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Levels of Inflammation Markers Are Associated with the
Risk of Recurrence and All-Cause Mortality in Patients
with Colorectal Cancer
Evertine Wesselink1, Michiel G.J. Balvers1, Dieuwertje E. Kok1, Renate M. Winkels1, Moniek van Zutphen1,
Ruud W.M. Schrauwen2, Eric T.P. Keulen3, Ewout A. Kouwenhoven4, Stephanie O. Breukink5,6,
Renger F. Witkamp1, Johannes H.W. deWilt7, Martijn J.L. Bours5, Matty P. Weijenberg5, Ellen Kampman1,
and Fr€anzel J.B. van Duijnhoven1

ABSTRACT
◥

Background:We investigated whether preoperative and postop-
erative levels of inflammation markers, which have mechanistically
been linked to colorectal cancer progression, were associated with
recurrence and all-cause mortality in patients with colorectal cancer.

Methods: Data of two prospective cohort studies were used. For
the current analysis, patients with stage I to III colorectal cancer
were considered. Data on inflammation [IL6, IL8, IL10, TNFa,
high-sensitivity C-reactive protein (hsCRP), and a combined
inflammatory z-score] were available for 747 patients before surgery
and for 614 patients after surgery. The associations between inflam-
mationmarker levels and colorectal cancer recurrence and all-cause
mortality were examined using multivariable Cox proportional
hazard regression models, considering patient characteristics and
clinical and lifestyle factors.

Results: Higher preoperative and postoperative hsCRP levels
were associated with a higher risk of recurrence [HRper doubling

(95% CI), 1.15 (1.02–1.30) and 1.34 (1.16–1.55)] and all-cause
mortality [HRper doubling (95% CI) 1.13 (1.01–1.28) and 1.15
(0.98–1.35)]. A doubling in IL8 levels (preoperative levels
HR ¼ 1.23; 95% CI, 1.00–1.53 and postoperative levels HR ¼
1.61; 95% CI, 1.23–2.12) and a higher combined inflammatory
z-score (preoperative HRper doubling ¼ 1.39; 95% CI, 1.03–1.89
and postoperative HRper doubling ¼ 1.56; 95% CI, 1.06–2.28) were
associated with a higher risk of all-cause mortality, but not
recurrence. No associations between IL6, IL10, and TNFa and
recurrence or all-cause mortality were observed.

Conclusions: Preoperative and postoperative levels of specific
inflammation markers were associated with recurrence and/or all-
cause mortality.

Impact: The complex role of inflammation in cancer recurrence
merits further elucidation by investigating local inflammation at
the tumor site.

Introduction
Chronic low-grade inflammation is an important driver of cancer

development and progression (1–4). This includes colorectal can-
cer (2, 5). Vice versa, NSAIDs and cytokine antagonist or antibodies
may play a role in the prevention and treatment of colorectal can-
cer (2, 5, 6). Together, this underlines the potential relevance of
inflammation during tumor onset and progression.

The association between C-reactive protein (CRP), a nonspecific
marker of inflammation, and colorectal cancer prognosis has been
extensively studied (7–9). Higher CRP levels were associated with a

higher risk of recurrences (9) and a worse disease-free, cancer-specific,
and overall survival (7, 8). Next to CRP, more specific inflammation
markers have also been studied, for example, cytokines including
several ILs and TNFa, suggested crucial players in colorectal cancer
tumor immunology (2, 5, 10). Higher levels of IL6, TNFa, CRP, and
IL8 have been associated with more advanced colorectal
cancer (11–15). Likewise, higher levels of IL6, IL8, IL10, and TNFa
have also been associated with a worse disease-free, cancer-specific,
and overall survival (11, 14, 16–20).

So far, studies investigating potential associations between
cytokines and colorectal cancer involved relatively small numbers
of subjects, usually between 50 and 250. Importantly, those studies
only measured cytokine levels at diagnosis and thus before surgery.
The timing of measurements could be important, because cytokine
levels might be different in the preoperative phase when the tumor
is still present and there is active interaction with the tumor
microenvironment and host immunity, this is not the case when
the tumor is removed (5). In addition, previous studies did not
adjust for lifestyle and other clinical factors not directly linked to
the tumor itself. Several lifestyle factors or other patient character-
istics, such as physical activity, BMI, smoking and dietary habits,
comorbidities, NSAID use, and vitamin D status are of potential
interest as they are associated with both inflammation as well as
mortality (21–30).

In view of these knowledge gaps and considerations, we investigated
preoperative as well as postoperative levels of IL6, IL8, IL10, TNFa,
and CRP levels in association with cancer recurrence and all-cause
mortality, while taking lifestyle and clinical factors into account, in a
large study of 747 patients with colorectal cancer.
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Materials and Methods
Study design and population

Data from two prospective cohort studies were used, the COLON
study and the EnCoRe study. The design of the COLON study
(ClinicalTrials.gov identifier:NCT03191110; ref. 31) and the EnCoRe
study (trialregister.nl identifier:NL6904; ref. 32) have been described
elsewhere. Briefly, in both studies, newly diagnosed patients with
colorectal cancer were recruited directly after diagnosis and were
followed during and after treatment. Men and women above the age
of 18 were eligible. In the COLON study, patients with a first primary
stage I to IV colorectal cancer were eligible, whereas patients with
primary stage I to III colorectal cancer were eligible in the EnCoRe
study. The COLON and EnCoRe studies were approved by regional
Medical Ethics Committees (NL30446.091.09 and NL38786.068.11,
respectively). All patients signed written informed consent.

In total 1,089 patients were recruited of which 791 in the COLON
study and 298 in the EnCoRe study (Fig. 1). For 232 patients, no
preoperative blood samples were available, mainly because of the small
time-windowbetween diagnosis, study inclusion, and surgery. Patients
with missing data about stage of disease (n¼ 57) or who had stage IV
disease (n ¼ 52) were also excluded. In total, 747 patients were
included in the analyses of the association between preoperative levels
and all-cause mortality. For 133 patients, data on inflammation
markers was missing 6 months after diagnosis (post-). For the asso-

ciation between postoperative levels and all-cause mortality, 614
patients were included. Data about recurrence were missing for 7
patients for the preoperative analyses and for 5 patients for the
postoperative analyses.

Blood collection
In principle, blood samples were obtained during a regular clinical

visit to the hospital at diagnosis and 6 months after diagnosis
(median ¼ 5.8; IQR ¼ 5.4–6.4 months) in the COLON study and
during a regular clinical visit to the hospital or by a research assistant
during a home visit before start of cancer treatment and 6 weeks and
6 months after cancer treatment in the EnCoRe study. To be able to
harmonize the data of both cohorts for analyses after colorectal cancer
diagnosis, we selected the time point in the EnCoRe cohort closest to
6 months after diagnosis (median ¼ 6.9; IQR ¼ 6.4–8.5 months).

All blood samples were centrifuged and aliquoted and plasma was
stored at �80�C until further analysis.

Inflammation markers
The Pro-inflammatory Panel 1 (Human) Kit from MSD cytokine

multiplex assays (Meso Scale Diagnostics) was used to measure IL6,
IL8, IL10, and TNFa in plasma in our lab atWageningen University &
Research. These inflammatory markers has been selected on the basis
of their suggested role in colorectal cancer progression (29).

Figure 1.

Flowchart of the participants included in this study. Note that the number of the participants included in the analyses for the association between a specific
inflammation marker and recurrence or all-cause mortality could be slightly different per inflammation marker, due to missing values in specific inflammation
markers.
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Measurements of cytokines were done in duplicate according to the
manufacturer’s protocol. Highest inter and intra-batch coefficients of
variation for the manufacturer’s quality controls for all cytokines were
<8%, and reported values deviated no more than 15% from the
assigned target values. Detailed information about the analytical
methods has been published previously (30). High-sensitive C-reactive
protein (hsCRP) was measured using an immuno-MALDI mass
spectrometry method (BEVITAL; ref. 33). The interassay coefficient
ranged between 3% and 6%.

A combined inflammatory z-score (including hsCRP, TNF, IL6,
IL8, and IL10) was calculated (34) to cluster conceptually related
markers of low-grade inflammation and improve statistical efficiency.
First, a normalized z-score for each individual biomarker was calcu-
lated. The combined score was calculated by summing the z-scores of
each individual marker and dividing the total sum by the number of
inflammation markers included. If data of two or more inflammatory
markers were missing for a patient (n ¼ 6 preoperative and n ¼ 7
postoperative), no combined inflammatory z-score was calculated.

Colorectal cancer outcomes
Information on recurrence was collected from medical records by

the Dutch Cancer Registration. Recurrence was defined as a local
regional recurrence or distant metastasis. Follow-up time for recur-
rence was calculated starting from the date of blood collection, either
preoperative or postoperative, until the date of recurrence or until the
date recurrence status was updated (COLON: February 2018; EnCoRe:
March 2018), or the date of end of follow-up, whichever came first.

Information on all-cause mortality was gathered from linkage with
the Municipal Personal Record Database. Follow-up time was defined
starting from the date of blood collection, either preoperative or
postoperative, until the date of death, or until the last date survival
status was updated (COLON: December 2019; EnCoRe: May 2019),
whichever came first.

Covariate assessment
Information on demographics, smoking, physical activity, diet,

use of dietary supplements, and NSAIDs was obtained using self-
administered questionnaires. Physical activity was assessed using
the Short Questionnaire to Assess Health-enhancing physical activ-
ity (SQUASH; ref. 35). Information on height, weight, and waist and
hip circumference was collected using self-administered question-
naires in the COLON study. In the EnCoRe study, these measure-
ments were performed by trained research dieticians during home
visits. Habitual dietary intake in the month (COLON) or year
(EnCoRe) preceding diagnosis was assessed using a semiquantita-
tive food frequency questionnaire (FFQ). The FFQ used in the
COLON study consists of 204 items. The FFQ used in the EnCoRe
study consists of 253 items. Six months after diagnosis, habitual
dietary intake was assessed with a FFQ in the COLON study and a
7-day food diary in the EnCoRe study.

Clinical factors, such as stage of disease, tumor location, tumor
differentiation, date of start treatment, type of treatment, and presence
of comorbidities were derived from the Dutch ColoRectal Audit
(DCRA; ref. 36).

For both cohorts, serum 25-hydroxy vitamin D3 [25(OH)D3] levels
were measured by LC/MS-MS in the Canisius Wilhelmina Hospital,
Nijmegen, the Netherlands (13).

Data analyses
This analysis included 747 stage I to III patients with colorectal

cancer of whomdata of levels of inflammationmarkers was available at

diagnosis. For 614 patients, data about levels of inflammation 6months
after diagnosis was available.

Population characteristics are described as numbers with percen-
tages and medians with interquartile range (IQR).

IL6, IL8, IL10, TNFa, hsCRP, and the combined inflammatory
z-score were the exposure variables in this study. Inflammation
markers were log2 transformed to obtain normally distributed data.
HRs from continuous analyses should therefore be interpreted as the
increased risk with a doubling in the levels of an inflammationmarker.

To visualize the relationship between inflammation and colorec-
tal cancer outcomes, restricted cublic splines (RCS) was used (SAS
Macro %RCS_Reg vs1.44). Three knots were placed on the 10th,
50th, and 90th percentile, where the 50th percentile was used as the
reference. The associations between the majority of inflammation
markers and outcomes were linear (Supplementary Fig. S1). There-
fore, the association between continuous inflammation markers and
colorectal cancer outcomes was investigated using Cox proportional
hazard models.

First, a crude Cox proportional hazard model, including only the
main exposure of interest (i.e., IL6, IL8, IL10, TNFa, hsCRP, or the
combined inflammatory z-score) and the outcome (i.e., recurrence or
all-cause mortality) was run (model 1). Second, based on literature,
analyses were adjusted for age, sex, BMI, stage of disease (I/II/III),
season of blood collection, and cohort (model 2; refs. 7, 9, 37). In
addition, other clinical and lifestyle factors were investigated for
confounding; tumor location (colon/rectal), differentiation grade
(good/moderate, bad), daily use of NSAIDs (yes/no), daily use of
statins (yes/no), having comorbidities (yes/no), received treatment
(only surgery/surgery and chemotherapy/surgery and radiotherapy/
surgery and chemoradiation), neo-adjuvant treatment (yes/no), adju-
vant treatment (yes/no), number of days between surgery and post-
operative blood sampling, hours of moderate to vigorous physical
activity per week (continuous), smoking habits (current/former/nev-
er), education level (low/medium/high), intake of red and processed
meat (g/day), intake of vegetables and fruits (g/day), fiber intake
(g/day), and alcohol intake (g/day). Only smoking habits changed the
association of model 2 with more than 10% and this was added to the
fully adjusted model (model 2 þ smoking).

Above-mentioned associations were examined with data from two
time points: preoperative (at diagnosis, in 92% of the participants
before the start of treatment) and postoperative (6 months after
diagnosis, 83% after the end of treatment). Confounding bymodifiable
lifestyle factors such as dietary intake, physical activity levels, and BMI
was evaluated using data assessed at the same time-point as blood
measurements were performed. Correlations between preoperative
and postoperative levels of inflammatory markers were examined
using linear regression analyses.

Sensitivity analyses were done: (i) for NSAID nonusers only; (ii) for
nonsmokers only; (iii) excluding patients who received (neo)adjuvant
treatment (for preoperative levels patients who received neoadjuvant
treatment were excluded; for postoperative levels patients who
received adjuvant treatment were excluded; (iv) excluding patients
still undergoing treatment (for preoperative levels patientswho already
started treatment were excluded; for postoperative levels patients who
still underwent adjuvant treatment were excluded; (v) excluding out-
liers of inflammatory markers (>3SD above the mean); (vi) excluding
older blood samples (levels measured after 2 years of storage, since
cytokines were previously shown to remain stable in plasma for a
period up to 2 years of storage at �80�C; ref. 38); (vii) correction for
preoperative or postoperative levels; and (viii) excluding patients with
hsCRP levels >10 mg/mL.

Inflammation Marker Levels and Colorectal Cancer Outcomes
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To further investigate the interference of conditions influencing
inflammation, such as other comorbidities (27, 28) and vitamin D
status (29, 30), we tested for multiplicative interaction between
inflammation and having any comorbidities, specifically cardiometa-
bolic comorbidities and vitamin D status in relation to colorectal
cancer outcomes. Multiplicative interaction was assessed using the
interaction term approach. Thus, the exposure (inflammation marker
levels) and the above-mentioned potential effect modifiers were
entered as a product term in the model, for example, IL6�vitamin
status. We did not stratify our analyses on vitamin D status and
comorbidities, since all P for interaction values were above 0.05. The
only exception was the interaction between preoperative TNFa levels,
vitamin D status, and colorectal cancer recurrence P ¼ 0.005. How-
ever, although statistically significant, this finding might be a chance
finding, therefore we did not stratify analyses for vitamin D status.

All statistical analyses were performed in SAS, version 9.4. P values
<0.05 were considered statistically significant.

Results
Population characteristics

Mean age of the total population was 67 (IQR¼ 62–73) years, 33%
was female and 44% of the patients were diagnosed with stage III of
disease (Table 1). Compared with patients with a low combined
inflammatory z-score (tertile 1), patients with a high combined
inflammatory z-score (tertile 3) were older, had a higher BMI, more
often had a low education level, were less physically active, more often
had colon cancer, weremore often in stage II of disease,more often had
comorbidities and had lower levels of 25(OH)D3 (Table 1).

Postoperative samples were obtained 5 to 6 months after surgery in
the majority of patients (median ¼ 174 days; IQR ¼ 151–194). A
moderately strong correlation between pre-operative and postopera-
tive inflammatorymarker levels was observed (IL6, r¼ 0.4; IL8, r¼ 0.6;
IL10, r¼ 0.4; TNFa, r¼ 0.6; hsCRP, r¼ 0.4, combined inflammatory
z-score, r ¼ 0.4). Levels of inflammation markers did not change
substantially (>1SD) between diagnosis and 6 months after diagnosis
in 77% of our study population. In 13% of the study population levels
increased with more than 1SD, whereas in 10% levels decreased with
more than 1SD. Characteristics of patients with increased, stable, and
decreased levels are depicted in Supplementary Table S1.

During a median follow-up of 3.0 years (IQR ¼ 2.4–3.5) for
recurrence and 4.7 years (IQR ¼ 4.2–5.3) for all-cause mortality, 88
recurrences and 98 deaths occurred. For the postoperative measure-
ments, the median follow-up was 2.5 years (IQR ¼ 2.0–3.0) for
recurrence and 4.3 years (IQR ¼ 3.8–4.90) for all-cause mortality, in
which 64 recurrences and 61 deaths occurred.

Inflammation markers, recurrence, and all-cause mortality
A doubling in preoperative hsCRP levels was associated with a 15%

higher risk of colorectal cancer recurrence (HR ¼ 1.15; 95% CI, 1.02–
1.30) and a doubling in postoperative hsCRP levels was associatedwith
a 34% higher risk of colorectal cancer recurrence (HR¼ 1.34; 95% CI,
1.16–1.55). Doubling of preoperative as well as postoperative cytokine
levels (IL6, IL8, IL10, and TNFa) and the combined inflammatory
z-score were not associated with cancer recurrence (Fig. 2).

For all-cause mortality, preoperative as well as postoperative levels
of proinflammatory markers, that is, IL6, IL8, TNFa, and hsCRP,
tended to be associated with a higher risk (Fig. 2). These associations
were statistically significant for both preoperative and postoperative
levels of IL8 (HR ¼ 1.23; 95% CI, 1.00–1.53 and HR ¼ 1.61; 95% CI,
1.23–2.12, respectively) and the combined inflammatory z-score

(HR ¼ 1.39; 95% CI, 1.03–1.89 and HR ¼ 1.56; 95% CI, 1.06–2.28,
respectively) and for preoperative levels of hsCRP (HR¼ 1.13; 95%CI,
1.01–1.28). Levels of IL10 were not associated with all-cause mortality.

Results of sensitivity analyses
No differences in associations with recurrence and all-cause mor-

tality were observed when non-NSAID users, nonsmokers, patients
receiving no treatment at themoment of blood collection, and patients
not receiving (neo)adjuvant treatment were compared with the total
population (Figs. 3 and 4). Also, no differences were observed when
excluding old blood samples or outliers. Associations between post-
operative levels of inflammationmarkers and recurrence and all-cause
mortality did not markedly change after adjustment for preoperative
levels. The association between preoperative levels and colorectal
cancer outcomes diminished after correction for postoperative levels.
No differences were observed for the associations between cytokines
and colorectal cancer outcomes and hsCRP and recurrence when
excluding patients with acute infections (hsCRP > 10 mg/mL). How-
ever, the association between postoperative hsCRP levels and all-cause
mortality disappeared.

Discussion
Associations between preoperatively and postoperatively ana-

lyzed inflammation marker levels and colorectal cancer outcomes
were comparable. A doubling in hsCRP levels was associated with a
higher risk of recurrence. No associations between IL6, IL8, IL10,
TNFa, and the combined inflammatory z-score and recurrence
were observed. Higher levels of IL8, hsCRP, and the combined
inflammatory z-score were associated with a higher risk of all-cause
mortality. Postoperative levels of IL6 and TNFa tended to be
associated with all-cause mortality, whereas no associations were
observed for IL10.

We observed no striking differences between associations with
preoperative levels compared with postoperative levels and colorectal
cancer outcomes. Levels of inflammationmarkers did not substantially
change over time. Together, results indicate that low-grade systemic
inflammation is associated with colorectal cancer recurrence (hsCRP)
and all-cause mortality, independently of the presence of the primary
tumor. Interestingly, the association between preoperative levels of
inflammation markers and colorectal cancer outcomes diminished
after correction for postoperative levels, while this did not happen the
other way around. These results indicate that postoperative levels of
inflammation marker levels were more strongly associated with mor-
tality compared with preoperative levels.

To our knowledge, our study is the largest study that assessed the
association between systemic levels of several cytokines mechanisti-
cally linked to colorectal cancer tumor immunology (5) and colorectal
cancer recurrence.We observed a higher risk of recurrence with higher
preoperative as well as postoperative hsCRP levels (median preoper-
ative levels ¼ 2.5 mg/mL; IQR ¼ 1.2–6.1 and postoperative levels ¼
1.8 mg/mL; IQR 0.9–4.1). This is in line with results of previous studies.
A previous prospective cohort study in 167 patients with colorectal
cancer observed a higher risk of recurrence with higher preoperative
hsCRP levels (>10 mg/mL vs. <10 mg/mL), although this was not
statistically significant (39). Although we did not observe an associ-
ation between IL6, TNFa, and IL10 and recurrence, four small
previous studies observed a higher risk of recurrence with high
compared with low IL6 levels (11, 40), TNFa levels (11), or IL10
levels (41). Thus, data are still somewhat inconsistent about the
associations between cytokine levels and colorectal cancer recurrence
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Table 1. Baseline characteristics of patients with colorectal cancer stratified by tertiles of the combined inflammatory z-scorea.

Total population
Low level of
inflammation (tertile 1)

Moderate level of
inflammation (tertile 2)

High level of
inflammation (tertile 3)

N ¼ 748 N ¼ 247 N ¼ 248 N ¼ 247

Age (years) 67.2 (62.1–73.4) 65.6 (60.3–70.2) 67.0 (61.6–73.0) 68.9 (64.2–75.2)
Gender (female) 245 (33) 79 (32) 80 (32) 84 (34)
BMI (kg/m2) 26.8 (24.3–29.7) 25.9 (23.9–28.9) 27.2 (24.8–30.1) 27.6 (24.5–30.9)
Unknown 3 0 1 2
Educationb

Low 347 (48) 107 (44) 110 (46) 128 (55)
Medium 179 (25) 66 (27) 58 (24) 54 (23)
High 193 (27) 68 (28) 70 (29) 52 (22)
Unknown 29 6 10 13

Smoking habits
Current 95 (13) 31 (13) 29 (12) 35 (15)
Former 429 (58) 146 (60) 143 (59) 137 (57)
Never 212 (29) 68 (28) 71 (29) 70 (29)
Unknown 12 2 5 5

Physical activityc

(hours/week) 11.3 (5.0–20.0) 12.6 (6.0–21.4) 10.5 (4.5–19.5) 10.3 (4.0–19.0)
Unknown 13 3 5 5

Dietary factorsd

Fruits 135 (57–225) 151 (57–226) 114 (46–224) 142 (71–223)
Vegetables 112 (71–171) 114 (75–174) 106 (69–165) 114 (73–170)
Fiber 22 (17–27) 22 (18–27) 21 (17–27) 22 (17–27)
Red meat 41 (25–61) 41 (26–61) 42 (25–62) 41 (24–61)
Processed meat 30 (13–47) 30 (13–48) 30 (15–46) 30 (12–46)
Alcohol 9 (1–21) 12 (2–23) 9 (1–21) 5 (0–19)
Unknown 17 4 7 6

Type of cancer
Colon 491 (66) 156 (63) 159 (64) 174 (70)
Rectum 257 (34) 91 (37) 89 (36) 73 (30)

Tumor stage
I 216 (29) 92 (37) 65 (26) 57 (23)
II 206 (28) 51 (21) 68 (27) 86 (35)
III 326 (44) 104 (42) 115 (46) 104 (42)

Type of treatment
Only surgery 415 (56) 140 (58) 140 (57) 132 (54)
Surgery and chemotherapy 158 (21) 48 (20) 53 (21) 57 (23)
Surgery and radiotherapy 87 (12) 31 (13) 29 (12) 25 (10)
Surgery and chemoradiation 71 (9) 20 (8) 21 (9) 29 (12)
Unknown 16 7 5 4

Use of NSAIDs (yes) 135 (18) 39 (16) 56 (23) 40 (17)
Comorbidities

Yes 561 (75) 168 (68) 192 (78) 197 (80)
Unknown 2 0 1 1

Serum 25 (OH)D3 levels (nmol/L) 53.7 (40.3–68.9) 57.1 (42.4–74.0) 52.5 (39.1–67.1) 51.8 (38.2–68.0)
Season of blood collectione

Spring 213 (28) 78 (32) 62 (25) 73 (30)
Summer 220 (29) 72 (29) 66 (27) 80 (32)
Autumn 138 (18) 42 (17) 48 (19) 47 (19)
Winter 177 (24) 55 (22) 72 (29) 47 (19)

Inflammatory markers
IL6 (pg/mL) 1.0 (0.7–1.6) 0.7 (0.5–0.9) 1.0 (0.8–1.4) 1.8 (1.2–3.1)
IL8 (pg/mL) 5.7 (4.3–8.1) 4.3 (3.3–5.4) 5.6 (4.2–7.4) 8.7 (6.5–12.9)
IL10 (pg/mL) 0.2 (0.2–0.3) 0.2 (0.1–0.2) 0.2 (0.2–0.3) 0.3 (0.3–0.6)
TNF (pg/mL) 2.1 (1.6–2.6) 1.6 (1.3–1.9) 2.0 (1.7–2.5) 2.6 (2.2–3.3)
CRP (mg/mL) 2.5 (1.2–6.1) 1.1 (0.6–2.0) 2.5 (1.4–4.1) 7.8 (3.6–16.9)
Combined �0.08 �0.60 �0.08 0.62
Inflammatory z-score (�0.44–0.38) (�0.81 to �0.44) (�0.21–0.05) (0.40–0.98)

(Continued on the following page)
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and more research is needed to further elucidate the role of inflam-
matory cytokines in colorectal cancer recurrence. To further explore
this, future research should investigate local inflammation in the
tumor microenvironment, as well as circulating levels, preferably
several times, before, during, and after treatment (42, 43).

All proinflammatory markers (IL6, IL8, TNFa, hsCRP) measured
tended to be associatedwith a higher risk of all-causemortality, but this
was only statistically significant for IL8 and the combined inflamma-
tory z-score. No associations were observed for the anti-inflammatory
cytokine IL10. The higher risk of all-cause mortality with higher IL8
levels is in line with results of previous studies (20). In a meta-analysis
including four studies with in total 330 patients, high preoperative
serum IL8 levels compared with low levels were associated with a
higher risk of all-cause mortality (pooled HR ¼ 2.13; 95% CI, 1.49–
3.05; ref. 20). Most previous studies observed a statistically significant
association between preoperative IL6 andTNFa in relation to all-cause
mortality (14, 17, 19). In a meta-analysis including six studies with in

total 679 patients with CRC high versus low levels of IL6 were
associated with a higher risk of all-cause mortality (pooled HR ¼
1.76; 95% CI, 1.42–2.19; ref. 17). In a study in 119 patients with
colorectal cancer, a significant longer median survival time was
observed in patients with high versus low levels of TNFa (19), whereas
a small study in 74 patients with colorectal cancer with local disease did
not observe an association between TNF andmortality (44). Regarding
CRP, ameta-analysis including 21 studies with a total of 3,934 patients
with CRC observed a pooled HR of 2.04 (95% CI, 1.45–2.86) for all-
cause mortality, comparing high preoperative CRP levels with low
levels (7), which is in linewith results of our study. Althoughwedid not
observe an association between IL10 and all-cause mortality, a pre-
vious study observed a worse survival rate with higher postdiagnostic
IL10 levels (41). Combining the results of our and previous studies, we
can conclude that, in general, higher preoperative and postoperative
levels of proinflammatorymarkers are associatedwithworse colorectal
cancer survival.

Table 1.Baseline characteristics of patientswith colorectal cancer stratifiedby tertiles of the combined inflammatory z-scorea. (Cont'd )

Total population
Low level of
inflammation (tertile 1)

Moderate level of
inflammation (tertile 2)

High level of
inflammation (tertile 3)

N ¼ 748 N ¼ 247 N ¼ 248 N ¼ 247

Cohort
COLON 487 (65) 172 (70) 169 (68) 144 (58)
EnCoRe 261 (35) 75 (30) 79 (32) 103 (42)

Deceased 98 (13) 20 (8) 35 (14) 42 (17)
Recurrence 88 (11) 24 (10) 34 (14) 30 (12)

Note: Values presented are median (quartile 1–quartile 3) or number (percentages).
aLow, moderate, and high levels of inflammation were derived from the tertiles of the combined inflammatory z-scores of IL6þ IL8þ IL10þ TNFaþ CRP/5. For 81
patients, levels of one inflammation marker were missing. For these patients, the main inflammatory z-score was calculated by summing the z-scores of the four
available inflammation markers/4. For five patients, more than one inflammatory marker was missing. For these patients, no mean inflammatory z-score was
calculated. Cut-off points for the tertiles of the total inflammation level were �0.32 and 0.18.
bLoweducationwas defined asprimary school and lower general secondary education;mediumas lower vocational training andhigher general secondary education;
high as high vocational training and university.
cActivities with a metabolic equivalent score (MET score) ≥3 were defined as moderate to vigorous physical activity.
dIntake in grams per day.
eSpring: March–May; Summer: June–August; Autumn: September–November; Winter: December–February.

Figure 2.

The association between preoperative and postoperative levels of inflammation markers and colorectal cancer recurrence (A) and all-cause mortality (B). The
adjusted models were adjusted for age, sex, BMI, stage of disease, smoking status, cohort, and season of blood collection. Overall inflammation was assessed by
calculating a mean inflammatory z-score. First, a normalized z-score for each individual inflammation marker was calculated as z¼ (x� m)/s. The combined score
was calculated by summing the z-scores of each individual marker and dividing the total sumby the number of inflammationmarkers included. If data of two ormore
inflammatory markers were missing (n ¼ 6 and 7), no combined inflammatory z-score was calculated.
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The mechanisms by which inflammation as reflected by aberrant
expression of cytokines promotes colorectal cancer progression have
extensively been studied in in vitro and animal studies (5, 45). Several

interleukins, including IL6, IL8, and IL10, have tumor-promoting
effects. IL6 has several important roles in cancer progression, as it
stimulates processes such as cell proliferation, migration, and

Figure 3.

Results of sensitivity analyses regarding the association between inflammationmarkers and recurrence, adjusted for age, sex, BMI, stage of disease, smoking status,
cohort, and season of blood collection. Sensitivity analyses were done (i) for only NSAID nonusers (A), (ii) for only nonmokers (B), (iii) excluding patients who
received (neo)adjuvant treatment (for preoperative levels, patients who received neoadjuvant treatment were excluded; for postoperative levels, patients who
received adjuvant treatment were excluded) (C), (iv) excluding patients still undergoing treatment (for preoperative levels, patients who already started treatment
were excluded; for postoperative levels, patients who still underwent adjuvant treatment were excluded) (D), (v) excluding outliers (biomarkers more than 3 SD
below or above the mean) (E), (vi) excluding old samples (levels measured after two years of storage) (F), (vii) correcting for preoperative or postoperative levels
(G), and (viii) excluding patients with hsCRP levels >10 mg/mL (H).
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angiogenesis. IL6 mainly exerts is tumor-promoting effects by acti-
vating STAT3 (5, 45). IL8 mainly promotes colorectal cancer progres-
sion through the activation of intercellular signaling PI3K and Akt.
The PI3k/Akt pathway plays an essential role in cell survival, migra-

tion, and angiogenesis (45). How IL10 is related to colorectal cancer
progression is less clear. Some research suggest a tumor promoting
effect, whereas other studies propose a tumor inhibitory
effect (18, 45, 46). In addition to ILs, TNFa is also an important

Figure 4.

Results of sensitivity analyses regarding the association between inflammationmarkers and all-causemortality, adjusted for age, sex, BMI, stage of disease, smoking
status, cohort, and season of blood collection. Sensitivity analyseswere done (i) for onlyNSAID nonusers (A), (ii) for only nonsmokers (B), (iii) excluding patientswho
received (neo)adjuvant treatment (for preoperative levels, patients who received neoadjuvant treatment were excluded; for postoperative levels, patients who
received adjuvant treatment were excluded) (C), (iv) excluding patients still undergoing treatment (for preoperative levels, patients who already started treatment
were excluded; for postoperative levels, patients who still underwent adjuvant treatment were excluded) (D), (v) excluding outliers (biomarkers more than 3 SD
below or above the mean) (E), (vi) excluding old samples (levels measured after 2 years of storage) (F), (vii) correcting for preoperative or postoperative levels (G),
and (viii) excluding patients with hsCRP levels >10 mg/mL (H).
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cytokine that mainly drives tumor growth by activating NF-kB (5).
Finally, CRP plays important roles in inflammatory processes, apo-
ptosis, and the production of cytokines, particularly IL6 and
TNFa (47), which in turn, stimulates colorectal cancer progression.
Thus, all inflammatory markers investigated in this study are mech-
anistically linked to colorectal cancer progression. Although IL6 and
TNFa also seems to be associatedwith all-causemortality, we observed
the strongest associations for IL8 and hsCRP.One reason for this could
be the variability in levels. The variation in plasma levels of IL6, IL10,
and TNFa was low [median (IQR) ¼ 1.0 (0.7–1.6), 0.2 (0.2–0.3), and
2.1 (1.6–2.6), respectively], whereas more variation was observed in
hsCRP and IL8 levels [median (IQR)¼ 5.7 (4.3–8.1) and 2.5 (1.2–6.1),
respectively].

We also investigated whether lifestyle factors influenced the asso-
ciations between levels of inflammatorymarkers and cancer outcomes.
In our study only smoking status and BMI influenced the association
between levels of inflammatory markers and cancer outcomes. Thus,
although many of these lifestyle factors potentially influence both
inflammation and survival (21–26), these lifestyle factors did not
substantially influence the association between inflammation and
recurrence and all-cause mortality in patients with colorectal cancer
in our study. One possible explanation for this could be that our
participants were relatively health conscious, resulting in relatively low
variation in dietary intake and physical activity levels.

An integrative evaluation of (i) systemic inflammation, (ii) detailed
profiling of inflammation and host immunity in the tumor microen-
vironment, and (iii) factors influencing inflammation is important to
extend our knowledge on inflammation in relation to cancer recur-
rence and survival. This molecular pathological epidemiological
approach (42, 43) is essential to further unravel such complex inter-
relationships. Thus, as a next step, local inflammation at the tumor-
site, the so-called tumor microenvironment, should be examined to
further elucidate the role of inflammation in colorectal cancer recur-
rence and mortality. Special attention should be given to cytokines
known to be involved in tumor progression such as IL6, IL8, and
TNFa (5, 45), and to immune cell infiltration (48) rather than onmore
general markers of inflammation, such as CRP. Finally, clinical and
lifestyle factors should also be examined as they could potentially
influence inflammation and could therefore modify the association
between inflammation and colorectal cancer outcomes.

Our study has several strengths. First, we examined a set of cytokines
suggested to play an important role in colorectal cancer prognosis
before and after surgery. Furthermore, our study is one of the first
studies that investigated the association between cytokines and colo-
rectal cancer recurrence. In addition, previous studies assessed the
association between inflammationmarkers and cancer outcomes using
inflammationmarkers as a categorical exposure variable.However, it is
debated whether categorization of a continuous variable is always
appropriate (49). In our study, we investigated inflammation markers
as continuous variables. Besides, we also performed restricted cubic
spline analyses to get more insight into the relationship between
inflammation marker levels and cancer outcomes. Thus, results of
our study extend existing evidence regarding the association between
inflammation and colorectal cancer outcomes.

Our study also has some limitations. First, the absolute levels and the
variation in levels of the inflammationmarkers were low. For example,
themedian IL6 levels was 1.0 pg/mL (IQR¼ 0.7–1.6). The low variance
in the data limit the ability to detect associations. Still, we observed
statistically significant associations between several inflammation
markers and cancer outcomes. Second, it would be of interest to
investigate whether the association between inflammation markers

and mortality is cancer specific or more related to other comorbid
conditions such as cardiometabolic diseases. This could be of impor-
tance because chronic inflammation is also suggested to play a role in
the onset of comorbidities such as cardiovascular diseases and diabe-
tes (27, 28). Unfortunately, we had no data available about the cause of
death, due to strict privacy regulations in the Netherlands. Therefore,
we were not able to perform analyses with disease-specific mortality as
an outcome.

In conclusion, preoperative and postoperative levels of several
inflammation markers were associated with an increased risk of
recurrence and/or all-cause mortality in stage I to III patients with
colorectal cancer. The complex role of inflammation in cancer recur-
rence should be further elucidated using a molecular pathological
epidemiology approach.
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