exenteration, TPE). For the
survival analysis, surgical procedures were divided into
two groups, LAR and the others (ISR, APR, local resec-
tion and TPE). Regarding drugs, the 5-year OS rate was
71.6% (S-1), 87.5% (UFT) and 0% (5-FU). Since there was
only one patient who had 5-FU regime, the survival analy-
sis was performed by two groups except 5-FU group.

Multivariate analysis revealed that IDO expression
(HR: 7.10, p = 0.0006), surgical procedure (HR: 5.03,
p = 0.01), lymph node metastasis (HR: 2.37, p = 0.04)
and lymphatic invasion (HR: 4.97, p= 0.01) were inde-
pendent prognostic indicators.

Associations of IDO expression on DFS
Regarding DFS, univariate analysis identified surgical
procedure (p=0.01), final pathological stage (p <0.0001),
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Table 3 Patients'clinicopathological characteristics according to IDO expression
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Variables IDO (—) IDO (+) p-value
(n=63) (n=27)
< Patient’s factor >
Age (years) 66.34+10.1 6503£11.1 0.62
Sex (men/women) 45/18 18 /9 0.65
< Pre-CRT factor >
Stage (|,II/111) 21/42 12/15 0.31
Main tumor location (Ra/Rb,P) 10/53 2/25 0.26
< Treatment factor >
Drug (S-1/UFT/5-FU) 54/9/0 19/7/1 0.11
Surgical procedure (LAR/ISR/APR/Local/TPE) 27/6/28/2/0 13/4/9/0/1 0.29
< Post-CRT factor >
Tumor differentiation (diff./undiff) 56/7 27/0 0.02
fStage (I, lI/111) 39/24 20/7 0.26
T(1,2/34) 24/39 15/12 0.57
Lymph node metastasis (—/+) 42/21 20/7 048
Venous invasion (—/+) 35/28 10/17 0.1
Lymphatic invasion (—/+) 43/20 22/5 0.19
PD-L1 expression (—/+) 37/26 9/18 0.03
Pathological response (Non-responder /Responder) 39/24 19/8 044

IDO Indoleamine-pyrrole 2,3-dioxygenase, Ra Upper rectum, Rb Lower rectum, P anal canal, S-1 tegafur/gimeracil/oteracil, UFT Tegafur/uracil, 5-FU 5-fluorouracil, diff./
undiff. differentiated histological type/undifferentiated histological type, LAR Low anterior resection, LAR Low anterior resection, ISR Intersphincteric resection, APR
Abdominoperineal resection, Local local resection, TPE Total pelvic exenteration, fStage Final pathological stage
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Fig. 2 The OS rates according to IDO and PD-L1 expression. Kaplan—Meier analysis of 5-year OS for IDO and PD-L1 expression. a The 5-year OS rate
was significantly worse in the IDO-positive group than in the IDO-negative group (64.8% vs. 85.4%). b The 5-year OS rate was significantly worse in
the PD-L1-positive group than in the PD-L1-negative group (70.6% vs. 86.5%)

lymph node metastasis (p=0.0001), and lymphatic
invasion (p<0.0001) as significant prognostic fac-
tors (Table 5). The 5-year DFS rate was not correlated
with IDO or PD-L1 expression (IDO: 69.0% vs. 62.6%,
p=0.53; PD-L1: 69.4% vs. 64.4%, p=0.49). Regarding
surgical procedure, the 5-year DFS rate was 79.8% (LAR),
58.3% (ISR), 57.9% (APR), 50% (local resection) and 0%
(TPE). Regarding drugs, the 5-year DFS rate was 67.8%

(S-1), 68.6% (UFT) and 0% (5-FU). Multivariate analy-
sis revealed surgical procedure, LAR (p=0.02) as a bet-
ter independent risk factor for DFS (HR=3.68, p =0.02,

Table 5).

Multivariate analysis revealed that surgical procedure
(HR: 2.95, p = 0.009), fStage (HR: 2.64, p = 0.01) and
lymphatic invasion (HR: 4.07, p = 0.0005) were inde-
pendent prognostic indicators.
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Table 4 Univariate and multivariate analysis of clinicopathological factors associated with OS
Variables 5-year OS rate (%) Univariate P-value Multivariate analysis
HR (95% Cl) P-value
< Patient’s factor >
Age (< 70years / >70years) 798/785 0.56
Sex (men/women) 84.4/654 0.08
< Pre-CRT factor >
Stage (I, l1/111) 80.1/786 0.95
Main tumor location (Ra/Rb, P) 833/786 0.80
< Treatment factor >
Drug (S-1/UFT)? 76.7/933 0.21
Surgical procedure (LAR/ others) 89.2/709 0.01 5.03(1.39-18.13) 0.04
< Post-CRT factor >
Tumor differentiation (diff./undiff) 78.6/85.7 0.72
fStage (LII/111)** 89.4/56.6 0.003°
T(1,2/34) 80.1//784 037
Lymph node metastasis (—/+) 89.9/515 <0.001 3.26 (1.05-10.10) 0.04
Venous invasion (—/+) 84.3/735 0.28
Lymphatic invasion (—/+) 87.8/58.1 0.002 497 (1.37-18. 04) 0.01
IDO (—: +) 85.4/64.8 0.02 023 81) 0.0006
PD-L1 (—:+) 86.5/70.6 0.02 223(0.8 ) 0.12
Pathological response (Non-responder / 89.5/735 0.03 1.28 (0.31-5. 26) 0.73
Responder)

OS Over-all survival, CRT Chemoradiotherapy, Ra Upper rectum, Rb Lower rectum, P Anal canal, diff./undiff. differentiated histological type/undifferentiated histological
type, IDO Indoleamine-pyrrole 2,3-dioxygenase, PD-L1 programmed death-ligand 1, fStage Final pathological stage, HR Hazard ratio, C/ Confidence interval

@ One patient who used 5-FU for CRT was excluded

P Final stage was excluded from multivariate analysis because it was confounder of lymph node metastasis

Discussion

In this study, we revealed the impact of IDO expression
in patients with LARC who received preoperative CRT.
The IDO-positive group had significantly worse OS
than the IDO-negative group. Furthermore, IDO was
an independent prognostic factor that was positively
correlated with PD-L1 expression.

In clinical settings, the selection of treatment after
surgery with preoperative CRT is affected by the patho-
logical response, final pathological stage, and physical
conditions. Predictive prognostic markers using postop-
erative specimens from patients who received preopera-
tive CRT could provide useful information to determine
the indication of adjuvant chemotherapy. Recent research
on the tumor microenvironment has focused on immune
cells as well as the immunoescape system, including
immune checkpoint molecules. These molecules, espe-
cially PD-L1, can be therapeutically targeted to produce
significant clinical advantages in various tumors [18-
20]. However, the prognostic role of the immunoescape
system in rectal cancer, especially CRT, is not clearly
understood.

We previously reported that PD-1 and PD-L1 expres-
sion was associated with poor prognosis in patients
with CRC [9]. We also revealed the different prognos-
tic relevance of several immune-related molecules
according to the sidedness of CRC tumors [10]. Several
reports have described PD-L1 expression in postopera-
tive specimens from patients with LARC who received
preoperative CRT, but the prognostic impact of PD-L1
is controversial [12, 21]. Only one report described the
prognostic role of IDO in patients with LARC follow-
ing pre-CRT. This report illustrated that patients with
nodal-positive LARC and high IDO expression had
better survival than those with low IDO expression,
but the result was not significant. Conversely, the pre-
sent study clearly demonstrated the significant prog-
nostic relevance of IDO expression in LARC following
pre-CRT.

IDO is an intracellular enzyme that catabolizes the
conversion of tryptophan into kynurenine [22]. IDO
is expressed in various types of human tumors. IDO
arrests growth, activates cytotoxic T cells or natural
killer cells [23], induces host regulatory T cells (Tregs)
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Table 5 Univariate and multivariate analysis of clinicopathological factors associated with DFS
Variables 5-year DFS rate (%) Univariate P-value Multivariate analysis
HR (95% ClI) P-value

< Patient’s factor >

Age (< 70years / >70years) 64.3/71.2 035

Sex (men/women) 70.7/58.6 0.24
< Pre-CRT factor >

Stage (I,11/111) 68.6/65.9 0.53

Main tumor location (Ra/Rb, P) 83.3/64.5 0.28
< Treatment factor >

Drug (S-1/UFT)? 67.8/68.8 0.72

Surgical procedure (LAR/ others) 79.8/565 0.03 2.95 (1.32-6.59 0.009
< Post-CRT factor >

Tumor differentiation (diff./undiff) 67.9/57.1 0.69

fStage (I, lI/111) 79.0/44.7 <0.0001 264 (1.23-5.68) 0.01

T(1,2/34) 77.0/60.6 0.12

Lymph node metastasis (—/+)P° 78.3/42.9 0.0001

Venous invasion (—/+) 70.8/63.1 0.24

Lymphatic invasion (—/+) 77.6/40.0 <0.0001 4.07 (1.86-8.91) 0.0005

IDO (—: +) 69.0/62.6 0.53

PD-L1 (—:+) 69.4/64.4 049

Pathological response (Non-responder / 74.5/62.8 0.13
Responder)

DFS Disease-free survival, CRT Chemoradiotherapy, Ra Upper rectum, Rb Lower rectum, P Anal canal, diff./undiff. Differentiated histological type/undifferentiated
histological type, IDO Indoleamine-pyrrole 2,3-dioxygenase, PD-L1 Programmed death-ligand 1, fStage Final pathological stage, HR Hazard ratio, C/ Confidence interval

@ One patient who used 5-FU for CRT was excluded

b Lymph node metastasis was excluded from multivariate analysis because it was confounder of fStage

[24], and worsens survival [25]. Among cell types,
lymphocytes are most sensitive to radiotherapy [26].
CRT might induce immune suppression because lym-
phocyte counts were significantly reduced by CRT
[27]. The role of CD8+ cytotoxic T cells, which are
most sensitive to radiation-induced apoptosis, in pre-
CRT specimens is well established. The abundance
of CD8+ TILs in pre-CRT specimens was associated
with CRT sensitivity, resulting in favorable prog-
noses [14, 28, 29]. A previous report illustrated that
high IDO-expressing tumors exhibited significantly
lower numbers of TILs than IDO-negative tumors
[25, 30]. This mechanism will be investigated in future
research. Furthermore, we previously found that IDO
expression in stage III gastric cancer is associated
with poor prognosis and immunotolerance through
the activation of Tregs [25]. CRT induces tumor
apoptosis, which rapidly upregulates IDO expression
[31]. IDO is an upstream signal for the induction of
tolerogenic interleukin-10 and transforming growth
factor-f, which recruit immunosuppressive Tregs [32].
In the present study, IDO was not associated with any

clinicopathological feature other than PD-L1 expres-
sion. Both IDO and PD-L1 were prognostic for OS
but not DFS. Furthermore, IDO was one of the inde-
pendent prognostic factors for OS. Addition to IDO
expression, surgical procedure (LAR) had an impact
of survival for both OS and DFS. However, there was
no correlation between IDO expression and surgical
procedure. This indicates that IDO might affect both
tumor characteristics and patients’ general charac-
teristics such as vulnerability, frailty, and cachexia.
Because the kynurenine pathway of tryptophan
metabolism including IDO has received attention as
a biomarker for the risk of frailty in the elderly, this
relationship will be elucidated in a future study.

Some limitations of this study are worth mention-
ing. First, because this was a retrospective study based
on data from one institute, there may be a potential risk
of selection bias. In addition, the sample size was small.
Furthermore, this study only used one analytical method
(immunohistochemistry). Biomarker expression should
be confirmed by determining mRNA levels in prospec-
tive studies.
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Conclusions

In conclusion, this study is the first to report the prog-
nostic relevance of IDO in postoperative specimens
from patients with LARC who received preoperative
CRT. Applying IDO expression as a histological crite-
rion will facilitate a more precise prediction of indi-
vidual prognosis and therapeutic decisions in patients
with LARC.
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exenteration.
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