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Abstract: Development of colorectal cancer (CRC) is a slow process, where a benign polyp progresses into a malignant 
stage over a long period of time. The patient may be asymptomatic during this period, thus delayed diagnosis has 
become a prime obstacle in managing CRC. Improved routine screening for early detection and prognosis will aid in 
better management of CRCs reducing mortality rates.  

Diagnosis of CRCs is primarily based on the invasive colonoscopy and tissue biopsy and fecal occult blood test with 
alongside evaluation of carcinoembryonic antigen (CEA) levels in blood for prognosis and recurrence. However, CEA as 
a standalone biomarker for CRCs, fail due to its non-specificity, low sensitivity and high false-positivity highlighting the 
importance of identification of new biomarkers for CRCs.  

In the recent past inflammatory cytokines emerged as key drivers of CRC pathogenesis, particularly as determinants of 
disease progression. The pleiotropic cytokine, interleukin-6 (IL-6) has been identified as activating oncogenic gene 
transcription in the colorectal epithelial cells leading to the pathogenesis of CRCs. By activating STAT3 signaling 
pathway, IL-6 promotes initiation, growth and metastasis of the colorectal cancer cell clone. In this review, we present 
the prospect of IL-6 in CRCs, describing the emerging evidence for IL-6 as a potential biomarker, the drawbacks of IL-6 
and future directions for IL-6 as a diagnostic and prognostic marker for CRC.  

The original articles were extracted from the PubMed using the key words: "IL-6/interleukin 6 levels in colorectal cancer/ 
IL-6/ interleukin 6 concentrations in colorectal cancer/ IL-6 expression/ serum interleukin 6/ IL-6 in colorectal cancer". Full 
text articles published in English in last 25 years (from 2000 to July 2025) were included and the research carried out in 
animal models and in vitro, reviews, case reports, meta-analyses, editorials and non-relevant articles (post –
surgery/treatment, studies on IL-6 in overlapping cancers/conditions etc.) were excluded.  

Though IL-6 stands as a potential marker for CRCs with markedly elevated levels, heterogeneity of patient populations 
with inadequacy of data for defining and distinguishing clinical sub groups, control groups and methodologies have 
become a barrier for its progression from bench to bed side. Hence, prospective research need to be focused on 
obtaining data on IL-6 using standardized methodologies to determine stage-specific and population specific cut-off 
values in well-defined CRC sub groups. 
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INTRODUCTION 

Colorectal Cancer: Pathogenesis, Diagnosis and 
Prognosis  

Colorectal cancer (CRC) is the third most common 
form of cancer in the world accounting for 10% of 
global cancer incidence. The incidence is rising 
especially in the young with an estimated 3.2 million in 
2040 [1,2]. GLOBOCAN 2020 estimates ~63% 
increase in new CRC cases by 2040 [2]. Thus, CRC 
has raised public health concerns to implement 
healthier lifestyles for prevention and to develop 
enhanced screening strategies to identify CRCs at 
early stages impeding metastasis and reducing 
mortality rates [3,4]. Furthermore, appearance of 
symptoms occurs in the advanced stages of the CRCs 
delaying its diagnosis and late diagnosis is one of the 
major challenges faced in the management of CRCs 
contributing to the large number of deaths [5]. 
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Diagnosis of CRCs is primarily based on the 
invasive colonoscopy and tissue biopsy and fecal tests 
such as fecal occult blood test, fecal immunochemical 
test and multi-target stool DNA test. Additionally,CT 
colonography, flexible sigmoidoscopy and MRI are 
useful for structural analyses [6,7]. Evaluation of 
carcinoembryonic antigen (CEA)levels in blood is 
performed alongside particularly to determine the 
prognosis and to predict possibility of recurrence of the 
disease. Post-surgery recurrence may occur and need 
early detection for cure by surgical resection [8,9]. 
Each diagnostic or prognostic test of CRCs has its 
strengths and weaknesses. Patients tend to avoid 
invasive and uncomfortable tests like colonoscopy and 
upsetting tests like stool analyses hindering the timely 
diagnosis and show preference for blood based 
diagnostic tests. 

CEA is elevated in CRC patients and has long been 
used as a blood-based marker for CRC [8]. However, 
CEA’s non-specificity, low sensitivity and high false-
positivity make it unsuitable as a standalone biomarker 
for CRCs. High CEA levels have been observed in 
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smoking and alcoholism, inflammatory bowel disease 
(IBD), pancreatitis, and severe hepatitis [10-13]. 
Therefore, identification of new alternative biomarkers 
for CRCsis mandatory which can be used alone or 
together with CEA and carbohydrate antigen 19-9 
(CA19-9) to screen for individuals with risk factors, 
diagnose CRCs at early stage, determine prognosis 
and prevent metastases or relapse [14]. Expansion of 
the understanding on the risk factors and 
pathophysiological mechanisms underlying 
oncogenesis in CRC will aid developing novel markers 
for screening, diagnosisandas therapeutic targets. 

Inflammation and CRC 

Colorectal cancer initiates as a polyp or an 
adenoma in the intestinal mucosa and can be 
transformed into a malignant carcinoma in a multi-step 
sequential process [15]. Origin of the CRC may be 
heritable (35% of CRCs) and sporadic or inflammation 
induced [16]. The remaining 65% are known to be 
sporadic with acquired genetic and epigenetic 
alterations initiated by unhealthy lifestyles (eg: 
excessive alcohol and red meat consumption, smoking) 
and conditions such as IBD and alterations in the gut 
microbiome [16,17-20]. Alterations in the gut 
microbiome stimulate macrophages and T-cells to 
release pro-inflammatory cytokines such as IL-6, IL-17 
and TNF-α and the sequence of inflammation-
dysplasia-cancer lead to development of CRCs [21,22]. 
Nevertheless, it is hereditary, sporadic or IBD 
associated CRC, inflammation is considered as an 
obligatory driver in the pathogenesis of CRCs with 
significant roles in its initiation, progression or at least 
in metastasis [18].  

Chronic IBD and colitis may result in dysplasia of 
the gut mucosa subsequently leading to the 
development of CRC through activation of NF-κB and 
IL6/STAT3 signaling pathways by TNF, which is 
ascribed as a key mediator of inflammation in IBD [23-
30]. IBD alters intestinal microbiome paving path to 
increase pro-inflammatory bacterial residents and 
secretion of pro-inflammatory and carcinogenic 
mediators leads to induction of genomic damage and 
dysplasia [27-30]. Activation of inflammatory signaling 
by NF-kB, cyclooxygenase-2 (COX-2)/PGE2, IL-
23/Th17 and IL-6/STAT3 pathways are known to play 
crucial roles in driving CRC progression [31, 32].  

Disruption of the tissue homeostasis and the 
interplay of cancer cells with reorganized 
inflammatorytumor microenvironment (TME) lead to 
progression of the CRCs [33]. TME’s cell components 

(M1 and M2 macrophages, dendritic cells, T and B 
lymphocytes, NK cells and regulatory T cells) engage 
in aberrant cell-cell communications and consequential 
soluble factors secreted by them and the tumor clone 
itself disrupt the integrity of the niche. Suppressing the 
anti-tumor responses, complex networks of pro–
inflammatory cytokines and chemokines secreted by 
aberrant cellular communications among tumor cells, 
immune cells and CAFs in the TME create a pro-
inflammatory tumorigenic environment [34]. Constant 
inflammatory networks induce epithelial-mesenchymal 
transition (EMT) of cancer cells and causes 
development of resistance to therapy leading to 
metastasis [35].  

Pro-Inflammatory Cytokines in the CRC Niche 

Main pro-inflammatory cytokines in the CRC micro-
environment (CRC-ME) are interleukins IL-1β, IL-6, 
and IL-8 and TNF-α [36]. IL-1β in CRCs is less well 
characterized. Its elevation has been reported in CRCs 
as well as in other cancer types such as lung and 
breast cancer. However, the cell types that secrete IL-
1β and its role in CRC pathogenesis are largely 
unknown [36]. It has been demonstrated that secreted 
IL-1β increases the levels of TNF-α, IL-6, IL-8, IL-17, 
cyclooxygenase-2 (COX-2), and (prostaglandin E2) 
PGE2 with roles assigned in proliferation, 
differentiation, apoptosis and EMT [37,38]. 
Furthermore, it has been observed that the increase of 
IL-1β depends on the stage of the CRC, with 
continuous increase up to metastasis (stage III) and 
decrease in stage IV [38]. TNF-α, mainly produced by 
macrophages, monocytes and by cancer cells to 
defend immune system has been attributed to play 
roles in the recruitment of leukocytes, inhibition of 
lymphocytes, tumor angiogenesis and regulation of 
secretion of other cytokines [38-40]. Elevated 
concentrations of serum TNF-α and TNF-α mRNA have 
been reported in CRC patients, correlated to 
metastasis and poor prognosis [41]. Pro-inflammatory 
cytokine IL-8 is produced by the epithelial and some 
immune cells in response to other cytokines such as 
TNF-α and IL-1β and conditions like hypoxia is 
elevated in CRCs. It interacts with a membrane 
receptor on cancer cells and favors tumor 
angiogenesis, EMT and invasion [42]. The other 
cytokines contributing to the pro-inflammatory TME in 
CRCs include IL-17 and IL-12 and pleiotropic cytokines 
such as interferon γ IFN-γ also promote cancer 
progression and invasion [40]. 

IL-6 is a pleiotropic cytokine that has been 
extensively studied in CRC. Its pro-inflammatory role in 
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CRC pathogenesis has been linked with increased 
levels correlating to metastasis and poor prognosis. It 
initiates IL-6/STAT3 signaling that promote cancer cell 
proliferation and survival, angiogenesis via activation of 
CAFs, invasion and metastasis and chemotherapy 
resistance. In this review, we present the prospect of 
IL-6 in CRCs, describing the role of IL-6 in CRC 
initiation and progression with emerging evidence for 
IL-6 as a potential biomarker for the diagnosis and 
prognosis of CRC. We also discuss future directions for 
IL-6 as a diagnostic and prognostic marker for CRC.  

IL-6 and its IL-6 Signaling Mechanisms 

The IL-6 gene mapped to the chromosome 7p15–
p21 encodes a glycoprotein, IL-6 containing 184 amino 
acids with a varied mass of 21–28 kDa that is 
determined by the post-translational glycosylations and 
the cellular source of origin [43,44]. IL-6 is produced by 
multiple cell types such as macrophages, monocytes, 
hematopoietic cells, stromal cells, epithelial cells and 
muscle cells [43-45]. Exerting pleotropic effects, in 
wider sense IL-6 regulates inflammation, immunity, 
metabolism, reproduction, bone metabolism, 
development of hematopoietic and neural systems and 
angiogenesis [45]. At cellular level, IL-6 signaling 
influences cell proliferation, survival and death by 
regulating the transcription of key genes (Bcl2, Bcl-xL 

survivin, c-Myc, cyclins B and D1) in cell cycle and 
apoptosis, thus attributed to play significant roles in 
cancer pathogenesis [45,46].  

IL-6 mediates its signaling action by forming a 
complex with its receptors: membrane-bound IL-6R 
(mIL-6R) or its isoform soluble IL6-R (sIL-6R). In 
classic signaling, which generally has been identified to 
have anti-inflammatory roles and regenerative 
functions, IL-6 binds to the IL-6R forming a complex of 
IL-6-mIL-6R that interacts with the membrane bound 
form of glycoprotein gp130 (mgp130). In the trans-
signaling mechanism, IL-6 interacts with the sIL-6R 
with a similar affinity and forms IL-6-sIL-6R which can 
associate with the mgp130 or its soluble isoform 
sgp130. Trans-signaling mechanism has been 
characterized as the pro-inflammatory arm of IL-6 and 
occurs ubiquitously in an array of cell types in contrast 
to the classic signaling that is restricted to a few cell 
types such as leukocytes, megakaryocytes, liver 
hepatocytes and some epithelial cells [45-47]. 
Interaction of IL-6R with gp130 leads to gp130 
dimerization and induces a cascade of 
phosphorylations of downstream proteins. Auto-
phosphorylation and activation of Janus kinases: JAK1, 

JAK2 and TYK2 initiates JAK-STAT signaling recruits, 
phosphorylates and activates STATs particularly 
STAT3 in pro-inflammatory responses [43]. Upon 
tyrosine residuephosphorylation, STAT3 forms a dimer 
which translocates into the nucleus to associate with 
the STAT3-specific DNA response element and 
activates the gene transcription of downstream target 
genes that are largely involved in the cell proliferation 
and survival (Bcl2, Bcl-xL c-Myc, cyclin D1 and B, and 
survivin), angiogenesis (HIF-1alpha and VEGF), cell 
adhesion (ICAM-1), extracellular matrix degradation 
(metalloproteases 2 and 9), cell adhesion (ICAM-1) and 
inflammation (IL-6, IL-17, IL-23, and Cox2) [43,47]. 
Thus, aberrant activation of STAT3 can have dreadful 
consequences leading to tumorigenesis via 
uncontrolled cell proliferation and tumor-angiogenesis 
and invasion. Furthermore, STAT3 activation creates a 
positive feedback loop for the transcription of IL-6, 
leading to pro-long inflammatory reactions and immune 
escape of tumor cells.  

IL-6 Signaling in CRCs 

IL-6 in CRCs is secreted primarily by cancer 
associated macrophages which promote migration and 
invasion of CRC via JAK2/STAT3/miR-506-3p/FoxQ1 
signaling [48,49]. Cancer-associated mesenchymal 
stem cells also produce IL-6 by up-regulation of Notch 
1 and CD44 gene expression. IL-6/STAT3 signaling is 
implicated in CRC propagation by inducing cancer cell 
proliferation and survival as reported in the DSS–AOM 
mouse model [50,51]. Furthermore, an association of 
IL-6/STAT3 signaling with Toll-like receptor 9 (TLR9) 
signaling in myeloid cells in regressing cancers has 
been reported [52]. It has also been discovered that IL-
6 can induce microsatellite instability (MSI) [53]. 
Research unveil that IL-6 signaling relocates the 
mismatch repair (MMR) protein hMSH3 from the 
nucleus to the cytoplasm leading to MMR deficiencies 
and subsequent microsatellite alterations via frame 
shift mutations [53]. Together with TGF-β, IL-6 drives T 
cell differentiation towards Th17 cells and Th17 derived 
cytokines such as IL-17A, IL-17F, IL-21, IL-22 drive 
carcinogenesis. Inflammatory signaling by IL-6 
activates CAFs which in turn acts as a source of IL-6 in 
the TME. Though the mechanisms are unclear yet, 
CRC cells boost IL-6 secretion from CAFs [54].  

Role of IL-6 in tumor progression is characterized 
by up-regulation of several genes involved in cell cycle 
regulation. c-Myc, a driver of the cell cycle, is 
overexpressed in CRC patients specifically in patients 
with poor prognosis. STAT3 association with the c-Myc 
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promoter up-regulates the expression of c-Myc, leading 
to progression of the cancer [55,56]. STAT3 have also 
been identified as a transcriptional activator for the cell 
cycle protein D1 (cyclinD1) and mitochondrial single-
stranded DNA-binding protein (mtSBB). CyclinD1 
facilitates uncontrolled cell proliferation of CRC cells, 
driving the cell cycle from G1 to S phase [57] and 
mtSSB through activation of ROS/Akt/mTOR pathway 
mediate immortalization of CRC cells, stabilizing 
telomeres via up-regulation of telomerase reverse 
transcriptase [58].  

Inhibition of apoptosis of cancer cells by IL-6/ 
STAT3 signaling have been demonstrated in CRC 
mouse models. It has been showed that IL6/STAT3 
signaling induces anti-apoptotic proteins Bcl-2, Bcl-xl 
and survivin [59-61]. Up-regulated survivin enhances 
vascular infiltration and lymph node metastasis and 
negatively correlates with overall survival [61, 62].  

IL-6/STAT3 signaling enhances invasion and 
metastasis of cancer cells. STAT3 interacts with Fos-
related antigen-1 (Fra-1) gene promoter and up-
regulates its expression which in-turn causes 
expression of MMPs and other proteins that favour 
EMT [63,64]. Promoting cancer invasion and 
metastasis, IL-6 signaling also up-regulates the 
transcription of vimentin, FOxQ1, Integrin β6, Twist and 
hypoxia-inducing factor-1α (HIF-1α) and down-
regulates E-cadherin expression [65-67]. HIF-1α 
associates with upstream regulatory element EP-1 of 
the CEA gene activating its transcription. Increased 
CEA level leads to cancer progression with invasion 
and is considered as an indicator of poor prognosis 
[68].  

microRNA-34a (miR-34a) is known to inhibit the 
EMT by down-regulating Snail1, a transcription factor 
with roles attributed in epithelial-mesenchymal 
transition. Activation of STAT3 by IL-6 signaling down-
regulates miR-34a, leading to up-regulation of Snail 1 
expression. It also up-regulates IL-6R mRNA levels, 
becoming a feed-forward loop for IL-6/STAT3 signaling 
[69,70]. 

Tumor Angiogenesis is promoted by IL-6/STAT 3 
signaling. Vascular endothelial growth factor (VEGF) 
levels are elevated in CRCs and VEGF facilitates 
angiogenesis of tumor thus drives its metastasis [71]. 
STAT3 has been identified as a transcriptional activator 
for VEGF expression [71, 72]. It has also been 
identified that VEGF receptor, VEGFR2 is up-regulated 
in a STAT3 dependent manner in the intestinal 
epithelium in colitis-associated CRCs [73]. 

Overall, it is apparent that IL-6/ STAT3 signaling 
involves in every stage of the CRC development: 
initiation, propagation, angiogenesis, invasion and 
metastasis. Furthermore, elevated levels of IL-6 levels 
have been reported in CRC patients and thus IL-6 and 
its clinical significance in CRCs drew a central attention 
over past few decades. Below, we have discussed the 
evidence for IL-6 as an emerging marker for CRC 
diagnosis and prognosis. 

IL-6 as an Indicator of CRC Development, 
Progression and Metastasis 

In order to evaluate the potency of IL-6 to be used 
as a marker for colorectal cancer diagnosis and 
prognosis we reviewed the data published on serum IL-
6 concentrations and IL-6 expression in CRCs. The 
original articles indexed in the PubMed for last 25 years 
(from 2000 to July 2025) were considered. The key 
words used for PubMEd search were: IL-6/interleukin 6 
levels in colorectal cancer/ IL-6/ interleukin 6 
concentrations in colorectal cancer/ IL-6 expression/ 
serum interleukin 6/ IL-6 in colorectal cancer. Articles 
written in English with full text available were selected. 
Research carried in animal models and in vitro, 
reviews, case reports, meta-analyses, editorials and 
non-relevant articles (post –surgery/treatment, studies 
on IL-6 in overlapping cancers/conditions etc.) were 
excluded. Table 1 below summarizes the findings of 
the research articles that provide evidence for the 
increased IL-6 in CRCs.  

Rising of [IL-6] as a potential indicator of CRC 
development, progression and metastasis is 
supplemented by many research as described above 
(Table 1). Increased IL-6 levels compared to the 
controls have been observed: rising to 3 to 4.5 fold in 
some instances (3-fold: [74, 84, 86, 91], : 4.5 – fold: 
[99, 103, 105]). This significant rise in blood IL-6 levels 
clearly indicates its potential to be utilized in the 
diagnosis and determining the prognosis of CRC. 
Moreover, IL- 6 levels have been linked to the disease 
stage [74, 78, 79, 81, 83, 87, 92-94]. A research carried 
out using archived pre-diagnostic plasma specimens 
confirms a significant elevation in IL-6 levels at pre-
diagnostic stage, emphasizing the role of inflammation 
in the development of subsequent CRCs [89]. As the 
diseases progresses, the release of this inflammatory 
marker elevates facilitating CRC progression and 
metastasis. Thus, association of IL-6 levels with poor 
prognosis and metastasis has been reported by many 
research [82, 88, 90, 91, 94, 95]. Moreover, rise in 
blood IL-6 concentrations as the disease progresses 
have been shown to corelate with the short overall 
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Table 1: Alterations of IL-6 Levels in CRC 

Findings: Association of IL-6 with Region Country Sample 
Size and 

Male/female 
percentage 

Assay 
method 

Diagnosis  
(level in pg/mL) 

Prognosis  
(level in pg/mL) 

Survival 

Ref. 

Japan P-233  
M:F -60:40 

C-13 

Chemilumine
scent enzyme 
immunoassay 

Increased,  
C-2.6 
P-6.6  

Higher mean [IL-6] 
for stage II than for 

stage III 

Correlated with 
CRP and CEA 

and OS. 

 [74] 

Japan P-46  
M:F -63:37 

ELISA (R&D) [IL-6] - 4.18 Associated with poor 
prognosis 

Inverse 
correlation with 

OS 

 [75] 

South Korea P- 132 
M:F- 60:40 

C-50 

ELISA Increased,  
C-5.65,  
P- 14.33  

Increase in [IL-6] 
depending on the 
stage, lymph node 
metastasis, degree 

of differentiation 

No significant 
association with 

OS 

 [76] 

South Korea P-696 
M:F – 68:32 

C-1835 

ELISA (R&D, 
USA) 

Increased  
C- 1.93,  
P- 3.64  

- -  [77] 

Taiwan P-128 
M:F -64:36 

ELISA (R&D, 
USA) 

Increased  
P- 12.6 

Stage dependent 
increase 

S1 - 6.7,S2 - 17.5, 
S3-45.8, S4- 10.3  

-  [78] 

Taiwan P-164 
M:F –66: 34 

ELISA (R&D, 
USA) 

Increased, 
P-14.4 

Increased with 
stage: S1- 6.8, S2-
13.3, S3-18.5, S4-

18.3 

Increased 
progression-free 
survival when [IL-
6] 6 < 10 pg/mL 

 [79] 

Taiwan P- 99 
M:F – 57:43 

C- 42  

ELISA (R&D, 
USA) 

Increased 
C-3.5,  
P- 14.5 

Increased soluble 
[IL-6 R]: 
C-695.2,  
P- 808.6 

No significant 
association between 
[IL-6], TNM stage, 

tumor extent, 
regional lymph node 
invasion, histological 

grade 

[IL-6] >10 pg/ml 
linked to shorter 

survival 

 [80] 

China P-40 
M:F -60:40  

C-32 

ELISA 
(MultiScience
s Biotech Co., 

Ltd.) 

Increased 
P-32.83  

CRCyoung-5.62,  
Celd-13.89 

Associated with 
advanced stage (P < 

0.05) 

-  [81] 

China P-164 
M:F -57:43  

C-20 

ELISA 
(Endogen, 

Inc.) 

Increased,  
Median [IL-6]: 

C-3.41 
P-11.89 

49.4% CRC had 
>12 pg/ml 

Serum [IL-6] >12 
pg/ml correlated with 

larger tumor size, 
CRP and liver 

metastases and 
stage. 

Decreased OS  [82] 

China P-88 
M:F -51:48 

ELISA (CSB-
E04638h, 
CUSABIO, 

China) 

Increased, 57% 
CRCs had >213.83  

Correlated with 
tumor differentiation, 

TNM stage and 
NLR, OS and DFS 

High NLR + [IL-6] 
correlated with 
worse OS and 

DFS 

 [83] 

Kazakhstan P-216 
M:F – 51:49  

C-97 

Immuno 
fluorescence, 
Milliplex Map 

(Millipor) 
Human 

Circulation 
Biomarker 

panel 

Increased 
compared to 

controls. 

Increased with 
grade: G1-6.8, G2-

9.05, G3-7.73  
No association with 

the degree of 
differentiation 

-  [84] 

Indonesia P-46  
M:F -63:37 

ELISA 
(Bioassay 
Tec.Lab. 
China) 

Increased,  
P- 15.27  

Increased with stage -  [85] 

Asia 

Sri Lanka P-35  
C-35 

ELISA 
(Elabscience, 

USA) 

Increased,  
C- 8.35,  
P-26.67 

- -  [86] 
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(Table 1). Continued.  

Findings: Association of IL-6 with Region Country Sample 
Size and 

Male/female 
percentage 

Assay 
method 

Diagnosis  
(level in pg/mL) 

Prognosis  
(level in pg/mL) 

Survival 

Ref. 

UK P-118 
M:F – 51: 49 

ELISA (R&D, 
UK) 

Increased, 
2/3 of patients had 

[IL-6] > 3.4 

[IL-6] associated 
with increased T 
stage (P<0.05), 
tumor necrosis 

(P<0.001), modified 
Glasgow Prognostic 

Score (mGPS; 
P<0.001) 

No significant 
association 

 [87] 

Norway P-364 patients 
in the NORDIC-

VII trial 
M:F-60:40 

ELISA (R&D, 
UK) 

50% CRC had [IL-
6]> 5.8 

Associated with 
impaired prognosis 

in metastasis 

Median OS was 
significantly lower 

at high [IL-6] 

 [88] 

USA P-173 
M:F- 77:23 

C-345 
Archived 

prediagnostic 
plasma 

specimens  

ELISA (R&D, 
USA) 

Increased, 
Median  

C- 1.9 (1.3-3.0), P-
2.3 (1.5-3.6) 

Positive association 
of [IL-6] and 

subsequent colon 
cancer risk 

- -  [89] 

Poland P-157 
M:F -50:50 

C-50 

ELISA (R&D, 
USA) 

Increased, Median 
of C-0.8 (0.7-2.4), 

CRC- 2.8 (0.7-
107.0)  

Significant 
association with 

clinical stage of CRC 
(p<0.001), tumor 
grade (p<0.018), 
and bowel wall 

invasion (p<0.001).  

  [90] 

Poland P-55  
M:F -53:47 

C-27 

ELISA (R&D, 
UK) 

A 2.9-fold increase  1.73 fold higher [IL-
6] in metastatic CRC  

  [91] 

Romania P- 68 
M:F -66:34 

C-20 

ELISA 
(Elabscience, 

USA) 

Increased,  
C-2.0,  

P- ≥68 yrs -16.29 
<68 yrs - 8.03 

S1-4.7, S2-12.0, S3-
13.5, S4-22.4 

Doubled [IL-6] in 
stage IV than stage 

III 

-  [92] 
 

Europe 
and 

North 
America 

Greece P-74 
M:F -53:47 

C-25 

ELISA (R&D, 
USA) 

Increased in 47.3% 
of CRCs 

Median [IL-6] 
C- 3.52 
P- 8.11 

Correlated with 
larger tumor size 

Correlated with 
reduced OS 

 [93] 

Bosnia P-75 
M:F -53:47 

C-20 

ELISA  
(R&D) 

Increased,  
P- 8 
C-0  

S2-2.5, S3-6.5, S4-
28. Correlated with 
MMP-9 and CRP 
levels (p <0.001). 

-  [94] Africa 

Egypt P-35 
M:F-74: 26 

C-30 

ELISA (R&D, 
USA) 

Increased,  
C- 2.7- 2.9  
P male- 7.58 
Pfemale-7.46 

Localized CRC- 
4.45, metastasis - 
8.8 (all P < 0.001) 

-  [95] 

South 
America 

Brazil P-20 
M:F- 45:55 

C-20 

Cytometric 
Bead Array, 

(BD 
Biosciences, 

USA). 

Increased, 
C- 36.1,   
P-159.3  

- -  [96] 

CRC- colorectal cancer, P- Patients, C- Control, S- stage of CRC, G1 -highly differentiated, G2 - moderately differentiated, G3- low differentiated, OS- overall survival, 
PFS- Progression-Free Survival. 

survival and recurrence (Prognosis and OS- [74, 75, 
79, 80, 82, 88, 90, 93]. Eldesoky A. et al., has reported 
a high diagnostic accuracy of IL-6 for CRCs (66%) with 

a cut off value = 6.7 pg/ml and sensitivity and 
specificity of 74% and 59% respectively.  
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Is IL-6 an Appropriate Marker for CRC Diagnosis 
and Prognosis?  

The overall picture of IL-6 in CRCs comprise its 
significant elevation compared to the healthy. Its 
association with disease progression and short overall 
survival provides clear insights to consider IL-6 as a 
potential marker for diagnosis, prognosis and predictor 
of survival. Furthermore, the correlation of rising IL-6 
levels with CRP and CEA levels demonstrates the 
possibility of using IL-6 along with these markers in 
assessing the disease progression and disease related 
quality of life [88].  

However, usefulness of IL-6 as a standalone 
biomarker is doubtful. To be used as a standalone 
diagnostic or prognostic marker, a molecule has to be 
highly specific, sensitive and show a distinct elevation 
compared to healthy. In this regard, the data reported 
from past research are ambiguous, specifically on the 
level of elevation of IL-6. Though majority of the 
research have reported elevated levels of IL-6, the cut-
off level of significance is questionable. The reported 
levels of IL-6 in CRC patients are highly variable and 
sometimes contradictive, which may not be fully 
attributed to the disease stage or severity. The 
variability in [IL-6] can be attributed to many factors: 
differences in sample processing and assay methods, 
assay environments, heterogeneous characteristics of 
the patient cohorts including individual physical and 
psychological differences, underlying conditions other 
than CRC and the differences in control group 
characteristics. While majority of the research had used 
ELISA to quantify IL-6, some had used other assay 
methods like chemiluminescent enzyme immunoassay 
[74], immunofluorescence [84] and cytometric bead 
array [96]. The differences in assay methods used by 
different research and even if the same assay method 
performed under different laboratory conditions may 
give results differently. Furthermore, sample handing 
from collection to storage to analysis can largely affect 
the quantity of IL-6 present in serum. This 
heterogeneity in analysis makes it difficult to set a cut-
off value for IL-6 as a diagnostic marker for CRC.  

One of the main challenges that interpreters of IL-6 
analyses face is the heterogeneous nature of the 
patient characteristics. Being a disease at elderly 
onset, many patients present with an array of 
underlying conditions apart from the individual physical 
and behavioural variations like obesity, smoking, 
exercise etc. [89]. Most of the studies draw general 
conclusions reporting mean/median values of the entire 
study population and analysis based on grouping of 

matching variables is sparse. Setting cut-off values for 
IL-6 for CRC diagnosis is also hampered by lack or 
inadequacy of characteristics of the control groups. 
Studies report male:female ratios with only a few 
studies reporting the mean or median IL-6 values 
separately for males and females. A study from Egypt 
reports that both male and female CRC patients show 
comparable levels of IL-6. Normalization of factors like 
age and gender dependency is required to set cut-off 
values for IL-6 in diagnosis of CRC. Furthermore, 
population-based and age-related variations of IL-6 
values have been reported [97,98]. Apart from the two 
papers from Japan [74,75], the other Asian studies 
show comparable elevation of IL-6 in CRC patients 
(>10 pg/mL), whereas the selected studies from 
Europe and North America demonstrate IL-6 values 
ranging 5-10 pg/mL. This highlights the importance of 
establishment of population-specific cut-off values for 
IL-6 if to be used as diagnostic marker for CRCs. Given 
that IL-6 is a general inflammatory marker, presence of 
a cancer or/and other underlying conditions such as 
stress or other infectious/inflammatory disease can 
induce IL-6 signaling [99-101]. Therefore, the observed 
variations of IL-6, specifically when it is not significant, 
is difficult to consider as a sole indicator of CRC.  

In contrast to the majority of studies, a minor portion 
of studies also reports comparable IL-6 levels in both 
CRC patients and healthy at the point of initial 
diagnosis [102,103]. Most of the studies on IL-6 in 
CRCs, report merely the levels of IL-6, with no 
evaluation as a diagnostic or prognostic marker, thus, 
data on specificity and the sensitivity is limited.  

Many research demonstrate a strong association of 
IL-6 with clinical features such as tumor size, location, 
stage, degree of differentiation and stage of metastasis 
[74, 78, 81, 84, 88, 90, 92]. However, compilation and 
analysis of the associations are challenging due to the 
non-specific nature of IL-6, differences in the study 
group characteristics and methods of analysis. A study 
reported high IL-6 values in CRCs but with no co-
relation to clinical features [91]. 

The current diagnostic markers of CRC, CEA and 
CA19-9 are in the forefront of the CRC diagnosis, with 
huge amount of research conducted on different 
populations with stage-specific, behavioural-specific 
and age-specific manner [104-106]. CEA and CA 19-9 
have pre-operative cut-off values set to 5.00 ng/ml and 
37 U/m respectively [107]. However, both markers 
possess certain degree of variability and non-specificity 
with some patients demonstrating no elevation to cut-
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off levels at least at the early stages of the disease. 
These markers are also elevated in other carcinomas 
such as lung, breast, gastrointestinal, and gynecologic 
cancers [108]. Furthermore, as seen in IL-6, CEA 
shows sensitivity to behavioral factors like smoking 
which elevates CEA levels up to 10 ng/ml [109-111]. 
Thus, the cut-off values of CEA have been set for 
patients with different comorbid factors which 
necessarily need to be done prior to setting IL-6 as a 
diagnostic marker for CRCs. In spite of large amount of 
data, CEA and CA 19-9 still face challenges in the CRC 
diagnosis with due to variabilities in assay methods and 
settings and lack of specificity with some contradictive 
findings reported in some cases [112, 113]. Thus, with 
markedly elevated levels reported in CRCs, IL-6 could 
be a potential marker to augment CEA and CA 19-9, 
but needs large scale characterization and validation 
on stage and population and other variable specific 
manner. In this regard, studies done on multiple 
populations with well-defined patient and control 
cohorts are essential.  

IL-6 may be used as an alongside marker with CEA, 
when CRC clinical symptoms are presented and may 
be used as a general indicator suggestive of 
subsequent CT scan and other investigations when the 
patients present with non-CRC specific features such 
as fatigue, weight loss but with no infections or 
inflammatory disease. Moreover, approximately 30% of 
CRC patients do show high CEA values at least at the 
early stage of the disease [114] and in such cases IL-6 
can be utilized as an indicator to determine the further 
management. As evidenced by some research [89], 
prolong higher IL-6 levels in a healthy adult, specifically 
when there is a family history of CRCs or other 
malignancies may be an indicator of subsequent CRC 
development, thus measuring IL-6 for such individuals 
may be beneficial for future.  

CONCLUSIONS 

Early diagnosis and prognostication of CRC is still 
challenging due to lack of a reliable early diagnostic 
marker, with a significant number of patients detected 
at the advanced stages of the disease hampering early 
interventions. Thus, identification of a reliable, non-
invasive marker is a timely need. Evidence generated 
from recent past, highlights the potency of IL-6 as a 
marker for CRC. However, the inconclusive nature of 
the findings resulted from controversial elevation levels, 
irregularities in the cut-off values, heterogeneity of IL-6 
level and clinical features have become a barrier for its 
progression from bench to bed side. Hence, research 

need to be focused on validation of the past findings, 
evaluation of the diagnostic value of IL-6 in defined 
CRC populations, setting up cut-off values at distinct 
CRC stages and definite co-relations of IL-with CRC 
clinical features.  

Prospective multicenter studies on different but 
defined CRC sub groups need to be carried out along 
with other inflammatory markers and standard assay 
protocols to acquire more data and to improve 
diagnostic and prognostic accuracy. 
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