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ORIGINAL ARTICLE

The clinical value of C-reactive protein and its association with tumour location
in patients undergoing curative surgery for colorectal cancer – a ScotScan
collaborative study

Anniken J. Fuglestada,b,c , Sebastian Meltzera , Anne Hansen Reea,b , Donald C. McMilland, James H.
Parkd,e and Christian Kerstena,c

aDepartment of Oncology, Akershus University Hospital, Lørenskog, Norway; bInstitute of Clinical Medicine, University of Oslo, Oslo, Norway;
cDepartment of Research, Sørlandet Hospital, Kristiansand, Norway; dAcademic Unit of Surgery, School of Medicine Dentistry and Nursing,
College of Medicine, Veterinary and Life Sciences, University of Glasgow, Glasgow, UK; eDepartment of Surgery, Elizabeth University
Hospital, Glasgow, UK

ABSTRACT
Introduction: The presence of preoperative systemic inflammatory response (SIR) is an established
negative prognostic factor for patients diagnosed with colorectal cancer (CRC). C-reactive protein (CRP)
is known to be implicated in detrimental immune responses. The biological differences between right-
sided and left-sided CRC are gaining increasing attention. Our aim was to analyse the prognostic value
of CRP and explore the association between tumour location and SIR.
Material and methods: A total of 2059 patients treated for stage I–III CRC, identified from the pro-
spectively sampled ScotScan Collaborative dataset, were included. The clinical and prognostic value of
five CRP levels (<10/11–30/31–60/61–100/>100mg/l) were examined. Additionally, the relationship
between SIR and tumour location was explored.
Results: Increasing levels of CRP were associated with impaired overall and cancer-specific outcome.
Presence of SIR was independently associated with right-sided tumour location (p<0.001). However,
the impact of SIR on cancer-specific survival (CSS) was greater for left-sided tumour location, even
when adjusted for other clinicopathological factors.
Conclusions: This study confirms CRP as a routinely available, valid, and clinically relevant strong
prognostic marker of SIR in CRC patients. Right-sided tumours were more often associated with SIR,
but the prognostic impact was stronger in left-sided tumours.
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Introduction

Colorectal cancer (CRC) is the third most common type of
cancer for men and women combined, and the second lead-
ing cause of cancer death worldwide [1]. Different factors of
cancer cells, tumour microenvironment, and host responses,
contribute to diverging outcomes.

The presence of preoperative systemic inflammatory
response (SIR) is an established negative prognostic factor for
patients diagnosed with CRC of all stages [2–4]. The modified
Glasgow Prognostic Score (mGPS) has for two decades been
recognised, and repeatedly validated, as to have independent
prognostic value in cancer [5,6]. The introduction of the mGPS
pioneered the presently widespread notion of the prognostic
importance of SIR in cancer patients, and in CRC in particular.
Accordingly, numerous different markers and scoring systems
of inflammation have been proposed [7,8]. Many of the pro-
posed markers may, however, be too complex to integrate
into the everyday life in the oncology clinics. This is unfortu-
nate considering the useful biological and clinical implication

of SIR. The acute phase protein C-reactive protein (CRP), is a
cheap and widely available marker, known to be implicated in
detrimental immune responses [9,10], and previous studies
have stated CRP alone, to be an adequate inflammation-based
prognostic marker in CRC [3,11,12].

An increasing amount of data emphasises that the large
bowel can no longer be regarded as one entity, and primary
tumour location as a stratification factor has been proposed
[13]. There are well-known differences between the right and
left side of the colon. For cancer, these include differences in
presentation, molecular subtypes, and oncogenic pathways
[14]. Sidedness is being recognised as a predictive marker
with regards to treatment with targeted drugs [15,16], in
addition to being a prognostic marker for patients with
metastatic CRC [16,17]. Previous studies have suggested an
association between systemic inflammation and right-sided
primary tumour location [18], however, the data are limited.

Given the strong correlation between presence of SIR and
oncologic outcome, our aim was to analyse the prognostic
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value of CRP, by using one of the largest prospective cohorts
of patients undergoing curative surgery for CRC stage I–III; the
ScotScan collaborative dataset [2]. Furthermore, based on the
increasing body of evidence demonstrating important differen-
ces between right and left colon, we explored the relationship
between systemic inflammation and primary tumour location.

Material and methods

The ScotScan cohort

The ScotScan Collaborative dataset consists of data collected
from a prospectively maintained database of patients diag-
nosed with CRC and treated at Glasgow Royal Infirmary,
Scotland and Sørlandet Hospital, Norway [2]. For this study,
patients who underwent surgical treatment for stage I–III
CRC with curative intent between 1997 and 2017 were
included. Patients who underwent neoadjuvant chemoradio-
therapy were excluded. Based on previous findings, patients
were grouped into five CRP categories (<10, 11–30, 31–60,
61–100 and >100mg/l) [3,11,12]. Primary tumour location
was classified as right (from caecum to distal traverse) and
left (distal from the splenic flexure) including or excluding
rectum as further specified for different analyses.

Serum CRP and albumin were measured within 30 days
prior to resection for elective surgery, and on the day of hos-
pital admission for emergency surgery. The mGPS was calcu-
lated as previously described [5].

Patients received adjuvant chemotherapy consistent with
national contemporary guidelines. Pathological staging differed
between the two countries. In Norway staging was performed
using TNM 5th edition until 2009, 7th edition until 2017 and
later the 8th edition, whereas in Scotland the TNM 5th edition
was used throughout the time period, in accordance with con-
temporary national guidelines [19].

According to national guidelines, patients were routinely fol-
lowed up for 5 years and due to uncertainties regarding cause of
death after 5 years, survival analyses were performed using 5-year
follow-up. Overall survival (OS) and cancer-specific survival (CSS)
were measured from date of surgery until date of death. Cause
and date of death were confirmed using hospital records in both
countries, and additionally the National Death Registry in Norway.

Date of last recorded follow-up was on 1st January 2020 in
Norway and on 30th June 2019 for patients from Scotland.

Statistics

All continuous data were categorised into groups.
Clinicopathological characteristics and CRP categories were
examined using x2 analysis. The relationships between clini-
copathological characteristics and tumour sidedness were
analysed using binary logistic regression to calculate odds
ratio (OR) and 95% confidence interval (CI).

The relationships between clinicopathological characteristics
and OS and CSS were examined using Cox regression to calcu-
late hazard ratio (HR) and 95% CI. In multivariate analysis, both
in logistic and Cox regression, a backwards conditional model
was conducted, using variables with p< 0.05 in univariate

analysis. Five-year overall and cancer-specific survival were ana-
lysed by log-rank test to compare survival between groups and
visualised by Kaplan–Meier curves.

To account for differences in treatment over the period
studied, year of surgery was divided into quartiles and
entered as a variable into all multivariate models.

A p-value <0.05 was considered statistically significant. All
analyses were performed using SPSS version 28.0 for Mac
(IBM Corp. SPSS 2020, Armonk NY, USA).

Results

Clinicopathological characteristics

The clinicopathological characteristics of 2059 patients of the
ScotScan cohort who underwent resection of stage I–III CRC
and without receiving any neoadjuvant treatment, are dis-
played in Table 1, according to preoperative CRP values.
Median age was 72 years (min–max, 21–98 years). Median
CRP value was 6.0mg/l (75th percentile 17mg/l). 66.4% of
the patients had a preoperative CRP value of <10mg/l,
26.5% had CRP value between 11–60mg/l and 7.0% had CRP
value >60mg/l. Emergency presentation accounted for 10%
of the patients. 21.3% of the patients received systemic adju-
vant therapy. Right-sided primary tumour location was
observed in 44.2% of the patients. Among patients with nor-
mal CRP (<10mg/l), the majority (60.5%) had their primary
tumour located on the left side of the colon. Follow-up was
available for all patients with a median of 5.3 years
(64months, min–max, 0–274months).

Comparison of prognostic value in OS and CSS of CRP
and mGPS

These data are displayed in Table 2. Both SIR markers showed a
statistically significant increased risk of event, and thus poorer
survival, with elevated levels. For the clinical ease of usage, fur-
ther analyses in this study were performed by using CRP cut-offs.

Relationship between clinicopathological characteristics
and tumour sidedness

These data are displayed in Table 3, with left side including
rectum. The clinicopathological characteristics were chosen
based on clinical relevance with respect to prognosis and/or
treatment. On univariate binary logistic regression analysis,
advancing age, female sex, higher ASA score, later year of
surgery quartile, advanced TNM stage, poor differentiation
and elevated CRP levels were all associated with right-sided
tumour location. Age (OR 1.25, 95% CI 1.10–1.42), year of
surgery quartile (OR 1.15, 95% CI 1.05–1.25), and differenti-
ation (OR 3.67, 95% CI 2.64–5.11) were all independently
associated with right-sided tumour location in multivariate
analyses. All CRP levels were independently associated with
right-sided tumour location in an increasing manner (OR
1.64, 95% CI 1.25–2.16, OR 1.67, 95% CI 1.15–2.43, OR 1.88,
95% CI 1.07–3.28, respectively), until CRP reached > 100mg/l
(OR 1.33, 95% CI 0.76–2.33).
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Factors associated with 5-year CSS according to primary
tumour location

Rectal cancer is often associated with other treatment regi-
mens and modalities compared to colon cancer, in addition

to proposed differences in biology [20]. Therefore, the occur-
rence and impact of SIR were analysed separately for rectal
cancer. The relationship between clinicopathological factors
and CSS according to primary tumour location is shown in
Table 4. The relationship between clinicopathological factors
and OS is displayed in Supplementary Table 2. In univariate
analyses, increasing CRP levels were associated with an
increased HR for both right-sided and left-sided tumour loca-
tion. When adjusting for other clinicopathological factors,
however, the CRP levels remained significant only for primary
left-sided tumours. For rectal primary tumours, the CRP level
was not associated with CSS. Only 13 out of 444 (2.9%)
patients with rectal cancer, exhibited a CRP value >60mg/l.

Relationship between CRP values and 5-year survival
according to right- or left-sided primary
tumour location

These data are depicted in Figure 1(a–d). As the presence of
SIR seemed to be less pronounced and less relevant in rectal
tumours, and due to abovementioned factors of differences
in biology and treatment regiments, these analyses were per-
formed excluding patients with primary rectal cancer. All HR

Table 1. Clinicopathological characteristics and associations to CRP values.

Characteristic

CRP values

n¼ 2059 (%) <10 11–30 31–60 61–100 >100 p-value (v2)

SIR CRP (mg/l) Median(min–max) 6.0 (0.5–429) N/A
1368 (66.4) 374 (18.2) 172 (8.3) 78 (3.8) 67 (3.2)

Albumin (g/l) >35 1642 (79.7) 1225 (89.5) 261 (69.8) 98 (57.0) 33 (42.3) 25 (37.3) <0.001
<35 417 (20.2) 143 (10.4) 113 (30.2) 74 (43.0) 45 (57.7) 42 (62.7)

mGPS 0 1368 (66.5) 1368 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) <0.001
1 417 (20.2) 0 (0.0) 261 (69.8) 98 (57.0) 33 (42.3) 25 (37.3)
2 274 (13.3) 0 (0.0) 113 (30.2) 74 (43.0) 45 (57.7) 42 (62.7)

Demography Age. years <65 551 (26.7) 377 (27.5) 91 (24.3) 37 (21.5) 24 (30.8) 22 (32.8) 0.034
65–74 673 (32.7) 471 (34.4) 110 (29.4) 50 (29.1) 23 (29.5) 19 (28.4)
>75 835 (40.6) 520 (38.0) 173 (46.3) 85 (49.4) 31 (39.7) 26 (38.8)

Sex Female 1014 (49.2) 642 (46.9) 196 (52.4) 103 (59.9) 39 (50.0) 34 (50.7) 0.015
Male 1045 (50.7) 726 (53.1) 178 (47.6) 69 (40.1) 39 (50.0) 33 (49.3)

Clinical Pathology Year of surgery 1997–2005 485 (23.6) 264 (19.3) 118 (31.6) 46 (26.7) 26 (33.3) 31 (46.3) <0.001
2006–2010 460 (22.3) 290 (21.2) 86 (23.0) 47 (27.3) 21 (26.9) 16 (23.9)
2011–2013 483 (23.4) 351 (25.6) 79 (21.1) 33 (19.2) 13 (16.7) 7 (10.4)
2014–2017 631 (30.6) 463 (33.8) 91 (24.3) 46 (26.7) 18 (23.1) 13 (19.4)

Presentation Elective 1852 (90.0) 1306 (95.5) 333 (89.0) 139 (80.8) 49 (62.8) 25 (37.3) <0.001
Emergency 206 (10.0) 61 (4.5) 41 (11.0) 33 (19.2) 29 (37.2) 42 (62.7)

ASA score I 188 (11.1) 148 (13.0) 20 (6.8) 12 (8.4) 5 (8.1) 3 (5.1) 0.007
II 684 (40.3) 473 (41.5) 118 (40.3) 56 (39.2) 18 (29.0) 19 (32.2)
III 745 (44.0) 472 (41.4) 138 (47.1) 69 (48.2) 35 (56.4) 31 (52.5)
IV 79 (4.6) 46 (4.0) 17 (5.8) 6 (4.2) 4 (6.5) 6 (10.2)

Adjuvant therapy No 1588 (78.6) 1071 (80.0) 280 (75.9) 132 (77.6) 58 (77.3) 47 (71.2) 0.243
Yes 431 (21.3) 268 (20.0) 89 (24.1) 38 (22.4) 17 (22.7) 19 (28.8)

Tumour location Right 907 (44.2) 539 (39.5) 191 (51.2) 98 (57.3) 47 (60.2) 32 (47.8) <0.001
Left 702 (34.2) 470 (34.4) 124 (33.2) 55 (32.2) 25 (32.0) 28 (41.8)
Rectum 444 (21.6) 355 (26.0) 58 (15.5) 18 (10.5) 6 (7.7) 7 (10.4)

T-stage 1 178 (8.6) 159 (11.6) 12 (3.2) 5 (2.9) 2 (2.6) 0 (0.0) <0.001
2 305 (14.8) 265 (19.4) 32 (8.5) 6 (3.5) 1 (1.3) 1 (1.5)
3 1231(59.8) 795 (58.1) 240 (64.2) 117 (68.0) 40 (51.3) 39 (58.2)
4 345 (16.7) 149 (10.9) 90 (24.1) 44 (25.6) 35 (44.9) 27 (40.3)

N-stage 0 1325 (64.3) 906 (66.2) 223 (59.6) 110 (64.0) 47 (60.3) 39 (58.2) 0.024
1 535 (26.0) 354 (25.9) 100 (26.7) 43 (25.0) 21 (26.9) 17 (25.4)
2 199 (9.7) 108 (7.9) 51 (13.6) 19 (11.0) 10 (12.8) 11 (16.4)

TNM-stage I 412 (20.0) 362 (26.5) 38 (10.2) 9 (5.2) 2 (2.6) 1 (1.5) <0.001
II 913 (44.3) 544 (39.8) 185 (49.5) 101 (58.7) 45 (57.7) 38 (56.7)
III 734 (35.6) 462 (33.8) 151 (40.4) 62 (36.0) 31 (39.7) 28 (41.8)

Differentiation Well/moderate 1745 (87.5) 1211 (91.5) 300 (83.1) 129 (77.7) 55 (72.4) 50 (75.8) <0.001
Poor 248 (12.4) 113 (8.5) 61 (16.9) 37 (22.3) 21 (27.6) 16 (24.2)

SIR: systemic inflammatory response; CRP: C-reactive protein; mGPS: modified Glasgow Prognostic Score; ASA: American Society of Anaesthesiologists; Min: min-
imum; Max: maximum

Table 2. Prognostic information regarding overall and cancer-specific survival
for patients undergoing surgery for colorectal cancer stage I–III according to
CRP and mGPS.

CRC stage I–III (n¼ 2059)

OS (Events¼ 594) CSS (Events¼ 318)

n HR CI p-value HR CI p-value

CRP <0.001 <0.001
<10 1368 1.00 1.00
11–30 374 1.65 1.35 2.02 <0.001 1.85 1.41 2.44 <0.001
31–60 172 1.95 1.50 2.52 <0.001 2.30 1.63 3.25 <0.001
60–100 78 2.37 1.68 3.34 <0.001 3.43 2.27 5.20 <0.001
>100 67 2.69 1.89 3.83 <0.001 3.02 1.88 4.87 <0.001
mGPS <0.001 <0.001
0 1368 1.00 1.00
1 417 1.47 1.20 1.79 0.001 1.67 1.27 2.20 0.002
2 274 2.63 2.16 3.21 <0.001 3.22 2.47 4.19 <0.001

CRP: C-reactive protein (mg/l); mGPS: modified Glasgow Prognostic Score; OS:
overall survival; CSS: cancer-specific survival; HR: hazard ratio; CI: confidence
interval (95%)
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values are adjusted to the clinicopathological factors pre-
sented above. When analysing the whole cohort (n¼ 1609),
HR for both OS and CSS increased as the CRP level increased
(Figure 1(a,b)). A similar ascend was observed for both right-
and left-sided tumour location, however with higher HR for
left-sided primary tumours. When excluding patients under-
going emergency operations and postoperative mortality
within 30 days, a gradually increase in HR was observed for
both right- and left-sided tumour patients (Figure 1(c)). Also,
when excluding emergency surgery and postoperative death,
an impaired CSS is observed in patients with an elevated
CRP level. Most significant for patients with primary tumour
on the left side, until CRP reaches > 60mg/l (Figure 1(d)). All
HR-, CI-, and p-values are shown in Supplementary Table
3(a–d). Clinicopathological characteristics of the patient
cohort when excluding emergency surgery and postoperative
mortality are shown in Supplementary Table 1. Log-rank tests
and Kaplan–Meier plots for the whole cohort according to
CRP levels are shown in Supplementary Figure 1.

Discussion

By utilising one of the largest prospective datasets of resect-
able stage I–III CRC to date, the present work confirmed CRP
as a valid, feasible and clinically simple-to-use strong prog-
nostic marker of SIR. This study further revealed a strong
association between the presence of SIR and right-sided pri-
mary tumour location, even when adjusted for other clinico-
pathological factors. Yet, once present on the left side of the
large bowel, SIR exerts a much greater impact on CSS com-
pared to right-sided tumour location. Furthermore, CRP val-
ues >60mg/ml in patients with stage I–III CRC should lead
to the suspicion of other causes than cancer-induced SIR.

This study adds to previous data showing that increasing
levels of CRP are associated with increasingly worse OS and
CSS, however, with a significant difference between right
and left side for the latter. Even when adjusting for acute
conditions that might have caused CRP to be elevated, by
excluding patients with emergency surgery and postopera-
tive mortality within 30 days, the tendency was even greater.

We were surprised to observe the decrease in HR for
patients with left-sided primary tumour location when CRP
reached >60mg/l. Our data allowed us to investigate the

patients from the Norwegian cohort, with left-sided primary
tumour location (including rectum), CRP >60mg/l, under-
going elective surgery and survived 30 days after surgery
(n¼ 11). In eight out of eleven patients, we found evidence
of another condition able to cause an elevated CRP (i.e., sub-
clinical tumour perforation, abscess formation, and concomi-
tant infection). This indicates that CRP values > 60mg/l may
represent an infection or other complications, rather than a
cancer-associated SIR. Despite the limitation of a small num-
ber of patients and loss of statistical significance, we report
this finding due to the clinical relevance and possibly useful
information for clinicians in making decisions concerning
cancer patients, especially in evaluating the possibility of
concomitant systemic or local infection, subclinical tumour
perforation, and/or bowel obstruction. It is also important to
consider the CRP kinetics in this setting. When the CRP level
does indicate a non-cancer-associated immune response, this
will most likely also be reflected in a rapid rise in CRP,
whereas a tumour-associated detrimental SIR presumably will
have a more gradual course of ascent.

This study has several strengths. The ScotScan Collaborative
dataset is one of the largest dataset of patients operated
and treated for stage I–III CRC to date [2]. The data capture
is prospective in nature, established with the intention of
investigating the role of SIR in CRC. Our research confirmed
that right-sided tumour location was independently associated
with advanced age and poor differentiation [21,22].

In the past recent years, an increasing number of markers
of SIR have been proposed. They are often based on combina-
tions of cells and/or proteins and assembled as combinations
in form of ratios or scores, e.g., neutrophil to lymphocyte ratio
(NLR), platelet to lymphocyte ratio, lymphocyte to monocyte
ratio, CRP to albumin ratio, lymphocyte to CRP ratio, ratio of
albumin to fibrinogen, ratio of fibrinogen to albumin, neutro-
phil-platelet score, lymphocyte-monocyte score, and ratio of
NLR to prealbumin [7,8,23,24]. Unfortunately, our data does
not allow us to comprehensively compare CRP to these other
proposed prognostic markers of inflammation. Nevertheless,
the mGPS was one of the first markers of SIR, demonstrating
the significance of the presence of systemic inflammation in
cancer [25–27] and has over the years been unequivocally
demonstrated in almost all types of cancer [5,6]. An abun-
dance of literature has shown mGPS to be equivalent to other
combined markers in predicting survival [5,6,23]. Thus, by

Table 3. Relationship between clinicopathological characteristics and tumour sidedness with left side as reference, including rectum.

Univariate (n¼ 2053) Multivariate (n¼ 1629)

Characteristic OR CI p-value OR CI p-value

Age. years (<65/65–74/>75) 1.30 1.16 1.45 <0.001 1.25 1.10 1.42 <0.001
Sex (female/male) 0.72 0.60 0.85 <0.001 0.85 0.69 1.04 0.120
ASA score (I/II/III/IV) 1.29 1.13 1.47 <0.001 1.08 0.92 1.25 0.343
Year of surg. quartile 1.17 1.08 1.26 <0.001 1.15 1.05 1.25 0.002
Adjuvant therapy (no/yes) 0.94 0.76 1.17 0.592 –
TNM-stage (I/II/III) 1.14 1.01 1.29 0.030 1.00 0.87 1.16 0.993
Differentiation (moderate-well/poor) 3.92 2.93 5.27 <0.001 3.67 2.64 5.11 <0.001
CRP. mg/l< 10 n¼ 1368 <0.001 <0.001
11�30 n¼ 374 1.61 1.28 2.02 <0.001 1.64 1.25 2.16 <0.001
31�60 n¼ 172 2.05 1.49 2.83 <0.001 1.67 1.15 2.43 0.007
61�100 n¼ 78 2.32 1.46 3.70 <0.001 1.88 1.07 3.28 0.027
>100 n¼ 67 1.40 0.86 2.29 0.180 1.33 0.76 2.33 0.313

CRP: C-reactive protein (mg/l); ASA: American Society of Anaesthesiologists; OR: odds ratio; CI: confidence interval (95%).
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demonstrating CRP’s comparable prognostic value to mGPS,
we assume CRP’s adequacy to other markers of SIR.

The choice of CRP threshold values into five categories is
based on previous used cut-off values of CRP in colon cancer
[3,11,12]. The level of albumin gives highly valuable informa-
tion regarding the patient’s present condition. However,
hypoalbuminemia in patient populations with less inflamma-
tion is observed infrequently [2,28]. The different CRP levels
may therefore differentiate further and provide important
information regarding survival for patients with a normal
albumin level. In addition, they follow a pragmatic approach
and are easy to integrate into the clinic. Similar thresholds
have been proposed by others [29], further emphasising the
increased risk of mortality with increasing levels of CRP.

Despite established biological differences between the
right and left colon, classification according to tumour sided-
ness is controversial and may represent the different sections
of the large bowel incompletely. Studies have suggested that

differences along the colon may represent a continuum,
rather than clear cut sections [14,21]. Additionally, the same
studies showed the transverse colon to be more similar to
the left-sided colon in tumour mutational profiles [14] and a
distinct tumour biology in rectal cancers [21], which may call
for a more precise description based on tumour site, not
sidedness. Unfortunately, our data do not allow us to evalu-
ate mutational status or molecular subtypes, characteristics
known to be associated with tumour location [30,31].
Nevertheless, our study fuels the proposition of important
biological distinctions between the different sections of the
large intestine and provides important insight into further
research on the significance of tumour location in CRC.

The scientific awareness towards the composition of
immune cells in the tumour microenvironment has during
the recent years escalated. The tumour microenvironment
comprises a high diversity of different immune cells with
the abilities to acquire an anti- or pro-tumour activity [32],

Table 4. Relationship between clinicopathological factors and cancer-specific survival according to primary tumour location.

Right side Univariate (n¼ 907/events¼ 142) Multivariate (n¼ 755/events¼ 108)

Characteristic HR CI p-value HR CI p-value

Age. years (<65/65–74/>75) 1.58 1.26 1.99 <0.001 1.58 1.19 2.10 0.002
Sex (female/male) 1.01 0.73 1.41 0.932 –
ASA score (I/II/III/IV) 1.63 1.24 2.15 <0.001 1.33 0.98 1.79 0.065
Year of surg. quartile 0.67 0.57 0.77 <0.001 0.73 0.61 0.86 <0.001
Adjuvant therapy (no/yes) 1.12 0.76 1.65 0.556 –
TNM-stage (I/II/III) 2.62 1.97 3.48 <0.001 2.31 1.66 3.21 <0.001
Differentiation (moderate-well/poor) 1.27 0.86 1.87 0.233 –
CRP. mg/l < 10 n¼ 539 <0.001 0.059
11–30 n¼ 191 1.53 1.01 2.33 0.047 0.97 0.59 1.59 0.912
31–60 n¼ 98 1.95 1.19 3.19 0.008 1.40 0.78 2.49 0.258
61–100 n¼ 47 2.62 1.44 4.75 0.002 1.61 0.76 3.42 0.213
>100 n¼ 32 3.57 1.88 6.77 <0.001 2.73 1.31 5.72 0.008

Left side (excluding rectum) Univariate (n¼ 702/events¼ 103) Multivariate (n¼ 582/events¼ 76)

Characteristic HR CI p-value HR CI p-value

Age. years (<65/65–74/>75) 1.46 1.13 1.87 0.003 1.34 0.98 1.83 0.067
Sex (female/male) 0.98 0.67 1.45 0.937 –
ASA score (I/II/III/IV) 2.33 1.67 3.27 <0.001 1.92 1.34 2.75 <0.001
Year of surg. quartile 0.74 0.62 0.88 <0.001 0.88 0.72 1.07 0.200
Adjuvant (no/yes) 1.01 0.65 1.57 0.961 –
TNM-stage (I/II/III) 2.74 1.97 3.81 <0.001 3.44 2.21 5.36 <0.001
Differentiation (moderate-well/poor) 1.54 0.75 3.16 0.243 –
CRP. mg/l< 10 n¼ 470 <0.001 <0.001
11–30 n¼ 124 3.03 1.88 4.89 <0.001 2.44 1.37 4.36 0.003
31–60 n¼ 55 3.99 2.23 7.13 <0.001 3.85 2.02 7.36 <0.001
61–100 n¼ 25 6.36 3.26 1.40 <0.001 4.47 2.02 9.86 <0.001
>100 n¼ 28 3.64 1.63 8.13 0.002 3.53 1.46 8.54 0.005

Rectum Univariate (n¼ 444/events¼ 71) Multivariate (n¼ 334/events¼ 53)

Characteristic HR CI p-value HR CI p-value

Age. years (<65/65–74/>75) 1.18 0.89 1.58 0.244 –
Sex (female/male) 1.25 0.78 2.03 0.353 –
ASA score (I/II/III/IV) 1.47 1.03 2.11 0.035 1.56 1.07 2.26 0.020
Year of surg. quartile 0.62 0.50 0.78 <0.001 0.68 0.53 0.88 0.003
Adjuvant (no/yes) 1.76 1.03 3.16 0.038 0.88 0.44 1.75 0.708
TNM-stage (I/II/III) 2.30 1.64 3.22 <0.001 1.70 1.14 2.53 0.009
Differentiation (moderate-well/poor) 4.71 2.62 8.48 <0.001 3.61 1.81 7.22 <0.001
CRP. mg/l< 10 n¼ 355 0.276
11–30 n¼ 58 1.58 0.84 2.95 0.156 –
31–60 n¼ 18 1.67 0.60 4.60 0.326 –
61–100 n¼ 6 3.41 0.83 14.03 0.089 –
>100 n¼ 7 1.12 0.15 8.11 0.910 –

CRP: C-reactive protein (mg/l); ASA: American Society of Anaesthesiologists; HR: hazard ratio; CI: confidence interval (95%).
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with the release of cytokines/chemokines able to reach
beyond the local environment and evoke systemic
responses. The presence or absence of SIR, assessed by
the CRP level, may therefore be associated with the
immune cell composition of the tumour microenvironment.
Indeed, Køstner et al. recently found that systemic inflam-
mation, seen by an elevated level of CRP, correlated with
a tumour microenvironment dominated by neutrophils and
macrophages [33].

Correspondingly, the prognostic value of CRP raises the
question of which role CRP itself may exert within the tumour
microenvironment. Research has for the last years revealed
CRP as more than a circulatory protein whose levels increase
during illness, and the biological roles of CRP are gradually
becoming apparent [9,34–36]. In a recent study by Yoshida
et al., CRP was found to have a profound suppressive effect
on adaptive immunity in peripheral blood in melanoma
patients [10], with confirmed shorter OS in patients with

Figure 1. (a–d) Relationship between C-reactive protein (CRP) values (in mg/l) and survival for patients undergoing curative treatment for colorectal cancer (CRC)
according to tumour sidedness, with all patients shown in black, right side shown in red and left side (excluding rectum) shown in blue. The number of patients at
each CRP level is noted as n below the respected level. All HRs are adjusted to clinicopathological factors (age, sex, ASA score, year of surgery, TNM-stage, and dif-
ferentiation). All HR-, CI-, and p-values are shown in Supplementary Table 3(a–d). Clinicopathological characteristics of the patient cohort when excluding emer-
gency surgery and postoperative mortality are shown in Supplementary Table 1. (a) The relationship between CRP level and OS according to tumour location. (b)
The relationship between CRP level and CSS according to tumour location. (c) The relationship between CRP level and OS according to tumour location excluding
patients undergoing emergency surgery (n¼ 206) and postoperative death (within 30 days of surgery, n¼ 40). (d) The relationship between CRP level and CSS
according to tumour location excluding patients undergoing emergency surgery and postoperative death.
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elevated CRP in the same patient group [37]. Taken together,
these finding suggest that CRP represents more than a passive
marker, and rather indicates CRP as an active participant in
the process of ongoing detrimental immune responses.

In conclusion, CRP is a valid, readily available, and bio-
logical relevant strong prognostic marker of SIR in CRC. Even
though more often present in right-sided tumour cases, SIR
exerts a greater impact on survival once present in patients
with left-sided CRC. The level of CRP may additionally be an
indicator for clinicians when to consider the presence of a
non-cancer-associated immune response. This work accentu-
ates the indication of including CRP assessment in CRC
patients, both as part of routine clinical practice and in
future trials.
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