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Abstract

Background: Indoleamine 2,3-dioxygenase (IDO), an enzyme involved in tryptophan (Trp)
metabolism, is generally considered to be an immunosuppressive molecule. The prognostic role of
IDO expression in tumor has not been well studied in non-small cell lung cancer (NSCLC) and even
not been reported in adenosquamous lung carcinoma (AdSqLC). Herein, the aim of this study is to
investigate the prognostic significance of IDO expression in patients with AdSqLC.

Patients and Methods: We conducted immunohistochemical analyses of IDO expression, as well
as CD3 and CD8 expression, in 183 primary tumor tissue samples from patients with AdSqLC
treated at our institution between July 1999 and September 2014. Patients’ clinicopathological
characteristics were retrospectively reviewed. Survival analysis was performed in the entire cohort
of patients and those who received radical resection, respectively.

Results: IDO was expressed in 146 (79.8%) tumor samples. A higher level of IDO expression was
significantly associated with increased CD8+ tumor-infiltrating lymphocytes (TILs) in tumor tissues
(P<0.001). Surprisingly, overall survival (OS) was significantly better for patients with high IDO
expression (hazard ratio (HR)= 0.505; confidence interval (Cl)= 0.329-0.775; P=0.002) for the
entire cohort. In patients who were unable to be treated with radical resection, IDO expression had
no effect on OS (P=0.598). In contrast, a significant, independent association between high
expression of IDO and better OS (HR=0.469; CI=0.290-0.758; P=0.002) was identified in patients
who received radical resection.

Conclusions: IDO is expressed in most AdSqLC tissues, with a higher level of IDO expression
associated with an occurrence of CD8+ TlLs. Moreover, IDO expression in tumor promises to
serve as a strongly independent favorable prognostic factor, particularly in patients who received
radical resection.
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Introduction

Lung cancer is one of the most common [1]. Non-small cell lung cancer (NSCLC) accounts for
malignant tumors and is the leading cause of cancer = almost 85% of lung cancer cases. Adenosquamous
mortality in both developed and developing countries  lung carcinoma (AdSqLC) is a rare subtype of NSCLC
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that accounts for 2-4% of lung cancer[2]. This type is
characterized by comprising both squamous cell
carcinoma and adenocarcinoma components at least
10% each of the total tumor volume.

Indoleamine  2,3-dioxygenase (IDO, also
referred to as IDO1), is a cytosolic, heme-containing
enzyme consisting of 403 amino acids and encoded by
the INDO gene on human chromosome 8p22. The
basic function of IDO is the catabolism of tryptophan,
an essential amino acid, in the kynurenine (Kyn)
pathway. IDO leads to the degradation of tryptophan,
which is necessary to maintain proper Kyn concentra-
tions and for other vital cellular functions[3]. In
normal human tissues, IDO is expressed by
endothelial cells in the placenta and lung, by
epithelial cells in the female genital tract, and by
mature dendritic cells in lymphoid tissues[4]. For
human cancers, the highest proportions of IDO-
expressing cells were observed in endometrial and
cervical carcinomas, followed by kidney, lung, and
colon cancers. Initially, IDO was thought to be a
tumor suppressor[5]. The expression of IDO induced
by interferon gamma (IFN-y) presented an anti-
proliferative  effect through tryptophan (Trp)
deprivation[6, 7]. This view has been changed since
the discovery of the role of IDO in mediating immune
privilege during pregnancy[8]. IDO activity was
found to be involved in acquired immune tolerance,
including inhibition of T-cell activation and induction
of regulatory T cells (Tregs) activation[9-11], which
can allow tumor cells to escape or evade immunosur-
veillance[12].

The prognostic role of IDO expression and/or
activity has been reported in several human cancers.
High expression and/or activity of IDO has generally
been reported to correlate with a worse prognosis,
increased disease stage, presence of metastatic dise-
ase, decreased tumor-infiltrating lymphocytes, and
increased FoxP3p Tregs[13-16]. However, there are
still some exceptions. IDO expression in tumor tissues
could serve as a favorable factor for patient survival in
basal-like breast carcinoma, hepatocellular carcinoma
and renal cell carcinoma[17-19]. In NSCLC, the large
majority of studies are mainly focused on the serum
Kyn/Trp ratio, which is used as a surrogate indicator
of IDO activity. It has been reported that an increased
serum Kyn/Trp ratio is associated with more
advanced stages, chemotherapy resistance and
decreased survival times after chemo-radiation
therapy[20-23]. However, the patients in these prev-
ious studies were mainly inoperable/unresectable.
On the other hand, only one study tested the
prognostic role of IDO expression in NSCLC tumor
tissue[24]. In this study, reported by S. Astigiano et

al., IDO was expressed not by tumor cells but by
eosinophil granulocyte infiltrating the peritumoral
stroma. Patients with a greater concentration of
IDO-positve eosinophil granulocytes tended to have a
shorter survival. However, the reliability of results in
the previous study were restricted by its small sample
size. Only 25 tumor samples were analyzed and 17
patients with adequate follow-up were further
involved in a simplified survival analysis.

Given that the prognostic role of IDO expression
in tumor has not been well studied in NSCLC and
even not been reported in AdSqLC, the aim of the
present study is to investigate the association of IDO
expression in tumor with clinicopathological features
and outcomes in patients with AdSqLC.

Results

IDO, CD3, and CD8 expression in tumor
tissues

Figure 1 shows the typical junction area of
glandular and squamous components of tumor
specimens involved in this study. IDO was mainly
expressed by tumor cells accompanied by sporadic
IDO-positive stromal cells and blood vessels in both
adenocarcinoma and squamous carcinoma tissues
(Figure 2). IDO positive stains were observed in 146
(79.8%) tumor samples. These 146 samples included
12 (6.6%), 70 (38.3%), and 64 (35.0%) samples that
were weakly, moderately, and strongly positive,
respectively. Most samples contained less than 50% of
positive cells. The CD3+ TILs (Figure 3A) were
present in 118 (64.5%) samples and 65 (35.5%) patients
had occurrences of CD8+ TILs (Figure 3B) in their
tumor tissues.

Association of IDO expression with
clinicopathological characteristics

The median age of the patients was 58.0 years
(range, 30.0-80.0 years). Median and mean survival
times were 43.0 and 82.6 months, respectively. The 1-,
3-, and 5-year survival rates were 80.5%, 53.2%, 44.7 %,
respectively. Table 1 shows the distribution of
patients’ clinicopathologic characteristics according to
the levels of IDO expression. Of the examined
characteristics, only CD8+ TILs (P<0.001) was
significantly associated with IDO expression, with a
higher level of IDO expression associated with an
occurrence of CD8+ TILs in tumor tissues. We did not
observe a relationship between IDO expression and
other factors including age, sex, T status, N status, M
status, TNM staging, smoking, CD3+ TILs and
treatments.
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Figure 1. HE staining of the typical junction area of glandular and squamous components of AdSqLC. The top right area is the glandular component, and the bottom
right area is the squamous component. A: 100x. B: 200x.
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Figure 2. IHC analysis of IDO expression in tumor tissue samples taken from patients with AdSqLC. A-H: representative image of IDO expression in tumor cells and
sporadic stromal cells, no positive = 0, weak positive = |+, moderate positive = 2+, and strong positive = 3+. |-]: representative image of IDO-positive blood vessels.
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Figure 3. Representative image of CD3+ TILs and CD8+ TlILs in tumor tissues, no occurrence = 0, sporadic occurrence = |+, moderate occurrence = 2+, abundant
occurrence = 3+. A: representative image of CD3+ TILs. B: representative image of CD8+ TILs.

Association of IDO expression with patient
prognosis

Not surprisingly, T status, N status and TNM
staging were negatively associated with OS (all
P<0.05) in Kaplan-Meier analysis (Table 2). However,
the expression of IDO in tumor tissues significantly
correlated with overall survival (P<0.001) (Figure 4A).
The mean and median OS values of patients with high
IDO expression were 113.5 and 163 months, respecti-
vely, while the values of patients with low IDO
expression were 62.6 and 32 months, respectively.
Age, sex, smoking status, M status, CD3+ TILs, CD8+

TILs, and treatments were not associated with overall
survival.

To assess the statistical independence of the
prognostic role of IDO expression, we further
performed the multivariate Cox regression analysis
(Table 3). Due to the co-linearity of T status, N status
and TNM staging, we put IDO and TNM staging only
into the multivariable analysis given that TNM
staging is a universal indicator of survival. Both IDO
expression (HR=0.505; CI=0.329-0.775; P=0.002) and
TNM staging (HR=1.358; CI=1.118-1.648; P=0.002)
were independently associated with OS.
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Table 1. Patients’ clinicopathologic features compared with IDO I 80.0 69
expression. 11 613 28
Variable Cases, n (%) IDO, n (%) p* v . 345 20
<05 >05 Smoking 0.283
Age (years) 0.09 Yes 78.6 29
<58.01 102 (55.7) 61 (51.3) 41 (64.1) No 822 5
CD3+ TILs 0.891
>58.0 81 (44.3) 58 (48.7) 23 (35.9) Oceurrence 815 40
Sex 0949 No occurrence 82.2 56
Male 131 (71.6) 85 (71.4) 46 (71.9) CDS8+ TiLs 0.382
Female 52 (28.4) 34 (28.6) 18 (28.1) Occurrence 87 130
T status 0119 No occurrence 77.6 43.0
T1 18 (9.8) 10 (8.4) 8 (12.5) DO <0001
T2 118 (64.5) 76 (63.9) 42 (65.6) High 1135 163
T3 34 (18.6) 27 (22.7) 7 (10.9) Low 0.6 5
Lélstams 13 (7.1) 6(5.0) 7 (10.9) - Treatments
’ Radical resection 86.2 50 0.105
E(l) ;i ggg ;é gzgg 22 gig; No radical resection  47.1 26
N2 69 (37.7) 51 (42.9) 18 (28.1) 'AfMedian'age; OSf overall survival; TILs, tumor-infiltrating lymphocytes; IDO,
N3 6(33) 4(34) 2(3.1) indoleamine 2,3-dioxygenase.
M status 0.743
MO 164 (89.6)  106(89.1) 58(90.6) Table 3. Results of multivariable Cox regression analysis in the entire
M1 19 (10.4) 13 (10.9) 6(94) cohort.
TNM Staging 0.216
1 52 (28.4) 29 (24.4) 23 (35.9) Prognostic Factor HR 95% CI P
I 41 (22.4) 25 (21.0) 16 (25.0) os
I 71 (38.8) 52 (43.7) 19 (29.7) TNM Staging (IV vs. Il vs. I vs. I) 1.358 1.118-1.648 0.002
v 19 (10.4) 13 (10.9) 6(94) IDO (High vs. Low) 0.505 0.329-0.775 0.002
Smoking 0.518 HR, hazard ratio; CI, confidence interval; OS, overall survival; IDO, indoleamine
Yes 111 (61.0) 74 (62.7) 37 (57.8) 2,3-dioxygenase.
No 71 (39.0) 44 (37.3) 27 (42.2)
CD3+ TILs 0.063
Occurrence 118 (64.5)  71(59.7) 47 (73.4) Table 4. Kaplan-Meier analysis of factors associated with OS in patients
No occurrence 65(355)  48(403) 17 (26.6) who received radical resection.
CD8+ TILs <0.001 Variable Mean OS (months) Median OS (months) P
Occurrence 65 (35.5) 31 (26.1) 34 (53.1) Age (years) 0878
No occurrence 118 (64.5) 88 (73.9) 30 (46.9) <580t 86,5 56.0
Treatments 0.847 5 58.0 84.8 47.0
Radical resection 156 (85.2) 101 (84.9) 55 (85.9) Sex 0.298
No radical resection 27 (14.8) 18 (15.1) 9 (14.1) Male 83.0 370
Total 183 (100) 119 (65.0) 64 (35.0) Female 883 69.0
*Chi-square test; tMedian age; IDO, indoleamine 2,3-dioxygenase; TILs, T status 0.001
tumor-infiltrating lymphocytes. T1 156.8 NR
T2 85.0 50
Table 2. Kaplan-Meier analysis of factors associated with OS in the entire s 525 2
cohort. T4 308 7
N status 0.011
Variable Mean OS (months) Median OS (months) P NO 103.9 103
Age (years) 0.843 N1 84.0 69
<58.0t 823 37.0 N2 59.3 23
>58.0 82.0 46.0 TNM Staging 0.005
Sex 0.275 I 110.6 113
Male 79.7 36.0 I 80.0 69
Female 834 56.0 I 61.3 23
T status 0.001 Smoking 0.572
T1 133.7 NR Yes 84.4 43
T2 85.6 56 No 83.2 56
T3 48.3 21 CD3+ TILs 0.808
T4 44.6 22 Occurrence 86.7 46
N status 0.009 No occurrence 828 56
NO 100.9 101 CD8+ TILs 0.313
N1 87.9 69 Occurrence 87.8 50.0
N2 57.1 22 No occurrence 80.5 46.0
N3 422 20 IDO <0.001
M status 0.116 High 120.0 163
MO 85.2 47.0 Low 64.4 34
M1 34.5 20.0 tMedian age; OS, overall survival; TILs, tumor-infiltrating lymphocytes; IDO,
TNM Staging 0.004 indoleamine 2,3-dioxygenase.
1 110.6 113
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Figure 4. Kaplan-Meier analysis of OS according to IDO expression. Differences between curves were assessed by the log-rank test. A: patients in the entire cohort
(n=183). B: patients with stage | disease (n=52). C: patients with stage Il disease (n=41). D: patients with stage Ill disease (n=71). E: patients with stage IV disease
(n=19). F: patients treated without radical resection (n=27). G: patients treated with radical resection (n=156).

We also further assessed the prognostic effect of
IDO after stratification by TNM staging. In all stages
except stage IV disease, the survival curves showed
obvious trends of better survival in patients with high
IDO expression (Figure 4B-4E). Although the survival
differences in stage I and stage III patients did not
reach statistical significance, we believed it was due to
the limited number of patients in each stage.

Association between IDO expression and
prognosis in patients who received radical
resection

In previous studies, the prognostic role of IDO
activity, represented by the serum Kyn/Trp ratio, was
mainly reported in NSCLC patients who were
inoperable/unresectable and received chemotherapy
or chemoradiation as their primary treatment [20-23].
Because IDO expression had a prognostic role in all
stages except stage IV disease in our patient cohort,
we speculated that IDO expression would be a good

prognostic factor for patients who received radical
resection. Therefore, the predictive significance of
IDO expression on OS was further assessed according
to treatments. Among the 183 patients, 156 of them
received radical resection. As expected, the IDO
expression of patients who were unable to be treated
with radical resection was not correlated with OS
(P=0.598) (Figure 4F). For patients who received
radical resection, the mean OS of the high-expression
patients was 55.6 months longer compared with that
of the low- expression patients (P<0.001) (Figure 4G).
Other clinicopathological characteristics were also
analyzed by Kaplan-Meier analysis (Table 4) in
patients who received radical resection. Similarly, T
status, N status and TNM staging were negatively
associated with OS (all P<0.05). In multivariate
analysis (Table 5), both IDO expression (HR=0.469;
CI=0.290-0.758; P=0.002) and TNM staging (HR=
1.380; CI=1.083-1.759; P=0.009) were independently
associated with OS.
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Table 5. Results of multivariable Cox regression analysis in patients who
received radical resection.

Prognostic Factor HR 95% CI 14
0os

TNM Staging (IV vs. IIl vs. Il vs. I) 1.380 1.083-1.759 0.009
IDO (High vs. Low) 0.469 0.290-0.758 0.002

HR, Hazard ratio; CI, confidence interval; OS, overall survival; IDO, indoleamine
2,3-dioxygenase.

Discussion

Previous studies have reported the prognostic
role of IDO expression and/ or activity in a number of
human cancers[28]. Although IDO expression and/or
activity were usually associated with a worse
prognosis, our results suggested that the IDO
expression in tumor was a favorable factor for OS in
AdSqLC. In previous studies, IDO activity,
represented by the serum Kyn/Trp ratio, portended
worse OS in NSCLC patients who were treated with
chemotherapy and/or chemoradiation[20-23]. Unfort-
unately, the corresponding serums of patients
included in this study were unavailable. However, the
relationship between serum Kyn/Trp ratio and IDO
expression in the tumor has been examined in other
studies. In cervical cancer, tumor IDO expression was
associated with an increased serum Kyn/Trp
ratio[29]. In colorectal carcinoma, both serum
Kyn/Trp ratio and IDO expression correlated with
the presence of lymphatic invasion and lymph node
metastasis[30]. Therefore, we believe that serum
Kyn/Trp ratio and IDO expression are comparable.
One reason may account for the opposite findings in
the previous studies compared with our results. The
patients in the previous studies were mainly
inoperable/unresectable and received chemotherapy
or chemoradiation as their primary treatments, while
the large majority of patients in the present study
underwent radical surgery, which may also account
for the relatively high patients” survival rates in the
present study. Indeed, the better survival in patients
with high IDO expression was only observed in those
who were treated with radical resection. In line with
our results, IDO expression in basal-like breast
carcinoma, hepatocellular carcinoma, renal cell
carcinoma and cervical cancer was found to correlate
with prolonged survival[17-19, 29], which suggests
that IDO could slow tumor progression as well.

IDO expression has been observed in the
majority (58%) of human tumors[4]. In NSCLC, it was
reported that IDO was expressed by tumor cells,
blood vessels, and stromal cells[4]. S. Astigiano et al.
investigated IDO expression in 25 NSCLC patients
and found IDO was expressed, not by tumor cells, but
by normal eosinophil granulocytes infiltrating the
peritumoral stroma[24]. Meanwhile, they also found

that the expression of IDO in eosinophil granulocytes
was negatively associated with patient survival.
However, the reliability of these results might be
compromised by the small sample size and the
improper survival analysis. Due to the limited sample
size, only 17 patients, including 15 adenocarcinoma
and 2 squamous cell carcinoma patients, with
complete staging and adequate follow-up were
selected to analyze the association between
IDO-expressing eosinophil granulocytes and patient
survival. Nevertheless, instead of Kaplan-Meier
analysis and Cox proportional hazards model,
Spearman correlation analysis was used for the
survival analysis. In the present study, the majority of
IDO-positive cells were tumor cells accompanied by
sporadic stromal cells and blood vessels, which was
consistent with previous study[4]. We conducted
immunohistochemical analyses of 183 AdSqLC tumor
tissues that were composed of at least 10% each of
squamous cell carcinoma and adenocarcinoma cells.
Given that AdSqLC is an independent subtype of
NSCLC, we scored the IDO expression of each sample
in its entirety. Although it is reasonable to believe that
IDO would also serve as a favorable prognostic factor
in both lung adenocarcinoma and squamous cell lung
carcinoma, studies for these two main subtypes of
NSCLC are still warranted to confirm our findings.

In addition, we found that IDO expression was
not associated with any of the examined
clinicopathological characteristics except CD8+ TILs.
A higher occurrence of CD8+ TILs tended to
accompany a higher expression of IDO in tumor
tissues, which was also reported in cervical
cancer[29]. Intriguingly, this would be in line with the
observation that activated T-cells are able to induce
IDO expression in tumor cells through IFN-y[19, 31].
Meanwhile, K. A. Schalper et al. also reported that
IDO expression was associated with increased TILs
and IFN-y stimulation in lung carcinomas[32].
However, CD8+ TILs were not associated with patient
survival in our study, which indicated that the
antitumor effect of IDO was independent of CD8+
TILs. Given IDO is an enzyme involved in the
metabolism of the essential amino acid tryptophan,
the favorable influence of IDO expression in tumors
may be due to inhibition of tumor cell proliferation by
depleting tryptophan[5-7], or induction of tumor cells
apoptosis by forming toxic Typmetabolites[33].
Furthermore, T. Ishio et al. reported that the
cytotoxicity of peripheral blood mononuclear cell
(PBMC) against certain hepatocellular carcinoma cell
lines was significantly reduced by treating tumor cells
with an IDO inhibitor[18], which suggested that IDO
could enhance tumor sensitivity to anticancer
immune reactions.
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In the past few years, gene therapy and
immunotherapy are emerging to be the new
promising strategies for cancer therapy[34, 35].
Recently, immunotherapy using antibodies against
PD-1 or PD-L1 has shifted the treatment paradigm for
NSCLC. Despite long-lasting remissions in patients
who respond, the low response rate limits the applic-
ation of current immuno-therapeutic strategies[36].
Therefore, there is a strong interest in identifying new
immune escape mechanisms, predictive biomarkers,
and new therapeutic targets. Although IDO is
generally considered as an immunosuppressive
molecule that can facilitate immune escape/evasion
by the tumor[12], our results, along with some
previous studies, indicate that the role of IDO in
human cancers may be more complex than
anticipated[5-7, 17-19, 29]. In certain cancers, the
expression of IDO may even benefit patient survival,
which may facilitate future clinical trial enrollment
and individualized treatments.

The significance of the present study was limited
by its retrospective design. In addition, only 27
patients treated without radical resection were
included in the analyses. As a result, the small cohort
may account for the convergent survival curves in
these patients.

In conclusion, this study showed that IDO is
expressed in most AdSqLC tissues, with a higher level
of IDO expression associated with an occurrence of
CD8+ TILs. Moreover, IDO expression represents a
favorable prognostic factor, particularly in patients
who received radical resection.

Abbreviations

AdSqLC: adenosquamous lung carcinoma; CI:
confidence interval; CT: computed tomography; HR:
hazard ratio; I: intensity; IDO: indoleamine 2,3-
dioxygenase; IFN-y: interferon gamma; IHC: immun-
ohistochemistry; Kyn: kynurenine; M: distant metast-
asis; MRI: magnetic resonance imaging; N: lymph
node; NSCLC: non-small cell lung cancer; OS: overall
survival; PBMC: peripheral blood mononuclear cell;
Prop: proportion; ROC: receiver operating character-
istic; T: tumor; TILs: tumor-infiltrating lymphocytes;
Trp: tryptophan.

Patients and Methods

Patients

We conducted a retrospective review of the
records of 235 patients with histologically confirmed
primary AdSqLC who were treated at Sun Yat-Sen
University Cancer Center between July 1999 and
September 2014. The exclusion criteria were as
follows: (1) patients whose tumor tissues were

unavailable; (2) patients for whom follow-up data
were not detailed or complete; (3) patients who died
from non-tumor causes. After applying the exclusion
criteria, 183 eligible patients were included in the
study. A single pathologist conducted a second
review of pathologic specimens. Clinicopathological
data including patient age, sex, smoking history,
tumor (T) status, lymph node (N) status, distant
metastasis (M) status, TNM staging and treatments
were collected from medical records. Patients were
treated according to the National Comprehensive
Cancer Network (NCCN) guidelines. Generally, inop-
erable diseases were treated by chemoradiotherapy or
chemotherapy after biopsy. For patients eligible for
surgical excision, standard radical resections were
performed. After surgical evaluation, eligible patients
received adjuvant chemotherapy. The occurrence of
tumor-infiltrating lymphocytes (TILs) in tumor
tissues was also analyzed along with the expression of
IDO by immunohistochemical (IHC) staining. The
overall survival (OS) was defined as the time between
diagnosis of AdSqLC and cancer-related death, and
patients without an event were censored at the end of
the follow-up. Patients were staged according to the
TNM classification of the American Joint Committee
on Cancer Staging Manual, 8th Edition[25]. This study
was approved by the Medical Ethics Committee of
Sun Yat-Sen University Cancer Center.

Follow-up

The follow-up intervals varied according to the
condition of each patient. For patients seen in the
clinic, we routinely recorded the patient’'s medical
history and conducted a physical examination,
contrast-enhanced computed tomography (CT) of the
thorax and upper abdomen, as well as brain magnetic
resonance imaging (MRI). The last date of follow-up
was in October 2017 and included verification of
clinical attendance records and direct telecommuni-
cation with the patient or the family. During the
course of follow-up, 111 patients (60.7%) died of lung
cancer-related causes.

IHC staining

Formalin-fixed, paraffin-embedded  tumor
specimens were sectioned at 5 um. For each tumor
specimen, ten slices of tumor tissue were sectioned
consecutively. The first, fifth and tenth slices were
used for IDO staining. The second and third slices
were used for CD3 and CDS8 staining, respectively.
After being incubated at 55 °C for 3 hours, the samples
were deparaffinized in xylene and rehydrated in a
series of graded ethanol. Then, the samples were
incubated with 3% hydrogen peroxide for 10-15 mins
to block endogenous peroxidase activity. For antigen
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retrieval, the sections were microwaved for 30
minutes in a 0.01 M sodium citrate buffer (pH 6.0),
and then pre-incubated in 5% normal goat serum for 1
hour to prevent nonspecific staining. The sections
were incubated with the primary rabbit anti-human
IDO monoclonal antibody (working dilution 1:100,
Cell Signaling Technology, Danvers, MA, USA,
#86630), rabbit anti-human CD3 monoclonal (work-
ing dilution 1:50, Beijing Golden Bridge Biotechno-
logy, China, #ZA-0503), and mouse anti-human CD8§
monoclonal (working dilution 1:100, Beijing Golden
Bridge Biotechnology, China, #2M-0032) overnight at
4°C. Subsequently, the samples were incubated with
secondary antibodies and ABC reagent (VECTOR
LABORATORIES, Burlingame, CA, USA, #PK-7200)
at room temperature for 30 minutes. Immunoperox-
idase staining was performed using an ImmPACT
DAB Peroxidase (HRP) Substrate (VECTOR
LABORATORIES, Burlingame, CA, USA, #SK-4105)
according to the manufacturer’s recommendations.
All stained slides were scored independently by two
experienced pathologists who were blinded to the
patients” identity and clinical status.

Analysis of IHC staining

IDO expression was scored using the method
described in our previous studies[26]. The intensity (1)
and proportion (Prop) of staining in each specimen
were recorded individually. Scores were calculated as
follows: score = I x Prop, where I is the intensity of
staining defined as no = 0, weak = 1, moderate = 2,
and strong = 3, and Prop is the fraction of positive
cells expressed as a percentage (0% to 100%). The final
expression score of IDO is expressed as the average
score of three slices per tumor. TILs were assessed by
a semi-quantitative estimation of the occurrence of
CD3-positive/ CD8-positive (CD3+/ CD8+) cells and
was scored as no occurrence = 0, sporadic occurrence
=1, moderate occurrence = 2, abundant occurrence =
3[27]. The cut-off point of IDO was defined as 0.5
based on the Youden index of receiver operating
characteristic (ROC) curve (Figure 5), which
discriminated between survival and death; the area
under the curve was 0.640, and the sensitivity and
specificity were 48.6% and 73.9%, respectively, at the
cutoff point. High- and low-expression patients were
defined as those of samples with final scores > 0.5 or
£ 0.5, respectively.

Statistical analysis

The SPSS software package (version 20.0, IBM,
USA) was used for the statistical analysis. The
correlations between IDO expression and clinico-
pathologic characteristics, as well as CD3 and CD8
expression, were analyzed using the 2 test. Survival

curves were generated using the Kaplan-Meier
method, and differences between curves were
assessed by the log-rank test. All significant
parameters identified by Kaplan-Meier analysis were
evaluated by multivariate analysis using the Cox
proportional hazards model. The strength of the
association between predictors and survival was
assessed by hazard ratios (HRs) with 95% confidence
intervals (Cls). Significance was determined by a
two-tailed Student’s t-test and a P < 0.05 was
considered statistically significant.

ROC Curve for Survival

0.8+

0.64

Sensitivity

0.4

02= | AUC=0.640
! P=0.001

I I
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 5. Receiver operating characteristic (ROC) curve for discriminating
survival and death using IDO expression. The area under the curve (AUC) value
is 0.640. The sensitivity and specificity were 48.6% and 73.9% at the cutoff point.
The dash line represents the coordinated points of the ROC curve. The solid
line represents the ROC curve diagonal reference line.
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