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Systemic inflammatory response
In colorectal cancer is associated
with tumour mismatch repair and
iImpaired survival
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The systemic inflammatory response (SIR), defined as elevated levels of circulating C-reactive protein
(CRP), is an important predictor of impaired survival in colorectal cancer. The aim of this study was

to explore the prognostic role of SIR and its association with tumour mismatch repair status and the
immune response. Immune activity profiles of mononuclear cells isolated from CRC tissues and blood
in the U-CAN exploration cohort (n=69), were analysed by flow cytometry. In the U-CAN validation
cohort (n=257), T-helper cells (T-bet*), cytotoxic T cells (CD8*), regulatory T cells (FoxP3*), B cells
(CD20%), and macrophages (CD68*) were analysed by multispectral imaging. Microsatellite instability
was determined using five mononucleotide-repeat microsatellite markers. Patients with high CRP
levels (> 10 mg/l) were significantly more often diagnosed with high-grade tumours and tumours
exhibiting microsatellite instability. However, some patients with high CRP levels were found to have
microsatellite-stable tumours. Furthermore, high CRP levels were associated with specific tumour
immune traits including an augmented macrophage response and were significantly linked to poorer
cancer-specific survival, particularly in patients with microsatellite-stable tumours. In conclusion, our
findings suggest an interplay between SIR and mismatch repair status in CRC prognosis which needs to
be further explored.
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Colorectal cancer (CRC) is the third most common form of cancer worldwide. The overall 5-year survival rate
for patients with CRC has now reached approximately 65%'. Tumour stage at diagnosis is the main determinant
of survival, but CRC is a heterogeneous disease with different molecular characteristics including genetic and
epigenetic changes. Staging, based on the pathologist’s evaluation of the resected tumour and on preoperative
imaging findings, provides some indication of prognosis and is used for postoperative stratification of patients.
A weakness of the TNM classification is the inability to discriminate between tumours within the same stage that
have biological markers indicating a favourable or poor prognosis. This leads to imprecise outcome prediction,
particularly in Stages II and III. Nearly 20% of Stage II patients die of a recurrence?. The accuracy of survival
prediction thus needs to be improved.

There is increasing evidence that the hosts inflammatory response plays an important role in tumour
progressionand thereby prognosis®. Inflammatorybiomarker patternsarising from the tumour microenvironment
play a large role in patient outcome?. The systemic inflammatory response (SIR), defined as elevated levels of
circulating C-reactive protein (CRP), is an independent risk factor for impaired survival>-. A stage by stage
relationship between SIR and impaired long-term survival was described by our group in a pioneer proof-of-
concept study®, and has since been confirmed by several other groups®-1°. We confirmed this association in
a subsequent study where SIR was shown to be a much better predictor of poor survival than tumour size in
patients with CRC liver metastases’.
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According to the Consensus Molecular Subtypes (CMS), CRC tumours are divided into four groups (CMS
1-4) based on their transcriptome!!!2, These four tumour subtypes have different epigenomic, transcriptomic,
microenvironmental, genetic, and clinical characteristics. CMS1 tumours are characterised by a proximal
location, high immunogenicity, high BRAF-mutation rate, a CpG island methylator phenotype (CIMP), and
display microsatellite instability (MSI). CMS2 tumours are characterised by epithelial differentiation and are
mainly left-sided. CMS3 tumours are characterised by a higher CIMP status and high KRAS-mutation rate, while
CMS4 tumours are characterised by a distal location, CIMP negativity, and are often microsatellite stable (MSS).

CMS1/MSI tumours are of special interest due to impairment of the DNA mismatch repair (MMR) system,
leading to high immunogenicity and infiltration by lymphocytes. There is also clinical evidence that patients
with early stage MSI tumours have a better prognosis compared to patients with MSS tumours!3-15.

The local tumour response is known to be an important prognosis factor in CRC. Tumours highly infiltrated
by lymphocytes tend to have a better outcome?, and in some cases this predicts the tumour’s response to
chemotherapy and immune checkpoint blockade!®.

In this study, we investigated the association of SIR with tumour molecular subtypes and the anti-tumour
immune response in two CRC patient cohorts, aiming to further explore the prognostic role of SIR.

Results

High CRP levels were associated with tumours of high-grade and a right-sided location
Preoperative CRP levels were collected from patients included in the U-CAN exploration cohort (UIP-CRC,
n=69) and the U-CAN validation cohort (n=257). Patients were divided into groups with low CRP (<10 mg/l)
and high CRP (> 10 mg/]) levels (Fig. 1A and B), where a high CRP level with no known underlying cause was
considered to be due to SIR.

Associations between CRP and clinical and pathologic characteristics are seen in Table 1. Twenty-five per
cent of patients from the U-CAN exploration cohort and 23% of patients from the U-CAN validation cohort
had high CRP levels. Significantly more of these patients had a high-grade tumour compared to those with low
CRP levels (Table 1). An association between high CRP levels and a right-sided colon cancer location was also
observed, reaching significance in the U-CAN validation cohort. A significant association was also seen between
high CRP levels and a mucinous tumour type in the U-CAN validation cohort (Table 1).

High CRP levels were associated with MSI subtype tumours
Associations between high preoperative CRP levels and molecular characteristics of the tumour were also
explored (Table 2). There was a significant association between high CRP levels and BRAF-mutated tumours in
the U-CAN validation cohort. No association was seen between high CRP levels and KRAS-mutated tumours.
In both cohorts, a high CRP level was significantly linked to tumours of the MSI subtype. Stratifying CRP
analyses according to MMR status by BRAF-mutation further showed that the association with high CRP levels
was mainly linked to MSI. In the UCAN-exploration cohort, there was no significant association between CMS
subtypes 1-4 and high CRP levels (Table 2).

Using CRP levels as a continuous variable and comparing these to tumour MMR status, higher CRP levels
were associated with MSI tumours compared to MSS tumours (Fig. 1C and D), reaching significance in the
U-CAN validation cohort (Fig. 1D). However, some patients with an MSS tumour had a high CRP level (Fig. 1D).

High CRP levels were associated with increased tumour and systemic immune markers

The association between CRP level and immune markers in tumour tissue and in blood was investigated. In the
U-CAN exploration cohort, flow cytometry analyses of immune markers in tumour tissue revealed a slight but
non-significant increase in the fractions of cytotoxic T-cells (CD8*) and T-helper cells (CD4") in patients with a
high CRP level compared to those with a low CRP level, as well as significantly higher fractions of macrophages
(CD14%), expressing both M1 (HLA-DR*) and M2 markers (CD163*) (Fig. 2A). Results from parallel analyses
of immune cells in blood showed no significant associations (Fig. 2A). Immune cell infiltration was further
explored in the U-CAN validation cohort using multiplex immunohistochemistry and multispectral imaging
to detect cytotoxic T cells (CD8*), T helper 1 cells (T-bet*), T regulatory cells (FoxP3*), B cells (CD20%), and
macrophages (CD68") at the tumour front. Significantly higher intra-epithelial infiltration of T-bet* cells and
macrophages were seen in tumours of patients with a high CRP level compared to those with a low CRP level
(Fig. 2B). Similar findings were seen for intra-epithelial infiltration by cytotoxic T cells (Fig. 2B).

The relationship between CRP level and systemic immune markers was analysed in the U-CAN exploration
cohort. Systemic markers in plasma were analysed using the OLINK Immuno-oncology panel that identifies
92 different proteins. Patients with a high CRP level showed upregulation of TNFSF14 and downregulation
of FASLG, TNFRSF21, IL4, and ICOSLG, compared to patients with a low CRP level (Fig. 2C). Furthermore,
when analysed as a continuous variable, increasing CRP levels were significantly correlated to increased levels
of several immune markers including TNFESF14, IL6, GZMH, IL8 and CSF1, and decreased levels of FASLG
(Fig. 2D).

High CRP levels were associated with decreased patient survival

The association between CRP level and cancer-specific survival was analysed in both patient cohorts. Kaplan-
Meier curves were created for Stage I-IIT CRC patients with either low or high CRP levels. Patients with a high
CRP level in the U-CAN validation cohort were found to have a significantly reduced 5-year cancer-specific
patient survival compared to those with alow CRP level (Fig. 3B). When stratifying for MSI status in the U-CAN
validation cohort, a high CRP level indicating poor prognosis was mainly seen in patients with an MSS tumour
(Fig. 3D).
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Fig. 1. The distribution of CRP levels in patients with CRC. Top panel, scatter plots displaying the levels of
CRP in groups of CRC patients defined by low or high CRP levels in (A) patients from the U-CAN exploration
cohort, or (B) patients from the U-CAN validation cohort. Bottom panel, scatter plots displaying the levels of
CRP in groups of CRC patients with MSI or MSS tumours in (C) patients from the U-CAN exploration cohort,
or (D) patients from the U-CAN validation cohort. Horizontal lines indicate mean relative levels (mg/1).
Dotted lines indicate CRP cut-off (10 mg/1) used to define low and high levels of CRP.
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U-CAN exploration (n=69) U-CAN validation (n=257)
CRP Low | CRP High | Pvalue | CRP Low | CRP High | P value
Frequency, n (%) 43 (75.4) |14 (24.6) 137 (77.4) | 40 (22.6)
Age,n (%) 0.314 0.198
<59 6 (75.0) 2(25.0) 26 (83.9) |5(16.1)
60-69 9(90.0) | 1(10.0) 55(83.3) | 11(16.7)
70-79 20 (80.0) | 5(20.0) 39(70.9) | 16(29.1)
>80 8(57.1) | 6(42.9) 17 (68.0) | 8 (32.0)
Sex, n (%) 0.548 0.589
Male 23(71.9) |9 (28.1) 74 (755) | 24 (24.5)
Female 20 (80.0) | 5(20.0) 63(79.7) | 16(20.3)
Tumour location, n (%) 0.139 <0.001
Right colon 22(71.0) |9(29.0) 27 (57.4) | 20 (42.6)
Left colon 7 (63.6) 4(36.4) 29 (78.4) | 8(21.6)
Rectum 14 (93.3) | 1(6.7) 81 (87.1) 12 (12.9)
Stage, n (%) 0.418 0.118
I 9(81.8) 2(18.2) 29(87.9) |4(12.1)
I 17 (85.0) |3 (15.0) 52(83.9) | 10(16.1)
111 14 (63.6) | 8(36.4) 32(76.2) |10(23.8)
v 3(75.0) 1(25.0) 21(65.6) | 11(34.4)
Tumour grade, n (%) 0.002 0.002
Low grade 35(87.5) |5(12.5) 114 (87.0) | 17 (13.0)
High grade 8(47.1) 9(52.9) 11(55.0) |9 (45.0)
Tumour type, n (%) 1.00 <0.001
Non-mucinous 38(76.0) | 12(24.0) 118 (86.8) | 18 (13.2)
Mucinous 5(71.4) 2(28.6) 9 (50.0) 9 (50.0)
Preoperative RT, n (%) NA 0.006
No 43(75.4) | 14 (24.6) 88 (71.5) | 35(28.5)
Yes 0(0.0) 0(0.0) 49(90.7) |5(9.3)

Table 1. Associations of CRP with clinical and pathological characteristics. Fischer s exact test was used for
comparisons. The following variables were missing in the U-CAN validation cohort: tumour stage, 8 cases;
tumour grade, 26 cases; and tumour type, 23 cases.

The negative prognostic value of CRP was maintained in a multivariable Cox proportional hazards model with
age, sex, tumour site, and stage as variables (Supplementary Table S1). The model was statistically underpowered
making the addition of further variables such as MMR status to the model unsuitable.

Discussion

Associations were found between high CRP levels (SIR) and MSI tumours as well as an increased local anti-
tumour immune response. Most patients with a high CRP level had a poor survival rate, especially those patients
with an MSS tumour. This emphasizes the fact that SIR and MSI should be treated as two separate entities in the
prognostic assessment of CRC.

Approximately 15% of CRC patients have an MSI tumour resulting from a defect in the MMR system. MSI
is observed more frequently in women and in CRCs located proximally!’. These tumours also exhibit greater
lymphocyte infiltration rate, poor differentiation, and a mucinous cell type'®!?. CRCs with MSI are usually large
primary tumours that tend not to spread to lymph nodes and metastasise?’. According to Gkekas et al.'4, analysis
of time to progression and cancer-specific-survival showed that deficient MMR is a strong positive prognostic
factor in colon cancer Stage II.

In this study, higher CRP levels were observed in patients with a right-sided or an MSI tumour, as previously
reported in several papers®?!-24. However, despite the strong association between high CRP levels and MSI
tumours, some patients with an MSS tumour had the highest CRP levels, an observation previously made by our
group®. This finding indicates that there could be a subgroup within MSS tumours with unique characteristics.
Interestingly, we have in a previous study shown that a subgroup of MSS tumours share immune characteristics
with MSI tumours?. The found increased immunogenicity of some MSS tumours has been corroborated by
other studies, including but not restricted to POLE-mutated tumours”->. Further investigations in larger
patient cohorts are needed to understand the biology behind CRP-high MSS tumors. In line with the high
immunogenicity of MSI tumours, we also saw significant associations between high CRP levels and a high
degree of tumour infiltration by macrophages in both the exploration and the validation cohort measured in two
different ways, emphasizing the consistency of these findings. In the validation cohort, intra-epithelial infiltration
of the tumour by T-cells, especially T-helper 1 cells, was associated with high CRP levels. These findings have

Scientific Reports |

(2024) 14:29738 | https://doi.org/10.1038/s41598-024-80803-6

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

U-CAN exploration (n=69) U-CAN validation (n=257)
CRP Low | CRP High | Pvalue | CRP Low | CRP High | P value
Frequency, n (%) 43 (75.4) |14 (24.6) 137 (77.4) | 40 (22.6)
KRAS-status, n (%) 0.705 0.546
Wild-type 29 (70.7) | 12 (29.3) 80 (76.2) |25 (23.8)
Mutant 9(81.8) 2(18.2) 44 (81.5) |10(18.5)
BRAF-status, n (%) 0.216 0.025
Wild-type 29 (80.6) | 7(19.4) 109 (82.0) | 24 (18.0)
Mutant 13 (65.0) | 7(35.0) 18 (62.1) | 11(37.9)
BRAF/KRAS-status, n (%) 0.615 0.071
Wild-type/Wild-type 16 (762) |5(23.8) 63 (81.8) |14(18.2)
KRAS-mutant 9(81,8) 2(18.2) 44 (81.5) 10 (18.5)
BRAF-mutant 13 (65.0) | 7(35.0) 17 (60.7) | 11(39.3)
MMR status, n (%) 0.029 <0.001
MSS 34 (82.9) |7(17.1) 118 (83.1) | 24 (16.9)
MSI 7(50.0) | 7(50.0) 10 (47.6) | 11 (52.4)
MSI/BRAF-status, n(%) 0.062 0.003
MSS/BRAF wild-type 27 (84.4) | 5(15.6) 106 (83.5) | 21 (16.5)
MSS/BRAF-mutant 7(77.8) |2(222) 11(78.6) |3 (21.4)
MSI/BRAF wild-type 1(33.3) 2 (66.7) 3 (50.0) 3 (50.0)
MSI/BRAF mutant 6 (54.5) 5 (45.5) 7 (46.7) 8(53.3)
CMS subtype, n (%) 0.077
CMS1 9(52.9) 8(47.1)
CMS2 17 (85.0) | 3(15.0)
CMS3 2(66.7) | 1(33.3)
CMS4 4(100.0) | 0(0.0)

Table 2. Associations of CRP with tumour molecular characteristics. Fischer s exact test was used for
comparisons. The following variables were missing in the U-CAN exploration cohort: KRAS-status, 5 cases;
BRAF-status, 1 case; KRAS/BRAF-status, 5 cases; MSI status, 2 cases; MSI/BRAF-status, 2 cases; and CMS
status, 13 cases. Missing cases in the U-CAN validation cohort were: KRAS- status, 18 cases; BRAF-status, 15
cases; KRAS/BRAF-status; 18 cases, MSI status, 14 cases; and MSI/BRAF status, 15 cases.

been corroborated by Kostner et al., in a study where systemic inflammation was linked to increased features of
tumour myeloid characteristics including increased infiltration by macrophages®!. Immune cell infiltration of
the tumour is a strong positive prognostic factor in CRC, where infiltration of T cell- and macrophage subsets
has been found to be associated with improved survival®>32. The prognostic relevance of local adaptive immune
responses supports the use of quantification of immune infiltration of the tumour when predicting the outcome
of CRC disease.

On the other hand, a high CRP level was not found to be associated with an increase in the systemic cellular
immune response. There was, however, an association between CRP and other non-cellular systemic immune
markers, including IL6. A positive association between systemic CRP levels and IL6 has previously been shown
in CRC patients®*3*. IL6 is a pro-inflammatory cytokine that has a vital role in tumour progression through
growth-promotion, anti-apoptotic activity, and modulation of the immune response®. A high systemic IL-6 level
has also been shown to be an independent negative prognostic factor in CRC**%’, in line with the observations
reported in this paper.

It is well known that both KRAS- and BRAF-mutations, regardless of MSI status, are associated with a
poor prognosis*®*°. BRAF-mutation is associated with MSI tumours, though it is also seen in MSS tumours*’.
BRAF-mutated MSS tumours appear to have the worst prognosis*!. In the UCAN-validation cohort there was
a significant association between high CRP levels and BRAF-mutated tumours, but a stratified analysis of CRP
and MMR revealed a stronger association between CRP and MSI than with BRAF-mutation. No significant
association was found between high CRP levels and KRAS-mutated tumours in this study. However, KRAS-
mutation has previously been linked to lower CRP levels*2.

In the U-CAN validation cohort, a high CRP level was strongly associated with high tumour grade, as
reported previously®, and with mucinous tumour type. This emphasizes the presence of specific biological
tumour characteristics in tumours exhibiting SIR.

A high CRP level was identified as a strong negative prognostic factor for survival in Stage I-III CRC patients
in the U-CAN validation cohort. Previous studies from our group®%, along with those from others>**support
the notion that a high preoperative CRP level is strongly associated with poorer cancer-specific survival in
patients with colorectal cancer. In this study, our findings further suggest that the negative prognostic role of SIR
in CRC was mainly seen in patients with an MSS tumour. These findings are supported by He et al., who also
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Fig. 2. Relations of CRP to immune parameters in tumour tissue and blood of CRC patients. (A) Flow
cytometry analyses of immune parameters in groups of patients with low or high CRP. Shown is the

median percentage of gated cell populations within mononuclear immune cells (in dark grey) isolated

from tumour tissue or blood of patients with colorectal cancer in the U-CAN exploration cohort, as

indicated, and percentage of these gated cells expressing the indicated markers (in light grey). (B) Immune
cell tumour infiltration was analysed in patients from the U-CAN validation cohort using multiplex
immunohistochemistry and multispectral imaging. Shown are median numbers of infiltrating cells/mm?
stromal or tumour epithelial area within the tumour border in patients with low or high levels of CRP.
Preoperatively irradiated rectal cancers were excluded. (C) Volcano plot displaying the differential distribution
of plasma factors in high CRP compared to low CRP CRC patients from the U-CAN exploration cohort as
analysed by the OLINK Immuno-oncology panel. (D) Shown are top ten correlations between plasma marker
levels and CRP levels in CRC patients from the U-CAN exploration cohort. Abbreviation: r, Spearman s rank
correlation coefficient.

suggested that the prognostic role of systemic inflammatory factors in CRC is restricted to patients with an MSS
tumour?!. However, contradictory findings have also been reported?>%.

The reason behind the possible association between SIR and poor prognosis specific to patients with an MSS
tumour is not fully understood. The association between SIR and MSI tumours as well as an increased local
anti-tumour immune response could perhaps improve our assessment of prognosis in cases of MSI tumour with
SIR. In a study by Mori et al., patients with a combination of high CRP level and low local anti-tumour immune
infiltration were shown to have a poorer prognosis than patients with only one or the other*!. Nevertheless, our
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Fig. 3. The prognostic importance of CRP levels in Stage I-III CRC patients. Shown are Kaplan-Meier plots
of cancer-specific survival in patients with low or high CRP levels in all CRC patients (A, B), or stratified by
tumour MSI status (C, D) in patients from the U-CAN exploration cohort (A, C) and in patients from the
U-CAN validation cohort (B, D). Log-rank tests were used to calculate differences in 5-year survival between
groups.

findings suggest an association between SIR and MMR status when assessing CRC prognosis that needs further
exploration.

A strength of this study is that it is based on two cohorts with an inclusion period of seven years (2010-2017).
The U-CAN exploration cohort, though small, provides detailed analyses of immune profiles from both the
tumour and the cellular and non-cellular compartments of blood, along with descriptive analyses of molecular
subtypes. This enabled more precise analyses of immune mechanisms behind SIR. A weakness of the U-CAN
exploration cohort was the limited number of patients. The findings should therefore be interpreted with some
caution from a statistical point of view. The main findings, however, were supported in the larger U-CAN
validation cohort. A weakness of the validation cohort, however, was that multivariable survival analyses were
restricted due to limited sample size. This underlines the need for further larger studies to establish the impact
of MMR status on the prognostic importance of SIR.

We report an association between elevated preoperative CRP levels (SIR) and MMR status in CRC.
Furthermore, the negative prognostic impact of SIR was found to be dependent on tumour MMR status and
highly significant in patients with an MSS tumour. Further studies are needed to establish the importance of SIR
and MMR status when assessing prognosis in CRC.

Materials and methods

Study cohorts

This study was based on two patient cohorts from the Uppsala-Umed Comprehensive Cancer Consortium
(U-CAN) project®. Within U-CAN, blood, formalin-fixed paraffin-embedded (FFPE) tissue, fresh frozen tissue,
faeces, radiology data, and clinical data have been collected over time from the CRC patients enrolled. In Ume4,
more than 1300 patients with CRC have been recruited since the start in 2010.

The U-CAN exploration cohort (the Umead Immune Profiling of Colorectal Cancer Project - UIP-CRC),
comprises Stage I-IV CRC patients included in U-CAN between November 2015 and July 2017. For analyses of
immune activity profiles by flow cytometry, a blood sample was collected in the morning on the day of surgery,
and fresh tumour tissue was collected at the time of routine sampling at the Department of Clinical Pathology. A
total of 153 CRC patients were included in U-CAN over the specified time-period. Of these, 69 Stage I-IV CRC
patients were included in the UIP-CRC study as described previously?®. Exclusions included pre-operatively
irradiated rectal cancer patients, priority of routine diagnostic sampling, surgery out of laboratory hours, and
lack of U-CAN referral. The UIP-CRC cohort has been well characterised regarding clinical and pathological
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characteristics and molecular determinants, including MSI status, DNA fragmentation analysis, BRAF- and
KRAS-mutation status, and CMS subtype, as described previously?®. Survival data were collected March 2022,
and the median follow-up time from the time of surgery to death or end of follow-up was 60.8 months.

The U-CAN validation cohort comprises Stage I-IV CRC patients included in U-CAN between 2010 and
2014*. During this time, a total of 684 patients were included in U-CAN, of which 260 patients left a stool
sample. Three of the patients included have since withdrawn their participation, leaving 257 CRC patients in
the study. Tumour tissue was available from 187 patients operated on at Umea University Hospital. For patients
included in the study but operated on at another hospital (n=59), tumour tissue was not accessible at this time.
A tumour tissue microarray (TMA) was constructed in September 2020 from the patients with tumour tissue
available at that time (n=151), using the TMA GRAND Master instrument (3DHISTEC, Budapest, Hungary)
to punch 1 mm cores from FFPE tumour tissue specimens. For this study, two cores taken at the tumour front
from each patient were included and assessed. The U-CAN-validation cohort has been described according to
clinical and pathological characteristics as well as molecular (KRAS-, BRAF-, and MSI status) characteristics, as
described previously*. Survival data were collected in October 2021, and the median time from surgery to death
or end of follow-up was 92.8 months.

The Ethics Committee of Umea University/Regional Ethics Review Board approved all parts of the study
protocol, including the procedure whereby patients gave written informed consent. The study was performed in
accordance with the Declaration of Helsinki.

CRP

Data on preoperative plasma CRP was collected by reviewing patient files. SIR was defined as a CRP level > 10 mg/1
according to previous studies”*”. CRP data were accessible for 65 patients in the U-CAN exploration cohort and
182 patients in the U-CAN validation cohort. After reviewing patient files from healthcare centres and hospital
clinics, all patients with a high CRP (> 10 mg/1), but with clinical evidence of infection (positive urine or blood
culture), positive x-ray, or with clinical evidence of an inflammatory condition such as rheumatoid arthritis,
were excluded. Patients taking antibiotics two weeks prior to blood sampling were also excluded, as well as
patients with evidence of a second cancer diagnosis. After exclusions, CRP data were available from 57 patients
in the U-CAN exploration cohort and 177 patients in the U-CAN validation cohort. Plasma CRP was assessed
in the routine clinical setting, using a certified latex particle-enhanced immunologic turbidimetric assay (CRPL3
kit on a Cobas® instrument ¢501/701) by Roche Diagnostics.

Immune activity profiles

In the U-CAN exploration cohort, immune activity profiles were analysed by flow cytometry from isolated
mononuclear immune cells extracted from CRC tumour tissue and blood, as described previously?’. Immune
activity profiles were available from tumour tissue from 64 patients and blood samples from 49 patients. Lack of
data on some parameters was due to lack of laboratory staff needed to handle fresh tissue or blood samples, and
poor sample yield or quality. Briefly, mononuclear cells were gated in the FSC/SCC window and the following
gating strategy was used to identify T-helper cells (CD3*/CD4"), cytotoxic T cells (CD3*/CD8*), monocytes/
macrophages (CD14"), NK cells (CD56"/CD16"/CD3"), and B cells (CD19"). The identified cell populations
were further gated using fluorescence minus one (FMO) control, for analyses of the expression of specific
immune activity markers (CD28, CD69, PD-1, CTLA-4, NKG2D, CD80, CD86, CD163, HLA-DR, or PD-L1).

Non-fasting plasma samples collected at the time of diagnosis were available from 63 of the study patients.
For analyses of systemic inflammatory markers, the Olink Immuno-oncology panel (v3.111) (Olink Biosciences,
Uppsala, Sweden) was used, identifying 92 different proteins by Proximity Extension Assay technology. The
analyses were run by SciLifeLab, Uppsala, Sweden. Data were presented as normalised protein expression
(NPX) values on a log2-scale. The CMS classifier for RNA-sequencing data was applied according to consensus
molecular subtype classification'?. Due to lack of fresh frozen tumour tissue or poor RNA quality, 6 patients
were excluded from the RNA sequencing analysis. By using the methodology for RNA sequencing based CMS
classification, 54 of 63 samples could be classified as one of the four CMS types.

In the U-CAN validation cohort, immune cells were analysed using a multiplex immunohistochemistry
approach (VECTRA system for multispectral imaging), as described previously*’. Briefly, TMA slides were
immunohistochemically stained for T-helper cells (T-bet*), cytotoxic T cells (CD8"), regulatory T cells (FoxP3*),
B cells (CD20%), macrophages (CD68%), and cytokeratin. The slides were imaged, and the images were imported
to InForm” software to train algorithms in the identification of tumour areas and immune cell phenotypes. For
this study, immune cells were evaluated at the tumour front in 139 patients, in both the stromal area and the
tumour epithelial area. Data were presented as the number of infiltrating immune cells per square millimeter.
Patients with irradiated rectal cancer were excluded (n=45).

Statistics

IBM’ SPSS Statistics 28 (SPSS Inc, Chicago, IL, USA) was used for statistical analyses. The Mann-Whitney U
test was used to compare distributions of continuous variables between groups. Fischer s exact test was used for
comparisons of categorical variables. Differentially expressed proteins (DEPs) were determined using Welsh s
t-test and visualised in a volcano plot using R-package “ggplot2™®, in the statistical programming language
R version 4.2.1 (R Core Team, Vienna, Austria)®®. Correlations between continuous variables were analysed
using the Spearman’s rank correlation test. Kaplan-Meier survival plots were used to estimate cancer-specific
survival of Stage I-III CRC patients, where cancer-specific death was defined as death with disseminated or
recurrent disease. Patients dying from postoperative complications within 90 days of surgery and patients not
undergoing primary tumour surgery were excluded from the survival analysis. The log-rank test was used to
estimate differences in 5-year cancer-specific survival to fulfil the assumption of proportional hazards (Fig. 3).
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A Cox proportional hazards model was applied for multivariable analysis of 5-year cancer specific survival. A P
value < 0.05 was considered statistically significant.

Data availability

The data presented in this study are available from the corresponding author on reasonable request.
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