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Accumulating evidence demonstrates an association between dense infiltration of lymphocytes and prognosis in colorectal cancer

(CRC), but whether this prognostic impact differs by tumour location remains unknown. This study investigated the prognostic

impact of cytotoxic and regulatory T cells in CRC, with particular reference to the anatomical subsite of the primary tumour. The

density of CD31, CD81 and FoxP31 tumour-infiltrating T cells was calculated in tissue microarrays with tumours from 557 incident

CRC cases from a prospective population-based cohort. Kaplan–Meier and Cox regression analyses were applied to determine the

impact of high and low lymphocyte density on 5-year overall survival, in subgroup analysis of right colon, left colon and rectum.

High CD81 cell density was a favourable prognostic factor for patients with right-sided colon tumours (hazard ratio [HR]50.53,

95% confidence interval [CI] 0.29–0.95), independent of age, sex, TNM stage, differentiation grade and vascular invasion, with a

significant prognostic interaction between CD81 cells and right-sidedness (p 5 0.031). High FoxP31 cell density was an indepen-

dent favourable prognostic factor only in patients with rectal tumours (HR 5 0.54, 95% CI 0.30-0.99), and CD31 cell density was

an independent favourable prognostic factor for tumours in the right colon and rectum, but there was no significant prognostic

interaction between CD31 or FoxP31 cells and sidedness. These results demonstrate that the prognostic impact of tumour-

infiltrating lymphocytes in CRC differs by primary tumour site, further indicating that tumour location may be an important factor

to take into consideration in therapeutic decisions, including eligibility for immunotherapy.

With approximately 1.4 million new cases every year, colo-
rectal cancer (CRC) is the third most common cancer glob-
ally.1 Despite advances in treatment, CRC is still the third
leading cause of cancer-related death and therefore, there is
an urgent need to identify novel prognostic and predictive
biomarkers.

Immuno-oncology is a rapidly emerging field that has eli-
cited promise in cancer therapy. High levels of tumour-
infiltrating (CD31) T cells and cytotoxic (CD81) T cells have
been associated with auspicious clinical outcome in CRC,2–9

occasionally outsmarting traditional tumour characteristics in
predicating prognosis.7,10 Paradoxically, high infiltration of
FoxP31 regulatory T cells (Tregs), suppressing effector func-
tion of cytotoxic T cells, correlates with a dismal prognosis in
numerous other cancers,11 but is reported as a favourable
prognostic factor in CRC.12–15

Increasing evidence suggests that CRC should be considered
as a heterogeneous disease, with proximal and distal CRCs
showing multiple clinicopathological and molecular distinctions,
including the density of some immune cells.16 However, to the
best of our knowledge, no studies have hitherto investigated
whether the prognostic significance of immune cell infiltration
differs by primary tumour location. Therefore, the aim of this
study was to examine the clinicopathological and molecular cor-
relates and prognostic significance of the density of CD31,
CD81 and FoxP31 T cells in CRC, with particular reference to
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the anatomical subsite of the primary tumour. Reanalysis of the
prognostic value of previously investigated CD201 B cells and
CD1381 and IGKC1 plasma cells17 according to primary
tumour subsite was also performed.

Methods
Patients

The study cohort consists of all incident cases of CRC in the
Malm€o Diet and Cancer Study (MDCS) from 1991 up until
December 31, 2008 (n5 626). The MDCS is a prospective
population-based cohort with the primary aim to investigate
associations between various dietary factors and cancer inci-
dence.18 The project, including nonparticipants in the Euro-
pean Prospective Investigation into Cancer (EPIC) cohort,
enrolled 18,326 women (60.2%) and 12,120 (39.8%) men,
with a total of 30,446 participants (from a background popu-
lation of 74,138).

Information on CRC incidence was obtained through the
Swedish Cancer Registry up until December 31, 2007, and
from The Southern Swedish Regional Tumour Registry for
the period of January 1, 2008–December 31, 2008. Clinical
and treatment data were obtained from medical charts. His-
topathological data were obtained from pathology records.
TNM staging was performed according to the American Joint
Committee on Cancer. Right colon was defined as appendix,
caecum, ascending and 2/3 of transverse colon, whereas left
colon was defined as the left colic flexure, descending and
sigmoid colon, corresponding to the midgut fetal origin ver-
sus the hindgut as well as different innervation and blood
supply.

Median age at diagnosis was 71 (range 50–86) years.
Information on vital status and cause of death was obtained
from the Swedish Cause of Death Registry up until December
31, 2013. Follow-up began at CRC diagnosis and ended at
death, emigration or December 31, 2013, whichever came
first. Median follow-up time was 5.97 (range 0–21.69) years
for the full cohort (n5 626) and 10.05 (range 5.03–21.69)
years for patients alive (n5 274). Microsatellite instability
(MSI) screening status was assessed by immunohistochemis-
try as previously described,19 and KRAS and BRAF mutation
status was determined by pyrosequencing as previously
described.20

Ethics approval and consent to participate

All EU and national regulations and requirements for han-
dling human samples have been fully complied with during

the conduct of this project; that is, decision no. 1110/94/EC
of the European Parliament and of the Council (OJL126
18,5,94), the Helsinki Declaration on ethical principles for
medical research involving human subjects and the EU
Council Convention on human rights and Biomedicine. Ethi-
cal permission for the MDCS (LU 90–51) and the present
study (LU 530–2008) was obtained from the Ethics Commit-
tee at Lund University. Written informed consent has been
obtained from each subject at study entry.

Tissue microarray construction

All tumours with available slides or paraffin blocks were his-
topathologically re-evaluated on haematoxylin and eosin
stained slides by a senior pathologist (KJ). Cases with an
insufficient amount of tumour material were excluded,
whereby a total number of 557 (89.0%) cases were available
for tissue microarray (TMA) construction. Representative
and non-necrotic areas were marked, and TMAs were con-
structed as previously described.21 In brief, duplicate tissue
cores (1 mm) were taken from each primary tumour and
mounted in a recipient block, using a semi-automated array-
ing device (TMArrayer, Pathology Devices, Westminister,
MD). Four mm sections from this block were subsequently
cut using a microtome and mounted on glass slides.

Immunohistochemistry

For immunohistochemical (IHC) analysis of CD8 and FoxP3,
4 lm TMA-sections were pretreated using the PT Link sys-
tem, and subsequently stained with the anti-CD8 antibody
(clone C8/144B, mouse; dilution, 1:50; product M7103; Dako)
and the anti-FoxP3 antibody (clone236A/E7, mouse, dilution
1:200, Abcam, Cambridge, UK) using the Autostainer Plus
(Dako; Glostrup, Denmark).

For IHC analysis of CD3, 4 lm TMA-sections were pre-
treated using ULTRA Cell Conditioning Solution 1, pH 8.5
(Ventana Medical Systems Inc., Tucson, AZ) for heat induced
epitope retrieval, and stained in a Ventana BenchMark
stainer (Ventana Medical Systems) with the anti-CD3 anti-
body (clone 2GV6, prediluted, Ventana Medical Systems).

Evaluation of tumour-infiltrating lymphocytes

The total number of CD31 and CD81 lymphocytes in each
core was calculated by automated analysis using the colocali-
zation algorithm within the Halo image analysis software
(Indica Labs, Corrales, NM). Automated analysis of FoxP3

What’s new?

In colorectal cancer, elevated levels of tumor-infiltrating lymphocytes in the tumor and its microenvironment are associated

with improved survival. Whether this prognostic benefit differs according to tumor location, however, is unknown. Here, the

prognostic impacts of CD31, CD81 and FoxP31 tumor-infiltrating T cells were examined with respect to tumor location. The

data link high CD81 density with favorable prognosis for right-sided tumors, high FoxP31 density to improved prognosis for

rectal tumors and CD31 density with improved prognosis for right colon and rectal tumors. Knowledge of variable immune

system responses by tumor location could help inform the development of immune-modulating therapies.
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was not possible to undertake due to concomitant staining of
the stroma, thus, the number of FoxP3 stained lymphocytes
was manually counted. A mean value of the two cores was
calculated and used in the analyses.

Furthermore, to validate the prognostic impact of the total
number of CD31 and CD81 lymphocytes, an additional
scoring system according to Dahlin et al.22 and Ogino et al.23

was performed. CD31 and CD81 lymphocyte infiltration was
assessed as no/sporadic (Score 1), moderate (Score 2), abun-
dant (Score 3) and highly abundant infiltration (Score 4) in
three locations: (i) intratumoural (within the tumour nest),
(ii) tumour-adjacent (defined as within one tumour cell
diameter of the tumour) and (iii) within the distant stroma
(defined as more than one tumour cell diameter away from
the tumour). A total score for both CD3 and CD8 was calcu-
lated as the sum of the scores intratumourally, tumour-
adjacent and within the distant stroma, generating a total
score (lymphocytic reaction score) ranging from 3 to 12. A
mean value of the total score from each core was calculated
and used in the analysis. As FoxP3 was only sporadically
expressed intratumourally and within the adjacent stroma,
analysis according to lymphocytic reaction score was not
meaningful.

Statistical analysis

Unadjusted nonparametric test was used to evaluate associa-
tions between infiltration of CD31, CD81 and FoxP31 cells
and established clinicopathological characteristics and other
investigative biomarkers. Spearmans Rho test was used to
analyse the interrelationship between CD31, CD81 and
FoxP31 cells. Classification and regression tree (CRT) analy-
sis was used to determine the optimal prognostic cut-off for
dichotomisation into high and low infiltration of CD31,
CD81 and FoxP31 cells. Kaplan–Meier analysis and log rank
test were applied to illustrate differences in five-year overall
survival (OS) with respect to immune cell density. Cox
regression proportional hazard models were used to estimate
hazard ratios (HRs) for death from CRC in both univariable
and multivariable analysis, adjusted for age, sex, T-stage, N-
stage, M-stage, differentiation grade and vascular invasion.

The proportional hazard assumption was tested using Cox
regression with a time-dependent covariate analysis, whereby

the proportional hazard assumption was considered to be sat-
isfied when the factor 3 time interaction was non-significant.

To estimate the interaction effect between tumour location
and lymphocyte density, an interaction variable was con-
structed with tumour location (right/other, left/other or rec-
tal/other, respectively) 3 lymphocyte density (low/high).

All calculations were performed using SPSS version 24.0
(SPSS, Chicago, IL). All statistical tests were two-sided and p-
values< 0.05 were considered statistically significant.

Results
Associations of CD31, CD81 and FoxP31 lymphocyte count

with clinicopathological factors according to primary

tumour site

Information on tumour location was available for 555
(99.6%) cases in the TMA, with 201 (36.1%) right-sided
colon tumours, 145 (26.0%) left-sided colon tumours and 209
(37.5%) rectal tumours.

Immune cell-specific CD31 lymphocyte count could be
determined in 530 (95.2%) cases, and CD81 lymphocyte
count in 539 (96.8%) cases. FoxP31 lymphocyte count was
assessable in 547 (98.2%) cases. Sample IHC images are
shown in Figure 1.

Associations between CD31, CD81 and FoxP31 lympho-
cyte count and clinicopathological factors in the entire cohort
and by tumour subsite are shown in Tables (1–3), respec-
tively. In general, high density of all investigated T lympho-
cyte subsets was associated with more favourable tumour
characteristics. The majority of significant associations
between high lymphocyte density and favourable clinicopath-
ological factors were seen in the right colon for all types of
investigated immune cells. High CD31, CD81 and FoxP31

cell infiltration were all significantly associated with MSI
tumours, and only in the right colon. A significantly higher
number of CD81 cells were observed in BRAF mutated
tumours in the entire cohort, but not according to tumour
subsite. No significant associations were observed between
immune cell density and KRAS mutation status.

The clinicopathological correlates of CD201 B cells, and
CD1381 and IGKC1 plasma cells in the full cohort have
been described previously17, and was, similar to the T lym-
phocytes, found to be associated with more favourable

Figure 1. Immunohistochemical images of CD3, CD8 and FoxP3 staining in colorectal cancer. Sample images (10x magnification) represent-

ing immunohistochemical expression of CD3, CD8 and FoxP3 in colorectal cancer.

T
um

or
Im

m
un

ol
og

y
an

d
M
ic
ro
en
vi
ro
n
m
en
t

1656 The clinical impact of tumour-infiltrating lymphocytes

Int. J. Cancer: 141, 1654–1666 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC



Ta
b

le
1

.
A

ss
o

ci
a

ti
o

n
s

b
e

tw
e

e
n

C
D

3
1

ce
ll

in
fi

lt
ra

ti
o

n
a

n
d

cl
in

ic
o

p
a

th
o

lo
g

ic
a

l
a

n
d

in
ve

st
ig

a
ti

ve
fa

ct
o

rs
st

ra
ti

fi
e

d
b

y
p

ri
m

a
ry

tu
m

o
u

r
lo

ca
ti

o
n

E
n

ti
re

co
h

o
rt

R
ig

h
t

co
lo

n
Le

ft
co

lo
n

R
e

ct
u

m

Fa
ct

o
r

M
e

d
ia

n
(r

a
n

g
e

)
p

-v
a

lu
e

n
M

e
d

ia
n

(r
a

n
g

e
)

p
-v

a
lu

e
n

M
e

d
ia

n
(r

a
n

g
e

)
p

-v
a

lu
e

n
M

e
d

ia
n

(r
a

n
g

e
)

p
-v

a
lu

e
n

A
g

e <
7

5
1

3
4

.0
0

(0
.0

0
–

1
,7

5
8

.5
0

)
3

6
9

2
7

6
.0

0
(2

.5
0

–
1

,5
8

7
.0

0
)

1
1

0
2

3
7

.7
5

(0
.0

0
–

1
,7

5
8

.5
0

)
1

0
4

2
1

3
.5

0
(1

3
9

.0
0

–
5

4
3

.0
0

)
1

5
8

5
>

7
5

1
,2

7
5

.0
0

(4
.5

0
–

2
,2

8
0

.0
0

0
.0

9
0

1
6

5
2

7
8

.0
0

(6
.0

0
–

2
,2

8
0

.5
0

)
0

.2
3

9
8

7
2

4
6

.5
0

(4
.5

0
–

9
7

4
.0

0
)

0
.6

3
4

3
6

2
6

5
.7

5
(0

.0
0

–
1

,1
4

7
.5

0
)

0
.0

5
7

4
2

S
e

x Fe
m

a
le

2
8

8
.5

0
(0

.0
0

–
1

,7
5

8
.5

0
)

2
8

3
3

3
2

.5
0

(9
.5

0
–

1
,6

7
5

.0
0

)
1

1
0

2
8

1
.0

0
(1

0
.0

0
–

1
,7

5
8

.5
0

)
7

5
3

6
2

.2
5

(1
3

.0
0

–
1

,1
5

8
.0

0
)

9
7

M
a

le
2

5
2

.0
0

(0
.0

0
–

2
,2

8
0

.0
0

)
0

.1
5

3
2

5
6

2
5

3
.0

0
(2

.5
0

–
2

,2
8

0
.0

)
0

.1
6

4
8

7
2

3
0

.5
0

(0
.0

0
–

8
8

6
.5

0
)

0
.3

7
2

6
4

2
7

5
.0

0
(0

.0
0

–
1

,0
7

7
.5

0
)

0
.9

6
3

1
0

3

T-
st

a
g

e

1
4

1
9

.2
5

(5
7

.0
0

–
1

,6
7

5
.0

0
)

4
8

6
9

1
.0

0
(1

5
4

.5
0

–
1

,6
7

5
.0

0
9

3
6

9
.7

5
(1

1
0

.0
0

–
9

7
4

.0
0

)
2

2
3

8
2

.0
0

(5
7

.0
0

–
1

,1
5

8
.0

0
)

1
7

2
3

8
0

.0
0

(9
0

.0
0

–
2

,0
4

7
.5

0
)

6
3

3
8

8
.2

5
(9

2
.5

0
–

2
,0

7
4

.5
0

)
1

8
3

0
7

.5
0

(1
2

9
.5

0
–

8
4

9
.5

0
)

9
4

0
5

.1
3

(9
0

.0
0

–
9

5
0

.0
0

)
3

6

3
0

.0
0

(0
.0

0
–

2
,2

8
0

.0
0

)
3

2
5

2
9

9
.0

0
(2

.5
0

–
2

,2
8

0
.0

0
)

1
2

1
2

3
0

.2
5

(0
.0

0
–

1
,7

5
8

.5
0

)
8

8
2

1
9

.5
0

(0
.0

0
–

1
,1

4
7

.5
0

)
1

1
5

4
1

7
6

.0
0

(0
.0

0
–

1
,2

8
3

.5
0

)
<0

.0
0

1
**

8
0

1
9

2
.5

0
(6

.0
0

–
1

,2
8

3
.5

0
)

<0
.0

0
1

**
4

6
1

8
4

.0
0

(0
.0

0
–

7
3

6
.0

0
)

0
.0

1
0

1
9

8
3

.0
0

(7
.0

0
–

5
6

6
.0

0
)

<0
.0

0
1

**
1

5

N
-s

ta
g

e

0
2

8
7

.0
0

(0
.0

0
–

2
,2

8
0

.0
0

)
2

8
7

3
2

6
.5

0
(3

8
.5

0
–

2
,2

8
0

.0
0

)
1

0
1

2
5

3
.5

0
(0

.0
0

–
9

1
0

.5
0

)
8

1
2

9
5

.7
5

(0
.0

0
–

1
,1

3
6

.0
0

)
1

0
4

1
2

1
4

.5
0

(4
.5

0
–

1
,6

7
5

.0
0

)
1

2
3

2
6

3
.0

0
(9

.5
0

–
1

,6
7

5
.0

0
)

4
7

2
0

7
.2

5
(4

.5
0

(7
1

1
.5

0
)

3
4

2
0

7
.0

0
(6

.5
0

–
1

,1
4

7
.5

0
)

4
2

2
2

3
7

.7
5

(0
.0

0
–

1
,7

5
7

.5
0

)
0

.0
1

9
*

8
2

2
4

7
.0

0
(2

.5
0

–
1

,0
8

1
.0

0
)

0
.0

7
2

4
1

2
3

0
.5

0
(0

.0
0

–
1

,7
5

8
.5

0
)

0
.8

0
0

1
3

2
5

7
.5

0
(7

.0
0

–
9

1
0

.0
0

)
0

.0
6

4
2

8

M
-s

ta
g

e

0
2

9
0

.5
0

(0
.0

0
–

2
,2

8
0

.0
0

)
4

4
1

3
5

6
.5

0
(9

.5
0

–
2

,2
8

0
.0

0
)

1
5

7
2

7
3

.5
0

(0
.0

0
–

1
,7

5
8

.5
0

)
1

1
3

2
7

6
.0

0
(0

.0
0

–
1

,1
5

8
.0

0
)

1
7

0

1
1

5
8

.0
0

(0
.0

0
–

9
4

0
.5

0
)

<0
.0

0
1

**
9

1
1

3
0

.0
0

(2
.5

0
–

9
4

0
.5

0
)

<0
.0

0
1

**
3

8
1

6
7

.2
5

(0
.0

0
–

6
8

7
.5

0
)

0
.0

0
9

*
2

6
1

6
3

.0
0

(7
.0

0
–

9
0

9
.0

0
)

0
.1

9
0

2
7

D
if

fe
re

n
ti

a
ti

o
n

g
ra

d
e

Lo
w

2
7

3
.2

5
(0

.0
0

–
2

,0
7

4
.5

0
)

4
1

0
1

2
6

.0
0

(2
.5

0
–

2
,0

7
4

.5
0

)
1

2
6

2
5

9
.0

0
(0

.0
0

–
1

,7
5

8
.0

0
)

1
1

5
2

7
2

.0
0

(0
.0

0
–

1
,1

5
8

.0
0

)
1

6
8

H
ig

h
2

3
4

.7
5

(6
.0

0
–

2
,2

8
0

.0
0

)
0

.5
2

1
1

1
8

3
3

9
.0

0
(6

.0
0

–
2

,2
8

0
.0

0
)

0
.6

8
9

6
8

1
7

6
.5

0
(1

8
.0

0
–

5
4

3
.0

0
)

0
.0

4
7

*
2

3
2

3
4

.0
0

(7
.5

0
–

9
0

9
.0

0
)

0
.4

7
8

2
7

M
u

ci
n

o
u

s

N
o

2
8

4
.0

0
(0

.0
0

–
2

,2
8

0
.0

0
)

4
2

6
3

3
9

.0
0

(2
.5

0
–

2
,2

8
0

.0
0

)
1

3
8

2
4

7
.5

0
(0

.0
0

–
1

,7
5

8
.5

0
)

1
1

7
2

8
9

.0
0

(0
.0

0
–

1
,1

5
8

.0
0

)
1

7
1

Y
e

s
2

0
3

.7
5

(0
.0

0
–

1
,1

3
0

.0
0

)
0

.0
0

4
1

0
6

2
3

3
.0

0
(9

.5
0

–
1

,1
3

0
.0

0
)

0
.0

1
0

*
5

8
2

2
3

.5
0

(0
.0

0
–

8
8

6
.5

0
)

0
.3

3
8

2
3

1
6

2
.5

0
(7

.5
0

–
9

1
0

.0
0

)
0

.0
6

6
2

4

M
S

I
st

a
tu

s

S
ta

b
le

2
7

3
.0

0
(0

.0
0

–
1

,7
5

8
.0

0
)

4
2

5
2

5
2

.5
0

(6
.0

0
–

1
,5

8
7

.0
0

)
1

1
7

2
5

9
.0

0
(0

.0
0

–
1

,7
5

8
.5

0
)

1
2

7
2

9
0

.0
0

(6
.5

0
–

1
,1

5
8

.0
0

)
1

7
9

U
n

st
a

b
le

4
3

1
.3

3
(3

3
.0

0
–

2
,2

8
0

.0
0

)
<0

.0
0

1
7

4
4

9
0

.7
5

(3
3

.0
0

–
2

,2
8

0
.0

0
)

<0
.0

0
1

**
6

8
1

4
5

.7
5

(4
5

.5
0

–
2

9
1

.0
0

)
0

.0
1

0
4

3
5

1
.7

5
(1

2
4

.0
0

–
5

7
9

.5
0

)
0

.9
8

3
2

K
R

A
S

W
il

d
-t

yp
e

2
7

9
.5

0
(0

.0
0

–
2

,0
7

4
.5

0
)

3
2

2
3

2
3

.0
0

(9
.5

0
–

2
,0

7
4

.5
0

)
1

1
4

2
3

4
.5

0
(0

.0
0

–
1

,7
5

8
.5

0
)

7
8

2
9

0
.0

0
(6

.5
0

–
1

,1
5

8
.0

0
)

1
2

7

M
u

ta
te

d
2

2
9

.0
0

(0
.0

0
–

1
,5

8
7

.0
0

)
0

.1
1

1
1

8
6

2
4

1
.2

5
(2

.5
0

–
1

,5
8

7
.0

0
)

0
.0

9
5

6
8

2
4

4
.7

5
(0

.0
0

–
8

8
6

.5
0

)
0

.9
4

6
5

6
2

0
9

.7
5

(0
.0

0
–

9
5

0
.0

0
)

0
.5

1
0

6
2

T
um

or
Im

m
un

ol
og

y
an

d
M
ic
ro
en
vi
ro
n
m
en
t

Berntsson et al. 1657

Int. J. Cancer: 141, 1654–1666 (2017) VC 2017 The Authors International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC



tumour characteristics. Corresponding analyses according to
tumour subsite for these lymphocytes are shown in Support-
ing Information Tables 1–3. In general, fewer significant
associations with clinicopathological factors were observed
for B cells and plasma cells than for T cells, and only the
density of IGKC1 plasma cells was significantly higher in
MSI right-sided tumours.

There were moderate to very strong intercorrelations
between all investigated T- and B-lymphocytes, and plasma
cells (Supporting Information Table 4).

Prognostic significance of CD31, CD81 and FoxP31 cell

infiltration

For the entire cohort, CRT analysis established an optimal
cut-off point for CD31 lymphocyte count at� 292.75, which
was used to stratify cases into groups of low (�292.75,
n5 338) and high (>292.75, n5 203) count. Similarly,
CD81 lymphocyte count was dichotomised into groups of
low (�33.5, n5 77) and high (>33.50, n5 453) lymphocyte
count. For FoxP31 lymphocyte count, cases were divided
into groups of low (�9.25, n5 300) and high (>9.25,
n5 247) count. Finally, according to the total CD3 and CD8
score, respectively, patients were divided into three groups of
equal size with low (3–4), intermediate (5–6), or high (7–12)
total score.

In the entire cohort, Kaplan–Meier analysis revealed sig-
nificant correlations between all investigated T cell subsets
and a prolonged 5-year OS (p5 0.001 for CD31 and CD81,
and p5 0.006 for FoxP31, Supporting Information Fig. 1).
Kaplan–Meier estimates of 5-year OS according to tumour
subsite are shown in Figure 2. The prognostic impact of the
pan T cell marker CD3 was stepwise decreased from the right
colon (p5 0.001, Fig. 2a), left colon (p5 0.036, Fig. 2b), to
the rectum (p5 0.051, Fig. 2c). High density of CD81 cells
was significantly associated with a prolonged 5-year OS in
right-sided tumours (p< 0.001, Fig. 2d), but was not prog-
nostic in the left colon or in the rectum (Figs. 2e and 2f).
FoxP31 cells were not prognostic in either subsite (Figs. 2g–2i).

Cox proportional hazards analyses of 5-year OS according
to lymphocyte density and tumour subsite are shown in
Table 4. The time-dependent covariate was non-significant
for all investigated T cell subsets, and therefore, the factor 3

time interaction term was dropped from the model. The pro-
portional hazard assumption was also considered to be satis-
fied with graphical evaluation using log-minus-log plots (data
not shown).

The significant associations between CD31, CD81 and
FoxP31 lymphocytes and an improved 5-year OS in the
entire cohort were confirmed in univariable Cox regression
analysis (HR5 0.51; 95% CI 0.37–0.70, HR5 0.56; 95% CI
0.40–0.79 and HR5 0.68; 95% CI 0.51–0.91, respectively),
and all remained significant in multivariable analysis, after
adjustment for age, sex, TNM stage, differentiation grade and
vascular invasion (HR5 0.47; 95% CI 0.33–0.69, HR5 0.60;
95% CI 0.41–0.87 and HR5 0.67; 95% CI 0.49–0.94,Ta
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respectively). In the right colon, the prognostic significance of
CD31 and CD81 density was confirmed in univariable analy-
sis (HR5 0.43; 95% CI 0.27–0.71, and HR5 0.35; 95% CI
0.21–0.60, respectively), and remained significant in multivari-
able analysis (HR5 0.53; 95% CI 0.29–0.95 and HR5 0.35;
95% CI 0.19–0.65, respectively). In the rectum, CD31 density
was not prognostic in univariable analysis, but multivariable
Cox regression analysis revealed a significant association with
a prolonged 5-year OS (HR5 0.45; 95% CI 0.22–0.94).
FoxP31 density was not prognostic in either tumour subsite in
univariable analysis; however, dense FoxP31 cell infiltration
was significantly associated with a prolonged 5-year OS in the
rectum (HR5 0.54; 95% CI 0.30–0.99).

When MSI status was included in the adjusted model,
CD81 cells remained an independent favourable prognostic
factor in right-sided tumours (HR5 0.42; 95% CI 0.21–0.82),
however, when BRAF mutation status also was included, the
association did not remain significant (HR5 0.49; 95% CI
0.24–1.02).

There was a significant interaction between tumour loca-
tion in the right colon and high density of CD81 lympho-
cytes (p for interaction5 0.031). No significant interactions
were observed between CD31 or FoxP31 lymphocytes and
any tumour location.

Using the lymphocytic reaction score,22,23 Kaplan–Meier
analysis revealed significantly prolonged survival for patients
with right-sided tumours displaying high CD8 lymphocytic
score (p5 0.002), and for patients with left-sided tumours
displaying high CD3 (p5 0.008) and intermediate CD8
(p5 0.012) lymphocytic reaction score (Supporting Informa-
tion Fig. 2). In Cox regression analysis, high and intermediate
lymphocytic reaction score was included in one variable,
whereby the prognostic significance of high CD8 lymphocytic
score in right-sided tumours was confirmed in univariable
(HR5 0.50; 95% CI 0.31–0.79) and multivariable (HR5 0.44;
95% CI 0.25–0.78) Cox regression analysis (Supporting Infor-
mation Table 6). In left-sided tumours, the prognostic impact
of high CD3 lymphocytic reaction score was confirmed in
univariable (HR5 0.44, 95% CI 0.25–0.78) and multivariable
(HR5 0.44, 95% CI 0.23–0.86) Cox regression analysis,
whereas high CD8 lymphocytic reaction score was significant
in univariable (HR5 0.46, 95% CI 0.25–0.86) but not in mul-
tivariable Cox regression analysis. There were no significant
associations between neither CD3 nor CD8 lymphocytic reac-
tion score and survival in rectal tumours.

Dense infiltration of CD201 B cells has in the herein
investigated cohort been found to be an independent favour-
able prognostic factor.17 Cox proportional hazards analyses of
5-year OS according to B cell and plasma cell density and
tumour subsite are shown in Supporting Information Table
5. Only high CD201 density was found to be associated with
an improved prognosis in right-sided tumours, in both uni-
variable (HR5 0.51; 95% CI 0.27–0.97) and multivariable
(HR5 0.38; 95% CI 0.18–0.83) analysis. In left-sided
tumours, high CD201 was significantly associated with aTa
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prolonged 5-year OS in univariable (HR5 0.37; 95% CI
0.16–0.87) but not in multivariable analysis, whereas high
CD1381 cell infiltration was significantly associated with a
prolonged 5-year OS in multivariable (HR5 0.48, 95% CI
0.48–0.96) but not in univariable analysis. No significant
associations were observed between B cells or plasma cells
and prognosis in rectal cancer. There were no significant
associations between density of IGKC1 cells and prognosis in
either tumour location.

Survival analysis in strata according to adjuvant chemo-
therapy in curatively treated Stage III patients revealed that
the prognostic significance of CD31 cells was only evident in
untreated patients, in the entire cohort as well as in the right
colon, but there was no significant treatment interaction
(data not shown). The prognostic impact of the other lym-
phocyte subsets did not differ significantly in strata according
to adjuvant chemotherapy (data not shown).

Discussion
Numerous studies have thus far examined tumour infiltration
of T cells in CRC and its relation to prognosis. However, this
study is, to the best of our knowledge, the first to investigate
the prognostic impact of immune cell infiltrates in colorectal
cancer with specific emphasis on the anatomical localisation
of the primary tumour.

In the entire cohort, dense infiltration of CD31 and
CD81 lymphocytes was independently associated with an
improved prognosis, which is in concordance with previous
research.24 Furthermore, high numbers of FoxP31 Tregs was
found to be an independent auspicious prognostic factor.
This is in line with previous studies in CRC; however, in the
majority of human carcinomas, FoxP3 has been demon-
strated to be mainly associated with a dismal prognosis, as
reviewed in Ref. 9. The contrasting findings in CRC have
been attributed to the microbiota in the colon, that triggers a
carcinogenic cascade which FoxP31 cells inhibits.9 Further-
more, as Tregs suppress other T cells,25 they may also impair
the function of pro-tumourigenic inflammatory Th17 cells,26

thus inhibiting tumour progression. Albeit Tregs have been
considered a potential target for immunotherapy,27,28 the
results from our study further indicate that Treg-depleting
treatment might be detrimental in CRC.

When taking primary tumour subsite into consideration,
only CD31 and CD81 T cells were independent prognostic
factors in right-sided tumours, whereas FoxP31 T cells
were independently associated with an improved prognosis
in rectal tumours, but not in left- or right-sided tumours.
A significant interaction with tumour subsite was only
observed for CD81 lymphocyte density and the righ-
sidedness. Furthermore, CD201 B cells were independently
associated with an improved prognosis for patients with
right-sided tumours, but not for those with left-sided or
rectal tumours, whereas dense CD1381 immune cell infil-
tration was an independent predictor of improved progno-
sis in left-sided tumours, but not in right-sided or rectalTa
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tumours. Of note, the segments in the colon have different
fetal origin. The proximal part, from the appendix to the
first two thirds of the transverse colon, originates from the
midgut, whereas the distal part, from the left colic flexure
to the rectum, originates from the hindgut. Increasing evi-
dence suggests several differences between right-sided and
left-sided CRC, including epidemiology, tumour character-
istics and prognosis.29 Furthermore, right-sided tumours
demonstrate diverse genetic and molecular characteristics
compared to left-sided tumours,30 and these differences in
biological behaviour have been suggested to induce differ-
ent response to chemotherapy.31 The findings from the pre-
sent study provide further evidence that proximal and
distal CRC may represent distinct disease entities, wherein
the impact of the inflammatory tumour microenvironment
on tumour progression, prognosis and prediction differs.

Interestingly, only CD81 T cell infiltration differed signifi-
cantly according to anatomical subsite, with denser infiltra-
tion in rectal and left-sided tumours than in right-sided
tumours. This is in contrast with a previous study, demon-
strating no differences in CD81 cell infiltration according to

tumour subsite, but a denser infiltration of FoxP31 cells in rec-
tal than in right-sided or left-sided tumours.16 As right-sided
colon cancer generally carries a poorer prognosis than left-
sided colon cancer,29,32 our findings further emphasise the pos-
itive prognostic impact of CD81 lymphocyte infiltration.

An increased infiltration of lymphocytes has previously
been found in MSI-high tumours,33 mostly being proximally
located. This was confirmed in the present study, with the
vast majority of MSI tumours displaying a high density of
CD31, CD81 and FoxP31 cells, in the full cohort as well as
in right-sided tumours, despite the total number of lympho-
cytes not being higher in the latter. However, the favourable
impact of CD81 T cells was independent of MSI status in
the entire cohort as well as in right-sided tumours, further
supporting that combined assessment of MSI status and
tumour-infiltrating lymphocytes will provide a more accurate
prognostication, in particular in patients with right-sided
tumours. Similar findings have been observed using the
immunoscore.34

Additionally, high density of CD31, CD81 as well as
FoxP31 T cells was found to correlate significantly with

Figure 2. Kaplan–Meier estimates of overall survival according to CD31, CD81 and FoxP31 cell infiltration and primary tumour location.

Kaplan–Meier analysis of 5-year overall survival in strata of low and high CD31 (a, b, c), CD81 (d, e, f) and FoxP31 (g, h, i) lymphocyte infil-

tration in right-sided (first row), left-sided (second row) and rectal (third row) tumours.
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lower T- and M-stage both in the entire cohort and after
stratifying for tumour location. However, the associations
between cytotoxic as well as regulatory T cell infiltration and
lower M-stage only remained significant in right-sided
tumours, further suggesting that dense infiltration of these
lymphocytes carries a greater clinical impact in right-sided
tumours than in left-sided or rectal tumours.

A rather large proportion of the studies investigating the
differences between right- and left-sided CRC have used alter-
native definitions, for example, defining the right colon from
the appendix to the hepatic flexure and the left colon from the
splenic flexure to the rectum, thus excluding the transverse
colon altogether. We defined right colon as appendix, caecum,
ascending and two thirds of the transverse colon, and left colon
as left colic flexure, descending and sigmoid colon, correspond-
ing to the midgut versus the hindgut fetal origin. However,
research demonstrates a gradual transition through the multi-
ple anatomic subsites, rather than abrupt changes as in the
two-colon model.35 Nonetheless, as a clinically practicable tool,
the two-colon model might still be preferable.

The prognostic relevance of tumour subsite has hitherto
mainly been acknowledged in patients with metastatic CRC
and in relation to chemotherapy response.32 In the present
cohort, with incident cases spanning over several decades and
a comparatively large proportion of curatively treated Stage II
patients who did not receive adjuvant chemotherapy, no evi-
dent predictive value of any of the investigated T cells, B cells
or plasma cells could be observed, neither in the entire
cohort nor according to tumour subsite. However, the lack of
a prognostic impact of CD31 lymphocytes in adjuvant Stage
III treated patients who received chemotherapy in contrast to
those who did not, supports that assessment of tumour-
infiltrating lymphocytes may provide additional prognostic
information, and, hence, be of value regarding choice of
treatment in some situations.

As the study was performed retrospectively, there is an
inherent risk of selection bias. Nevertheless, the herein inves-
tigated tumours are derived from a prospective, population-
based cohort with clinically and histopathologically well-
characterised incident CRC cases. Another potential weakness

of the study is the use of the TMA technique. Although two
1 mm cores can be considered an adequate sampling and a
plethora of validatory studies have previously concluded that
findings based on large sections were fully reproducible in
TMA-based studies,36 the tumour stroma has not been specifi-
cally sampled in the herein used TMA. Future studies on the
prognostic value of the inflammatory tumour microenviron-
ment should ideally be performed on TMAs also including tis-
sue samples from the stromal compartment. However, it
should also be pointed out that the prognostic value of B-cells
and plasma cells has been shown to be concordant between
studies using whole tissue sections and studies using the TMA
technique, including in the herein investigated cohort.17

Conclusion
This study provides a first demonstration of the prognostic
impact of cytotoxic and regulatory T cells in colorectal cancer
according to primary tumour location. Whereas a high density
of cytotoxic T cells was an independent prognostic factor in
right-sided tumours, but not in left-sided or rectal tumours,
regulatory T cells predicted longer survival only in patients
with rectal tumours. These findings further underline that
tumour location may be an important factor to take into con-
sideration when assessing immune cell density for the purpose
of prognostication and possibly also for prediction of response
to immunotherapy in patients with colorectal cancer.
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