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BACKGROUND: Tumour-infiltrating CD3, CD8 lymphocytes and CD68 macrophages are associated with favourable prognosis in
localised colorectal cancer, but the effect in metastatic colorectal cancer (mCRC) is not established.

METHODS: A Scandinavian population-based cohort of non-resectable mCRC patients was studied. Tissue microarrays (n = 460)
were stained with CD3, CD8 and CD68 using fluorescence-based multiplex immunohistochemistry. Associations with
clinicopathological variables, overall survival (OS) and progression-free survival were estimated.

RESULTS: Two-thirds of microsatellite instable (MSI) and one-fourth of microsatellite stable (MSS) tumours displayed the highest
quartile density of CD8. For CD3 high vs low cases, median OS was 20 vs 16 months (HR: 0.76, 95% Cl: 0.59, 0.76, p = 0.025) with
3-year OS of 27 vs 13%. For CD68 high vs low cases, median OS was 23 vs 15 months (HR: 0.69, 95% Cl: 0.54, 0.88, p = 0.003) with
3-year OS of 28 vs 12%. MSI, BRAF mutation and CDX2 loss were negative prognostic markers independent of tumour immune

infiltration.

CONCLUSIONS: In mCRC, high lymphocyte infiltration was found in proportions of MSI and MSS tumours—potential subgroups of
immunotherapy response. Tumour-infiltrating CD3 lymphocytes and CD68 macrophages were associated with median and long-
term survival. MSI was a significant negative prognostic marker despite high immunogenicity.
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BACKGROUND

In recent years, the immune contexture of the tumour micro-
environment has gained great attention. This is partly due to the
approval of immune checkpoint inhibitors (ICls) for several
malignancies, introducing the era of immunotherapy. By blocking
co-inhibitory receptors (e.g. PD-1, CTLA-4) on T-lymphocytes and
other immune cells or their ligands (e.g. PD-L1) on tumour cells or
immune cells, ICls enhances the anti-tumour activity of the
immune system. It has also been recognised that tumours
displaying a dense infiltration of lymphocytes, termed tumour-
infiltrating lymphocytes (TILs), are associated with a favourable
prognosis in several cancer types [1]. All mature T cells express
CD3 antigen, while cytotoxic T cells display both CD3 and CD8
antigens on their surface. The Immunoscore®, being a combined
score of CD3- and CD8-positive T-lymphocytes at the tumour
centre and invasive margin, is a validated prognostic marker in
localised colorectal cancer (CRC) [2, 3]. The prognostic effect of
TILs in localised CRC has also been verified in studies using tumour

tissue microarrays (TMAs) [4-8]. Still, the impact of immune cell
infiltration in the primary tumour of patients with metastatic CRC
(mCRQ) is not established. Previous prognostic assessments of
immune markers in mCRC have mainly been performed on
metastases of small and highly selected patient cohorts after
secondary metastatic surgery [9-14]. Unless there are signs of
obstruction, patients with mCRC generally do not undergo
primary tumour surgery and have only small biopsies taken for
diagnostic purposes. Therefore, evaluating the prognostic effect of
tumour-infiltrating immune cells in TMA is relevant and could be
of future clinical importance for mCRC patients.

TILs in CRC are highly associated with tumour microsatellite
instability (MSI) status [15]. MSI is a good prognostic marker in
localised CRC [2, 16, 17] but is associated with adverse prognosis
in mCRC [18, 19]; the reason for this conflict is not understood. MSI
is also a predictive marker for immunotherapy with ICls in mCRC
[20], and current NCCN guidelines [21] recommend ICI as first-line
treatment for MSI mCRC patients. However, one-third of MSI
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patients do not benefit from ICl treatment, with immediate
disease progression [22, 23]. Assessment of tumour-infiltrating
CD8 lymphocytes has been suggested as a potential predictive
marker for ICI response [24, 25].

Two major phenotypes of macrophages have been identified
with antagonising functions: M1 with pro-inflammatory/anti-
tumour effect and M2 with immunosuppressive/cancer progres-
sive effects. CD68 antigen is a transmembrane protein highly
expressed by monocytes and macrophages. Tumour-associated
macrophages (TAMs) were first believed to express an M2
phenotype, as most studies reveal poor prognosis in different
cancers if present [1]. The prognostic effect in CRC has been
studied to a limited extent and with conflicting results. However,
most studies, including recent meta-analyses [1, 26, 27], suggest
that TAM expression is associated with a favourable prognosis. In
mCRC, prognostic studies are few, and no studies have been
published on population-based cohorts.

Tumour BRAF V600E mutation (BRAFmut) is a well-established
poor prognostic marker in mCRC, but the outcome is hetero-
geneous within this group [28]. Sporadic MSI is associated with
BRAFmut [29]. However, previous studies have shown contra-
dictory results on associations between BRAFmut and immune cell
infiltration [4-6, 8, 10]. Furthermore, the prognostic effect of
BRAFmut in microsatellite stable (MSS) CRC is stratified by the CpG
island methylator phenotype [30].

Most studies of prognostic tumour markers are based on
clinical trials or referral hospital cohorts. These patients are
selected with better performance status, younger age and less
comorbidity compared to the general mCRC population. We have
previously reported a high incidence of MSI and BRAFmut in a
population-based cohort [18, 31], probably due to the poor
prognosis in these groups with many patients not fit enough for
trial inclusion. The present study included all diagnosed patients
with mCRC within three regions during a specific period,
reflecting a general population with mCRC. Real-world data on
tumour immune cells concerning genetic and molecular tumour
alterations could be important for understanding how progress in
the use of immunotherapy should proceed. Our study aimed to
evaluate the prognostic effect of tumour immune cell infiltration
of CD3 and CD8 lymphocytes and CD68 macrophages in an
unselected mCRC cohort in relation to tumour molecular
alterations.

METHODS

Patient cohort

This cohort is a prospectively collected, population-based cohort of all non-
resectable mCRC patients referred to the oncology unit of three regional
hospitals in Scandinavia: Odense University Hospital (Denmark) (n = 325),
Uppsala University Hospital (Sweden) (n = 155), and Haukeland University
Hospital (Norway) (n =316) during 2003-2006 with the last follow-up in
2014. These hospitals cover all oncology treatments in their region. Cases
not referred were later identified through the national (Norway and
Sweden) and regional (Denmark) cancer registries (n=49) and were
enrolled in the study. The cohort consists of 796 patients.

Tissue retrieval and TMA generation

Formalin-fixed paraffin-embedded tissue blocks were retrieved from the
primary tumour in most cases or from a metastatic lesion (6 cases), and
corresponding haematoxylin-eosin-stained whole-tissue sections were
examined. TMA generation had been performed previously in 460 (58%)
cases [32] according to standards used in the Human Protein Atlas [33],
with two 1 mm diameter tumour cores extracted per patient. TMA was
generated from tissue blocks from surgical resections of the primary
tumours in 419 of the 460 (91%) cases. The remaining 41 cases were taken
from biopsies (35 cases from the primary tumour and 6 cases from a
metastatic lesion). For patients with synchronous disease (n = 249), tissue
for TMA generation was collected at diagnosis of metastatic disease, of
which 208 were from tissue blocks after surgical resection of primary
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tumour and 41 from biopsies (35 cases from primary tumour and 6 cases
from metastases). For patients with metachronous disease (n = 211), tissue
for TMA generation was collected from tissue blocks after prior surgical
resection at the time of diagnosis of localised CRC. Lack of inclusion was
generally due to small biopsies or necrotic tissue (n=239), and a
proportion was displaced in the archive or had no cancer tissue (n = 97).

Tumour analyses

TMA sections (4 um) were stained with a multimarker panel including
primary antibodies against CD3, CD8 and CD68 using fluorescence-based
multiplex immunohistochemistry (Supplementary Methods and Fig. S1).
Briefly, a 5-plex stain was designed applying the Opal™ Multiplex IHC
method (PerkinElmer/Akoya, USA) with digital image analysis using the
Vectra 3.0 Automated Quantitative Pathology Imaging System, 200 (Vectra
software version 3, PerkinElmer/Akoya, USA) and the inForm Image
Analysis Software (version 2.3, Akoya Biosciences).

Cases with weak staining, poor tissue quality or extensive necrosis were
excluded. The cell count of the two tumour cores was assembled for each
patient. Cell counts are given as the number of positive cells divided by
mm? (density) in each compartment (tumour epithelium and stroma).
Immune cell infiltration was most abundant in the tumour stroma, but
concurrent intra-epithelial CD3/CD8-positive immune cell infiltration at
lower density was frequently observed. For this reason, we chose to
present CD3- and CD8-positive lymphocytes as the density of positive cells
of stroma plus epithelium. For CD68-positive macrophages, results are
given as density of positive cells in stroma only, as very few positive cells
were present in the epithelial compartment.

Tumour molecular alterations

MSI status, BRAF V600E mutation (BRAFmut), KRAS mutation (KRASmut)
and CDX2 expression status were available for 591, 595, 485 and 452
patients, respectively, with methods described previously [18, 34]. Results
from next-generation DNA tumour sequencing of a customised Ampliseq
hotspot targeted panel of 44 cancer-related genes were available for 447
patients [31]. Only the main mutation-driver gene cluster regions for TP53
and APC were covered in the gene panel design and is the most likely
explanation for the lower than expected frequency of these mutations in
our cohort. In the present study, we examined the most frequently altered
genes (>10% of mutated cases) of this panel: BRAF, APC, KRAS, TP53,
PIK3CA, and SMAD4. We assembled the previous pyrosequencing and
hotspot sequencing panel results for KRASmut and previous immunohis-
tochemistry, pyrosequencing, and hotspot sequencing panel results for
BRAF V600E mutation (Supplementary Methods).

Statistics

Non-parametric Mann-Whitney U-test and Spearman’s rank-order correla-
tion were used to analyse associations between the density of each
immune cell marker (as continuous variables) and clinical and pathological
characteristics. In multivariate analysis, linear regression was used with
square root-transformed density of each immune cell marker to resemble a
normal distribution. The general assumptions for linear regression about
independence, linearity, variance homogeneity and normal distribution
were checked by graphical inspection on which an adequate transforma-
tion of the response variables was introduced. We also checked that the
recommended number of observations per variable was obtained for the
linear regression [35]. Results are reported as regression coefficient (B) with
95% confidence intervals (Cls). Overall survival (OS) was calculated from
the date of unresectable metastatic disease to death and censored if the
patient was alive on 4 February, 2014. Progression-free survival (PFS) was
the interval from the date of the first administration of chemotherapy to
the date of progression (on computed tomographic scan) or death and
censored if the patient was alive without progression on 4 February, 2014.
Kaplan—-Meier method with log-rank test and Cox multiple regression were
used for OS and PFS analyses. Results are reported as hazard ratios (HRs)
with 95% Cls. Formal interaction tests were integrated into the Cox models
to assess whether effects were different between subgroups, but results
must be interpreted carefully due to the low power of such tests. In the
fully adjusted (full model) Cox multiple regression analyses, we included
variables statistically significant for survival in our cohort and available
prognostic variables recommended by Goey et al. [36]. Variables with >25
missing values were excluded from the analyses. We ensured that the
recommended number of events per variable for the Cox regression was
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Fig. 1

Fluorescence-based immunohistochemistry staining on tumour tissue microarrays with a multimarker panel of CD3 and CD8

lymphocytes and CD68 macrophages in a Scandinavian population-based cohort of metastatic colorectal cancer. Representative staining
shown in images of well differentiated (a) and poorly differentiated (b) tumours with CD3 in yellow, CD8 in green, CD68 in orange, epithelium
(cytokeratin) in red, DAPI in blue in the composite images to the left and white in the higher resolution images to the right.

fulfilled [37]. All analyses were performed using the statistical software
program IBM SPSS v25.

RESULTS

Study cohort

Staining of the immune cell markers was successful in 448 of the
460 (97%) cases (Fig. 1). A moderate-strong reproducibility of the
average of the two tumour cores obtained from each patient was
observed (CD3 intraclass correlation coefficient (ICC): 0,71, p<
0.001; CD8 ICC: 0.74, p < 0.001; CD68 ICC: 0.62, p < 0.001; Fig. S2).
Of the 448 patients with successful staining, 8% were MSI, 20%
BRAF V600E mutated (BRAFmut), 46% KRAS mutated (KRASmut),
19% CDX2 negative, 54% TP53 mutated (TP53mut), 35% APC
mutated (APCmut), 20% PIK3CA mutated (PIK3CAmut), and 12%
SMAD4 mutated (SMAD4mut). First-, second- and third-line
palliative chemotherapy were initiated in 63, 36 and 16% of
patients, respectively. Median OS was 18 months for patients
given first-line treatment and 3 months for patients not given
chemotherapy. Table 1 summarises the clinical and pathological
characteristics and survival of the cohort.

Patient and tumour characteristics and treatment

The distribution of CD3, CD8 and CD68 tumour-infiltrating
immune cells across the cohort was right-skewed with a median
density of 59.6, 40.0 and 40.8 for CD3-, CD8- and CD68-positive
cells, respectively (Table 1). Both tumour infiltration of CD3 and
CD8 lymphocytes were associated with infiltration of CD68
macrophages (Table S1). Tumour-infiltrating CD3 and CD8
lymphocytes were significantly associated with MSI status, and a
trend was observed for CD68 macrophages (Fig. 2 and Table S1).
However, tumour immune cell infiltration distribution was
heterogeneous with many outliers, especially in MSS cases (Fig. 2).
There is no consensus on threshold interpretation of high and low

tumour immune cell infiltrations by individual observation in
central tumour/TMA. Therefore, we determined the threshold as
the median and four percentile groups to describe the distribu-
tion. In total, 37 and 60% of MSI cases vs 24 and 22% of MSS cases
were in the highest density group (>75 percentile) of tumour-
infiltrating CD3 and CD8, respectively (Fig. 2).

Both tumour-infiltrating CD3 and CD8 lymphocytes were
associated with age when analysed as continuous variables.
Increasing density of CD8 lymphocytes was also correlated to
right-sided primary tumour and PIK3CAmut (n = 81) and inversely
correlated to liver metastasis and APCmut (n = 139) in unadjusted
regression analyses (Table S1). In the fully adjusted model, MSI and
the negative association to liver metastases remained statistically
significant (Table S2). Infiltration of CD68 macrophages was
inversely associated with bone metastasis (Tables S1 and S2).

We observed no difference in immune cell infiltration and first-
line chemotherapy treatment (Table S3) or secondary metastatic
surgery (Table S1). However, increasing tumour infiltration of CD68
macrophages was associated with the initiation of second-line
treatment (Table S3).

Overall and progression-free survival

Patients not given chemotherapy, mainly due to poor perfor-
mance status or old age (n = 168), had a median OS of 3 months.
None of the immune cell markers studied had a prognostic impact
in this subgroup (Table S4). Patients treated with chemotherapy
were used for further survival analyses, making our results more
comparable to previous publications.

In patients given first-line palliative chemotherapy (n=280),
increased density of tumour-infiltrating CD3 lymphocytes was
associated with improved OS (p = 0.031), and increased density of
CD68 was borderline significant (p = 0.063) (Table 2). We further
dichotomised the data by the median value, as this has
demonstrated associations to survival in previous studies
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Table 1. Patient and tumour characteristics in a

Scandinavian population-based cohort of metastatic colorectal cancer
patients with available status on tumour-infiltrating CD3 and CD8
lymphocytes and CD68 macrophages (n = 448).

Characteristics Missing, n
Age in years, median, range 70 (24, 96)
Age >75 years, n (%) 152 (34)
Female, n (%) 226 (50)
PS ECOG >1, n (%) 149 (33)
Right-sided, n (%) 173 (39) 7
>1 metastatic site, n (%) 259 (58)
Synchronous metastases, n (%) 241 (54)
ALP high, n (%) 218 (55) 53
Primary tumour resected, n (%) 411 (92)
Tumour grade 3, n (%) 93 (22) 15
Mutations, n (%)
KRAS 200 (46) 15
BRAFV600E 91 (20)
NRAS 17 (4) 50
TP53 215 (54) 50
APC 139 (35) 50
PIK3CA 81 (20) 50
SMAD4 47 (12) 50
MSI, n (%) 35 (8) 1
CDX2 loss, n (%) 83 (19) 2
CD3 density, median, 59.58, 123.36, (106.25, 140.47)
mean, 95% Cl
CD8 density, median, 40.03, 92.31, (79.08, 105.53)
mean, 95% Cl
CD68 density, median, 40.82, 115.21, (97.61, 132.81)
mean, 95% Cl
Secondary metastatic surgery, 33 (7) 1
n (%)
Adjuvant chemotherapy 67 (15)
First-line chemotherapy, n (%) 280 (63)
Combination, n (%) 216 (77)
Monotherapy, n (%) 64 (23)

OS in months, 18 (15.11, 20.89)

median, 95% Cl

PFS in months, 8 (7.07, 8.63)
median, 95% ClI

BSC only, n (%) 167 (37)
OS in months, 3 (2.13, 3.87)

median, 95% ClI

n number of patients, C/ confidence interval, PS ECOG performance status
score developed by Eastern Cooperative Oncology Group, Right-sided site
of primary colon cancer in ascending colon and transversum, Left-sided site
of primary colon cancer in the descending colon, sigmoid and rectum,
Synchronous metastases within 6 months after initial diagnoses, ALP alkaline
phosphatase, MSI microsatellite instability, MSS microsatellite stable, CD3
density number of tumour-infiltrating CD3 lymphocytes per mm? tumour
tissue microarray, CD8 density number of tumour-infiltrating CD8 lympho-
cytes per mm? tumour tissue microarray, CD68 density number of tumour-
infiltrating CD68 macrophages per mm? tumour tissue microarray, OS
overall survival, PFS progression-free survival, BSC best supportive care.

[4, 7, 13, 14]. For CD3 and CD68, a high tumour infiltration was
associated with increased OS (HR: 0.76, p =0.025 and HR: 0.69,
p = 0.003 for CD3 and CD68, respectively; Fig. 3). The difference in
survival was greater with time, and 3-year OS was 27 vs 13% for
CD3 high vs low cases (odds ratio (OR): 2.48) and 28 vs 12% for
CD68 high vs low cases (OR: 2.85). Tumour infiltration of CD8
lymphocytes had no significant prognostic impact on OS in our

British Journal of Cancer (2022) 126:48 - 56

K. Aasebg et al.

a
[ cb3p=0.041
1200.00 .
N Il cos p<0.001
* —
100000 | [l coes p=0.089
(aV] *
€ * ©
£ 800.00
£
L)
©
O  600.00
©
=
% 400.00
o
a
200.00
0.00
MSS MSI
b s CD8 MSS

60% f

Percentile group
M 0-25 W 25-50 B 50-75 0 >75%

(1]

% X

Percentile group
B 025 W 25-50 @ 50-75 W >75%

MSI CD68 MS

o}

3 MSS
S

40%

&

Percentile group
B 0-25 W 25-50 @ 50-75 0 >75%

cohort (Table 2 and Fig. 3). None of the tumour-infiltrating
immune cell markers had a prognostic impact on PFS after first-
line chemotherapy when analysed as a continuous variable
(Table S5).
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Fig. 2 Density of tumour-infiltrating CD3, CD8 lymphocytes and
CD68 macrophages according to tumour microsatellite instability
(MSI) and microsatellite stable (MSS) status in a Scandina-
vian population-based cohort of metastatic colorectal cancer.
a Density illustrated by boxplot, horizontal line marks the median value,
outliers are represented by circles (mild) and stars (extreme); extreme
values >1200 are not shown in the figure, p value: Mann-Whitney U-
test. b Percentage of cases in the four percentile groups of CD8 density.
¢ Percentage of cases in the four percentile groups of CD3 density. d
Percentage of cases in the four percentile groups of CD68 density.

<
<

In multiple Cox regression analysis of patients given first-line
chemotherapy, including other important prognostic factors in
mCRC, tumour infiltration of CD3 lymphocytes was an indepen-
dent good prognostic marker for OS (HR: 0.97, p = 0.027; Table 2).
MSI, BRAFmut and CDX2-negative status were significant negative
prognostic markers for OS. Dichotomised by median values, high
tumour density of CD3 lymphocytes and CD68 macrophages were
significant prognostic markers (HR: 0.73, p = 0.029 and HR: 0.61, p
=0.001, respectively; Table S6).

Survival in subgroups of tumour molecular markers

In the subgroup analyses according to MSI status, the favourable
prognostic impact of high (>median) tumour infiltration of CD3
and CD68 cells was only evident in the MSS subgroup (median OS
21 vs 16 months, p=0.008 and 24 vs 15 months, p =0.001,
respectively; Fig. S3). However, we had very few patients in the
MSI subgroup (n = 16), with four patients presenting tumour MSI
status and low infiltration of CD3 lymphocytes (Fig. S3). The
interaction tests were not significant (p = 0.945 and p = 0.775).

In subgroup analyses according to BRAF status, the prognostic
effect of high tumour infiltration of CD3 and CD68 cells was only
evident in the BRAF wild type (BRAFwt) subgroup (median OS 21
vs 17 months, p=0.016 and median OS 26 vs 15 months, p =
0.002, respectively; Fig. S3), with no prognostic effect in BRAFmut
(n=52) cases. Again, there were few cases in these subgroup
analyses, with only 24 patients with BRAFmut and low tumour
density of CD3 lymphocytes, and the interaction tests were not
significant (p = 0.528 and p = 0.313).

The prognostic effect of tumour-infiltrating CD3 and CD68 cells
was only evident in CDX2-positive cases, as none of the studied
immune cells had a prognostic impact on CDX2-negative cases
(Fig. S3). However, there were few patients in this subgroup
analysis, and the interaction tests were not significant (p = 0.981
and p =0.706).

MSI, BRAFmut and CDX2 loss were negative prognostic markers
regardless of tumour immune cell infiltration (Table S7).

No survival benefit of oxaliplatin-containing combination
chemotherapy in patients with low tumour infiltration of CD3
lymphocytes

Dichotomised by the median value, patients with high tumour
density of CD3 lymphocytes had better survival after first-line
fluorouracil-oxaliplatin-based chemotherapy compared to fluor-
ouracil monotherapy (median OS 23 vs 9 months, p <0.001). No
survival advantage of oxaliplatin-based chemotherapy was
observed in patients with low tumour density of CD3 lymphocytes
(17 vs 16 months, p = 0.321; Fig. 3).

Higher prognostic impact with a combined score of tumour-
infiltrating CD3 lymphocytes and CD68 macrophages

Since a high density of CD3 and CD68 tumour-infiltrating cells
were prognostic, we calculated a combined score of these
immune cell markers, dichotomised by the median value. Patients
with a high tumour density of CD3 and CD68 cells had a median
OS of 25 months compared to 15 months in patients with low

infiltration of CD3 and CD68 cells (p=0.002; Fig. 3). When
selecting MSS/BRAFwt cases, median OS was 29 months if
combined high density of CD3 and CD68 cells and 15 months if
combined low density of CD3 and CD68 cells (p < 0.001).

DISCUSSION

Our study is, as far as we know, the first study reporting the
prognostic effect of tumour-infiltrating CD3 and CD8 lymphocytes
and CD68 macrophages in a non-selected mCRC patient popula-
tion. Exploring population-based cohorts is important since trial
and referral hospital cohorts are highly selected with few elderly
patients, less comorbidity, and better performance status. Our
previous studies have revealed that molecular alterations and
other characteristics markedly differ between trial/referral centre
patients and mCRC patients in the general population [18, 31]. In
our series of chemotherapy-treated patients, tumour-infiltrating
CD3 lymphocytes was an independent good prognostic marker
for OS, with apparently greater influence on long-term OS than
median survival. This finding is supported by a previous study of
mCRC patients who underwent metastatic surgery [10]. However,
tumour-infiltrating CD8 lymphocytes had no prognostic impact, in
line with a recent report of 109 mCRC patients [38]. Craig et al.
recently published results on mCRC patients included in a
randomised study of first-line chemotherapy and found that a
combined score of tumour-infiltrating CD3 and CD8 lymphocytes
was significantly associated with improved OS when adjusted for
age, sex, MSI status and treatment [8]. In line with our results, a
small study of 68 mCRC patients who underwent first-line
treatment found no association with PFS and TILs [39]. Other
studies, including all stages of CRC, with a limited number of
mCRC patients, reported good prognostic effects of TILs in
multivariate analyses corrected for tumour stage [6, 7].

MSI is recognised as a predictive marker for ICl in mCRC. One
reason is believed to be due to the observed higher tumour
immune cell infiltration in these tumours. However, not all
patients with MSI tumours respond clinically [22], and 29% of
the patients had immediate progression on pembrolizumab in the
randomised first-line study by André et al. [23]. Assessment of TILs
has been suggested as a potential predictive marker for ICl
response [24, 25], although studies are lacking. In a publication of
ICl treatment in 85 MSI mCRC patients, cases with high TILs (=2
TILs) showed a better response rate, PFS and OS than those with
low TILs [40]. Interestingly, a small study of patients with localised
CRC given neoadjuvant ICI demonstrated a significantly higher
tumour density of CD8+PD-1+ lymphocytes in MSS cases that
responded to treatment [41]. Our study observed that, even
though there is a highly significant correlation between MSI status
and immune cell infiltration, the distribution is heterogeneous in
the two groups with many outliers, especially in the MSS
subgroup. When dividing the density of TILs into four percentile
groups, we found that 60% of our MSI cases and 22% of MSS had
the highest (>75 percentile) tumour CD8 lymphocyte infiltration,
subgroups that potentially could indicate IClI benefit. Future
studies are needed to confirm the predictive effect of TILs on ICI
treatment with consensus on threshold and methods to
determine high and low TILs subgroups.

In patients treated with chemotherapy, tumour infiltration of
CD3 TILs revealed a good prognosis, also after correcting for the
associated MSI status. In contrast to the prognostic dependence of
TILs in studies of MSI in localised CRC [2], we found that MSl is an
independent marker of poor prognosis, regardless of tumour
immune cell infiltration. Different immune-escape mechanisms
have been reported in MSI CRC studies [42, 43]. Future studies are
needed to explore whether immune-escape mechanisms, despite
high immunogenicity, are the reason for the heterogeneous
prognosis of MSI in mCRC compared to early stages. In line with
previous knowledge, MSI, BRAFmut and CDX2 loss were significant
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Table 2.
with first-line chemotherapy.

Results from Cox regression of overall survival in a Scandinavian population-based cohort of metastatic colorectal cancer patients treated

Variable Unadjusted Fully adjusted?® (n =245, e = 230)

nle HR 95% CI p value HR 95% Cl p value
Age, years 280/265 1.01 (1.00, 1.02) 0.157 1.00 (0.99, 1.02) 0.971
Female 280/265 0.97 (0.76, 1.23) 0.786 0.69 (0.52, 0.92) 0.010
PS ECOG 280/265 224 (1.62, 3.09) <0.001 2.15 (1.49, 3.10) <0.001
Right-sided 277/262 1.19 (0.93, 1.54) 0.171 0.92 (0.67, 1.25) 0.580
Tumour grade 3 274/259 1.97 (1.47, 2.64) <0.001 1.59 (1.11, 2.28) 0.012
>1 metastatic site 280/265 1.50 (1.17, 1.91) 0.001 1.39 (1.04, 1.87) 0.026
Synchronous metastasis 280/265 0.93 (0.73, 1.19) 0.563 0.84 (0.63, 1.11) 0.216
Secondary metastasis surgery 279/264 0.26 (0.17, 0.40) <0.001 0.32 (0.20, 0.53) <0.001
ALP > UNL 265/250 1.19 (1.40, 2.35) <0.001 1.83 (1.37, 2.46) <0.001
BRAFV600E mutation 280/265 1.69 (1.24, 2.30) 0.001 1.70 (1.09, 2.63) 0.018
KRAS mutation 271/256 0.97 (0.76, 1.24) 0.801 1.59 (1.16, 2.19) 0.004
CDX2 negative 278/263 237 (1.69, 3.33) <0.001 1.70 (1.10, 2.62) 0.017
MSI-H 279/264 3.26 (1.93, 5.50) <0.001 3.37 (1.63, 6.97) 0.001
CD3 density 280/265 0.98 (0.96, 0.99) 0.031 0.97 (0.95, 0.99) 0.027
CD68 density 280/265 0.98 (0.96, 1.00) 0.063 0.99 (0.96, 1.01) 0.224
CD8 density 280/265 0.99 (0.96, 1.01) 0.311 n.i.

n number of patients, e number of events, HR hazard ratio, C/ confidence interval, p value from likelihood ratio test, PS ECOG performance status score
developed by Eastern Cooperative Oncology Group, Right-sided tumour site of colon cancer in ascending colon and transversum, Synchronous metastases within
6 months after initial diagnoses, ALP > UNL alkaline phosphatase above upper normal limit, MS/-H microsatellite instable high, CD3 density square root
transformed number of tumour-infiltrating CD3 lymphocytes per mm? tumour tissue microarray, CD8 density square root transformed number of tumour-
infiltrating CD8 lymphocytes per mm? tumour tissue microarray, CD68 density square root transformed number of tumour-infiltrating CD68 macrophages per

mm? tumour tissue microarray, n.i. not included. p-values < 0.05 typed in bold.

3LDH high was also statistically significant when included in the multiple regression model but was excluded from the analysis due to missing values.

negative prognostic markers. We could now add that this was
seen regardless of immune cell infiltration. Within the major
groups of patients, i.e. with MSS, BRAFwt and CDX2 expression,
immune infiltration was prognostic. The limited number of
patients within the poor prognosis groups (MSI, BRAFmut, CDX2
loss) prevented firm conclusions; however, we could not detect
any prognostic importance of intratumoural immune cells in these
groups. Thus, tumour immune cell infiltration could not explain
the heterogeneous prognosis within the group with BRAFmut
tumours.

In our study, patients with low infiltration of CD3 TILs had no
survival benefit of oxaliplatin-based chemotherapy compared to
fluorouracil monotherapy, in contrast to patients with high CD3
tumour TILs. These results must be evaluated with caution due
to the limited number of patients. The IDEA study of stage Il
CRC recently reported that patients with a low Immunoscore®
have no disease-free survival benefit of 6 months compared to
3 months adjuvant FOLFOX [44]. They hypothesise that patients
with a low number of TILs have no effect of the immunogenic
cell death otherwise induced by oxaliplatin due to weak
immunogenicity or immunosuppressive environment in these
tumours. In another recent stage Ill CRC publication, patients
with high Immunoscore® had the most benefit from adjuvant
chemotherapy in terms of recurrence-free survival [45]. These
findings support our observation that only patients with a high
density of CD3 TILs have a survival benefit from a more
intensified oxaliplatin-based chemotherapy regimen. Patients
with high TILs seem to have a generally better prognosis with
improved benefit of both oxaliplatin-based chemotherapy and
ICI treatment.

Although the extent of tumour-infiltrating CD3 lymphocytes is
prognostic for patients treated with chemotherapy in our mCRC
cohort, the prognostic impact seems more important in studies of
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early-stage CRC [2, 8]. The prognostic effect did not reach
statistical significance in patients not given chemotherapy, but
this could be due to their short survival. However, MSI, BRAFmut
and CDX2 loss were all significant markers of poor prognosis,
indicating that those traits influence the spontaneous behaviour,
whereas the immune infiltration recorded here does not. Based on
previous observation of different immune-escape mechanisms
with CRC progression [46-48], we hypothesise that certain
immune-escape mechanisms could explain the inferior prognostic
importance of immune infiltration in mMCRC compared to
localised CRC.

The prognostic effect of tumour-infiltrating macrophages in
CRC have been studied to a lesser extent, and results are
conflicting. However, most studies, including a recent meta-
analysis [1, 22, 23], reports a favourable prognosis with higher
infiltration at the invasive tumour margin. Nevertheless, this did
not reach significance in studies of tumour centre infiltration. In
our study, high infiltration of CD68 macrophages was significantly
associated with a favourable prognosis. Still, the prognostic effect
was no longer significant when interpreting the results as a
continuous variable and might indicate that the prognostic impact
of CD68 is less certain. A spectrum of different TAMs has been
identified with diverse functions, and our study could not
differentiate between these phenotypes.

In a population-based cohort of mCRC patients, tumour
infiltration of CD3 lymphocytes and CD68 macrophages are
independent markers for prolonged OS in chemotherapy-treated
patients, especially for long-term survival. Two-thirds of MSI and
one-fourth of MSS cases displayed the highest quartile tumour
CD8 lymphocyte infiltration, potential predictive subgroups of IC
effect. Although immune cell infiltration is highly associated with
MSI status, MSI is still an independent negative prognostic marker
in these patients, regardless of immune infiltration.
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Fig. 3 Overall survival (OS) according to high (>median) vs low tumour infiltration of CD3 and CD8 lymphocytes and CD68 macrophages
in a Scandinavian population-based cohort of metastatic colorectal cancer treated with first-line chemotherapy. Kaplan-Meier curves
were constructed; statistical significance test with the log-rank test for p value and univariate cox regression for hazard ratio (HR) and 95%
confidence interval (Cl). a OS according to tumour infiltration of CD3. b OS according to tumour infiltration of CD8. ¢ OS according to tumour
infiltration of CD68. d OS according to a combined score of tumour-infiltrating CD3 and CD68. e OS according to oxaliplatin-based treatment
regimen in cases with low CD3 tumour infiltration only. f OS according to oxaliplatin-based treatment regimen in cases with high CD3 tumour
infiltration only. Oxa oxaliplatin, 5FU fluorouracil 4 folinic acid.
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LIMITATIONS

Our cohort is population based and includes more elderly patients
and patients with worse performance status than studies
reporting cohorts from referral hospitals and clinical trials. Patients
without sufficient tumour material for inclusion in TMA construc-
tion were not included in the analyses. This was generally due to
small biopsies where primary tumour surgery was not performed
or due to necrotic/fibrotic tissue after neoadjuvant radiotherapy
for rectal cancer. According to our previous publication, patients
without sufficient tumour material for TMA generation had poor
performance status, received less treatment and had a worse
prognosis [32]. However, this selection bias is present for most
studies including tumour tissue sampling. Lack of tumour tissue
from metastases prevented evaluation of tumour-infiltrating
immune cells at secondary metastatic sites. However, as this is a
prospectively collected population-based cohort, there was no
clinical practice to obtain biopsies from metastases unless
uncertainties of origin. In population-based cohorts, treatments
are more heterogeneous compared to trial cohorts. This cohort
was collected >10 years ago. Even though palliative chemother-
apy treatment options have not changed much during the past
decade, intensive regimens and metastatic surgery are more often
used today. We had few patients within subgroups of tumour
molecular alterations that make conclusions uncertain. In observa-
tional studies, there is a risk of missed effects due to multi-
collinearity, which is why we have also published unadjusted
estimates. Moreover, multiple testing deflates the p values and
presented p values should be interpreted with caution.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

DATA AVAILABILITY

Data can be made available upon reasonable request.
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