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ABSTRACT

Although neoadjuvant radiochemotherapy (nRCTx) is an established oncological treatment in patients
with advanced rectal cancer, little is known about its effects on the tumor microenvironment. Quantity
and composition of tumor infiltrating lymphocytes (TILs) are known to influence patients’ prognosis but
nRCTx-induced modifications are still unclear. We determined the composition of the immune cell
infiltrate in rectal cancer after nRCTx and its influence on tumor regression, local recurrence rate and
survival.

We investigated density and composition of tumor infiltrating CD3" and CD8™ T-cells and the quantity and
ratio of CD8"/GrzB* T-cells to CD8" T-cells in 130 rectal cancers after nRCTx compared to a cohort of 30
primarily resected rectal cancers. Furthermore, we analyzed 22 pretherapeutic rectal cancer biopsies, later
treated with nRCTx and surgery to evaluate nRCTx-induced modifications of the tumor microenvironment.

The total numbers of CD3" and CD8" T-cells in tumor stroma (p < 0.001) and tumor epithelium
(p < 0.001 CD3; 0.002 CD8) were significantly lower in rectal cancers after nRCTx compared to primarily
resected cases, while the ratio of CD8"/GrzB* T-cells to CD8" T-cells was significantly increased in the
nRCTx cohort (p < 0.001). In multivariate analyses, CD8"/GrzB* T-cells in the tumor stroma were
significantly associated with high regression grade and a lower likelihood of local recurrence (p = 0.029).

nRCTx modifies the tumor microenvironment of rectal cancer leading to a total decrease of TILs, but a
relative increase in CD8/GrzB™ T-cells in the tumor stroma. CD8%/GrzB™ T-cells may contribute to local
tumor control and the better outcome.
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Introduction

Colorectal cancer (CRC) is the third most common cancer in
men and the second most common in women in western coun-
tries. Worldwide an estimated 1.4 million new cases and about
693.300 deaths occurred in 2012,' about a third were located in
the rectum.> Neoadjuvant radiochemotherapy (nRCTx) fol-
lowed by total mesorectal excision (TME) constitutes the current
standard of care for locally advanced rectal cancers (UICC II/
III). Both, radiation (RTx) and chemotherapy (CTx) diminish
the risk of local relapse. Furthermore, nRCTx leads to a decrease
of the tumor mass, allowing for a higher rate of sphincter sparing
surgical methods and a higher rate of RO-resections.™”

The histological tumor regression (TRG) grade according to
Dworak® serves as a system to categorize therapy-induced effects

within rectal cancers after nRCTx.” Studies demonstrated the
clinical relevance as a prognostic factor showing improved dis-
ease-free survival after pathologic response.*’

The high mortality rate of nearly 33% in developed coun-
tries'” and the certainly not satisfactory five-year survival rate
for CRC of still less than 60% demonstrate the need for opti-
mized stage adapted therapy regimens in this type of cancer.

Over the last decade, significant progress has been made in
the research of tumor immunology. Hanahan and Markman
defined the term “tumor microenvironment”, which involves a
range of recruited, non-neoplastic cells in addition to cancer
cells."" Tumor-infiltrating lymphocytes (TILs) are often found in
epithelial tumors and apparently reflect an immune response
against the tumor."”** In CRC, CD8" cytotoxic T-cells but not
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CD3" T-cells are associated with increased overall survival.'®
Moreover, it is known that the composition of the immune cells
within the tumor microenvironment of CRC is a well-defined
predictor of patients’ survival. Galon et al. introduced the evalua-
tion of quantities of distinct immune cells in different regions of
a tumor (center of the tumor (CT) and invasive margin (IM)) as
the so-called “immunoscore”.!” The immunoscore has since then
proven its value as a powerful prognostic marker in addition to
the established TNM-System.'®

While it is an established fact that the lack of effector
enzymes and CD8" T-cells in CRC is associated with adverse
prognosis™ and that the extracellular secreted serine protease
granzyme B (GrzB) plays an important role in the killing of
tumor cells,” little is known about the effector molecules
within the cytotoxic CD8"-anti-tumor immune response.

Next to the unsolved identification of the tumorsuppressive
effector molecules within CD8*-anti-tumor immune response,
it is yet not fully understood which effects and alterations
are triggered by neoadjuvant therapies.*"**

In this study, we determined the total number of T-lympho-
cytes (CD3™) and the number of cytotoxic T-cells (CD8™) in the
tumor epithelium and the peritumoral stroma after nRCTx in
130 locally advanced rectal cancers. In addition, we determined
the ratio of CD8"/GrzB* to CD8" T-cells in these tumors.
Finally, the influence of the immune cell infiltrate on tumor
regression, local recurrence rate and survival was determined.

In addition, we compared the results in neoadjuvantly
treated rectal cancers to a cohort of 30 rectal cancers treated
with surgery alone to elucidate changes in the tumor microen-
vironment induced by nRCTx.

Furthermore, we compared the T-cell density in prethera-
peutic biopsies of 22 patients to the resection specimen after
nRCTx to determine a possible predictive value of the immune
cell infiltrate in preoperative biopsies.

Microsatellite instability was considered in both cohorts,
since a high level of microsatellite instability (MSI-H) is associ-
ated with a significantly increased number of lymphocytes®
and a favorable prognosis.”*

Material and methods
Patients

Reporting of the present study is in accordance with the
REMARK guidelines.” This is a retrospective study including
130 patients treated in the tertiary care University Hospital
Carl Gustav Carus, Dresden, Germany with neoadjuvant radio-
chemotherapy (nRCTx) followed by surgery for rectal cancer
between 2001 and 2013. From 22 of these cases pretherapeutic
tumor biopsies were available. Additionally, a cohort of 30 pri-
marily resected rectal cancer patients without nRCTx were
matched according to TNM-stage and sex. The study was
approved by the local institutional review board of the Faculty
of Medicine of the Technische Universitat Dresden. It was con-
ducted in agreement with the Declaration of Helsinki, accord-
ing to the ICH Harmonized Tripartite Guideline for Good
Clinical Practice.

Table 1 lists the clinical characteristics of the study popula-
tion for both the neoadjuvantly treated and the control cohort.

Table 1. Patients’ characteristics.

nRCTx control group
(n = 130) (n=30)
n/median n/median
(range) % (range) % p

Sex

male 96 73.8 20 66.7 ns.

female 34 26.2 10 333
Age (y) 61.0 (36-82) 67.6 (22-76)

<65 88 67.7 12 40.0 0.005

> 65 42 323 18 60.0
NCTx

5-FU 117 90.0 — — —

others 13 10.0 — — —
Accumulated radiation

dose [in Gy]

46.8 1 0.8 — — —

50.4 125 96.2 — — —

55.8 4 3 — — —
Death

Yes 45 34.6 13 433 n.s

No 85 65.4 17 56.7
Metastases in follow up

Yes 39 30.0 7 233 ns.

liver 5 12.8 1 14.3

lung 7 17.9 0 0.0

others 6 15.4 0 0.0

No 91 70.0 23 76.7
Local recurrence

Yes 10 7.7 2 6.7 ns.

No 120 923 28 933
Follow up [months] 59.8 106.9

(0.3-155.5) (12.9-163.4)

Abbreviations: n.s.: not significant (P>0.05); 5-FU: 5-fluorouracil; nCTx: neoadjuvant
chemotherapy; Gy: Gray.

Within the nRCTx-cohort were 88 men (67.7%) and 42 women
(32.3%) with an average age of 61.0 (range 36 - 82) years.
Gender distribution was similar in the control cohort with
n = 20 male (66.7%) and n = 10 female (33.3%) patients but
age was higher (median 67.6 years; p = 0.005) in control cohort.

Radiation was most frequently conducted with a fractioned
schedule of 1.8 Gray (Gy) per fraction to a total radiation dose
of 504 Gy. Four patients received a total radiation dose of
55.8 Gy and one patient 46.8 Gy. Chemotherapy regimens were
based on either oral or intravenous 5-fluorouracil/leucovorin
(5-FU). n = 117 patients received 5-FU alone, n = 12 patients
additionally received Oxaliplatin, one patient was given 5-FU,
Leucovorin (LV) and CPT-11, a combination also known as
FOLFIRI plus Cetuximab.

The average follow up time was 59.8 (range 0.3 - 155.5)
months in the nRCTx-cohort and 106.9 (12.9 — 163.4) months
respectively in the control cohort. During follow up time
n = 39 (30.0%) patients developed distant metastases in the
nRCTx-cohort and n = 7 (23.3%) patients in the control
cohort. 45 (34.6%) patients died in the nRCTx-cohort com-
pared to 13 (43.3%) patients in the control cohort. Overall sur-
vival (OS) time was 59.8 (median; range 0.3 - 155.5) months in
the nRCTx-cohort and recurrence free survival (RFS) time was
41.8 (median; range 0.3 - 155.5) months. In the control group
OS spanned 106.9 (median; range 12.9 - 163.4) and RFS 86.2
(median; range 12.9 — 149.2) months, respectively.

Metastases were located either isolated in one organ (brain
n = 2, distant lymph nodes n = 2, bone and ileum n = 1) or



were present in multiple locations (n = 21) in the nRCTx-
cohort. The control cohort showed one isolated liver metastasis
and 6 patients with multiple organ metastases. Local recurrence
appeared in n = 10 (7.6%) in the nRCTx-cohort and in n = 2
(6.7%) in the control cohort.

Histopathology and tumor regression grading

Histopathological staging was done according to UICC 2017
and tumor regression was evaluated using the Dworak grading
system® (see Table 6). One representative tumor block was cho-
sen for immunohistochemical analyses. Pathological data of the
study population for both the neoadjuvantly treated and the
control cohort are listed in Table 2. Regarding pT, pN, UICC,
perineural invasion and microsatellite status there was no dif-
ference between the nRCTx and the control cohort. Patients in
the control cohort showed slightly higher proportions of pM1
(p = 0.043), lymphatic (p = 0.016) and blood vessel invasion
(p = 0.003).

Immunohistochemical immune cell characterization

Blocks were cut in serial sections of 1-2 um thickness; sections
were deparaffinized with BenchMark XT (Ventana Medical

Table 2. Pathological characteristics.

nRCTx control group
(n = 130) (n = 30)
n/median n/median
(range) % (range) % p
ypT
1 7 54 3 10.0 ns.
2 36 27.7 9 30.0
3a 47 36.2 12 40.0
3b 35 269 6 20.0
4 5 3.8 0 0.0
ypN
0 83 63.8 22 733 ns.
1 31 238 5 16.7
2 16 124 3 10.0
lymph nodes 14.0 (3-35) 14.0 (4-56) ns.
investigated
™M
0 120 923 24 80.0 0.043
1 10 7.7 6 20.0
Microsatellites”
stable 123 94.6 28 933 ns.
instable 5 38 2 6.7
L
0 108 83.1 19 63.3 0.016
1 22 16.9 1 36.7
Vv
0 122 923 22 733 0.003
1 10 7.7 8 26.7
Pn
0 98 754 21 700 ns.
1 32 24.6 9 30.0
Tumor regression
grade (TRG)
0 1 0.8 — — —
1 33 254 — — —
2 77 59.2 — — —
3 19 14.6 — — —

Abbreviations: n.s.: not significant (P>0.05); ypT: size and extent of primary tumor
(y: posttherapy stage; p: pathological stage); ypN: involvement of regional lymph
node (y: posttherapy stage; p: pathological stage); cM: presence or absence of
distant metastasis (clinical stage); L: lymphatic invasion; V: vessel invasion; Pn:
perineural invasion; “two cases were not evaluable because of insufficient tumor
cell content.
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Systems, Inc., Oro Valley, AZ, USA) and then exposed to an
antigen retrieval system. Two double IHC reactions were used:
CD3"/ ki67 and CD8"/GrzB™. For the first double reaction,
the primary specific CD3 antibody (clone 2GV6, ready-to-use;
Ventana Medical Systems, Inc.) and the specific ki67 antibody
(clone Mib-1 (1:50), Dako), for the second double reaction, the
primary CD8 antibody (clone C8/144B (1:10), Dako) and the
primary granzyme B antibody (clone GrzB-7 (1:10), Dako)
were blended, followed by counterstaining with hematoxylin,
dehydration and mounting of the slides.

Immune cell quantification

The immunoreactions for T-cell subpopulations were digitized
with a Ventana iScan Coreo slide scanner (Ventana Medical
Systems, Inc.) followed by a manual quantification of the differ-
ent immune cells by a pathologist using Image viewer v. 3.1
(Ventana Medical Systems). Quantification was done on the
whole tumor, differentiating intraepithelial lymphocytes from
lymphocytes within the peritumoral stroma. For intraepithelial
lymphocytes, number of TILs was counted per 100 cohesive
tumor cells. To assess peritumoral stroma, the hot spot method
was used. Three high power fields (0.237 um?) with the highest
density of immune cells within the peritumoral stroma were
chosen and analyzed (see Fig. 1).

Statistical analysis

Due to the retrospective and observational nature of the study,
sample size was not chosen on the basis of power calculations.
For univariate analyses categorical variables were compared
using the x’-test. Continuous variables were expressed as
median and range and were compared - in accordance to their
distribution - using the students’t-test or Wilcoxon rank-sum
test. Multivariate analyses were performed using a stepwise
backward, logistic regression model adjusting for age, sex, and
UICC. In univariate analysis, a p-value less than 0.05 was con-
sidered statistically significant and required to be entered into a
multivariate model. No adjustment for multiple testing was
applied. For survival analysis, dichotomous variables were com-
pared using Kaplan-Meier curves and log rank-test. Continu-
ous variables were dichotomized using the median as a cutoft
value. All variables with a p-value < 0.1 were included in a
stepwise backward, multivariate Cox-regression model adjust-
ing for age, sex, ASA and TNM, testing every immune marker
in a separate model. Overall survival, defined as time to death,
and recurrence free survival (RFS), defined as time to metasta-
sis or death, were investigated. Statistical analyses were carried
out using IBM SPSS Statistics v23 (SPSS Inc.) and graphical
illustration using GraphPad Prism v7 (Graph Pad Software
Inc.).

Results
Immune cell characterization in the resection specimens

The number of CD3" T-cells in tumor stroma and epithe-
lium was significantly lower in the nRCTx-cohort than in
the control cohort (p < 0.001). Almost equally, the number
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IHC double staining for
CDB8/GrB on Ventana
Benchmark®

Source: Roche Ventana

Ventana iScan Coreo slide scanner
Source: Ventana Medical Systems, Inc., Oro
Valley, AZ, USA)

Figure 1. Pathway of the immune cell quantification. IHC: immunohistochemistry.

of CD8" T-cells was lower after nRCTx in the tumor stroma
(p < 0.001) and epithelium (p = 0.002). The number of
CD8%/GrzB™ T-cells was also significantly lower in the
tumor epithelium of the nRCTx-cohort (p = 0.028), whereas
there was no significant difference in the tumor stroma
between the two groups.

Consequently the ratio of stromal CD8" T-cells with expres-
sion of granzyme B to all CD8" T cells (CD8"/GrzB*//CD8")
was significantly higher in the nRCTx-cohort (p < 0.001)
(Table 3 and Fig. 2).

Table 3. Immune cell infiltrate.

nRCTx (n = 130)  control group (n = 30)

n/median (range) n/median (range) p
CD3+ stroma 260.8 (51.3-719.3)  526.3 (173.7-964.3)  <0.001
CD3+ epithel 3.0 (0-35) 8.5 (1-55) <0.001
CD3+/MIB1+ stroma 1.7 (0-37.7) 0.7 (0-19.7) ns.
CD3+/MIB1+ epithel 0.0 (0-4) 0.0 (0-3) ns.
CD8+ stroma 86.5 (0-451.3) 154.0 (53.3-267.3) <0.001
CD8+ epithel 2.0 (0-31) 5.5 (0-48) 0.002
GrzB+/CD8+ stroma 43.8 (0-240) 48.8 (17.0-195.7) ns.
GrzB+/CD8+ epithel 2.0 (0-29) 5.0 (0-22) 0.028
CD8/GrzB//CD8 stroma  0.52 (0-1) 0.32(0.21-0.78) <0.001
(CD8/GrzB//CD8 epithel  0.82 (0-1) 0.57 (0-1) ns.

Abbreviations: n.s.: not significant (P>0.05); CD: cluster of differentiation; MIB:
mindbomb E3 ubiquitin protein ligase 1; GrzB: granzyme B.

There was no significant difference between MSS and MSI
tumors regarding the examined lymphocyte subpopulations.

Immune cell characterization in pretherapeutic biopsies

Differences in the immune expression were detected between
pretherapeutic biopsies and tumor specimens after neoadju-
vant therapy (see Table 4). In the epithelium and stroma of
the tumor specimen a not significant decrease of CD3" was
detectable. Contradictory a significant increase in CD8"
(p = 0.036) and CD8'/GrzB* (p = 0.011) in the tumor
specimen was obvious only in the tumor stroma but not in
the tumor epithelium. Since the increase in CD8" T-cells
was more pronounced than the increase in CD8"/GrzB™ T-
cells, the ratio of CD8"/GrzB™ T-cells to CD8" T-cells in
the tumor stroma was lower after neoadjuvant therapy
(p = 0.007).

Tumors showing good response to nRCTx (TRG3) showed a
significantly higher number of intraepithelial CD8" and CD8*/
GrzB* T-cells in their pretherapeutic biopsies than tumors
with poor response (TRG 1) (p = 0.038 and p = 0.019, respec-
tively). A statistically significant correlation between the num-
ber of circulating lymphocytes and the immune cell infiltrate
was not detected in the serial blood counts measured at the
time of biopsy or resection, respectively (Supplementary
Table 1).
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Figure 2. Boxplots of CD3"/CD8™" in tumor stroma (A) and in tumor epithel (B); Data distribution of CD81/GrzB* and CD8™ cells in tumor stroma (C) and tumor epithel

(D). CD: cluster of differentiation; GrzB: granzyme B.

Immune cell infiltrate, tumor regression and local
recurrence

In multivariate analyses, the total number of CD8%/GrzB™ T-
cells as well as an increase in the ratio of CD8%/GrzB™ T-cells
to CD8" T-cells (OR: 18.189; 95% CI: 1.335-247.888;
p = 0.030) in the tumoral stroma of the tumor specimen
showed a significant association with higher TRG (TRG 2/3)
(Odds ratio (OR): 1.012, 95% confidence interval (CI): 1.001-
1.023; p = 0.029).

Higher tumor regression (TRG 2/3) resulted in a lower like-
lihood of local recurrence (OR 0.146; 95% CI 0.026-0.825;
p = 0.029) in a multivariate logistic regression model.

Table 4. Differences of immune expression in preoperative biopsy and tumor.

Biopsy (median (range)) Tumor (median (range)) p

CD3+ stroma 387.3 (85.7-850.3) 252.5 (94.7-719.3) ns.

( (
CD3+ epithel 9.0 (0.0-34.0) 3.0 (0-23) ns.
CD3+4/MIB1+ stroma 4.8 (0.3-29.0) 2.3 (0-19) ns.
CD3+/MIB1+ epithel 0.5 (0.0-3.0) 0.0 (0-4) ns.
CD8+ stroma 65 0 (25.0-156.7) 103 5(21.7-253.7)  0.036
CD8+ epithel 0(0-17) 0 (0-21) ns.
GrzB+-/CD8+ stroma 26 7 (12.7-79.7) 38 5(0-167.3) 0.011
GrzB+/CD8+ epithel 2.0 (0-12) 2.0 (0-19) ns.
GrzB/CD8//CD8 stroma 0.60 (0-0.71) 0.46 (0.27-0.59) 0.007
GrzB/CD8//CD8 epithel 0.85 (0-1) 0.77 (0-1) ns.

Abbreviations: n.s.: not significant (P>0.05); CD: cluster of differentiation; MIB:
mindbomb E3 ubiquitin protein ligase 1; GrzB: granzyme B.

Survival analyses

In univariate analyses of the neoadjuvantly treated patients,
decreased overall survival (OS) was found to be significantly
associated with age > 65y (p = 0.014), ypT3/4 (p = 0.039),
ypN+ (p = 0.024), cM+ (p = 0.002), MSI-H (p = 0.015), peri-
neural invasion (p = 0.005), and elevated CD3" T-cells in
tumor epithelium (p = 0.020).

Decreased recurrence free survival (RFS) was significantly
associated with ypN+ (p = 0.008), cM+ (p < 0.001), lymphatic
(p = 0.023) and perineural invasion (p = 0.019). Further analy-
ses using Cox regression models showed that age > 65 years
(OS HR: 2.18; 95% CI: 1.14-4.20; p = 0.019), positive nodal sta-
tus (OS HR: 2.15; 95% CI: 1.05-4.40; p = 0.036) and presence
of distant metastases (M1) (OS HR: 3.45; 95% CI: 1.40-8.48; p
= 0.007; RFS HR: 4.54; 95% CI: 1.90-10.85; p = 0.001) were
independent risk factors for poor OS or RES (Table 5).

Finally, an elevated the ratio of CD8%/GrzB™ T-cells to
CD8™" T-cells in tumor epithelium was found to be beneficial
for OS in Cox regression model (HR: 0.051; 95% CI: 0.27 -
0.96; p = 0.037). The number of CD3™ T-cells in tumor epithe-
lium failed to show its prognostic value in multivariate analyses.

Discussion

Several studies have shown that the immunological tumor
microenvironment with its various cell components is of
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Table 5. Survival analysis.

0s RFS
multivariate multivariate
univariate univariate
p* HR (95% Cl) p** p* HR (95% Cl) p**
gender (m) n.s. n.s. n.s. ns.
age (>65y) 0.014 2.18 (1.14-4.20) 0.019 n.s. ns.
ASA (3) 0.005 3.37 (1.64-6.93) 0.001 ns. 1.84 (1.00-3.39) 0.050
ypT (3/4) 0.039 ns. ns. ns.
ypN (+) 0.024 2.15 (1.05-4.40) 0.036 0.008 ns.
cM (1) 0.002 3.45 (1.40-8.48) 0.007 <0.001 4.54 (1.90-10.85) 0.001
MSI-H 0.015 ns. ns. ns.
L(1) n.s n.s. 0.023 n.s.
V(1) ns. - n.s. n.s.
Pn (1) 0.005 n.s. 0.019 ns.
CD3+ stroma n.s. ns. ns. ns.
CD3+ epithel 0.020 ns. ns. ns.
CD3+/MIB1+ stroma ns. ns. ns. ns.
CD3+/MIB1+ epithel n.s. n.s. n.s. ns.
CD8+ stroma n.s. n.s. n.s. ns.
CD8+- epithel n.s. n.s. n.s. ns.
GrzB+/CD8+ stroma n.s. ns. ns. ns.
GrzB+/CD8+ epithel ns. ns. ns. ns.
GrzB+/CD8+//CD8+ stroma n.s. n.s. n.s. n.s.
GrzB+/CD8+//CD8+- epithel n.s. 0.51 (0.27-0.96) 0.037 ns. ns.

Abbreviations: n.s.: not significant (P>0.05); OS: overall survival; RFS: recurrence free survival; HR: hazard ratio; Cl: confidence interval; ASA: American Society of Anesthesi-
ologists; ypT: size and extent of primary tumor (y: posttherapy stage; p: pathological stage); ypN: involvement of regional lymph node (y: posttherapy stage; p: patho-
logical stage); cM (1): presence of distant metastasis (clinical stage); MSI-H: microsatellite instability — high; L: lymphatic invasion; V: vessel invasion; Pn: perineural
invasion; CD: cluster of differentiation; MIB: mindbomb E3 ubiquitin protein ligase 1; GrzB: granzyme.

enormous importance for tumor prognosis. Lymphocytes in
general and in particular CD8%/GrzB"* T-cells (CD8"'GrzB")
as cytotoxic effector T-cells are major players in tumor immu-
nity and increased numbers of tumor-infiltrating and peritu-
moral CD8%/GrzB* T-cells are associated with improved
survival.'>""?

In this study, we compared the immune cell infiltrate in neo-
adjuvantly treated rectal cancer to that in primarily resected
rectal cancers to evaluate the modulation of the immune cell
infiltrate - specifically regarding CD3*/ki67 and CD8"/GrzB™
T-cells - through neoadjuvant treatment.

For immune cell quantification, we chose the hot spot
method and did not differentiate between different tumor areas.
Previous studies showed a prognostic influence of tumor infil-
trating lymphocytes in all areas enclosing tumor cells regardless
of the specific tumor area.”® By using the hot spot method (see
paragrah Immune cell quantification in pretherapeutic biopsies)
we determined the areas with the highest immune cells densities
as the relevant areas. Moreover, therapy-induced effects (e.g.
fibrosis, necrosis and mucus lakes) hamper the determination
of invasive margin vs center of tumor.

Table 6. Tumor regression grade (TRG) system according to (6).

Tumor Regression

Grade Histopathological findings

Grade 0: No regression.

Grade 1: Minor regression, residual tumor outgrowing fibrosis.

Grade 2: Moderate regression, low tumor cell fibrosis in 26% to 50%
of the tumor mass.

Grade 3: Major regression, very few tumor cells in fibrotic tissue
with or without mucous substance.

Grade 4: Total regression, no viable tumor cells, only fibrotic mass.

Tumor regression grade (TRG) system according to Dworak et al.

nRCTx of rectal adenocarcinoma alters significantly the
peritumoral immune architecture, as it leads to a significant
decrease of all CD3* T-cells as well as to a decrease of CD8"
cytotoxic T-cells in tumor epithelium and tumor stroma. This
finding is in line with the previous observation, that nRCTx has
an immunosuppressive effect.”’ However, in a comparative
analysis of the total number of T-cells in the peritumoral
stroma the decrease of the cytotoxic T-cell fraction (CD8) was
less evident than the decrease of the whole T-cell population
(CD3), indicating that CD8" T-cells are more robust towards
the nRCTx -induced cell stress.

As it is well known, that the antitumor immune response of
CD8" T-cells is mainly mediated by GrzB, the most abundant
serine protease in human, we analyzed not only the number of
CD8" T-cells, but also the number of CD8"/GrzB™ T-cells.”*

In the tumor stroma the ratio of CD8"/GrzB* T-cells to
CD8" T-cells was significantly higher after nRCTx. This rela-
tive increase of potentially more effective immune cells indi-
cates a modification of the peritumoral immune architecture
through nRCTx towards a more potent capability in granzyme
B- dependent tumor cell elimination.

Tumor regression grade (TRG) describes the histological
effects of nRCTx on the tumor and its environment and is com-
monly used as a surrogate marker for local treatment response
to nRCTx (Table 6). Several studies have shown that TRG acts
as an independent prognostic factor.”" In our multivariate anal-
yses we analyzed a significant association between a higher
TRG (indicating a better pathologic response) and a higher
number of CD8"/GrzB* T-cells in the tumor stroma. In addi-
tion, there was also a significant increase in the ratio of
CD8*GrzB™ to CD8" T-cells in higher TRG. This finding is in
line with studies describing the prominent role of granzyme B
in local tumor suppression** and supports the assumption, that



nRCTx leads to a relatively up-regulation of highly effective
cytotoxic T-cells.

Knowing the association between immune cell infiltrate and
TRG in the resection specimen, the next question was whether
we could predict the response to nRCTx of an individual tumor
by investigating the immune cell infiltrate of the corresponding
pretherapeutic biopsy.

In order to do that, we analyzed the correlation of the
number CD8%/GrzB™ T-cells and the ratio of CD8"/GrzB™
T-cells to CD8™" T-cells in the preoperative biopsies with TRG
and ypT-stage of the resection specimen. We found that
tumors with small ypT stages (ypT1/2) after resection showed
a significantly higher number of CD8"/GrzB™ T-cells in the
tumor epithelium of the preoperative biopsies, which indi-
cates a tumor-suppressive cytotoxic T-cell function and goes
along with the assumption of granzyme B as a major effector
molecule.

Furthermore, we could show a significant correlation
between the number of intraepithelial CD8" T-cells and
CD8"/GrzB™ T-cells in the biopsy and the treatment response
to nRCTx. High numbers of intraepithelial cytotoxic T-cells
predicted a better treatment response to nRCTx using TRG as
the surrogate marker. As this finding is based on only a small
number of patients, it should certainly be re-examined in a pro-
spective trial in order to optimize the treatment strategy for
advanced rectal cancer as it may help to select patients for
either nRCTx or a surgery first approach.

Regarding the tumor stroma, the comparison between pre-
therapeutic biopsies and resection specimens after nRCTx
revealed a decrease of the CD3*-T-cell-infiltrate, and, interest-
ingly, a significant increase of CD8" T-cells and CD8"/GrzB™
T-cells in the resection specimens.

One reason for this finding might be the lower number of
cytotoxic T-cells at the surface/apex of the tumors compared to
the invasive margin and the tumor core of the resection speci-
men. Results of other studies showed, that CD8" cytotoxic T-
cells were primarily located around cancer cell nests and at the
invasive margin®® but not at the luminal surface of a tumor. As
tumor biopsies preferentially represent the luminal surface of a
tumor, a lower number of CD8%1 T-cells and CD81/GrzB* T-
cells are represented, which may lead to our finding of a lower
number of cytotoxic T-cells in the biopsies before nRCTx.
Another reason might be the nRCTx-induced release of tumor
antigens, leading to a positive up-regulation of cytotoxic T-
cells.”” Conclusively, immune cells in tumor stroma of prether-
apeutic biopsies do not qualify as predictive markers of tumor
response, whereas intraepithelial T-cells might lend themselves
as predictive markers of tumor response.

OS and PFS were associated with the known predictors
such as high age, lymph node and distant metastases. Going
beyond that, we showed in multivariate analyses that an ele-
vated ratio of CD8"/GrzB* T-cells in relation to all CD8"
T-cells in the tumor epithelium was significantly beneficial
for OS (P = 0.037), which is in line with other malignan-
cies.”® This result suggests that the modulation of the peri-
tumoral immune cell architecture due to nRCTx has an
enduring impact on the outcome of some patients. If our
data on pretherapeutic biopsies prove to be reproducible in
a prospective trial, these patients could be identified on the
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basis of the immune cell architecture in their therapy naive
preoperative biopsy.

According to our data, nRCTx may not only lead to
improved local tumor control®' but also to immune cell modu-
lation. Antitumor activity induced by radiation can result in
IFNy production®® or in a CXCLI16 release® and therefore in
antitumor effects. The results of our study suggest the immune
cell modification and increase of granzyme B as a further anti-
tumoral mechanism. The beneficial impact of neoadjuvant
radiochemotherapy therefore seems not only to trigger the
amount of tumor infiltrating lymphocytes but also modifies
them to be more efficient in killing tumor cells.

In summary, nRCTx significantly decreases the absolute
amount of the general CD3" T-cell population and - less pro-
nounced - also the amount of cytotoxic CD8" T-cells, which
indicates an immunosuppressive effect of this therapy. Interest-
ingly, this “immunosuppressive” effect seems to be offset by a
significant increase of the expression of granzyme B in the
remaining CD8" T-cells.
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