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ABSTRACT

ARTICLE HISTORY

Purpose: The recent success of anti-PD1 antibody in metastatic colorectal cancer (CRC) patients with
microsatellite instability (MSI), known to be associated with an upregulated Th1/Tc1 gene signature,
provides new promising therapeutic strategies. However, the partial objective response highlights
a crucial need for relevant, easily evaluable, predictive biomarkers. Here we explore whether in situ
assessment of Tbet+ tumor infiltrating lymphocytes (TILs) reflects a pre-existing functional antitumor
Th1/Tc1/IFNγ response, in relation with clinicopathological features, microsatellite status and expression
of immunoregulatory molecules (PD1, PDL1, IDO-1).
Methodology: In two independent cohorts of CRC (retrospective n = 80; prospective n = 27) we assessed
TILs density (CD3, Tbet, PD1) and expression profile of PDL1 and IDO-1 by immunohistochemistry/image
analysis. Furthermore, the prospective cohort allowed to perform ex vivo CRC explant cultures and measure
by Elisa the IFNγ response, at baseline and upon anti-PD1 treatment.
Results: The density of Tbet+ TILs was significantly higher in MSI CRC, especially in the medullary
subtype but also in a subgroup of MSS (microsatellite stable), and positively correlated with PD1 and
PDL1 expression, but not with IDO-1. Finally, a high number of Tbet+ TILs was associated with
a favorable overall survival. These Tbet+ TILs were functional as their density positively correlated
with basal IFNγ levels. In addition, the combined score of Tbet+ PD1+ TILs coupled with IDO-1
expression predicted the magnitude of the IFNγ response upon anti-PD1.
Conclusion: Altogether, immunohistochemical quantification of Tbet+ TILs is a reliable and accurate tool to
recapitulate a preexisting Th1/Tc1/IFNγ antitumor response that can be reinvigorated by anti-PD1 treatment.
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Introduction
Cancer immunotherapy, consisting on the modulation of the
immunosuppressive tumor microenvironment using antibodies targeting immune checkpoints such as the PD1/PDL1
axis, has changed the landscape of treatment strategy in
diverse advanced tumors including colorectal cancer
(CRC). Programmed Death Ligand 1 (PDL1) plays an
important role in the inhibition of T-cell mediated immune
response, mostly CD8+ cytotoxic T cells, via engagement of
the PD1/PDL1 axis,1 leading to tumor immune escape and
progression in several malignancies.2–6 The success of
immune checkpoint blockade is dependent on the immunogenicity of the tumor.7–9 Thus, MicroSatellite Instable (MSI)
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or Mismatch Repair deficient (MMRd) CRC have been
expected to be potential candidates for anti-PD1/PDL1 therapy due to a dense and vigorous immune microenvironment
related to a higher mutation load compared with
Microsatellite Stable (MSS) CRC.10,11 The results of the
first proof-of-concept study,12 and of the current multicenter
phase II clinical trial (Checkmate 142) testing the anti-PD1
monoclonal antibody, nivolumab, in a larger cohort of metastatic CRC patients, have validated the concept that targeting
this host immune checkpoint leads to significant objective
and durable response in MSI CRC patients, contrasting with
a very low response in MSS CRC.13 Based on this promising
clinical response, the FDA recently approved nivolumab for
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the treatment of patients with MSI metastatic CRC.
However, responses to PD1 blockers appear to be uneven
in these “immunogenic” MSI tumors, with 70% of
nonresponders13 and only few MSS patients enrolled. Thus,
these results remain perfectible, requiring a better understanding of the determinants of response to these therapies
to identify new “fine tuned” predictive biomarkers, a critical
challenge to manage MSI but also MSS CRC patients.
Multiple studies in murine models have clearly demonstrated the critical role of interferon gamma (IFNγ), the canonical Th1/Tc1 (T helper 1/type I cytotoxic T lymphocytes)
cytokine, in coordinating the anti-tumor immune response by
enhancing tumor cell immunogenicity and facilitating tumor
recognition and elimination by lymphocytes. Indeed, the
engagement of the TCR of tumor-infiltrating T lymphocytes
(TILs) – CD8+ (Tc1) but also CD4+ (Th1) – through recognition of a specific tumor antigen/MHC complex induces the
release of IFNγ that contributes to the recruitment of effector
cells and coordinates the process of innate and adaptive antitumor immune responses.14–17 In humans, compelling evidence also suggests the major role of a Th1/IFNγ immune
profile in CRC immunosurveillance. Indeed, based on gene
expression profiling, a positive correlation has been found
between the expression level of both IFNγ and Tbet – the
hallmark Th1 transcription factor that controls the expression
of IFNγ -, as well as other genes associated with Th1 adaptive
immunity, and an improved prognosis,18,19 irrespective of the
microsatellite status of the tumor.11 However, at the same time,
IFNγ can compromise anti-tumor immune response by triggering a feedback inhibition loop. Indeed, IFNγ is known to
induce the expression by tumor resident cells of immune
suppressive molecules such as PDL1 which interacts with the
inhibitory receptor PD1 on TILs,20,21 as well as IDO-1
(Indoleamine 2, 3 dioxygenase),22 both able to suppress local
effector T-cell function. This dual effect of IFNγ can explain in
part the positive correlation between the IFNγ/Th1 gene signature in pretreatment tumor biopsies and the objective
responses to PDL1 or PD1 blockade across a wide variety of
solid tumors including MSI CRC.23–26
Altogether, these clinical results suggest a major role of
a preexisting IFNγ/Th1 tumor gene signature to predict both
a favorable clinical outcome and the success of the anti-PD1/

Figure 1. Study design.

PDL1 immunotherapies. However, gene expression profile
analyses in daily clinical practice are rarely performed due to
some limitations, and the development of simpler and faster
methods should be considered. Tbet is well known as a Th1specific transcription factor required for the generation of
CD4+ Th1 T cells, but also controls the generation of cytotoxic CD8+ effector T cells (Tc1) and directly activates IFNγ
gene transcription.27,28 Therefore, the assessment of the density of Tbet+ TILs by immunohistochemistry in clinical
practice could recapitulate this in situ Th1/Tc1/IFNγ antitumor immune response and predict both prognosis and
response to immunotherapy.
To investigate this hypothesis, we performed a multiparametric analysis of the immune microenvironment of CRC,
using a combination of quantitative immunohistochemistry
and functional analysis on ex vivo explant cultures of CRC,
based on two independent cohorts of CRC patients. We
assessed the density of Tbet+ TILs in relation with i) the
clinicopathological and molecular features of CRC, ii) the
expression level of immunoregulatory molecules (PD1,
PDL1, IDO-1), and iii) the IFNγ response measured in CRC
explant culture supernatants, at baseline and upon PD1 blockade, in relation to the expression level of immunoregulatory
molecules.

Results
Clinicopathological and molecular features of patients
Two independent cohorts of CRC patients were explored in this
study: a retrospective cohort (n = 80, cohort 1) and a prospective
cohort (n = 27, cohort 2) (Figure 1). For the purpose of this
study, the retrospective cohort was enriched in medullary carcinomas due to their high density of TILs. Patient and tumor
characteristics of these two cohorts are summarized in Table 1.
In cohort 1, the majority of MSS CRC corresponded to well/
moderately differentiated adenocarcinoma except one case classified as medullary carcinoma. MSI CRC, regardless of their
histological subtypes, exhibited the features usually described
in this group of CRC, including a majority of right side tumors,
preferentially observed in women and elderly patients. Out of the
41 MSI CRC, 39 were sporadic cases, two patients had Lynch
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Table 1. Patients and tumor characteristics.
Cohort 1 (n = 80)

Age
Mean (range)
Gender
Male
Female
Tumor site
Right colon
Transverse colon
Left colon
Rectum
Small intestine
Tumor size
(cm) mean (range)
Histological subtype
Adenocarcinoma NOS:
well/mod differentiated
poorly differentiated
Mucinous
Medullary
Polymorph
Serrated
pTNM stage
I
II
III
IV
Mutational status
WT
RAS mutant
BRAF mutant
NI/ND

Cohort 2 (n = 27)

MSI MC
(n = 21)
N (%)

MSI non-MC
(n = 20)
N (%)

MSS
(n = 39)
N (%)

N (%) MSS
n = 23
MSI n = 4

76.2 (35–95)

77.2 (61–89)

66.4 (44–87)

65.4 (34–88)

8 (38.1)
13 (61.9)

5 (25)
15 (75)

22 (56.4)
17 (43.6)

15 (56)
12 (44)

18 (85.7)
2 (9.5)
0
0
1 (4.7)

16 (80)
2 (10)
2 (10)
0
0

12 (30.8)
5 (12.8)
19 (48.7)
3 (7.7)
0

8 (30)
0
16 (59)
3 (11.1)
0

7.52 (4–11)

6.1 (3–10)

5.03 (1.5–10)

4.9 (1.6–10)

8 (40)
0
10 (50)
0
2 (10)
0

30 (77)
2 (5)
4 (10.2)
1 (2.5)
1 (2.5)
1 (2.5)

18 (66.7)
3 (11.1)
5 (18.5)
0
0
1 (3.7)

2 (9.5)
11 (52.5)
6 (28.5)
2 (9.5)

0
7 (35)
9 (45)
4 (20)

6 (15.4)
15 (38.6)
10 (25.5)
8 (20.5)

1
3
18
5

8/19 (42.1)
1/19 (5.2)
10/19 (52.6)
2/21 (9.5)

6/18 (33.3)
3/18 (16.6)
9/18 (50)
2/20 (10)

15/29 (51.7)
11/29 (37.9)
2/29 (6.9)
11/39 (28)

10/27 (37)
14/27 (51.9)
3/27 (10.3)
0

21(100)

WT: wild-type; NI: not interpretable; ND: not done.

syndrome. The prospective cohort included 23 MSS and 4 MSI
CRC. MSS CRC included 18 well/moderately differentiated adenocarcinoma, 1 poorly differentiated adenocarcinoma, 3 mucinous and 1 serrated adenocarcinoma. MSI CRC included two
poorly differentiated and two mucinous adenocarcinomas.
The density of Tbet+ TILs is high in MSI and in a subgroup
of MSS CRC
In cohort 1, the density of CD3+ and Tbet+ TILs was heterogeneous among CRC. MSI CRC contained a significantly
higher number of Tbet+ TILs compared with MSS CRC
(Figure 2(a-d)). Among MSI CRC, no significant difference
was observed between MC and non-MC CRC (Figure 2(c-d)).
Taking into account the Tbet/CD3 ratio, the density of Tbet+
TILs remained significantly higher in MSI than in MSS CRC
(Figure 2(e)). The same results were observed in the prospective cohort 2 (Fig. S1). Interestingly, within MSS CRC of cohort
1, 12.8% (5/39) exhibited a high Tbet/CD3 ratio (mean 13.2% ±
1.4 vs 3.2% ± 0.4 in other MSS; Mann–Whitney test,
p < 0.0001), exceeding the mean ratio of MSI CRC (8.8%)
(Figure 2(e)). This subgroup of MSS CRC with a high Tbet/
CD3 ratio corresponded to moderately differentiated adenocarcinomas NOS (n = 3), or mucinous adenocarcinomas (n = 2),
mainly of early stage (2 stage I, 2 stage II and 1 stage IV), of the
left colon (n = 4) and the majority of them were BRAF or RAS
wild type except 1 harboring a RAS exon 2 mutation. In the
entire cohort 1 and 2 of MSS CRC, the Tbet/CD3 ratio was

quite similar between wild-type and BRAF or RAS mutated
MSS CRC (10.5% vs 12%).
Finally, we found a significant correlation between the densities of CD3+ and Tbet+ TILs in CRC (Figure 2(f)), with the
strongest correlation, observed in MSI CRC (r 0.76, p < 0.0001
for all MSI CRC; 0.72, p < 0.0003 in MC and 0.76, p < 0.0001 in
non-MC), but also observed in MSS CRC (r 0.46, p 0.002)
especially those with a high Tbet/CD3 ratio (r 1, p 0.01). The
correlation between CD3+ TILs and Tbet+ TILs in MSI and
MSS CRC was also observed in the prospective cohort 2
(Fig. S2).
The density of Tbet+ TILs is an independent prognostic
factor for overall survival
Due to the previously reported favorable prognostic impact of
the Th1/Tc1 gene signature in CRC,18 we then analyzed the
prognostic influence of the density of Tbet+ TILs in the retrospective cohort of CRC (cohort 1). After a 5-year follow-up, 29
patients had died (36.25%), and 20 exhibited a disease progression (25%). In univariate analysis, age (HR 1.05, p 0.008), pTNM
stage IV (HR 3.41, p 0.001), and density of CD3+ (cut-off ≥
591.6/field; HR 0.43, p 0.02) or Tbet+ TILs (median value, ≥ 40/
field, HR 0.42, p 0.03) influenced the 5-year overall survival
(OS). However, the microsatellite status (MSI, HR 1.86, p 0.1),
the density of PD1+ TILs (irrespective of the cut-off value), or
the expression of IDO-1 by tumor cells (HR 0.48, p 0.09) did not
influence the OS. In multivariate analysis using the cox

e1562834-4

E. OTT ET AL.

Figure 2. Density of CD3+ and Tbet+ TILs in CRC of cohort 1. (a) (b) Representative examples of an MSI medullary carcinoma infiltrated by numerous CD3+ or Tbet+
TILs (x 200 magnification). (c) (d) Density of CD3+ or Tbet+TILs depending on the microsatellite status and the histological subtypes of CRC. The arrow indicates the
MSS medullary carcinoma in each graph. (e) Percentages of Tbet+ TILs among CD3+ TILs in CRC depending on the microsatellite status and histological subtypes. (f)
Correlation between CD3+ and Tbet+ TILs (Spearman correlation test). Asterisks indicate the statistical significance between subgroups of CRC (Mann–Whitney test;
**p < 0.01; ***p ≤ 0.001; ****p < 0.0001). Bars indicate mean ± SD.
Table 2. Multivariate analysis in the whole cohort of patients (Cox regression
model).
Variables
pTNM stage IV vs. others
Age
MSI vs. MSS
Density of Tbet ≥40/field
Density of CD3 ≥ 591/field

HR
4.52
1.06
2.13
0.31
0.72

CI
1.91;10.7
1.01;1.12
0.9;5.04
0.13;0.75
0.3;1.74

p-value
0.0006
0.012
0.08
0.009
0.466

curves shown in Figure 3(a) confirmed the prognostic value of
the density of Tbet+ TILs (threshold = 2nd quartile, median
value) in terms of 5-year OS in the whole cohort but also in MSI
and MSS subgroups (Figure 3(b, c)).

HR: Hazard Ratio; CI: Confidence Interval

Expression profiles of immunoregulatory molecules
(IDO-1, PDL1, and PD1) among CRC

regression model and taking into account the confounding factors (age, stage, the density of Tbet+ TILs (median value) and
microsatellite status), the density of Tbet+ TILs was an independent favorable prognostic factor (Table 2). The Kaplan Meier

IDO-1 expression profile among CRC
In the normal colonic mucosa, IDO-1 was only expressed in
some rare mononuclear cells and endothelial cells
(Figure 4(a)). In CRC, IDO-1 was aberrantly expressed by
tumor cells (Figure 4(b)), and also by some endothelial
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Figure 3. Five-year overall survival rates depending on the density of Tbet+ TILs (Kaplan Meier curves; cut-off: median value ≥ 40/field = high or < 40 = low) in the
whole (a) cohort 1 of patients, in MSI (b), or in MSS (c) patients. The Logrank test was used to determine p-values.

cells. In only 1 CRC, IDO-1 was also expressed by immune
cells (Figure 4(c)). This aberrant expression profile of IDO1 by tumor cells was observed in about 40% CRC,

irrespective of the microsatellite status, and without any
difference between MC and non-MC among MSI CRC
(Figure 4(d)).
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Figure 4. Expression profile of IDO-1 among CRC. (a) In the normal colonic mucosa, epithelial cells do not express IDO-1. (b) In some CRC, tumor cells aberrantly
express IDO-1. (c) In rare CRC, IDO-1 was expressed by immune cells (x 200 magnification). (d) The percentage of IDO-1-positive CRC (score ≥ 1 in tumor cells) was
similar in MSI (MC and non-MC) and in MSS CRC.

PDL1 expression profile among CRC
In the normal colonic mucosa, PDL1 expression was exclusively observed in some subepithelial macrophages of the
lamina propria (Figure 5(a)). In CRC, in contrast to IDO-1,
PDL1 expression was extremely heterogeneous among and
within CRC. Representative PDL1 expression profiles are
shown in Figure 5(b-g). Three expression patterns were
observed: absence of PDL1 expression (17.5%), focal
expression (51%) or diffuse expression (31%) (Table S1).
PDL1 expression by tumor cells and immune cells (TC +
IC) was preferentially observed in MSI CRC (78%), especially in MC (90%), compared with MSS CRC (46%)
(Figure 6(a,b)). In order to precise the expression profile
of PDL1, we investigated separately its expression on tumor
cells and immune cells. PDL1-positive tumor cells were
exclusively observed in MSI CRC, preferentially in MC
frequently exhibiting a strong and diffuse expression pattern, often associated with PDL1+ immune cells (Figures 5
(c) and 6(c-d)). In MSI non-MC, PDL1 expression always
exhibited a focused pattern (scores 1 to 3) characterized by
clusters of PDL1-positive tumor cells localized at the interface with the stroma, especially at the invasion front (Figure
5(e)). We then assessed the possible relation between the
strong tumor cell pattern of PDL1 expression observed
exclusively in MC and their mutational profile, since some
in vitro experiments demonstrated a possible regulation of
PDL1 expression by tumor cells through activation of the
MEK/ERK pathway due to oncogenic driver mutations
(PDL1-mediated innate immune resistance).29 Although

the number of PDL1+ MC was higher among mutated
(66%, 8/12) than wild-type tumors (33%), the difference
was not statistically significant (p 0.17, Fisher exact test).
PDL1 expression by immune cells was observed in almost
the same proportions in MSI and MSS CRC, a finding
contrasting
with
the
tumor
cell
pattern
(Figure 6(e)). PDL1+ immune cells most often surrounded
tumor cell nests, in aggregates or in bands, at the invasive
front but also in the center of the tumor (Figure 5(g)). The
majority of these PDL1+ immune cells expressed CD163
(Figure 6(g)), an activation marker of M2-type TumorAssociated Macrophages (TAM).30,31
By comparing the expression profiles of PDL1 and
IDO-1 among CRC (Table 3), no significant association
was found (p 0.5; Fisher exact test). We then assessed the
relation between PDL1 or IDO-1 expression profiles and
tumor characteristics. Overall, a strong expression of
PDL1 (pattern TC + IC, score ≥3) was preferentially
observed in large tumors, of early stage, of the right
colon, in the medullary subtype, and of MSI/dMMR phenotype. IDO-1 was preferentially expressed in right-sided
CRC. The main clinicopathological and molecular features
of PDL1- or IDO1-positive tumors are summarized in
Table S2.
PD1 expression profile among CRC
The density of PD1+ TILs, as well as the ratio PD1/CD3,
were higher in MSI than in MSS CRC (Figure 7(a-c)).
Among MSI CRC, the density of PD1+ TILs was higher
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Figure 5. Representative examples of PDL1 expression patterns in CRC. (a) In the normal colonic mucosa, PDL1 was only expressed by subepithelial mononuclear
cells, and not by epithelial cells. (b) (c) (d) Diffuse pattern of PDL1 expression by tumor cells (score 4) in an MSI medullary carcinoma (b, c: x250 magnification and d:
x400 magnification). Heterogeneous expression of PDL1 by tumor cells (focal pattern) in an MSI, well- to moderately differentiated adenocarcinoma NOS (e: x250
magnification) and by immune cells in the stroma, around tumor glands in an MSS, well-differentiated adenocarcinoma NOS (f, g: x100 magnification).

in MC than in non-MC (Figure 7(b)), whereas the PD1/
CD3 ratio was quite similar between these two subgroups
(Figure 7(c)). Interestingly, the subgroup of MSS CRC
with a high Tbet/CD3 ratio was also infiltrated by
a higher number of PD1+ TILs than MSS CRC with
a low Tbet/CD3 ratio (5.74/field vs 3.4/field). As this co-

inhibitory receptor PD1 interacts with PDL1 expressed by
tumor cells or immune cells, we assessed the relation
between these two markers. As expected, PDL1+ CRC
were enriched in PD1+ TILs, surprisingly only when
PDL1 was expressed by immune cells (Figure 7(d)).
Moreover, we found a positive correlation between the
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Figure 6. Heterogeneous expression profile of PDL1 in CRC. (a) PDL1 was preferentially expressed in MSI compared to MSS CRC. (b) Among MSI CRC, PDL1 expression
was preferentially observed in the medullary subtype of CRC. Considering the expression of PDL1 by tumor cells (TC), only MSI CRC featured this expression pattern
(c), especially the medullary subtype (d). PDL1 expression by immune cells (IC) was also heterogeneous. (e) Percentages of PDL1-positive IC among the three groups
of CRC, depending on the scores (0 to 3). (f) A representative case of non-MC MSI CRC containing numerous PDL1-positive IC (score 3) surrounding PDL1-negative TC
islets. (g) Most of PDL1-positive IC in close contact with TC are CD163+ M2 macrophages (x200 magnification). Asterisks indicate the statistical significance between
subgroups of CRC (Mann–Whitney test; **p < 0.01; ***p ≤ 0.001; ****p < 0.0001).

Table 3. Expression profiles of PDL1 and IDO-1 in CRC (cohort 1).

MSI MC
MSI non MC
MSS

IDO-1 + PDL1
+

IDO-1 – PDL1
+

43% (9/21)
40% (8/20)
38% (15/39)

47% (10/21)
35% (7/20)
43.5% (17/39)

IDO-1 + PDL1 IDO-1- PDL1
4.7% (1/21)
15% (3/20)
2.5% (1/39)

4.7% (1/21)
10% (2/20)
15% (6/39)

extent of PDL1 expression (TC + IC) and the density of
PD1+ TILs, significant only in MSS CRC (r 0.4, p 0.006 in
MSS vs r 0.2, p 0.06 in MSI CRC).

The density of Tbet+ TILs correlates with PD1/PDL1
expression, but not with IDO-1, irrespective of the
microsatellite status of CRC
Since Tbet+ TILs could be the main source of IFNγ, able to
induce both PDL1 and IDO-1 expression, we assessed the relation between these markers. As expected, the density of Tbet+
TILs was strongly associated with PDL1 expression, irrespective
of the microsatellite status or the PDL1+ cell type (TC or IC)
(Figure 8(a)). In addition, Spearman correlation test revealed
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Figure 7. Density of PD1+ TILs among CD3 + T cells in CRC and correlation with PDL1 expression patterns. (a) A representative example of an MSI MC infiltrated by
numerous PD1+ TILs. (b) (c) Density of PD1+ TILs and PD1+/CD3+ ratio depending on the microsatellite status and histological subtypes of CRC (arrow indicates the
MSS MC). (d) Relationship between the density of PD1+ TILs and PDL1 expression patterns (TC + IC, TC or IC) in MSI and MSS CRC. Lines show medians; Tukey
whisker plots. Asterisks indicate the statistical significance between subgroups of CRC (Mann–Whitney test; *p ≤ 0.05; **p < 0.01; ***p ≤ 0.001; ****p < 0.0001).

a significant positive correlation between PDL1 expression and
the density of Tbet+ TILs in MSI, but also and more noticeably
in MSS CRC (Figure 8(b,c)). These data were confirmed in the
prospective cohort 2 (Fig. S3). Moreover, we observed a strong
correlation between the density of Tbet+ TILs and the density of
PD1+ TILs, in each group of CRC (Figure 8(d-f)). This correlation was also observed in cohort 2 (Fig S2C).
However, no significant correlation was found between IDO1 expression and the density of Tbet+ TILs or PD1+ TILs (data
not shown).
The density of Tbet+ TILs correlates with the levels of
IFNγ secreted at baseline and under PD1 blockade in CRC
explant cultures
In order to confirm the link between the density of Tbet+
TILs and the magnitude of IFNγ response at baseline in CRC,
we measured the levels of IFNγ secreted in the tumor microenvironment, in relation with Tbet+ TILs. To this end, we
developed explant cultures of CRC, a 3-D model maintaining
the interactions between tumor cells and the resident immune
cells of the microenvironment. IFNγ was measured by Elisa in
the supernatants of the 26 CRC explant cultures of the prospective cohort 2 (4 MSI and 22 MSS) after 24 h culture
(baseline IFNγ levels), in relation with the density of Tbet+

TILs. We detected a basal IFNγ secretion in the supernatants
of the majority of CRC (21/26) with a mean of 74pg/ml ± 23
(range 3–289). As expected, a positive correlation was
observed between the density of Tbet+ TILs and the level of
IFNγ secreted (Figure 9(a)). We next investigated the relation
between IFNγ secretion and the expression profile of immunoregulatory molecules. Interestingly, we found a positive
correlation between IFNγ secretion and PDL1 expression
(TC + IC) (Figure 9(c)). In addition, the majority of CRC
including three out of four MSI CRC, devoid of IFNγ secretion, exhibited a high density of PD1+ TILs (Figure 9(b)). In
order to explore the involvement of the co-inhibitory receptor
PD1 in TILs anergy/exhaustion, we blocked PD1 using neutralizing anti-PD1 antibody in eight CRC. As shown in Figure
10(a), PD1 blockade resulted either in an induction or an
increase in basal IFNγ secretion, arguing for the presence of
exhausted TILs. In addition, in most cases (6/8), the magnitude of IFNγ secretion under PD1 blockade was related both
with high Tbet/CD3 and PD1/CD3 ratios. In all eight cases,
PDL1 was expressed, mainly by immune cells (Figure 10(b)).
However, in two cases, IFNγ was undetectable either at baseline or under PD1 blockade. In one case, the absence of IFNγ
response was associated with the absence of Tbet+ TILs
(CRC7). At the opposite, in the second case (CRC6), the
absence of IFNγ response was associated with a high Tbet/
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Figure 8. Relation between the density of Tbet+ TILs and the expression of the immunoregulatory markers PD1 and PDL1 among CRC. (a) Relation between Tbet+
TILs and PDL1 expression patterns (TC + IC, TC or IC; Mann–Whitney test; ***p ≤ 0.001; ****p < 0.0001) and correlation between these two markers in MSI (b) and
MSS CRC (c). (d) (e) (f) Correlation between Tbet+ TILs and PD1+ TILs in the different subgroups of CRC was assessed by the Spearman correlation test.

Figure 9. Relation between the IFNγ response of CRC explant cultures and the density of Tbet+ or PD1+ TILs, and the expression profile of PDL1 or IDO-1. The level
of IFNγ secreted in 24 h explant cultures of CRC is positively correlated with the density of Tbet+ TILs (a) and the PDL1 expression profile (c). Most of CRC devoid of
an IFNγ response displayed high numbers of PD1+ TILs (b) or a high IDO-1 score in tumor cells (d). Black dots: MSS CRC. Grey dots: MSI CRC. Spearman correlation
test.

CD3 ratio, no PD1+ TILs but a strong expression of IDO-1
(Figure 10(b)), suggesting the immunosuppressive effect of
this enzyme on those TILs.

Finally, we did not observe any correlation between basal
IFNγ secretion and IDO-1 expression (Figure 9(d)), a finding
in line with the above-mentioned absence of correlation
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Figure 10. Effect of PD1 blockade on the IFNγ response of CRC explant cultures, in relation with the density of Tbet+ and PD1+ TILs, and with the expression profile
of PDL1 and IDO-1. (a) In eight cases (seven MSS, one MSI), explant cultures of CRC were treated or not with an anti-PD1 neutralizing antibody (10 μg/ml for 24 h). (b)
Fold increase IFNγ response upon anti-PD1 treatment versus control cultures, in relation with the density of Tbet+ or PD1+ among CD3+ TILs, and with the
expression of PDL1 or IDO-1.

between the density of Tbet+ TILs and IDO-1 expression,
arguing for the presence of other regulatory mechanisms
controlling IDO-1 expression.

Discussion
The multiparametric in situ analysis of the immune microenvironment, in relation with the morphological and molecular features of the tumor, represents a major step to better
understand the regulation of the antitumor immune response
and its clinical relevance in CRC, in terms of tumor progression and therapeutic target in the era of immuno-oncology.
More specifically, we are faced with a paradox showing a very
low or lack of clinical benefit to PD1 blockade observed in
MSS CRC patients and in almost 70% of MSI CRC12,13,32,33
while several compelling evidence suggest that the majority of
CRC are immunogenic due to genetic and/or epigenetic
alterations.34 However, these disappointing outcomes, especially in MSS CRC, probably resulted from the very limited
number of MSS CRC patients enrolled in clinical studies.
Importantly, despite this limited experience, disease control
and even objective responses were recorded in MSS CRC
patients treated with anti-PD1 antibodies, allowing a real promise of those immunotherapies in fine-tuned selected
patients.12,13 This apparent paradox highlights the fact that

microsatellite status is not perfectly predicting the response to
anti-PD1 and thus, identification of new relevant predictive
biomarkers is a critical issue to select patients that can likely
benefit from this therapy. One of the main goals of immunotherapies is to re-invigorate the pre-existing effector T cells
of the anti-tumor immune response, i.e. the activated Th1 and
Tc1 in so-called “inflamed tumors”, that can be exhausted or
anergized by the engagement of co-inhibitory receptors or
other immunosuppressive molecules such as IDO-1. Indeed,
as cytotoxic CD8 + T lymphocytes (Tc1) represent the main
effectors of antitumor immunity, able to kill off tumor cells,
tumor-specific CD4+ Th1 lymphocytes also play an important
role for the maintenance, activation and expansion of Tc1
cells, in the draining lymph nodes during the priming phase,
but also during the post priming phase at the tumor site. This
phenomenon – called CD4 + T cell help –,35,36 involves direct
cell–cell interactions between Th1 and Tc1. However, tumorspecific CD4+ Th1 per se may be direct effector cells of
antitumor response in developing cytotoxic activity on
tumor cells37 via IFNγ secretion. With this knowledge in
mind, the simple and accurate in situ evaluation of these
strategic immune effector cells – Tc1 and Th1 – could be
a more direct indicator of antigenicity and ongoing antitumor
immune response, and thus a more sensitive predictive biomarker for response to immune checkpoint inhibition and/or
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other immunotherapies. The present study provides key findings to support the clinical relevance of the assessment of the
density of Tbet+ TILs – a marker that capture both Th1 and
Tc1 TILs – by quantitative immunohistochemistry in
a predictive and a prognostic setting.
The main findings of the current study, based on
a multiparametric descriptive and functional analysis demonstrate that i) quantification of Tbet+ TILs among CD3+ TILs
in the tumor microenvironment of primary tumors recapitulates, at the protein level, the prognostic and predictive roles
of the Th1/Tc1/IFNγ immune response, irrespective of the
microsatellite status, ii) preexisting Tbet+ TILs have a role in
local IFNγ secretion that in turn can induce PDL1 expression
and thus exhaustion of these effector TILs via engagement of
the PD1 receptor and iii) a majority of CRC, irrespective of
the microsatellite status, aberrantly express IDO-1 that could
participate in the dysfunction of these effector TILs beyond
the engagement of PD1.
The current study provides for the first time convincing
arguments to support the role of preexisting Tbet+ TILs in
local IFNγ secretion, in MSI as well as in MSS CRC. Indeed,
we demonstrate a positive correlation between the density of
Tbet+ among CD3+ TILs (both intra and peritumoral) and
the magnitude of IFNγ secretion at baseline from ex vivo CRC
explant cultures. We observed this functional profile in some
MSI as expected, but also and most interestingly in
a subgroup of MSS CRC (12%) featuring a high Tbet/CD3
ratio as high as in MSI CRC. Thus, our results are in line with
and extend those of Galon et al. who clearly demonstrated
that a subgroup of MSS CRC exhibits a high Th1/Tc1/IFNγ
gene signature, as the majority of MSI CRC.11,18,38 Moreover,
we recapture the favorable prognostic impact of this Th1/Tc1/
IFNγ gene signature in MSI as well as in MSS CRC by
quantifying the density of Tbet+ TILs. The identification of
Tbet+ TILs by immunohistochemistry was previously
reported in CRC in only few studies, with a higher density
in MSI than in MSS CRC in line with our results.39,40
However, these studies did not precise the heterogeneous
expression of this biomarker, especially among MSS CRC
between inflammatory versus noninflammatory tumors,
a major issue in this therapeutic and prognostic context.
Furthermore, Ling et al. reported the favorable prognostic
impact of Tbet+ TILs in MSI CRC, and observed the same
trend (not statistically significant however) in MSS CRC.40
Thus, our results demonstrate that quantification of Tbet+
can recapitulate the favorable ongoing IFNγ response induced
by Th1/Tc1 TILs, more frequent in MSI but also in some
“inflamed” MSS CRC. To further characterize these
“inflamed” MSS CRC, especially the potential immunogenicity of BRAF or RAS mutations in those tumors, we correlated
the Tbet/CD3 ratio with the tumor BRAF or RAS mutational
status but did not find any significant difference between
mutated or wild-type MSS CRC. These findings suggest that
BRAF or RAS mutations do not influence solely the number
of in situ Th1/Tc1 TILs and that MSS inflamed CRC could
harbor other more immunogenic mutations.
In addition, our ex vivo experiments clearly demonstrated
for the first time that a high number of both preexistent Tbet+
and PD1+ TILs among CD3+ TILs is highly predictive of

either an induction or an improvement of this IFNγ response
under PD1 blockade, irrespective of the microsatellite status.
Indeed, the majority of CRC devoid of IFNγ secretion exhibited either no preexisting Tbet+ TILs and could be low
immunogenic CRC corresponding to “immune desert”
tumors,41,42 or a high preexisting number of both Tbet+ and
PD1+ TILs, reflecting an exhaustion of these Th1/Tc1 TILs by
engagement of this co-inhibitory receptor. Thus, our ex vivo
experiments argue that a combined assessment of Tbet (that
recapitulates the adaptive Th1/Tc1/IFNγ response) and PD1
by a reproducible quantitative immunohistochemical analysis
is more effective than the microsatellite status to predict the
response to anti-PD1 therapy. Indeed, based on these ex vivo
experiments, CRC patients exhibiting a high Tbet and PD1
immune score can be potentially eligible to anti-PD1 therapy.
Our results deepen and complete, by ex vivo functional
proofs, some previous descriptive and clinical data based on
gene expression profiling. Indeed, the Th1/Tc1 gene signature
is associated with the expression of multiple immune checkpoints including the PD1/PDL1 axis that counterbalance this
antitumor immune response,10 in MSI but also in some MSS
CRC.11 The relation between the clinical response to anti-PD1
and an upregulated Th1/Tc1 or IFNγ gene signature has been
demonstrated in pretreatment biopsies in multiple tumor
types including CRC.23–26,43
Thus, our findings are of major clinical importance as up
to now, this adaptive Th1/Tc1/IFNγ immune response was
only assessed by specific gene expression, a time-consuming
and expensive approach, difficult to perform in daily clinical
practice on FFPE tissue samples. Thus, this combined score –
Tbet/CD3 and PD1/CD3 – measurable by an automatic computer-assisted method that minimizes observers’ bias, could
be a valuable tool in clinical practice to define subsets of CRC
that might be more amenable to PD1 blockade. Therefore,
a prospective evaluation of this Tbet-PD1 score as a predictive
biomarker could be investigated in ongoing or future clinical
trials testing the efficacy of anti-PD1/PD-L1 immunotherapies, especially to define the most appropriate cut-off value of
this combined score, in order to capture more likely responder patients.
PDL1 expression was highly heterogeneous among and
within CRC, depending on the morphological subtypes of
CRC, the microsatellite status and the PDL1+ cell type
(tumor and/or immune cells). Indeed, our current results
showing a high rate of PDL1+ CRC (78% of MSI CRC
including 90% of medullary carcinomas, and 46% of MSS
CRC) are not in agreement with previous studies, although
the same monoclonal antibody (E1L3N) and the same 5% cutoff value have been used.44–47 Possible explanations for these
conflicting results could be either technical issues (mainly
Tissue Micro-Arrays vs whole tissue sections) and/or interpretation criteria (staining intensity, membranous vs cytoplasmic staining, tumor vs immune PDL1+ cells). Only the recent
studies reported by Korehisa et al. and Valentini et al.48,49,
based on whole tissue sections, are consistent with our results,
showing that PDL1 expression should be evaluated on whole
tissue sections to take into account its spatial heterogeneity.
Furthermore, our results showing a significant association
between PDL1 expression by immune cells, but not by
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tumor cells, and the density of PD1+ TILs, suggest the importance of assessing the PDL1 expression pattern by immune
cells, more frequent than the tumor cell pattern in CRC
(except in medullary carcinomas), to better appreciate its
biological impact on the antitumor immune response. The
lack of correlation that has been reported between the clinical
response to anti-PD1 and PDL1 expression12,13,32 could be
due both to the absence of a standardized score of PDL1
expression by immune cells and to its heterogeneity. In addition, assessing PDL1 expression in isolation probably offers
only limited insight into the biology of the immune
microenvironment.
Some experimental studies in murine models or tumor cell
lines have previously demonstrated the key role of IFNγ in the
induction of immunoregulatory molecules, especially IDO-1
or PDL1. This mechanism, first described in melanoma,50
corresponds to an adaptive immune resistance that inhibits
the adaptive antitumor immune response via PD1 engagement and favors tumor progression.20,21 In addition, it was
also demonstrated in Esophageal Squamous Cell lines that the
EGFR-Ras-Raf-Erk signaling pathway participates in the regulation of PDL1 expression,51 and that BRAF inhibitors in
melanoma patients induce a down-regulation of PDL1
expression.52 Some of our results support the first hypothesis
since PDL1 expression was positively correlated with both
basal levels of IFNγ and the density of Tbet+ TILs, and
since no correlation was observed between PDL1 expression
and BRAF/RAS mutational status, a finding in line with other
studies.49 However, the strong and specific tumor cell pattern
of PDL1 expression in almost all MSI medullary carcinoma,
previously observed by others but at a lower and variable
frequency (18% to 62% cases)46,49,53, raises the issue of its
oncogenic regulation, taking into account the high rate of
BRAF mutations we found in these CRC. Indeed, this association has been previously reported by Valentini et al.49
However, we failed to demonstrate such an association
between PD-L1 expression and BRAF mutations in our series
of MC CRC. Therefore, we cannot exclude that BRAF mutations modulate PDL1 expression in tumor cells in MC
through activation of the MAPK signaling pathway. Beyond
this potential oncogenic regulation, the hypothesis of an
immune-regulated mechanism is sustained by our demonstration of a high density of effector TILs especially Tbet+ TILs
and PD1+ TILs, in MC CRC, also associated with a high
number of PDL1+ immune cells. In any case, with this
“ideal” adaptive immune profile – Tbet high, PD1 high and
PDL1 high – associated with a high BRAF mutation rate,
medullary carcinoma could represent a target of choice for
anti-PD1 therapy, as BRAF-mutated CRC exhibit a high clinical response rate upon nivolumab.13
Finally, regarding IDO-1, an immunosuppressive enzyme
that catabolizes tryptophan, an essential amino acid for vital
cellular function, and induces consequently the suppression of
T cell function, its expression in cancer might be a potential
new candidate for immunotherapy. Here we show that a large
proportion of CRC among MSI as well as MSS subgroups
aberrantly overexpress IDO-1, especially in tumor cells,
a result in line with previous studies using the same monoclonal antibody.54 Surprisingly, as IFNγ is widely considered
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to be the major inducer of IDO-1 in most cells,55 especially in
tumor cell lines,22,56 we did not find any correlation between
IDO-1 expression and IFNγ levels (either basal or induced) or
Tbet+ TILs density, suggesting that IDO-1 expression is not
a surrogate marker of an ongoing antitumor Th1/Tc1
immune response, and that the adaptive Th1/Tc1/IFNγ
immune microenvironment is not the only modulator of
IDO-1 expression by tumor cells in CRC. Most interestingly,
from a therapeutic point of view, our ex vivo experiments
suggest the role of IDO-1 in promoting Th1/Tc1 immune
dysfunction since, among CRC explants, one case with no
detectable IFNγ contained a high number of Tbet+ TILs, no
PD1+ TILs, but a strong expression of IDO-1. Yet, experimental data have demonstrated that IDO-1+ tumor cells can
inhibit cytotoxic T cells.57 Thus, this rich Tbet+ immune
profile could be first switched on by the new IDO-1 inhibitors
that are currently being tested in other solid tumors.
In conclusion, the current study provides evidence that:
i) a preexisting Th1/Tc1 immune response is present in some
MSI but also in a subgroup of MSS CRC and positively impacts
prognosis; ii) this Th1/Tc1 immune response can be recapitulated
by the quantification of Tbet+ TILs among CD3+ TILs by immunohistochemistry/image analysis, and iii) a combined assessment
of Tbet+ and PD1+ TILs along with IDO-1 expression can predict
the exhaustion of this preexisting Th1/Tc1 immune response and
thus effectiveness of PD1 blockade and/or IDO-1 inhibition.
Altogether, our results highlight the need for an in situ multiparametric approach to identify the most appropriate immune
profile able to predict the response to immunotherapy. The clinical
relevance of this combined immune profile associating Tbet, PD1,
and IDO-1 should be investigated in the future clinical trials
testing anti-PD1 or other immunotherapies in order to reinvigorate the preexisting Th1/Tc1 antitumor immune response.

Patients and methods
Patients and samples
One hundred and seven patients were included in the current
study in two independent cohorts (Figure 1). For the purpose
of the study, the retrospective cohort (cohort 1) was enriched
in medullary carcinomas, a morphological subtype of CRC,
due to their known high number of TILs. To this end, the
database of the Department of Pathology at the CHU of
Nantes was searched to identify all cases of surgically resected
CRCs of the medullary subtype between 2002 and 2015 using
the keywords « medullary carcinoma» (MC) or « poorly
differentiated adenocarcinoma ». The cases were reviewed by
two specialized gastrointestinal pathologists (JFM, CB) to
confirm the diagnosis of MC based on a strict interpretation
of the WHO criteria which required that at least 80% of the
invasive tumor featured a solid and syncytial growth pattern
containing medium-sized cells with vesicular nuclei and prominent nucleoli.58 Finally, we collected a total of 21 MC. In
addition, 20 non-MC MSI CRC and 39 MSS CRC resected in
our institution served as control groups. The clinicopathological data collected included gender, age at surgery, tumor
localization and size, pTNM, histological subtype, and overall
survival (OS) data.
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For functional experiments, an independent prospective
cohort (cohort 2) of patients was enrolled in this study,
including 27 successive patients with surgically removed
CRC in our institution between 2017 and 2018.
This study was approved by the institutional board of the
University Hospital of Nantes. This tissue biocollection has
been registered by the French Ministry for Higher Education
and Research (DC-2014–2206) with approval from EC (CPP
ouest IV – Nantes). Our study was conducted in accordance
with Helsinki declaration. Each patient included in this study
signed an informed consent.

Table 5. Semi-quantitative assessment of IDO-1 expression by tumor cells in
CRC.
Score
0
1
2
3
4

Tumor cells
<5%
6%–25%
26%–50%
51%–70%
>70%

intratumoral subsite.40 Two pathologists (EO and CB) independently scored all cases and discrepant cases were
reviewed on a multiheaded microscope.

Immunohistochemistry

Microsatellite instability and mismatch repair status

Five-micrometer-thick full sections of formalin-fixed, paraffin-embedded tissue were cut from a representative block of
tumor for each case included in this study.
Immunohistochemistry was performed on an automated platform (DAKO autostainer) according to a standard protocol
with the following antibodies: Tbet (clone 4B10) to identify
Th1/Tc1 TILs, PD-L1 (clone E1L3N), a clone already
validated,59 PD1 (clone nat 105), CD3 (polyclonal rabbit antibody, DAKO), IDO-1 (mouse monoclonal, clone 10.1) and
CD163 (clone 10D6) a specific marker of monocyte/macrophage lineage.60 Some paired normal colonic mucosae taken
at distance from the tumor were used as controls.

Microsatellite instability (MSI) or mismatch repair (MMR)
status was performed as part of the diagnosis or for the
purpose of the study by PCR or immunohistochemistry,
respectively. The microstatellite instability status was determined using a pentaplex PCR with five markers: BAT-25,
BAT-26, NR-21, NR-22, NR-24.61 Briefly, genomic DNA
was extracted from 10 µm thick tissue sections of formalinfixed, paraffin-embedded colorectal tumor tissue after manual
macrodissection using iPrepTM ChargeSwitch® Forensic kit
(Invitrogen), and according to the manufacturer’s instructions. A CRC was considered as MSI (MSI-high) if at least
two of these five markers showed MSI.62 The mismatch repair
status was assessed by immunohistochemistry using the following antibodies: MLH1 (clone E505), MSH2 (clone FE11),
MSH6 (clone EP49) and PMS2 (clone EP51).

Evaluation of immunostaining scores
PDL1 immunostainings with high or moderate intensity
were scored using a semi-quantitative evaluation of the
percentage of PDL1+ cells. Membranous PDL1 staining,
the most biologically relevant pattern of expression of this
transmembrane molecule, was scored separately for tumor
cells (score 0 to 4) and stromal cells (score 0 to 3) in a fiveand four-tiered scale, respectively (Table 4). IDO-1 immunostainings with high or moderate intensity were also
scored using a semi-quantitative evaluation of percentage
of IDO-1+ tumor cells (Table 5). Indeed, IDO-1 positive
tumor cells were only considered since scarce IDO-1 positive immune cells were noticed within the tumor except in
one case. The number of CD3+, Tbet+ and PD1+ TILs were
counted with the Digital Pathology (DP) software (Leica),
after scanning the 3 most representative microscope fields at
a x200 magnification. The average count per field was
calculated and recorded, without analyzing separately the
center and the invasive front of the tumor since the clinical
impact of Tbet+ TILs seems to be independent of the
Table 4. Semi-quantitative assessment of PDL1 expression by tumor cells or
immune cells in CRC.
Score

Tumor
cells

0

<5%

1
2

5–25%
26–50%

3
4

51–70%
>70%

Immune cells
<4 clusters of at least 50 stained immune cells/cm2 or
isolated cells
4 to 5 clusters of at least 50 stained immune cells/cm2
>5 clusters of at least 50 stained immune cells/cm2 with
heterogeneous staining
Diffuse staining

Mutational analysis of RAS and BRAF
Mutational analysis of RAS and BRAF genes was completed
for CRC that was not previously tested in clinical practice.
Ten µm tissue sections were prepared from Formalin Fixed
Paraffin Embedded (FFPE) tumors. DNA was extracted using
the Maxwell DNA FFPE kit (Promega, France) according to
the manufacturer’s recommendations. Molecular testing was
performed by Sanger sequencing of KRAS and NRAS exons 2,
3 and 4. For the latest samples tested, a prescreening was
performed using the RAS mutations screening panel (RASRT50, Entrogen, Woodland Hills, CA). This PCR-based assay
uses allele-specific probes to identify the presence of mutations in KRAS (19 mutations) and NRAS (13 mutations). This
assay is approved for in vitro diagnosis (CE-IVD) and is used
in routine practice in our laboratory, which is accredited in
accordance with the International Standard ISO15189.

Ex vivo CRC explant cultures
Fresh fragments of tumor were collected from the 27 CRC
patients included prospectively in the study. These fragments
(40 mg, n = 3 to 4 per patient) were maintained in culture for
24 h in RPMI/HAMF12 + Bovine Serum Albumin (BSA) and
antibiotics (penicillin/streptomycin) in 95% O2 – 5% CO2
humid atmosphere on a rocking platform at low speed,
according to a protocol adapted from that of human normal
colonic mucosa we previously validated.63,64 In eight cases of
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these CRC with a sufficient amount of tissue, the effects of
anti-PD1 blocking antibody (Biolegend; 10μg/ml) were
assessed in 24 h explant cultures. The supernatants of all
explant cultures were collected, centrifuged, stored at −80°C
and further analyzed for IFNγ secretion.
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IFNγ ELISA
IFNγ was measured in the explant culture supernatants using an
ELISA (Diaclone). Results are expressed as pg/ml as the mean of
3 to 4 explants per condition and per patient. IFNγ levels were
correlated with the number of CD3+, Tbet+ or PD1+ TILs and
the expression profile of PDL1 and IDO-1, assessed by immunohistochemistry and scored as described above.

Statistics
Clinical and pathological information, as well as the results
from the quantification of CD3+, Tbet+, PD1+ TILs and
PDL1, IDO-1 expression, were entered into a database. The
relationship between the number of CD3+, Tbet+, PD1+ TILs,
PDL1 and IDO-1 status, clinicopathological features, microsatellite status, and mutational status were assessed using Chisquare test or Fisher’s exact test for qualitative variables and
a nonparametric Mann–Whitney test for continuous variables.
Correlations between PDL1 or IDO-1 expression and the density of the different TILs were tested by the Spearman test. All
statistical analyses were performed using GraphPad Prism 7
software. Five-year OS was measured from date of surgery to
date of death related to CRC or latest follow-up. The prognostic
influence of the different parameters (stage, age, PDL1 or IDO1 expression and CD3+, Tbet+ or PD1+ TILs) in terms of OS
was evaluated using the Kaplan–Meier method and compared
by the log-rank test according to two cut-offs (median and first
quartile) and the most significant was chosen. For CD3+ TILs,
as the median value was not the best cut-off value, we searched
for a new cut-point for patient stratification. Strategy has consisted in determining the appropriateness of a cut-point model
(graphical diagnostic plot) and, if relevant, estimate this cut
point based on the method proposed by Contal and O’Quigley
(macro SAS % findcut).65
Cox regression model was used to perform univariate
analysis, and multivariate analysis was performed using
a Cox proportional hazards regression model including all
factors with p < 0.1. A p value of less than 0.05 was considered
as statistically significant. *p ≤ 0.05; **p < 0.01; ***p ≤ 0.001;
****p < 0.0001.
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