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ABSTRACT
Introduction: Some studies have suggested that baseline tumor-infiltrating-lymphocytes (TILs), such as
CD8C and FoxP3C T-cells, may be associated with a better prognosis in colorectal cancer. We sought to
investigate modulation of the immune response by preoperative radiotherapy (preopRT) and its impact
on survival in locally advanced rectal cancer (LARC).
Materials & Methods: We analyzed data for 237 patients with LARC who received RT. Density of TILS
(CD8C and FoxP3C) in intraepithelial (iTILs) and stromal compartments (sTILs) were evaluated from
surgery pathological specimens and biopsies performed at baseline. The primary endpoint was to assess
the impact of infiltration of the tumor or tumor site after preopRT on progression-free survival (PFS) and
overall survival (OS). Secondary endpoints were the impact of dose fractionation scheme on TILs.
Results: In univariate analysis, several factors significantly correlated (p<0.05) with PFS and/or OS (T-stage,
M-stage, the delay between RT and surgery). A high level of post-treatment FoxP3C TIL density correlated
significantly with a better PFS (p D 0.007). In multivariate analysis, a decrease in the CD8C/FoxP3C iTILs
ratio after preopRT correlated with better PFS and OS (p D 0.049 and p D 0.024, respectively). More
particularly, patients with a delta CD8C/FoxP3C <¡3.8 had better PFS and OS. Interestingly, the dose
fractionation scheme significantly influenced the CD8C/FoxP3C ratio after treatment (p D 0.027) with a
lower ratio with hypofractionated RT (�2 Gy).
Conclusion: Patients with LARC who had a significant decrease in the CD8C/FoxP3C ratio after preopRT
were more likely to live longer. This ratio needs to be validated prospectively to guide physicians in
adjuvant treatment decision-making.

KEYWORDS
rectal cancer; radiation
therapy; tumor-infiltrating
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Introduction

Short-course preoperative radiotherapy (sc-preopRT) or long-
course preoperative radiotherapy (lc-preopRT) with or without
chemotherapy followed by total mesorectal excision (TME) is
the backbone in the management of locally advanced rectal
adenocarcinoma (LARC).1,2

Baseline tumor-infiltrating lymphocytes (TIL) in colorectal
tumors were described as prognostic factors associated with
better survival for CD8C TILs and surprisingly also for Treg
TILs expressing Fork-head box P3 (FoxP3C).3–6

Treg cells, a subgroup of CD4C T helper cells expressing the
FoxP3 transcription factor, are able to suppress T-cell immunity in
both physiological and pathological environments. On one hand,
in most varieties of human cancers, a high density of FoxP3C TILs
is associated with an unfavorable prognosis.7 On the other hand, a

recentmeta-analysis highlighted that FoxP3C TILs were associated
with an improvement in overall survival (OS) in colorectal cancer
(CRC).8 This opposite effect can be explained by FoxP3C TILs in
CRC may preferentially control the T-Cell immune response
driven bymicrobial rather than by tumor antigens.5

We aimed to investigate the impact of preoperative sc-preopRT
or lc-preopRT on the immune response, expressed by CD8C and
FoxP3CTILs, and the impact of this response on progression-free
survival (PFS) andOS in rectal cancer managed with TME.

Materials and methods

Study patients

We retrospectively studied cancer-tissue specimens from 237
patients who underwent preoperative RT or concomitant
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preoperative chemoradiotherapy (preopCRT) in LARC in 3
French centers (Georges François Leclerc Cancer Center,
Dijon, University Hospital of Besançon and Institut de Can-
c�erologie de Lorraine), Nancy from 1995 to 2007. Patients
received lc-preopRT (� 2 Gy/fraction) or sc-preopRT (> 2
Gy / fraction). Patients with cancer-tissue specimens fixed
using a buffer other than formaldehyde were excluded from
this study.

This study was approved by the IRB and the French CCTIRS
committee (Comit�e consultatif sur le traitement de l’informa-
tion en mati�ere de recherche et de sant�e) and CNIL (Commis-
sion nationale de l’informatique et des libert�es).

TIL assessment

TILs (CD8C and FoxP3C) were retrospectively analyzed in
collected formalin-fixed paraffin of surgical samples for all
patients and in rectal biopsy samples at diagnosis for 135
patients. Immunohistochemistry used monoclonal antibodies
against T-cell marker CD8 (dilution 1/200, clone C8/144B,
Dako, France) and the Treg cell marker FoxP3 (dilution 1/100,
clone 236 A/E7, Abcam, France,) using the same portal as pre-
viously described.9 Every slide was digitized using the NDP
Nanozoomer scanner (Hamamatsu Photonics, Japan).

CD8C and Foxp3C cells were quantified using 20X magnifi-
cation on at least three distinct and representative fields of
0.46 mm2 at the level of tumor, tumor regression or tumor site
(in cases with a complete response) for surgical samples.

Histopathologic evaluation of TILs was performed by a
pathologist and a biologist who were blinded to clinical infor-
mation. Using the generalized kappa test, the biologist evalua-
tion was validated by a substantial agreement (data not shown).

Mean values of these three fields were analyzed. Using crite-
ria described by Denkert et al.,10 intraepithelial TILs (iTILs)
were defined as the number of lymphocytes per field in direct
contact with tumor cells, whereas stromal TILs (sTILs) were
defined as the number of lymphocytes, per field, in the tumor
stroma (Fig. 1, Supplementary Fig. 1).

The effect of neoadjuvant treatment on TILs was evaluated
using delta parameters which were the subtraction of TIL val-
ues after treatment minus TIL values at baseline.

Statistical analyses

All analyses were performed using Stata V13 software (Stata-
Corp LP, College Station, TX). Quantitative variables were
described using mean with SD (standard deviation) or median
with range. Qualitative variables were described using percen-
tages. Cox multivariate models, adjusted for chemotherapy, T,
N, M and the delay between surgery and RT, were performed
to evaluate the impact of each TILs on PFS and OS.

A Kruskall-Wallis test was used to study the effect of RT
fractionation on tumor lymphocyte infiltration. Effect of neo-
adjuvant treatments on TILs quantity was determined using
paired Wilcoxon test. P < 0.05 was considered statistically sig-
nificant. All confidence intervals (CIs) were stated at the 95%
confidence level.

Results

Characteristics of patients and treatments

The baseline clinical characteristics of patients and treatment
details are listed in Table 1. There were 159 men and 78 women
with a median age of 66.9 years [28.7–85.5]. Regarding the radio-
therapy, 174 patients received lc-preopRT and 60 patients
received sc-preopRT. Nearly half of the patients received con-
comitant chemotherapy (CT) (46.9%). The most frequent con-
comitant CT regimens were Capecitabine (36.9%), Folic
AcidC5FU (28.8%) and OxaliplatinCCapecitabine (22.5%). Sev-
enty-three patients (30.8%) received adjuvant chemotherapy.

Description of TILs at baseline and after preopRT

At baseline, CD8C and FoxP3C TILs in biopsy samples were
observed in the same proportion (mean 54.0§44.5 and 50.9§57.4

Figure 1. Example of slides of FoxP3 and CD8 labeling A and C: CD8C labeling, B and D: FoxP3C labeling, A and B patient N�1; C and D: patient N�2, red arrow: sTILs
(stromal Tumor-Infiltrating Lymphocytes), black arrow: iTILS (intraepithelial Tumor-Infiltrating Lymphocytes).
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positive cells per field, respectively (Table 2)). Both CD8C and
FoxP3C TILs infiltration were higher in stromal (median 35.7 [0–
203.5] and 32 [0–245.7], respectively) compared with intra-epithe-
lial areas (median 4.05 [0–87.2] and 0 [0–20.7], respectively).

After preopRT, we found no variation in CD8C TILs (p D
0.496) whereas a significant decrease in FoxP3C TILs was
observed (p<0.001) for both FoxP3C iTILs and FoxP3C sTILs
(p<0.001) but with a lower infiltration intensity concerning
FoxP3C iTILs (�6.6 cells per field) (Table 2).

The CD8C/FoxP3C TILs ratio was significantly increased
by preopRT (p D 0.008). This increase concerned CD8C/
FoxP3C sTILs (p D 0.012) but not CD8C/FoxP3C iTILs (p D
0.753) (Table 2).

Effect of short-course versus long-course preopRT on TILs

Quantities of CD8C TILS and FoxP3C TILs were comparable
for patients treated with either sc-preopRT or lc-preopRT
(Table 3).

Conversely, the radiotherapy scheme significantly modu-
lated the CD8C/FoxP3C TILs ratio (p D 0.027), and more par-
ticularly at the level of stroma (p D 0.019).

Indeed, the CD8C/FoxP3C TILs ratio and more particularly
sTILs were significantly lower after sc-preopRT (mean 4.3 §
5.9 and 3.9 § 5.8, respectively) than after lc-preopRT (mean
8.2 § 15.0 and 7.4 § 13.2, respectively) with p D 0.027 and
p D 0.017 for TILs and sTILs, respectively (Table 3).

Impact of TILs parameters on survival

The median follow-up was 8.1 years (95% CI [7.4–8.8]). The
median PFS was 6.3 years (95% CI [4.3–8.3]) and median OS
was 7.9 years (95% CI [6.4–10.9]).

Table 1. Characteristics of patients included in LYMPHOREC study.

N D 237

Age, years
Median [min-max] 66.9 [28.7–85.5]

Gender
Male 159 (67.1%)
Female 78 (32.9%)

Histopathology type
Poorly differentiated adenocarcinoma 14 (5.9%)
Moderately differentiated adenocarcinoma 114 (48.1%)
Highly differentiated adenocarcinoma 104 (43.9%)
Others 5 (2.1%)

Tumor stage
1 2 (0.8%)
2 10 (4.2%)
3 190 (80.2%)
4 21 (8.9%)
Unknown 14 (5.9%)

Node stage
0 88 (37.1%)
1 130 (54.9%)
Unknown 19 (8.0%)

Metastatic stage
0 211 (89.0%)
1 18 (7.6%)
Unknown 8 (3.4%)

Radiotherapy
Long course (� 2 Gy / fraction) 174 (73.4%)
Short course (> 2 Gy / fraction) 60 (25.3%)
Unknown 3 (1.3%)

Concomitant Chemotherapy
Yes 111 (46.9%)
Capecitabine alone 41 (36.94%)
Folic Acid C 5FU 32 (28.83%)
Oxaliplatin C Capecitabine 25 (22.52%)
PlatinC 5FU 5 (4.5%)
5FU alone 4 (3.6%)
Folfox 3 (2.7%)
Capecitabine C Bevacizumab 1 (0.9%)

No 122 (51.5%)
Unknown 4 (1.7%)

Adjuvant Chemotherapy
Yes 73 (30.8%)
No 158 (66.7%)
Unknown 6 (2.5%)

Median follow up (years) 8.1 (95% CIc D [7.4–8.8])
Median PFSa (years) 6.3 (95% CI D [4.3–8.3]
Median OSb (years) 7.9 (95% CI D [6.4–0.9])

aPFS: Progression Free Survival; bOS: Overall Survival; c95% confidence interval.

Table 2. Effect of neo-adjuvant treatments on TILs quantity.

Before treatment (biopsy) After treatment (surgical sample) Delta (after – before ttt)
Median [min-max] N D 135 N D 237 N D 132 P value

TILsa CD8C 44.5 [0.0–290.7] 47.0 [1.8–421.3] 2.4 [¡214.7–186.3] 0.496
iTILsb CD8C 4.05 [0.0–87.2] 1.8 [0.0–97.0] ¡1.0 [¡79.6–64.2] 0.120
sTILsc CD8C 35.7 [0.0–203.5] 1.8 [0.0–97.0] 3.0 [¡135.1–182.0] 0.217
TILs FoxP3C 32 [0.0–253.3] 15.5 [0.0–141.3] ¡8.6 [¡209.0–101.0] <0.001
iTILs FoxP3C 0 [0.0–20.7] 0.0 [0.0–6.6] 0.0 [¡18.1–6.6] <0.001
sTILs FoxP3C 32 [0.0–245.7] 14.9 [0.0–141.3] ¡8.0 [¡206.8–101.0] <0.001
TILs CD8C / FoxP3C 1.2 [0.0–317.3] 3.1 [0.1–121.3] 0.7 [¡310.7–56.8] 0.008
iTILs CD8C / FoxP3C 2.6 [0.0–50.9] 1.6 [0.0– 97.0] ¡0.3 [¡31.4–53.4] 0.753
sTILs CD8 C/ FoxP3C 1.1 [0.0– 200.7] 2.7 [0.1–103.1] 0.7 [¡200.5–64.4] 0.012

aTIL: Tumor- Infiltrating Lymphocytes; biTIL: intraepithelial Tumor-Infiltrating Lymphocytes; csTIL: stromal Tumor-Infiltrating Lymphocytes.

Table 3. Effect of radiotherapy scheme on TILs.

lc-preopRTd sc-preopRTe

(N D 170) (N D 60) P value

TILsa CD8C 64.4 (54.7) 57.4 (61.1) 0.325
iTILsb CD8C 7.8 (14.3) 8.2 (14.2) 0.732
sTILsc CD8C 56.6 (47.8) 49.2 (52.8) 0.253
TILs FoxP3C 24.7 (27.9) 23.4 (19.3) 0.370
iTILs FoxP3C 0.4 (1.1) 0.1 (0.5) 0.437
sTILs FoxP3C 24.3 (27.5) 23.3 (19.2) 0.327
TILs CD8C / FoxP3C 8.2 (15.0) 4.3 (5.9) 0.027
iTILs CD8C / FoxP3C 6.7 (13.0) 7.6 (13.3) 0.589
sTILs CD8 C/ FoxP3C 7.4 (13.2) 3.9 (5.8) 0.019

aTIL: Tumor-Infiltrating Lymphocytes; biTIL: intraepithelial Tumor-Infiltrating Lympho-
cytes; csTIL: stromal Tumor-Infiltrating Lymphocytes; dlc-preopRT: long course pre-
operative radiotherapy; esc-preopRT: short course preoperative radiotherapy.

ONCOIMMUNOLOGY e1396402-3

D
ow

nl
oa

de
d 

by
 [

C
en

tr
e 

G
eo

rg
es

 F
ra

nc
oi

s 
L

ec
le

rc
] 

at
 0

4:
53

 0
7 

D
ec

em
be

r 
20

17
 



Concerning TILs at baseline, CD8C TILs were associated
with neither PFS (p D 0.432) nor OS (p D 0.119). In contrast,
patients who had FoxP3C TILs and more particularly FoxP3C
sTILs at baseline had a better OS than patients with no FoxP3C
TILs in univariate (p D 0.016 and p D 0.027, respectively) and

multivariate analysis (p D 0.040 and p D 0.035 respectively)
(Tables 4 and 5).

After preoperative RT, CD8C TILs and FoxP3C TILs
were associated with better PFS (p D 0.011 and p D 0.003).
After preopRT, a high FoxP3C infiltration (�36.5) was

Table 4. Relation between TILs at the baseline and after preopRT and progression free survival.

PFSb

Univariate Analysis Multivariate Analysisg

TILsa parameters HR 95% CIc P value HR 95% CI P value

At baseline (N D 135) CD8C TILs 0.432
<21.3 1 (ref.) [0.687–2.446]

]21.3; 44.5] 1.296 [0.695–2.541]
]44.5; 74.3] 1.329 [0.398–1.642]
> D 74.3 0.809

FoxP3C TILs 0.116
<1.0 1 (ref.) [0.308– 1.150]

]1.0; 32.0] 0.595 [0.615– 2.028]
]32.0; 82.7] 1.116 [0.300– 1.163]
> D 82.7 0.591

FoxP3C iTILsd 0.810
<1.4 1 (ref.) [0.542–1.615]

> D 1.4 0.935
FoxP3C sTILse 0.115

<0.7 1 (ref.) [0.456–1.669]
]0.7; 32.0] 0.873 [0.766–2.672]
]32.0; 79.1] 1.431 [0.309–1.309]
> D 79.1 0.636

CD8C/FoxP3C TlLs 0.199
<0.7 1 (ref.) [0.353–1.366]

]0.7; 2.6] 0.694 [0.349–1.354]
]2.6; 8.0] 0.687 [0.674–2.282]
> D 8.0 1.240

After preoRTf (N D 232) CD8C TILs 0.011 0.081
<24.6 1 (ref.) [0.485–1.221] 1 [0.500–1.343]

]24.6; 47.0] 0.770 [0.330–0.885] 0.820 [0.370–1.055]
]47.0; 83.0] 0.540 [0.276–0.768] 0.625 [0.303–0.890]
> D 83.0 0.461 0.519

FoxP3C TILs 0.003 0.059
<6.5 1 (ref.) [0.416–1.076] 1 [0.521–1.502]

]6.5; 15.5] 0.669 [0.369–0.971] 0.884 [0.395–1.140]
]15.5; 36.5] 0.599 [0.226–0.635] 0.671 [0.273–0.849]
> D 36.5 0.379 0.481

CD8C/FoxP3C TlLs 0.176
<1.4 1 (ref.) [0.771–2.114]

]1.4; 3.1] 1.276 [0.644–1.878]
]3.1; 6.5] 1.100 [1.024–2.771]
> D 6.5 1.684

Delta after preopRT minus at
baseline (n D 132)

CD8C TILs 0.734
<¡24.8 1 (ref.) [0.643–2.400]

]¡24.8; 2.4] 1.242 [0.425–1.721]
]2.4; 34.1] 0.855 [0.547–2.113]
> D 34.1 1.075

FoxP3C TILs 0.304
<¡62.1 1 (ref.) [0.811–3.229]

]¡62.1; ¡8.6] 1.618 [0.773–3.055]
]¡8.6; 14.2] 1.537 [0.477–2.038]
> D 14.2 0.986

CD8C/FoxP3C TlLs 0.531
<¡3.4 1 (ref.) [0.352–1.331]

]¡3.4; 0.7] 0.685 [0.344–1.243]
]0.7; 3.4] 0.654 [0.359–1.361]
> D 3.4 0.699

CD8C/FoxP3C iTlLs 0.015 0.049
<¡3.8 1 (ref.) [1.527–7.740] 1 [1.244–7.392]

]¡3.8; ¡0.3] 3.438 [1.544–7.822] 3.033 [1.399–7.758]
]¡0.3; 2.5] 3.475 [1.127–6.062] 3.295 [1.049–6.437]
> D 2.5 2.614 2.598

aTIL: Tumor-Infiltrating Lymphocytes; bPFS: Progression Free Survival; c95% confidence interval; diTIL: intraepithelial Tumor-Infiltrating Lymphocytes; esTIL: stromal Tumor-Infil-
trating Lymphocytes; fpreopRT: preoperative radiotherapy; gCox multivariate models have been adjusted for chemotherapy, T, N, M and the delay between radiotherapy and
surgery.
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related to a better PFS and a low FoxP3C infiltration (<6.5)
was related to a much worse PFS. In a similar fashion, a
high CD8C infiltration (�83.0) was related to a better PFS
and a low CD8C infiltration (<24.6) was related to a much
worse PFS. A similar trend was found with multivariate

analysis on PFS and OS (p D 0.081 and p D 0.059,
respectively).

The delta of CD8C TILs, delta of FoxP3C TILs or delta of
the CD8C/FoxP3C TILs ratio did not correlate with PFS or
OS, whereas delta of the CD8C/Foxp3C iTILs ratio between

Table 5. Relation between TILs at the baseline and after preopRT and overall survival.

OSb

Univariate Analysis Multivariate Analysisg

TILsa parameters HR 95% CIc P value HR 95% CI P value

At baseline (N D 135) CD8C TILs 0.119
<21.3 1 (ref.) [0.544–2.744]

]21.3; 44.5] 1.222 [0.401–2.254]
]44.5; 74.3] 0.950 [0.046–1.079]
> D 74.3 0.224

FoxP3C TILs 0.016 0.040
<1.0 1 (ref.) [0.218–0.898] 1 [0.235–1.047]

]1.0; 32.0] 0.443 [0.605 ¡2.004] 0.497 [0.612–2.330]
]32.0; 82.7] 1.101 [0.231–1.002] 1.194 [0.187–1.060]
> D 82.7 0.481 0.446

FoxP3C iTILsd 0.938
<1.4 1 (ref.)

> D 1.4 1.023 [0.574–1.825]
FoxP3C sTILse 0.027 0.035

<0.7 2.017 [0.921– 4.419] 1 [0.340–1.452]
]0.7; 32.0] 1.310 [0.592– 2.896] 0.702 [0.728–2.983]
]32.0; 79.1] 2.724 [1.294–5.733] 1.474 [0.170–1.104]
> D 79.1 1 (ref.) 0.433

CD8C/FoxP3C TlLs 0.175
<0.7 1 (ref.) [0.353–1.366]

]0.7; 2.6] 0.694 [0.349–1.354]
]2.6; 8.0] 0.687 [0.674–2.282]
> D 8.0 1.240

After preoRTf (N D 232) CD8C TILs 0.106
<24.6 1 (ref.) [0.521–1.415]

]24.6; 47.0] 0.858 [0.367–1.043]
]47.0; 83.0] 0.619 [0.321–0.949]
> D 83.0 0.552

FoxP3C TILs 0.054
<6.5 1 (ref.) [0.426–1.199]

]6.5; 15.5] 0.715 [0.394–1.124]
]15.5; 36.5] 0.665 [0.267–0.802]
> D 36.5 0.463

CD8C/FoxP3C TlLs 0.549
<1.4 1 (ref.) [0.830–2.378]

]1.4; 3.1] 1.405 [0.741–2.232]
]3.1; 6.5] 1.287 [0.826–2.447]
> D 6.5 1.422

Delta after preopRT minus at
baseline (n D 132)

CD8C TILs 0.689
<¡24.8 1 (ref.) [0.717–3.051]

]¡24.8; 2.4] 1.480 [0.513–2.331]
]2.4; 34.1] 1.093 [0.631–2.780]
> D 34.1 1.325

FoxP3C TILs 0.200
<¡62.1 1 (ref.) [0.961–4.250]

]¡62.1; ¡8.6] 2.021 [0.725–3.347]
]¡8.6; 14.2] 1.558 [0.520–2.463]
> D 14.2 1.132

CD8C/FoxP3C TlLs 0.308
<¡3.4 1 (ref.) [0.275–1.141]

]¡3.4; 0.7] 0.560 [0.300–1.165]
]0.7; 3.4] 0.591 [0.412–1.570]
> D 3.4 0.804

CD8C/FoxP3C iTlLs 0.014 0.024
<¡3.8 1 (ref.) [1.405–8.753] 1 [1.102–8.113]

]¡3.8; ¡0.3] 3.507 [1.808–11.18] 2.990 [1.715–11.609]
]¡0.3; 2.5] 4.495 [1.195–7.818] 4.463 [1.114–8.424]
> D 2.5 3.057 3.063

aTIL: Tumor-Infiltrating Lymphocytes; bOS: Overall Survival; c95% confidence interval; diTIL: intraepithelial Tumor-Infiltrating Lymphocytes; esTIL: stromal Tumor-Infiltrating Lym-
phocytes; fpreopRT: preoperative radiotherapy; gCox multivariate models have been adjusted for chemotherapy, T, N, M and the delay between radiotherapy and surgery.
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baseline and after preoperative RT was significantly associated
with better PFS and OS in univariate (p D 0.015 and p D 0.014,
respectively) and multivariate analysis (p D 0.049 and p D
0.024, respectively) (Tables 4 and 5).

Thus, using quartile value analysis, we found that patients with
a delta CD8C/FoxP3C iTILS<¡3.8 had better PFS (Fig 2 a, Log-
rank pD 0.0086) and OS (Fig 2b, Logrank pD 0.0068).

Discussion

Immune cell infiltration, particularly T lymphocyte infiltration,
has been investigated in various tumor types and displays a
strong correlation with improved outcomes in colorectal, and
other types of cancer.9,11–13 While clinical outcomes are largely
dependent on stage at diagnosis and treatment, mounting evi-
dence suggests that host immune infiltration at baseline may
also be a highly informative prognostic indicator.14,15 in colo-
rectal cancers. It has been understood for years that individuals

with colorectal cancers containing many TILs have a survival
advantage over those that do not.11,16–18

In colorectal cancers, Galon et al. has developed “Immuno-
scores” based on CD3C and CD8C TILs density. These scores
completed the validated AJCC/UICC TNM classification to
improve prognostic values.19 In a study based on 426 patients
with colorectal cancer, Ling et al. showed the impact of a dis-
parity in immune infiltrates on survival according to intratu-
moral subsite localization.3 The authors found that
intraepithelial infiltrations of CD8C and FoxP3C T lympho-
cytes at the tumor front and center were major prognostic fac-
tors in cancer-specific survival but they suggested that FoxP3C
TILs had a stronger correlation with survival than did CD8C
TILs. Moreover, these authors and others found a positive
impact on survival of a high expression of CD8C iTILs what-
ever the expression of FoxP3 whereas patients with low CD8C
iTILs expression who had a high infiltration of FoxP3C at the
tumor invasive front had a better prognosis.20

Figure 2. Effect of delta CD8C / FoxP3C iTILs on survival Kaplan-Meier curves for PFS (a) and for OS (b) stratified according to quartiles of delta CD8C / FoxP3C iTILs
(intraepithelial Tumor-Infiltrating Lymphocytes).
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While colon cancers and rectal cancers are often mixed and
regarded as harboring the same pathology, the management of
each differs. Colon cancers are recognized as non-radiosensitive
cancers and are managed with surgery only, with or without
adjuvant chemotherapy depending on stage whereas rectal can-
cers require radiotherapy before surgery to avoid local and
regional failure while the impact of neoadjuvant or adjuvant
chemotherapy on survival is still debated. It therefore seems
important to study the impact of TILs variation on survival in
patients with the same pathology.

Conversely, the effect of radiotherapy on TILs deserves to be
explored in greater depth in particular for rectal cancer, con-
trary to the effect of chemotherapy on TILs in breast cancer.9,21

Recent retrospective studies performed in small cohorts of
patients with rectal cancer have highlighted an increase in
CD8C TILs after preoperative radiotherapy, which was associ-
ated with survival.22–24 To the best of our knowledge, our study
is the largest to date about LARC alone to demonstrate the
advantage of preoperative RT on survival with respect to base-
line TILs but also the response of immune infiltrates to RT (i.e.
an increase in CD8C/FoxP3C ratio).

A meta-analysis performed from 30 studies, concluded that
a high tumor inflammatory infiltrate could be a good prognos-
tic marker for colorectal cancer.15 In the tumor stroma, high
CD8C TILs were associated with increased OS.

Thus, to take into account these previous studies, we chose
to evaluate the number of each TIL and their stromal or intrae-
pithelial localization.

A large proportion of studies evaluated the impact of TILs
on tumor regression (for example.24,25) Using the validated
TRG scale, we found no correlation between TILs before pre-
opRT (data not shown) or after preopRT (supplementary
Table 1) and complete or not tumor regression.

In our present study, we found no correlation between PFS or
OS and CD8C TILs at baseline. These results are in agreement
with a recent study conducted in 557 patients with colorectal can-
cer. These authors analyzed the impact of TILs at baseline on sur-
vival according to the initial tumor location. They highlighted
that a high level of TILs CD8C at baseline was related to better
OS only when the tumor was located in the right colon (p<0.01)
and not when tumors were located in the left colon or in the rec-
tum (pD 0.087 and pD 0.656, respectively).26

However, in multivariate analysis, we demonstrated that
FoxP3C TILs at baseline, and more particularly FoxP3 sTILS,
correlated with OS. Nonetheless, among the four quartiles ana-
lyzed we did not find a cut-off which could better guide neoad-
juvant and adjuvant strategies.

Very few studies have attempted to establish the role of pre-
operative RT in local anti-tumor immunity in rectal cancer.

We found that FoxP3C TILs were significantly decreased by
RT. The effect of radiotherapy on FoxP3C TILs has been little
studied. Recently, McCoy et al. studied levels of FoxP3CTILs
before and after CRT but their analysis used two TIL intensity
levels (high vs. low) and it was not a quantitative analysis as in
the present study. As a result, they were not able to highlight a
TILs modification with high precision.27 In contrast to previous
studies, which analyzed smaller numbers of patients, we did not
find a significant increase in CD8C TILs after RT.23,24 Surpris-
ingly, a significant decrease in the CD8C/FoxP3C ratio was

highlighted after preoperative RT suggesting that an immuno-
logical balance between CD8C TILs and FoxP3C TILs occurs
after exposure to ionizing radiation. This decrease expressed
using the delta CD8C/FoxP3C iTILs parameter correlated
significantly with OS and PFS.

In the present study, the modulation of local immunity
observed after preoperative treatment was independent to che-
motherapy as no difference in CD8C and Foxp3C TILs was
observed between patients treated with preoperative RT or pre-
operative RT/CT (with respectively p D 0.124 and p D 0.694,
data not shown). Among the concomitant chemotherapy drugs
administered in 111 patients, some are able to trigger immuno-
genic cell death, as is the case for Oxaliplatin.28 or to decrease
MDSC as is the case for 5FU.29 Thus, these CT may have
induced such effects, but the biological variability between the
patients and the small number of patients treated with these
drugs prevented us from conducting a subgroup analysis.

Interestingly, we highlighted a significant difference in the effect
of RT on TILs according to the RT administration schedule.
Indeed, the CD8C/FoxP3C TILs ratio, and more particularly
sTILs, were significantly higher after lc-preopRT than after sc-pre-
opRT. These results are in keeping with the results reviewed by
Hellevik et al.,30 who reported that the effect of RT on themicroen-
vironment, and more particularly on tumor immunity, was RT
schedule dependent according to dose and fractionation. We
observed a significant difference for the delay between RT and sur-
gery according to whether patient had lc-preopRT or sc-preopRT
(means (SD) were respectively 44.5 (29.5) days and 35.1 (25.1)
days, data not shown). However, the delay had no significant
impact on TILs variations after preopRT (data not shown).

Unlike the majority of others studies, we did not choose to
perform a semi-quantitative evaluation of TILs. We were thus
able to determine a cutoff for delta CD8C/FoxP3C, which
could be validated in a future prospective study.

If these results were confirmed by a prospective study, a rou-
tine assessment and quantification of TILs before and after treat-
ment for rectal cancer patients could provide clinically
meaningful prognostic information and may give an early indica-
tion of treatment efficacy. Thus from these results, clinicians could
determine whether patients would benefit from additional CT.
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