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Abstract

The prognostic value of the local immune phenotype in patients with colorectal cancer has been extensively studied. Neoad-
juvant radiotherapy and/or chemotherapy may potentially influence these immune responses. In this study, we examined the
prognostic role of indoleamine-2,3-Dioxygenase (IDO1) and infiltrating cytotoxic T lymphocytes (CD8+) in locally advanced
rectal carcinomas after neoadjuvant treatment. Expression of IDO1 and CD8 was evaluated by immunohistochemistry in
106 archival tumour tissue samples from patients following neoadjuvant chemoradiation and radical resection. The average
infiltration of IDO1+and CD8+ cells was calculated along the tumour invasive front, in the tumour centre and within the
neoplastic cells and expressed as total scores. Of the tumour specimens evaluable for immunohistochemistry, 100% showed
CD8+ lymphocyte infiltration and 93.4% stained positive for IDO1. Total IDO1 score positively correlated with total CD8
score for all three subsites (p =0.002, Kendall-tau-b 0.357). A high total CD8 score was positively correlated with lower
ypUICC-stages (p =0.047) and lower ypT-categories (p =0.032). Total IDO1 expression showed a clear trend towards a lower
risk of recurrence (p=0.078). A high total IDO1 score was an independent prognostic marker for prolonged disease-free
survival (HR 0.38, p=0.046) and a high total CD8 score for favourable overall survival (HR 0.16, p=0.029). Analysis of
the local CD8 and IDO1 expression profile may be a helpful tool in predicting prognosis for patients with locally advanced
rectal cancer following neoadjuvant chemoradiation.
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Introduction

Colorectal cancer is the second most common malignancy
in developed countries with a lifetime prevalence of 5%.
Approximately 30% of these tumours are located in the
rectum [1, 2]. The current gold standard for patients with
locally advanced rectal cancer (LARC) is a multimodal
therapy comprised of neoadjuvant-combined chemora-
diation with subsequent low-anterior resection and total
mesorectal excision (TME). This increases the success rate
of sphincter-sparing operations and substantially reduces
local tumour recurrence [3—5]. However, long-term follow-
up has so far failed to demonstrate an improvement in dis-
ease-free or overall survival (DFS or OS respectively) [6,
7]. Distant metastases rather than local recurrence remain
the dominant problem in the modern era of multimodal
therapy for LARC. Consequently, more recent approaches
have incorporated combination chemotherapy and/or the
use of molecularly targeted agents in the adjuvant treat-
ment to improve survival rates in these patients [8].

In the process of implementing a multidisciplinary
treatment approach to LARC, patient subgroups based
on pathologic examination were identified that have been
shown to correlate with the risk of recurrence and overall
survival. In colorectal cancer, the tumour—node—metastasis
system (TNM) introduced by the American Joint Com-
mittee on Cancer/Union Internationale Contre le Can-
cer (AJCC/UICC-TNM) is the international standard for
pathological tumour classification [9]. The TNM system,
however, provides only limited prognostic information
and does not accurately predict the benefit from certain
therapies [10].

With the exception of microsatellite instability, recent
molecular analyses of rectal cancers did not provide
novel genetic markers [11]. In contrast, the local adap-
tive immune reaction is a reliable and relevant parameter
to predict recurrence and survival. The type, density and
location of infiltrating lymphocytes influence the evolution
of human colorectal cancers [12]. Based on these findings,
an “Immunoscore” was introduced that is more accurate in
predicting outcome in patients with colorectal carcinoma
than the TNM system [13]. Results from ongoing large-
scale studies have substantiated this new scoring system
in the routine clinical setting [14, 15].

In the past two decades, tryptophan catabolism has
emerged as a powerful mechanism of peripheral immune
resistance [16]. This is mainly achieved by the action of
indoleamine-2,3-dioxygenase 1 (IDO1) and, to a lesser
extent, by tryptophan-2,3-dioxygenase (TDO). As a
result, tryptophan is locally depleted, while catabolites
(i.e. kynurenine and its derivatives) accumulate. These
metabolic changes are considered to support a profoundly

@ Springer

immunosuppressive environment by mechanisms that still
remain incompletely characterized but which include cell
cycle arrest of T-cells [17, 18], reduced T-cell prolifera-
tion capacity [19], induced T-cell apoptosis [20, 21] and
differentiation of effector T-cells into regulatory T-cells
[22, 23]. Therefore, IDO1 has been discussed as one of the
potential key players of immune evasion in human cancer
[24, 25]. In subsequent studies, IDO1 was found to be
expressed in several types of human tumours, including
colorectal cancer [26-28]. Interestingly, results in terms
of cell types expressing IDO1 (tumour cells vs. stromal
cells), the location of IDO1 expression (tumour tissue vs.
tumour-draining lymph nodes) and its correlation with
patient survival remain completely heterogeneous [29]. In
summary, the exact role of IDO1 expression in colorectal
cancer remains to be clarified.

The prognostic value of the local immune cell infiltra-
tion in patients with colorectal cancer has been extensively
studied. In this study, we aimed to investigate a potential
prognostic role of IDO1 expression and/or cytotoxic T-cell
infiltration in tumour specimens of patients with LARC
who had undergone neoadjuvant long-term chemoradiation
prior to radical resection.

Materials and methods
Study population

106 consecutive adult patients with histologically proven,
locally advanced rectal adenocarcinoma of the middle
or lower third (uT3/uT4 uN—/+, uT1 — uT4 uN + cMO)
between 2009 and 2015 were identified from a prospec-
tively collected surgical administrative database at the
University Hospital Wiirzburg, Germany.

Tumour classification was performed according to the
UICC- and TNM-classification for colorectal adenocarci-
noma. All patients underwent physical examination. Local
staging was done by rigid endoscopy plus endorectal ultra-
sound as well as MRI of the pelvis. CT scans of the tho-
rax and abdomen were used to exclude distant metastases.
Multimodal therapy consisted of neoadjuvant long-term
chemoradiation, low-anterior resection of the rectum with
total mesorectal excision and, according to the ypTNM
stage, the administration of adjuvant chemotherapy. Base-
line characteristics included age, sex, body mass index
(BMI), classification of the primary tumour, treatment
characteristics covering neoadjuvant treatment protocols
and operative procedures as well as 5-year disease-free
and overall survival rates. Patient follow-up was carried
out according to national guidelines [30].
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Immunohistochemistry

According to routine procedures, rectal cancer specimens
obtained after tumour resection were fixed in buffered for-
maldehyde and embedded in paraffin. For the immunohis-
tochemical staining, 4-um sections from tumour areas were
cut, dried for 1 h at 56 °C, deparaffinized in xylol and rehy-
drated in descending concentrations of alcohol. Antigen
retreatment was performed in a steamer for 10 min with cit-
rate buffer pH 6.0. For the CD8+ staining, a semiautomatic
staining machine (Tecan, Freedom EVO) was used. All
immunohistochemical analyses were performed according
to standard protocols using the Advance" HRP Detection kit
(K4068) from Dako and the EnVision" FLEX DAB + Sub-
strate Chromogen System for visualization. We used a mon-
oclonal anti-CD8+ antibody (Clone C8/144B, Dako, dilution
1:80), a monoclonal anti CD1a antibody (Clone O10, Santa
Cruz, dilution 1:100), a monoclonal anti-CD163 antibody
(Clone 10D6, Leica Biosystems, dilution 1:200) and a mon-
oclonal anti-CD5 antibody (Clone 4C5, Leica Biosystems,
dilution 1:100). For visualization of IDO1 expression, we
also used the Advance™ HRP Detection kit (K4068) from
Dako and the EnVision™ FLEX DAB + Substrate Chro-
mogen System. The immunohistochemical reactions were
performed manually using the purified mouse anti-human
IDO1 monoclonal antibody (VINC3IDO antibody, Mouse
IgG2b, kappa, eBiosience, dilution 1:1000), which reacts
with IDO1 and does not cross-react with IDO2. Normal
placenta was used as a positive control. Negative controls
included omission of primary IDO1 antibody on duplicate
placenta according to Theaté et al. [31]. Finally, all slides
were counterstained with Mayer’s Haematoxylin and auto-
matically cover slipped with tape (Tissue Tek, Diatec). A
final validation stage was conducted by a pathologist who
performed a visual evaluation of the stained slides under a
light microscope (Olympus BX 50) to confirm the usability
of the immunostaining. The specimens were evaluated two
times by two independent observers (kappa-values observer
1: 0.74-0.89, kappa-values observer 2: 0.67-0.83, inter-
observer kappa values: 0.71-0.81) to obtain a conclusive
judgement regarding the CD8 and IDO1 quantification and
to exclude intra- and interobserver variability.

Immunohistochemical evaluation of infiltrating
CD8+cells

Evaluation of immunohistochemical CD8+ staining was per-
formed semi-quantitatively under a light microscope (Olym-
pus BX 50) at three different localizations: the stroma at
the invasive tumour front, the stroma in the tumour centre,
and lymphocytes within the tumour epithelium (intraepi-
thelial expression). The tumour centre was defined as the
stroma within the tumour mass with a clear distance from

the invasive tumour front as well as from the luminal border.
The invasive tumour front was classified as the area of the
deepest tumour invasion into the tissue. Three representative
fields were examined at every single subsite (high power
fields, 40x objective magnification).

Based on the density of CD8+ cell infiltration, a clas-
sification system was established for each area as follows:
stroma at the invasive tumour front and stroma in the tumour
centre: 1 =no or sporadic (0—10 CD8+-cells/HPF), 2 =mod-
erate (11-30 cells/HPF), 3 =abundant (31-50 cells/HPF),
4 =highly abundant infiltration (> 50 cells/HPF). Intraepi-
thelial: 1 =no or sporadic (0—1 CD8+-cells/HPF), 2=mod-
erate (2-4 cells/HPF), 3 =abundant (5-10 cells/HPF),
4 =highly abundant infiltration (> 11 cells/HPF). A total
CD8 score ranging from 3 to 12 was calculated upon the
sum of the single CD8 expression levels of every subsite.
Patients were classified into three groups showing a low
(3—4), intermediate (5-6) or high (7-12) total CD8 score
(according to ref. [32-34]).

Immunohistochemical evaluation of IDO expression

We performed a semi-quantitative evaluation of IDO1
expression at the tumour invasive front and calculated the
fraction of infiltrating cells positively stained for IDO1 as
percentage of all cells in this compartment. We separately
analysed IDO1 expressing neoplastic epithelial cells and
stroma cells as previously described [31]: 0 =no IDOI1
expression, 1<5%, 2>5%, 3 >50% stained IDO1 express-
ing cells. Consequently, we calculated a total IDO1 score
ranging from O to 6 for every tumour specimen as the sum
of epithelial and stromal IDO1 expression. According to
former studies [26], tumours were finally classified into two
categories: IDO1-low expression (total IDO1 score 0-2) and
IDO1-high expression (total IDO1 score 3-6).

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics 24.0. Cross tabulations were analysed with the
Chi-square test for categorical variables or Fischer’s exact
test when expected frequencies were less than five. Cor-
relations between different CD8+ and IDOI scores were
determined by nonparametric Kendall Tau-b correlation
coefficient. For survival analysis, Kaplan—-Meier curves
were used to describe overall and disease-free survival.
Differences in survival between groups were tested by log-
rank tests. Cox proportional hazard regression models were
used for univariate and multivariate survival analysis. For
both, Kaplan—Meier curves and Cox regression models, we
excluded patients with a follow-up less than one year or
patients with distant metastasis who did not undergo curative
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resection. In all analyses, p <0.05 was considered statisti-
cally significant.

Results
Patient characteristics

Between May 2009 and March 2015, a total of 106 adult
patients underwent multimodal therapy for the primary
diagnosis of locally advanced cancer of the middle or lower
rectum at our institution. We excluded all patients with
synchronous distant metastases. Approximately two-thirds
of the study populations were male (67.9%), median age
was 64 years (39-88) and median BMI was 26.2 kg/m2
(17.0-49.5). 97.2% of patients were diagnosed with cT3/
T4 tumours and 65.1% with a positive nodal status. Multi-
modal therapy included neoadjuvant long-term chemoradia-
tion followed by surgery 6—8 weeks thereafter according to
national guidelines [30]. Surgery was either performed as
low-anterior resection with total mesorectal excision (TME)
in 86 cases (81.1%) or as rectum extirpation with TME in 20
cases (18.9%). Pathologic examination revealed a complete
tumour regression (ypUICC stage 0) in 14 patients (13.2%)
and a 100% RO-resection rate in this cohort. 73 patients
(69.5%) received adjuvant chemotherapy. 5-year disease-
free survival (DFS) was 63.2% and 5-year overall survival
(OS) was 76.8%. Patients’ clinical data and detailed tumour-
characteristics are displayed in Supplementary Table S1.

Immunostaining for IDO1 and CD8+ lymphocytes
in tissue samples

The presence of IDO1 positive (IDO1+) cells and tumour-
infiltrating CD8 positive (CD8+) T-lymphocytes was
determined by immunohistochemical evaluation of tissue
samples. We excluded all primary tumours with a complete
histologic tumour regression after neoadjuvant chemora-
diation as there was no residual invasive tumour front for
histologic examination. Consequently, we were not able to
calculate total scores for IDO1 or CDS8 expression for these
specimens (as outlined in the methods section). Owing to
missing data or inferior staining quality, we finally exam-
ined 91 tumour samples (85.8%) for IDO1 expression and
84 specimens (79.2%) for CD8+ expression.

IDO1 and CD8 markers were semi-quantitatively assessed
by applying previously documented and adapted scaling sys-
tems for IDO1 [26] and CD8 [33, 34] expression and by
calculating a total score for each marker. T-lymphocyte infil-
tration was assessed at three different subsites: the invasive
tumour front, the tumour centre and within the tumour epi-
thelium (Fig. 1a, b). IDO1 expression was assessed within
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the tumour epithelium or within the tumour stroma at the
invasive front (Fig. 1c).

84 out of 84 tumour samples (100%) showed a CD8+lym-
phocyte infiltration, 56% of those with a highly abundant
T-cell count (total CD8 score 7—-12), whereas the remain-
ing showed a weak T-cell infiltration (total CD8 score 3-6).
Numeric distribution was nearly equal among the three
subsites with a trend towards higher T-cell counts within
the tumour stroma (data not shown). 85 out of 91 tumours
samples (93.4%) were positive in IDOI staining. 38.5% of
those specimens showed a high IDO1 expression profile
(total IDOI1 score 3—6). With regard to different subsites,
more than 90% of samples showed a positive IDO1 staining
within the tumour stroma. Assessment of one-third of speci-
mens revealed that IDO1+ stromal cells mainly consisted
of CD163+ histiocytes, CD5+ lymphocytes or granulocytes,
but rarely of CD1a+ dendritic cells (data not shown). Addi-
tionally, 63.8% of tumours showed a positive intraepithelial
IDO1 expression.

The varying frequencies of infiltrating CD8+ lympho-
cytes as well as IDO1-positive cells at all three subsites are
summarized in a total score for each marker (as outlined
in the methods section) and presented in a cross-tabula-
tion in Table 1. The number of infiltrating CD8+ lympho-
cytes highly and positively correlated with the number of
IDO1+ stroma- or tumour cells (p =0.002, Kendall-tau-b
0.357). 57.4% of tumours with a high total CD8 score (7-12)
also showed a high total IDO1 score (3—6). In contrast, only
18.8% of tumours with a low (3—4) or 19.0% of tumours with
a moderate (5-6) total CD8 score did so. These specimens
showed a low total IDO1 score (0-2) in 81.3% resp. 81.0%
(Table 1). With regard to different tumour subsites at the
invasive front, an even stronger association was seen in the
tumour stroma: approximately 70% of samples with a high
CD8 expression (level 3 or 4) also showed a high IDO1
expression (level 2 or 3) (p=0.008, Kendall-tau-b 0.409,
Supplementary Table S2a). In contrast, one-third to half of
samples with a high intraepithelial CD8 expression (level
3 or 4) also showed a high IDO1 expression (level 2 or 3)
(p=0.004, Kendall-tau-b 0.344, Supplementary Table S2b).

Association of IDO1- and CD8-expression
with clinicopathologic variables

The total scores of tumour-infiltrating CD8+ lymphocytes
and IDO1 expressing cells were correlated with clinico-
pathologic parameters (Table 2). Total CD8 expression
was significantly correlated with higher age (p =0.042)
and a clear trend towards a lower risk of death (p =0.054).
The total number of CD8+ lymphocytes led to a significant
shift towards lower ypT-categories (p =0.032). In detail,
66.0% of tumour specimens with a high total CDS8 score
(7-12) were grouped into lower ypT categories (ypT1 and
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Fig. 1 Immunohistochemical evaluation of infiltration of IDO1+cells
and CD8+T-cells. a Immunohistochemical evaluation of infiltrat-
ing CD8+ T-cells at three different areas: the stroma at the invasive
tumour front, the stroma in the tumour centre, and within the tumour
epithelium (as indicated by black arrow). b Examples of sections
with infiltrating CD8+ T-cells within the tumour epithelium: a no

Table 1 Cross-tabulation between total scores of CD8 and IDOI1
expression in tumour specimens

CDS8 score (n) IDO1 score (n, %)* p value
Low (0-2) High (3-6) Total (n, %)

Low (3—4) 13 (81.3) 3(18.8) 16 (100) 0.002

Intermediate (5-6) 17 (81.0) 4 (19.0) 21 (100)

High (7-12) 20 (42.6) 27(57.4) 47 (100)

Total (n, %) 50 (59.5) 34 (40.5) 84 (100)

“Percentage of tumours with either IDO1 low (0-2) or IDOI high
(3-6) expression within each total CD8 score group [low (3—4), inter-
mediate (5-6) or high (7-12)]

2) as compared to 31.3% with a low total CD8 score (3—4).
With regard to tumour classification (ypUICC), a high
total CDS8 score was significantly associated with a lower
ypUICC stage (p=0.047). 51.1% of specimens with a high
total CD8 score (7-12) were classified into ypUICC stage
1, whereas this was the case in only 31.3% of samples

or sporadic, b moderate, ¢ abundant, d highly abundant infiltration
of CD8+T-cells. ¢ Evaluation of IDOI1 expression at the invasive
tumour front (a). Analysis was performed on either intraepithelial (b
as indicated by arrow) and/or stromal (c as indicated by arrow) IDO1
expressing cells

with a low total CDS8 score (3—4). There was no associa-
tion between total CD8 expression and tumour regression
grade (p =0.416) (Table 2).

Total IDO1 expression showed a positive association
with higher age (p =0.008) and a clear trend towards a
lower risk of tumour recurrence (p =0.078). There was no
association observed between total IDO1 expression and
ypUICC stages (p =0.421) (Table 2).

We further analysed the correlation of clinicopatho-
logic variables with the expression of IDO1 and CDS in
different subsites: either intraepithelial (IE) or stromal
cells (SC) at the invasive tumour front. Interestingly, we
found a stronger association of intraepithelial (IE) CD8
expression compared to the total CD8 score with ypT cat-
egory (p=0.029). IE CD8 expression was significantly
correlated with lower ypUICC stages (p =0.006) and a
nodal-negative status (0.019) (Supplementary Table S3a).
Stromal IDO1 expression was positively correlated with
recurrence-free survival (p =0.05) (Supplementary
Table S3b).
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Table 2 Correlation of total CD8- and IDO1-scores with clinicopathologic parameters

Total CDS score (n=_84) p value Total IDOL1 score (n=91) p value
Low (3-4) Intermediate (5-6) High (7-12) Low (0-2) High (3-6)
Frequency (n, %) 16 (19.0) 21(25.0) 47 (56.0) 56 (61.5) 35 (38.5)
Age (years, median) 59 (42-75) 62 (39-83) 67 (42-88) 0.042% 61 (39-83) 68 (45-88) 0.008*
Gender 0.504¢ 0.696°
Female 3 (18.8) 8 (38.1) 15 (31.9) 17 (30.4) 12 (34.3)
Male 13 (81.3) 13 (61.9) 32 (68.1) 39 (69.6) 23 (65.7)
ypUICC stage (n, %) 0.047¢ 0.421°¢
1 5(31.3) 3(14.3) 24 (51.1) 18 (32.1) 16 (45.7)
2 5(31.3) 10 (47.6) 11 (23.4) 19 (33.9) 10 (28.6)
3 6 (37.5) 8 (38.1) 12 (25.5) 19 (33.9) 9 (25.7)
Grading (n, %) 43 0.651°¢ 0.705°¢
G1/G2 14 (87.5) 18 (90.0) (93.5) 49 (89.1) 31 (93.9)
G3/G4 2 (12.5) 2 (10.0) 3(6.5) 6 (10.9) 2(6.1)
Missing 0 1 1 1 1
Regression grade (Dworak, n, %) 0.416° 0.902°¢
0 0(0.0) 0(0.0) 1(24) 1(2.0) 0(0.0)
1 2 (13.3) 8 (40.0) 7(17.1) 10 (19.6) 7(21.9)
2 11 (73.3) 11 (55.0) 27 (65.9) 34 (66.7) 20 (62.5)
3 2 (13.3) 1(5.0) 6 (14.6) 6(11.8) 5(15.6)
Missing 1 1 6 5 3
ypT category (n, %) 0.032°¢ 0.204¢
1 1(6.3) 0(0.0) 6 (12.8) 6 (10.7) 2(5.7)
2 4(25.0) 6 (28.6) 25 (53.2) 18 (32.1) 19 (54.3)
3 10 (62.5) 14 (66.7) 15 (31.9) 30 (53.6) 13 (37.1)
4 1(6.3) 1(4.8) 1(2.8) 2 (3.6) 1(2.9)
ypN category (n, %) 0.234°¢ 0.215°
N- 10 (62.5) 15 (71.4) 39 (83.0) 40 (71.4) 29 (82.9)
N+ 6 (37.5) 6 (28.6) 8 (17.0) 16 (28.6) 6 (17.1)
Tumour recurrence (n, %) 0.338° 0.078"
No 10 (62.5) 13 (61.9) 36 (76.6) 35 (62.5) 28 (80.0)
Yes 6 (37.5) 8 (38.1) 11 (23.4) 21(37.5) 7 (20.0)
Death (n, %) 0.054° 0.514°
No 10 (62.5) 17 (81.0) 42 (89.4) 45 (80.4) 30 (85.7)
Yes 6 (37.5) 4 (19.0) 5(10.6) 11 (19.6) 5(14.3)
*ONEWAY-Anova

bChi-squared-test
Fisher’s exact test

Impact of IDO1- and CD8-expression on disease-free
and overall survival

Disease-free (DFS) and overall survival (OS) were com-
pared with the total CDS or total IDO1 score. Figure 2a, b
show Kaplan—Meier plots of DFS and OS of patients with
regard to subgroups of total CD8 scores. A high total CD8
score (7-12) showed a statistically significantly improved
OS (5-year OS for CD8+ total score 7-12: 93.7% and for
CD8+ total score 3—4: 59.6%, log-rank p=0.023, Fig. 2b
and Supplementary Table S4). A high total IDO1 score
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(3-6) significantly correlated with a prolonged DFS (5-year
DEFS for IDO1 high: 73.4% and for IDO1 low: 53.1%, log-
rank p=0.033, Fig. 2c and Supplementary Table S4).

Prognosticimportance of infiltrating
CD8+lymphocytes and IDO1-expressing cells

We investigated the prognostic significance of the total
IDO1 and CDS8 score as well as various clinicopathologic
variables using Cox proportional hazard models. Total
CDS8 score (HR 0.14, 95%CI 0.03-0.71, p=0.018) and
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Fig.2 Impact of the total IDO1 and CD8 score on disease-free and
overall survival. a Kaplan—Meier-Plot showing disease-free survival
after surgery in patients with low (3-4), intermediate (5-6), and
high (7-12) total CD8 score (log rank p = 0.388). b Kaplan—-Meier-
Plot showing overall survival in patients with low (3—4), intermedi-

ypN category (HR 3.33, 95%CI 1.01-11.02, p=0.049)
constituted prognostic factors for OS in univariate analy-
sis. When analysed in a multivariate model adjusted for
those two variables, the total CD8 score remained an
independent prognostic factor for OS (HR 0.16, 95%CI
0.03-0.83, p=0.029) (Table 3). Total IDO1 score (HR
0.34, 95%CI 0.13-0.84, p =0.02), ypN category (HR
2.66, 95%CI 1.19-5.97, p=0.017) and ypT category
(HR 2.34, 95%CI 1.01-5.45, p=0.048) were prognostic
factors for DFS in univariate analysis. Total IDO1 score
remained an independent prognostic variable for DFS in

ate (5-6), and high (7-12) total CD8 score (log rank p = 0.023). ¢
Kaplan—Meier-Plot showing disease-free survival after surgery in
patients with low (0-2) and high (3-6) total IDO1 score (log rank p
= 0.033). d Kaplan—Meier-Plot showing overall survival in patients
with low (0-2) and high (3-6) total IDO1 score (log rank p = 0.478)

multivariate analysis adjusted for IDO1, ypN and ypT cat-
egory (p=0.046) (Table 4).

Discussion

Standard treatment algorithms for patients with colorectal
cancer are well defined by national and international guide-
lines [30]. The therapeutic approach for patients diagnosed
with carcinomas of the mid and lower rectum is based on
clinical findings (cTNM) and on the histopathological AJCC/
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Table 3 Uni- and multivariate
analysis for overall survival in

Univariate analysis

Multivariate analysis®

locally advanced rectal cancer HR 95% C1 p value HR 95% CI p value
Total CD8 score
Low (3-4) 1 1
Medium (5-6) 0.691 0.185-2.580 0.583 0.689 0.187-2.611 0.594
High (7-12) 0.137 0.027-0.708 0.018 0.158 0.030-0.830 0.029
Total IDO1 score
Low (0-2) 1
High (3-6) 0.420 0.111-1.591 0.202
ypN category
N- 1 1
N+ 3.331 1.007-11.019 0.049 2.584 0.769-8.679 0.125
ypT category
Low (1/2) 1
High (3/4) 4.608 0.991-21.434 0.051
Age (years)
<65 1
> 65 0.837 0.254-2.755 0.770
"Multivariate analysis adjusted for total CD8 score and ypN stage
Tablel.l Ul’li—?ll’ld multivariate Univariate analysis Multivariate analysis*
analysis for disease-free
survival in locally advanced HR 95% C1 p value HR 95% CI p value
rectal cancer
Total CD8 score
Low (3-4) 1
Medium (5-6) 0.928 0.321-2.680 0.890
High (7-12) 0.556 0.205-1.506 0.249
Total IDO1 score
Low (0-2) 1 1
High (3-6) 0.335 0.133-0.843 0.020 0.384 0.150-0.983 0.046
ypN category
N- 1 1
N+ 2.663 1.188-5.970 0.017 2.089 0.880-4.961 0.095
ypT category
Low (1/2) 1 1
High (3/4) 2.344 1.009-5.446 0.048 1.618 0.652-4.017 0.299
Age (years)
<65 1
> 65 0.524 0.231-1.188 0.122

*Multivariate analysis adjusted for total IDO1 score, ypN stage and ypT stage

UICC-TNM scoring system [9]. The pathological tumour
classification system ((y)pUICC stage I-IV) further provides
important information about patients’ prognosis, but it does
not capture the biological complexity of the tumour micro-
environment and the contribution of anti-tumour immune
responses. There is clear evidence that density, phenotype
and location of tumour-infiltrating lymphocytes (TILs)
within primary colorectal carcinomas provide an accurate
prediction of clinical outcome [12, 35]. Quantification of

@ Springer

the density, localization and type of TILs, termed ‘Immu-
noscore’, proved to even surpass the gold standard TNM-
system in predicting disease-free and overall survival [14,
36, 37]. Furthermore, the accuracy of the ‘Immunoscore’
can be improved by delineating the location of TILs into two
areas within the primary tumour: the centre and the inva-
sive margin [12]. However, regulation of lymphocyte infil-
tration within the tumour microenvironment remains com-
plex [38]. IDOI, a tryptophan-degrading enzyme, appears
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to have a profound influence on local innate and adaptive
immune responses. IDO1 was found to be either expressed
by tumour or stromal cells (mainly antigen-presenting cells)
[39, 40]. Local tryptophan depletion and/or accumulation
of metabolites interfere with T-cell function, proliferation
or differentiation. This suggests that IDO1 orchestrates an
immunosuppressive environment, presumably by controlling
exaggerated T-cell responses [16].

In this study, we evaluated the density and location of
tumour-infiltrating CD8+ T-lymphocytes as well as IDO1
expression in surgically resected tumours of patients with
LARC after neoadjuvant chemoradiation. Earlier studies that
focused on the local immune profile of colorectal cancer
patients predominantly excluded patients with rectal carci-
noma after neoadjuvant chemoradiation [12, 33, 41]. Con-
cerns about unpredictable or even reducing effects on T-cell
infiltration or profound histologic changes in the architecture
of the primary tumour were raised as main opposing argu-
ments to include pre-treated tumour specimens. The latter
might hold true for methods using quantitative automated
immunohistochemistry scores [37]. However, in this study,
we instead employed a semi-quantitative analysis of tumour
sections. The specimens were evaluated twice by two inde-
pendent observers to obtain a conclusive judgement regard-
ing CD8 and IDO1 quantification and to exclude intra- and
interobserver variability.

Using an immunohistochemical approach and applying
established quantification methods for CD8+ lymphocytes
as well as IDO1 expression, we detected a positive correla-
tion of CD8+ lymphocyte numbers and the extent of IDO1
expression in LARC. Both CD8+ lymphocyte numbers and
IDO1 expression were associated with patient survival and
turned out to be independent prognostic markers in multi-
variate analysis.

By applying this method, we identified 15 out of 106
patients with a complete histological tumour response
(ypTO) and excluded those from immunohistochemical
analysis. All examined specimens showed infiltration with
CDS8 positive T-lymphocytes; 56% with a high total CD8
score. Cell death induced by chemotherapy has long been
assumed to result in apoptosis. Consequently, the default
response should be immunologic tolerance rather than
immune activation. However, chemotherapy-associated
cell death was recently shown to be capable of inducing a
sustained tumour antigen-specific immune response. This
was dependent on the chemotherapeutic agent used [42,
43]. Interestingly, these findings can be partially extended
to radiotherapy-induced cell death too. Radiation was found
to affect the local immune response by either upregulation of
stimulatory molecules on the tumour cell surface or by shap-
ing the local immune cell infiltrate [44]. Summarizing these
observations, distinct chemo- and/or radiotherapeutic regi-
mens seem to promote an immunogenic process of cancer

cell death leading to local and/or systemic anti-tumour
immune responses. In this context, our results represent a
clinically relevant finding: tumour specimens with extensive
infiltration of CDS positive lymphocytes after neoadjuvant
chemoradiation were more often classified into lower tumour
categories with regard to tumour size (ypT1 or ypT2) and
nodal status (ypN-). Furthermore, intense CD8 lymphocyte
infiltration resulted in a significant shift towards lower ypU-
ICC stages, a well-known prognostic parameter for over-
all survival. In this context, patients with a high total CD8
score had significantly prolonged 5-year survival rates. We
observed a prognostic discrepancy regarding intratumoural
subsites when comparing intraepithelial CD8 lymphocyte
infiltration to that in the tumour stroma with a better prog-
nosis for intraepithelial T cells. The biological explanation
of why intraepithelial CD8 T cells would have a greater
impact on prognosis than the ones located in the tumour
stroma is likely due to their direct anti-tumour effects. The
CDS8 T cells infiltrating the tumour epithelium, being in the
immediate proximity, are most likely specifically directed
against the tumour, and could, therefore, be considered more
effective. The hypothesis that the sublocalisation of infil-
trating lymphocytes bears prognostic importance has gained
momentum from earlier studies [12, 41]. An intra-epithelial
location of cytotoxic T cells could possibly mean a more
effective protection in that respect.

The immunosuppressive effect of IDO1 was first
described in a mouse model of fetal protection against
maternal immune rejection [45]. Treatment of pregnant mice
with an IDOI inhibitor (1-methyl-tryptophan) resulted in
T-cell-mediated rejection of allogeneic embryos [45]. Para-
doxically, IDO1 seems to be dispensable for the maintenance
of self-tolerance under basal conditions [46]. However, the
concept of IDO1-mediated immune regulation was conse-
quently extended to malignant disease [47]. Over the past
years, IDO1 expression has been partly associated with a
more aggressive disease and poorer prognosis in several
human carcinomas [29]. Data remain scarce and results
heterogeneous in colorectal cancer. Inconsistencies appear
when studies are compared with regard to the expression
profiles of IDO1 (constitutive vs. inducible by inflammatory
stimuli), the nature of IDO1 expressing cells (tumour cells
vs. antigen-presenting cells), the density of IDO1 expression
and its localization within different tumour compartments
(tumour centre vs. invasive tumour front). Furthermore, its
prognostic value or impact on DFS and OS, respectively,
are not consistently reported [26—28]. Possible confounders
for these divergent results have been extensively studied and
discussed [31, 39, 40, 48-50].

Using a defined study population, more than 90% of pre-
treated rectum carcinoma samples showed a positive staining
for IDO1. Of those, 90% stained positive for IDO1 within
the tumour stroma. Interestingly, tumours with a high total
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IDO1 score also showed a high total CD8 score, a finding
which is so far divergent to former observations in patients
with colorectal cancer [26, 27]. We hypothesize that these
findings imply a state of immune activation rather than
immune tolerance in terms of a local inflammatory milieu
following neoadjuvant chemoradiation. In animal models,
IDO1 was shown to be upregulated in tumours in response
to local radiation therapy. Interestingly, pharmacological
blockade of IDO1-acitivity did not result in reduced tumour
growth or enhanced local anti-tumour immune responses
[51]. Part of the IDO1 expression of neoplastic or stromal
cells might result from an ongoing immune response involv-
ing CD8+ lymphocytes producing IFN-y, the main induc-
tor of IDO1 expression [25]. Data from a mouse melanoma
model clearly show that IDO1 expression is strictly depend-
ent on the presence of intratumoural CD8+ lymphocytes pro-
ducing IFN-y [52]. Moreover, IDO1 belongs to a group of
genes whose expression in tumours prior to immunotherapy
is of predictive value for a better clinical response, along
with T-cell-specific genes and other IFN-y-induced genes
[53]. In this study, comparable to our results, the key predic-
tive factor is most likely the presence of tumour-infiltrating
CDS8+ lymphocytes and IDO1 is secondarily induced in
response to IFN-y produced by those lymphocytes. We are
well aware of the fact that immunohistochemistry studies
do not allow functional conclusions on the local interplay
of IDO1 expression and lymphocyte infiltration. However,
our results clearly support a prognostic value of both IDO1
and CD8 scores. The total IDO1 score turned out to be an
independent prognostic marker for DFS, whereas the total
CDS8 score showed prognostic relevance in terms of OS.
Multimodal treatment of LARC has dramatically
reduced local recurrence rates but has not yet been proved
to improve overall survival [6]. It has, however, become
evident that the individual response of rectal carcinomas
to neoadjuvant therapies varies considerably. Pathological
staging such as the ypTNM classification is widely used
in clinical practice, but the delivery of adjuvant therapy to
theoretically decrease the risk of distant metastasis is still
controversial [54]. Applying both histological criteria and
defined immune phenotypes might help to better stratify
adjuvant therapeutic approaches according to different
immune profiles in the long run. Andersen and colleagues
have shown that IDOI1 is spontaneously recognized by
specific CD8 T cells in humans [55]. Indeed, those cells
appear to act as specific cytotoxic T lymphocytes that can
recognize and kill IDO1 expressing tumour cells [56].
These observations have prompted efforts to explore
IDOI1 peptides as anti-cancer vaccines, as examined in a
recent clinical trial where early evidence was obtained of
long-lasting disease stabilization in metastatic lung can-
cer patients [57, 58]. LARC patients with a strong IDO1
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expression profile after neoadjuvant chemoradiation might
benefit from an additive IDO1 targeted immunotherapeutic
approach such as vaccination with IDO1-derived peptides.
Degradation of the local immunosuppressive environment,
i.e. inhibition of IDOI1 activity, might result in intensi-
fied antigen-specific immune responses in these patients.
IDO1 inhibitors, when used as monotherapy, showed dis-
appointing results in preclinical trials [59]. When IDO1
inhibitors were used in combinatorial immunotherapeutic
or chemotherapeutic regimens, they seem to act as immu-
nometabolic adjuvants which can modulate inflamma-
tory processes [60]. Surprisingly, recent results from the
ECHO-301 trial, the first large phase 3 trial, showed that
epacadostat, an IDO1-selective enzyme inhibitor, failed
to improve disease-free survival in addition to anti-PD1
immune checkpoint inhibitor therapy in metastatic mela-
noma patients [61]. Based on the negative results of the
ECHO-301 trial in melanoma, as well as in the pancre-
atic cancer cohort of ECHO-203, several trials of the IDO
inhibitor epacadostat were stopped. As a consequence,
other trials of different IDO inhibitors have been scaled
back or even halted [62]. Although researchers offered rea-
sons for the disappointing trial results, the role of IDO1
as key player in tumour immune escape becomes even
more questionable. A generally immunomodulatory role
of IDOI in cancer remains challenged by three important
facts: (1) IDO1 expression can be associated with favour-
able outcome in cancer patients, as in our defined patient
cohort, (2) IDO knock-out mice do not show overt signs
of autoimmunity [49] and (3) failure of a selective IDO1-
blocker in a phase 3 trial. So far, IDO1 biology remains
incompletely understood.

In the long run, we need to further improve our under-
standing about the functional role of IDO1 within the
tumour microenvironment of patients with LARC who had
undergone preoperative chemoradiation. Consequently, we
might be able to answer the question if IDO1 is a friend or
foe of tumour-infiltrating CD8+ lymphocytes and to define
its exact role in the complex orchestra of tumour-driven
immune evasion in these patients.
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