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Introduction 

Colorectal cancer is the third most common site of 
malignancy and second leading cause of cancer-related 
deaths worldwide (1). While treatment strategies have 
improved markedly over recent decades, there is a 
recognised need to develop ways in which to better risk-
stratify patients so that personalised treatment can be 
offered. Currently, the most widely-used and powerful 
predictor is disease stage, which is based on the extent of 

anatomical spread at presentation and their definitions are 
set out by the American Joint Committee on Cancer (AJCC) 
and the Union for International Cancer Control (UICC) (2). 
According to this system of classification, patients with stage 
II disease fall into a grey area regarding whether to receive 
adjuvant chemotherapy (3). With a 5-year recurrence rate 
of twenty per cent, it is considered overtreatment to offer 
adjuvant therapy to all patients (4), however there is clearly 
a group of these node-negative patients who have potential 
to benefit. 
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Inflammation is considered a hallmark of cancer (5)  
and a growing body of evidence also links systemic 
inflammation to outcome in colorectal cancer, notably in 
the form of the modified Glasgow prognostic score (GPS)—
a composite score of C-reactive protein and albumin—
and the neutrophil-lymphocyte ratio (6-8). This reflects 
the systemic nature of even seemingly localised disease, 
supported also by the majority of recurrences following 
surgical resection occurring at distant sites (9-12). It has 
been suggested that systemic inflammation, mediated 
by circulating cytokines, may increase the likelihood of 
metastatic deposits developing and progressing by similar 
mechanisms to those acting on the primary tumour at 
the microenvironment (13). Circulating cytokines act 
through a range of inflammatory pathways and data from 
clinical studies have shown promising markers, including 
interleukin-6 (IL-6) (14-18) TNF alpha (TNFα) (17,19,20) 
and interleukin 1β (IL-1β) (17,21). 

While these studies have evaluated individual markers 
and shown them to weakly predict prognosis, experimental 
evidence has shown individual cytokines to produce 
numerous and sometimes opposing interactions in disease 
progression (22-24). It is possible that characterising 
inflammatory state by profiling multiple cytokines may be a 
more robust approach than measuring a single inflammatory 
marker. Therefore, the aim of this systematic review was 
to examine the literature evaluating multiple cytokine 
levels and their prognostic role in colorectal cancer, and to 
determine whether a composite inflammatory score derived 
from multiple makers outperformed a single marker-based 
approach.

Methods 

Search strategy

The methodology of this systematic review followed 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statement guidelines (25,26). 
Searches of the Medline, Embase and Scopus databases 
were performed on 30th August 2017 using a search 
strategy that included the terms ‘colon, rectal, colorectal 
cancer’, and ‘cytokine, cytokines’ and ‘outcome, prognosis, 
survival, mortality, death, recurrence’. The results were 
limited to English language, human studies and articles 
published since the year 2000; studies prior to this 
were not included due to outdated clinical practices. 
The corresponding author was contacted in instances 

where only the abstract was available and the study was 
subsequently excluded if the available data was incomplete 
or could not be provided.

Eligibility criteria

Studies examining the association between baseline, 
peripherally circulating cytokine levels and prognosis in 
patients with colorectal adenocarcinoma were eligible. 
Studies were excluded if two or fewer cytokines were 
evaluated, or the primary outcome measured was the 
response to chemotherapy. 

Method of study review

Data was collected in duplicate by two independent 
reviewers and a third reviewer consulted on areas of 
differing opinion. Quality assessment of eligible studies 
was performed by assessing the risk of bias in the six 
domains described by Hayden et al. (27). These were, 
‘study participation’, ‘study attrition’, ‘prognostic 
factor measurement’, ‘outcome measurement’, ‘study 
confounding’, ‘statistical analysis and reporting’. Two 
reviewers assessed each study independently and each 
domain was given a score of 0 for high risk, 1 for moderate 
risk and 2 for low risk of bias. Instances of differing opinion 
were resolved through discussion with a third reviewer 
available to adjudicate if necessary.

Results

Description of studies

Seven studies were included in this review (17,28-33) after 
screening 570 records, the number of records screened out 
by stage are given with the reasons in the flowchart (Figure 1). 

Overall, the quality of the studies was poor to moderate 
with QUIPS scores ranging from one to six out of twelve 
(Table 1). Of the six domains assessed, the studies performed 
well in prognostic factor measurement with a combined 
score of ten out of fourteen across the seven studies. The 
authors often reported standardised methods of blood 
sampling and detailed the assay methods performed. 
In contrast the studies performed poorly in the ‘study 
participation’ domain, with a combined score of two. The 
main reasons for this were small sample sizes, retrospective 
study design and studies that were limited to the study of 
stage IV patients. 
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Figure 1 Flowchart demonstrating study selection. Modified from the PRIMSA statement (34). *, authors of all abstracts were contacted.
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Records identified through 
MEDLINE database searching

(n=840)

Records after duplicates removed
(n=570)

Records screened on title or 
abstract
(n=570)

Articles assessed for eligibility
(n=24)

Studies included in systematic 
review
(n=7)

Records excluded (n=546)
354 not relevant 
132 fewer than three cytokines
43 not colorectal cancer
17 not prognosis or in vitro 
studies

Articles found through 
reference lists
(n=5)

Abstracts* (n=5)
3 <3 cytokines
2 full text not available

Full-text articles excluded (n=17)
8 reviews or not prognosis
7 <3 cytokines
2 Not relevant 

Records identified through 
EMBASE and Scopus

(n=398)

Five of the seven studies included patients of all stages 
(Table 1) (17,30-33). Two of these included all patients 
attending hospital with a histological new diagnosis of 
colorectal adenocarcinoma (17,31) and three studies 
included only those undergoing surgery (30,32,33). The 
remaining two studies included stage IV patients only 
(28,29) although a clear rationale for looking exclusively 
at this sub-group was not given, citing evidence linking 
circulating cytokines to prognosis in colorectal cancer 
across patients of all stages (14,35,36).

Two studies were prospective in design (30,33), two 
retrospectives (17,29) and the study design was not stated 

in three studies (28,31,32). The sample sizes were relatively 
modest ranging from 46 to 205 participants and all seven 
studies were based at separate, single institutions. None 
of the investigators reported an attempt to perform power 
calculations to arrive at their intended sample size although 
the follow up durations across the studies were generally 
reasonable.

The number and selection of cytokines measured varied 
across the studies and whilst IL-6 was evaluated in all 
seven (17,28-33) and IL-8 evaluated in six studies (28-33)
based on existing literature, lesser known markers were 
included in some of the, particularly larger, panels tested 
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Table 1 Summary of included studies

Author
Population, 
year

n Stage
No. of 

cytokines 
Cytokines measured

Follow up 
(months)

Outcome
QUIPS 
Score

Kaminska 
(31)

Poland, 
2005

157 All stages 14 IL-1b, IL-6, TNFα, IL-8, sIL-1Rα, sIL-
6R, sTNF R1, sTNF RII, IL-1rα, IL-10, 
G-CSF, M-CSF, GM-CSF

Median 60 OS 3

Shimazaki 
(32)

Japan, 
2013

46 All stages 6 IL-1, IL-6, IL8, TNFα, G-CSF, M-CSF Mean 70.3 OS 1

Chen (28) China, 
2015

176 Stage 4 
only

39 IL-1α, IL-1β, IL-1RA, IL-2, IL-3, IL-4, 
IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-
13, IL-15, IL-17, IL-12P40, IL-12P70, 
EGF, eotaxin, G-CSF, GM-CSF, IFNα2, 
IFNγ, IP-10, MCP-1, MCP-3, MIP-1Α, 
MIP-1b, TNFα, TNFβ, VEGF, FGF-2, 
TGF-α, FLT-3L, GRO, MDC, SCD40L, 
SIL-2Rα

Median 
19.6

OS 6

Chen (29) USA, 2015 205 Stage 4 
only

51* IL-6, IL-8, IL-2Rα, HGF, M-CSF, 
VEGF-A, IL-12, MIP-1b, GROα, IL-18, 
MIF, SCGF-β, TRAIL, amphiregulin, 
EGF, epiregulin, HB-EGF, tenascin, 
TGF-α, ICAM-1

Mean/
median not 
reported

OS 5

Väyrynen 
(33)

Finland, 
2016

147 All stages 13 IL-1rα, IL-4, IL-6, IL-7, IL-8, IL-9, IL-
12, IFNγ, CXCL10, CCL2, CCL4, 
CCL11, PDGF-BB

Median 
59.2

OS, DFS, 
CSS

6

Chang 
(17)

Taiwan, 
2016

164 All stages 3 IL-1b, IL-6, TNFα Mean 64.9 DFS 3

Di Caro 
(30)

Italy, 2016 69 All stages 8 IL-1, IL-6, IL-10, TNFα, CCL2, IL-8**, 
VEGF, PTX3

Mean 56.3 DFS 6

*, 20 cytokines reported by name in manuscript; **, referred to as CXCL8 in manuscript. IL, interleukin; TNF, tumour necrosis factor; s, 
soluble; R, receptor; EGF, epidermal growth factor; G-CSF, granulocyte colony stimulating factor; M-CSF, macrophage colony stimulating 
factor; IFN, interferon; IP, interferon gamma-induced protein; MCP, monocyte chemotactic protein; MIP, macrophage inflammatory protein; 
VEGF, vascular endothelial growth factor; FGF, fibroblast growth factor, TGF, tissue growth factor; FLT, FMS-like tyrosine kinase; GRO, 
growth regulated oncogene; MDC, macrophage-derived chemokine; CD40, cluster of differentiation 40 protein; HGF, hepatocyte growth 
factor; SCGF, stem cell growth factor; TRAIL, TNF-related apoptosis inducing ligand; HB-EGF, heparin-binding EGF-like growth factor; 
I-CAM, intercellular adhesion molecule; CCL, C-C motif chemokine ligand; CXCL, C-X-C motif chemokine ligand; PDGF, platelet-derived 
growth factor; PTX, pentraxin; OS, overall survival; CSS, cancer specific survival; DFS, disease-free survival. QUIPS, Quality in Prognostic 
Studies. 

(28,29). The Chen et al. [2015 (28) and 2015 (29)] studies 
utilised commercially available panels including 39 and 51 
cytokines, providing justification for only a fraction of the 
markers tested in the form of existing scientific and clinical 
evidence. All seven studies measured cytokine levels in pre-
treatment samples, with no comparisons to post-operative 
or follow-up specimens.

The primary end-point measured was overall survival in 
four studies, and in the remaining three studies, was based 
on the incidence of disease recurrence (17,30,33). The 
study by Chang et al. referred to this as the progression-free 

survival, which was defined as ‘no imaging or pathological 
evidence of disease progression’ (17). The study included 
patients of all stages and the treatments undertaken by 
participants were not stated in the report. Väyrynen et al.  
measured the disease-free survival (DFS) but did not 
provide a definition of this outcome in the manuscript (33) 
and Di Caro et al. measured DFS defined as, ‘any event of 
local tumour recurrence or any metachronous distant-organ 
metastases’ (30). For simplicity, the results of these three 
studies have been grouped together as ‘disease free survival’ 
in Table 2. 
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Di Caro et al. utilised computed tomography, ultrasound 
and chest radiographs according to a common protocol, 
and was the only study to report a standard approach to the 
follow up of their cohort (30). 

Individual cytokines and overall survival

Five studies measured overall survival as the primary 

outcome (28,29,31-33). On univariate analysis, Chen et al.  
[2015a] found 17/39 (43.6%), Kaminska 6/14 (42.8%), 
Shimazaki 1/6 (16.7%) and Väyrynen et al. found none of 13 to 
be associated with OS whilst Chen et al. [2015b] did not report 
the results of univariate analysis. Chen et al. [2015a] found 5/39 
(12.8%) (28), Chen et al. [2015b] none of 51 (29), Kaminska 
et al. none of 14 (31), Shimazaki et al. 1/6 (16.7%) (32)  
and Väyrynen et al. found 1/13 (7.7%) (33) individual 
cytokines measured to independently predict OS. All five 
studies included IL-6 in their panel and only one of these 
identified this cytokine as an independent predictor (32). All 
five studies included IL-8 and none of them identified it as 
a predictor. The findings are summarised in Table 2.

One study found that raised levels of interferon gamma 
(IFNγ) were predictive of a favourable overall survival (33). 
IFNγ was also included in the panel of one other study—
which was limited to stage IV patients—and did not show 
a significant association with OS on univariate analysis and 
therefore was not included in multivariate analysis (28). One 
other marker, CCL4, was identified across the seven studies 
to predict improved survival with increased levels (33).

Individual cytokines and DFS

Three studies measured DFS. Di Caro et al. found  
3/6 (50%) (30), Chang et al. 2/3 (66.6%) (17) and Väyrynen 
et al. found 1/13 (7.7%) (33) cytokines to be associated 
with DFS on univariate analysis. On multivariate analysis, 
Di Caro et al. found 3/8 (37.5%) (30), Chang et al. none 
of three (17) and Väyrynen et al. found 1/13 (7.7%) (33) 
individual cytokines to predict DFS. All three studies 
included IL-6 in their panel but none went on to identify 
this cytokine as an independent prognostic indicator. IL-8 
was found to independently predict DFS in one of the two 
studies that measured this cytokine (30). 

Combined ‘Cytokine Scores’

Four studies combined multiple cytokine levels into a 
composite score and varied in the number and selection of 
cytokines as well as the way in which they were combined 
(17,28-30).

Di Caro et al. incorporated three cytokines that were 
independent predictors of DFS on multivariate analysis (30).  
Using cut-off values identified on receiver operator 
characteristic (ROC) curve analysis, a ‘high’ score was given 
if all three markers were raised, a ‘low’ score for patients 
where all three markers were low and a ‘medium’ score 

Table 2 Summary of findings of multi-variate analyses 

Study Results, hazard ratio (95% CI) P

Independent predictors of overall survival

Kaminska 2005 
(31)

sTNF R1: RR 3.10 (relative 
risk)

0.009 

Shimazaki 2013 (32) IL-6: HR 4.1 (1.20–13.98) <0.024

Chen 2015a* (28) Flt-3L: HR 2.19 (1.29–3.71) 0.004

MDC: HR 1.89 (1.29–2.77) 0.001

IL-2: HR 1.71 (1.14–2.56) 0.009

IL-8: HR 2.06 (1.28–3.32) 0.003

MIP-1β: HR 1.69 (1.11–2.59) 0.015

Chen 2015b* (29) †CS: HR 2.29 (1.51–3.48) <0.001

NLR-CS: HR 2.09 (1.59–2.76) <0.001

Väyrynen 2016 (33) IFNγ: HR 0.47 (0.24–0.90) 0.022

Independent predictors of disease-free survival

Chang 2016 (17) ††CS: HR 9.20 (1.21–69.70) 0.036 

Di Caro 2016 (30) IL-8: HR not available <0.001

PTX3: HR 9.64 (2.24–41.42) <0.002

VEGF: HR not available <0.001 

†††CS: HR 16.21 (3.56–73.84) <0.001

Väyrynen 2016 
(33)

CCL4: HR 0.38 (0.15–0.92) 0.033

No cytokines identified as independent 
predictors of cancer specific survival

†, cytokine score based on IL-6, IL-8, IL-2Ra, IL-18, HGF, M-CSF, 
VEGF-A, MIP-1b, GROa, MIF, SCGF-b, TRAIL, amphiregulin, EGF, 
epiregulin, HB-EGF, tenascin, TGF-a, ICAM-1; ††, cytokine score 
based on IL-6, IL-1β and TNFα. In patients with CRP <5 mg/L; †††, 
cytokine score based on IL-8, VEGF & pentraxin-3. *, stage IV only. 
sTNF R1, soluble tumour necrosis factor receptor 1; Flt-3L, FMS-
like tyrosine kinase; MDC, macrophage-derived chemokine; IL, 
interleukin; MIP, macrophage inflammatory protein; CS, cytokine 
score; NLR, neutrophil-lymphocyte ratio; IFN, interferon gamma; 
PTX, pentraxin; VEGF, vascular endothelial growth factor; CCL, C-C 
motif chemokine ligand. 
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for the remaining patients. This score improved upon the 
prognostic value of pentraxin-3, an acute phase protein 
related to C-reactive protein (37). The hazard ratios were 
not available for the remaining two cytokines as all nine 
events occurred in the patients with raised levels making 
direct comparison between individual cytokines and the 
composite cytokine score challenging.

Chang et al. measured three cytokines and incorporated 
all three into the cytokine score despite only two of which 
showing a significant association with OS on the Chi 
squared test (17). Patients were assigned a cytokine score of 
zero to three based on the number of cytokine values that 
were above the median. This cytokine score outperformed 
individual cytokine levels in patients with a CRP of less 
than 5 mg/L although in patients with CRP above 5 mg/L,  
individual cytokines and the composite cytokine score were 
not independent predictors of DFS. The investigators did 
not justify a rationale for dividing their cohort into high 
and low CRP groups but did propose cytokine intensity as 
an alternative indicator of inflammation in colorectal cancer 
patients (17).

Chen et al. [2015a] included 17 cytokines that were 
predictive of overall survival, on univariate analysis, into 
their cytokine score (28). The investigators assigned each 
cytokine a weighted score, based on their hazard ratio on 
cox proportional regression. The optimum cut-off value 
for the cytokine score was then identified from ROC curve 
analysis to dichotomise the variable into high and low. The 
investigators did not evaluate their score against important 
co-variates such as patient and tumour characteristics in a 
multivariate model but did report a sensitivity and specificity 
in predicting OS as 0.833 and 0.737, respectively. This out-
performed all individual cytokines in its prognostic accuracy. 

Chen et al. [2015b] identified 19 cytokines that correlated 
with neutrophil-lymphocyte ratio and incorporated them 
into the cytokine score (29). Each patient was given a score 
based on the sum of the Z scores of the selected cytokines. 
The Z score was defined as the difference of the average and 
individual cytokine level divided by standard deviation of 
log2-transformed value. The cohort was then divided into 
high or low cytokine score groups using the median score 
as a cut-off which predicted OS. Individual cytokines were 
not entered into a cox proportional regression analysis and 
were therefore not compared directly against the composite 
cytokine score. 

All four studies including a cytokine score concluded 
that the scores were prognostic (17,28-30). However, only 
Chen et al. [2015b] made a direct comparison between their 

composite score and individual cytokines, demonstrating an 
enhanced prognostic ability (29).

Discussion 

This systematic review found that only seven studies 
evaluated multiple cytokines after 570 records were 
screened. A high degree of heterogeneity was found 
between the studies with respect to the patient groups 
evaluated and outcomes measured. They were also 
limited by small sample sizes and included those taking an 
opportunistic look at retrospective cohorts, contributing 
to poor to moderate quality scores. The use of large, pre-
manufactured cytokine panels was sometimes chosen over 
a targeted investigation of smaller panels of cytokines 
with known prognostic value and the results of individual 
cytokine analysis yielded inconsistent findings. In contrast 
to this, a sub-set of studies combined multiple cytokines to 
produce a composite cytokine score and these were more 
consistently found to be predictive, although different 
methods were used to produce these scores. Furthermore, 
no reports were found to evaluate different methods of 
producing a composite score. 

The link between inflammation and cancer is considered 
such that inflammation has been named as one of the 
hallmarks of cancer (5). This is demonstrated by the up 
to twenty-fold increase in the lifetime risk of CRC in 
patients with inflammatory bowel disease, and whilst 
colitis-associated cancer (CAC) accounts for only 2–3% 
of CRCs, inflammation also plays an important role in 
sporadic cancers (38,39). On the cellular level, inflammation 
within the tumour microenvironment facilitates malignant 
cell survival, growth and progression by the actions of 
inflammatory cytokines acting through a variety of pathways 
including the IL-6/JAK/STAT pathway, which is considered 
key (6,24). Systemic processes are also thought to play an 
important role both in recruiting immune cells from the 
bone marrow and spleen and in facilitating the colonisation 
of distant organs by metastatic deposits (40). Given the 
emerging role of systemic inflammation in colorectal cancer, 
it is clinically relevant to evaluate the prognostic value of 
circulating inflammatory cytokines. 

The abil i ty to predict  prognosis  is  of  value to 
clinicians largely by informing treatment decisions. More 
aggressive treatment strategies, namely the use of adjuvant 
chemotherapy following surgical resection may reduce 
the likelihood of recurrence but results in exposure to 
potentially harmful side effects and must be administered 
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selectively to those patients considered high-risk. At present, 
the pathological TNM stage provides the most powerful 
means of risk-stratifying patients but uncertainty remains, 
particularly in patients with stage II disease who have a 
5-year recurrence rate of approximately 20% (3,4). Two of 
the included studies were limited to stage IV patients only 
and a clear rationale for this was not included in the reports 
(28,29). The results of these studies do not therefore 
contribute to answer the question of whether multiple 
cytokines measurement can provide prognostic information 
that may be used to inform treatment strategy. The two 
studies limited to stage IV patients also contained variation 
in the treatment regimes received by participants. In Chen 
et al.’s [2015b] study (29), 39 patients received fluorouracil, 
irinotecan and bevacizumab as part of a phase II clinical 
trial and the treatment undertaken by the remaining 166 
patients was not described (41). The patients included 
in the other study by Chen et al. [2015a] all underwent 
systemic chemotherapy as their primary treatment and 19 
patients underwent partial liver resection, suggesting the 
cohort included patients undergoing a palliative as well as 
radical treatment strategy (28). This heterogeneity in study 
populations diminishes the generalisability of their findings.

The sample sizes were relatively small, ranging from 46 
to 205. Furthermore, power calculations were not reported 
in any of the studies of which only two were prospective in 
design. The likelihood of type II error may also have been 
increased by introducing an excessive number of co-variates 
into the multivariate analyses; a widely accepted rule of 
thumb being a minimum of ten events being required per 
variable (42). Recently, calls have been made to relax this 
rule in certain situations although this is mainly applicable 
to tests of sensitivity rather than prognostic studies (43). In 
addition to the number of variables included, the variables 
themselves are important to consider. 

Given that the TNM classification system is universally 
used to inform treatment strategies, this provides the ideal 
benchmark to compare cytokine profiles against, yet three 
studies did not include TNM stage as a co-variate in multi-
variate analysis. Cytokine levels have also been shown to 
vary with stage in clinical studies (44). For these reasons, 
prognostic studies of cytokine levels should control for 
disease stage.

Although overall survival is considered the gold standard 
outcome in prognostic studies, DFS is also an important 
outcome to measure and is of clinical interest as it reflects 
disease recurrence. Three of the studies included in this 
review reported DFS as the primary outcome although 

it is important to acknowledge that the definition of this 
outcome varied between them (17,30,33). Additionally, 
a systematic review by Punt et al. included 52 studies of 
adjuvant treatment in colon cancer and found wide variation 
in the definition of the endpoints used and the starting 
point for measuring time to events (45). This variation in 
the end-point definitions used must be taken into account 
when interpreting the DFS results.

All seven of the included studies cited evidence for an 
overlapping selection of cytokines, frequently including IL-6,  
IL-8, IL-1β and TNFα, linking systemic inflammation and 
outcome in colorectal cancer to justify the rationale of their 
study and yet, in contrast, varied widely in the number and 
selection of cytokines included in the panels they went on 
to study (35,36,46). Studies including the lesser known 
cytokines in their panels were often those implementing 
multiplex cytokine assays using commercially available, 
pre-manufactured cytokine panels (28,29). This approach 
resulted in a generally low-yield in identifying novel 
biomarkers, one such example of which is Fms-related 
tyrosine kinase 3 ligand (Flt-3L), shown to independently 
predict overall survival by Chen et al. [2015a] (28). Flt-3L 
is a growth and differentiation factor generally associated 
with haematopoiesis and has been found to predict 
poor prognosis in acute myeloid leukaemia although its 
prognostic value in colorectal cancer has not otherwise been 
reported (47,48). 

Two cytokines with a more established prognostic role 
in colorectal cancer are IL-6 and IL-8 and whilst these 
cytokines were included in the majority of panels tested, 
they were only identified as independent predictors in two 
of the studies (49,50). Given the high level of co-variance 
between many cytokines, one explanation may be that 
individual cytokines negate each other in multi-variate 
analysis. This is especially true of studies including multiple 
cytokine levels each as co-variates in multivariate analysis. 

The four studies that combined multiple cytokine 
values into a single score all utilised different methods. 
The question of which cytokines to include is the first 
consideration and Di Caro et al.’s approach of selecting 
those cytokines that were predictive of the endpoint 
independent of stage seems logical (30). In contrast, 
Chang et al.’s inclusion of a cytokine that had no individual 
association with outcome would be unlikely to strengthen 
the predictive power of their combined score (17). The 
cut-off values used for individual cytokines were either 
taken as the median, having the advantage of dividing the 
cohort into equal groups, or were identified through ROC 
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curve analysis. The latter approach is preferable where 
the data is skewed and this has often been shown to be the 
case with inflammatory cytokine levels in colorectal cancer 
populations (44,46). Individual cytokines were weighted 
according to effect size in the scores used by Chen et al.  
[2015a] and Chen et al. [2015b] (28,29). This approach 
acknowledges the finding that some cytokines are more 
powerful predictors of outcome than others, a theme echoed 
in the results of each of the studies included in this review 
as well as many within the wider literature. The finding 
that two cytokines, IFNγ and CCL4, were found to predict 
improved rather than worsened survival, in contrast to the 
remaining prognostic cytokines, only emphasises the need 
to consider the differential relationships between cytokine 
value and outcome when formulating a combined score. 
While the data suggests a multi-marker approach may be 
useful, no real guidance is provided on which markers to 
use or how to combine them.

Conclusions

The TNM staging classification, whilst widely used and 
largely unchanged for many years, fails to predict the 
significant proportion of patients with node-negative 
disease who go on to experience poor outcome. Growing 
evidence supports a link between systemic inflammation and 
outcome, independent of TNM stage and highlights the 
importance of the host-response as well as contributing to 
the reframing of cancer as a systemic disease. As biomarker 
research continues to identify an increasing number of 
circulating inflammatory cytokines as potential prognostic 
predictors, it is clinically pertinent to evaluate the literature 
assessing multiple cytokine analysis in this context.

This review demonstrates the paucity and heterogeneity 
of studies examining this topic. There is therefore a need 
for well-designed prospective studies evaluating a panel of 
cytokines that is reasonable in number and justified in their 
inclusion. From this review, prognostic studies evaluating 
panels of multiple cytokines are relatively ineffective in 
identifying novel biomarkers and inconsistent in validating 
more established predictors. Despite these forthcomings, 
there may be some promise in combining multiple cytokines 
to produce an enhanced, predictive score. 
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