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ABSTRACT

Background: A raised pre-treatment carcinoembryonic antigen (CEA) level is frequently
observed in colorectal cancer patients with metastatic disease and is thought to be a
reflection of disease burden. Additionally, there is a growing body of evidence highlighting
the influence of a pro-inflammatory host-response on colorectal cancer progression. Pro-
inflammatory cytokines IL-14, IL-6, IL-8 and TNFe: have been implicated in this relationship
through experimental and clinical studies. We set out to evaluate whether combining
circulating inflammatory markers, such as these, with CEA improves upon the stage-
specificity of CEA alone.

Methods: Sixty patients were enrolled prospectively at a single centre over a sixteen month
period into three groups: control (n=19), stage Il (n=22) and stage IV (n=19) colorectal
cancer. Baseline levels of carcinoembryonic antigen (CEA) as well as plasma IL-173, IL-6,
IL-8 and TNFa were compared across the groups. The ability of each marker to distinguish
patients by disease status was evaluated using Receiver Operator Characteristic (ROC) curve
and Chi-squared analysis.

Results: CEA, IL-6 and IL-8 increased significantly between the three groups. CEA and IL-8
were most effective in discriminating between stage Il and stage IV disease groups. We
found IL8-CEA score was more effective in discriminating between stage Il and stage IV CRC
(OR 10.3, 95% Cl 1.1-92.2, p=0.01) compared with CEA alone (OR 5.4, 95% CI 1.3-27.8,
p=0.01).

Conclusion: Combining IL-8 with CEA improved upon the stage-specificity of CEA alone.
This suggests a potential value for combining circulating inflammatory biomarkers with CEA
to accurately stage CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third largest contributor to the global cancer
burden and, despite advances in treatment, it remains a major source of cancer-
related mortality (1). At presentation, approximately 20% of patients have
distant metastasis (2) and experience significantly poorer outcomes as a result.
Therefore, wherever possible, patients are routinely screened for distant
metastases promptly after initial diagnosis. This is often pivotal in selecting
the appropriate management strategy, which may involve assessment of
resectability, or the decision of whether or not to pursue radical treatment.
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Carcinoembryonic antigen (CEA) is a widely used
tumour marker in colorectal cancer and raised circulat-
ing levels are frequently observed in patients with
metastatic disease (3,4). This suggests a relationship
between CEA and tumour burden, leading some to
advocate its integration into the TNM staging system
(5-7). Circulating biomarkers, such as CEA, have the
advantage of being obtained at minimal discomfort or
inconvenience to the patient. Furthermore, results may
be available at the outset, in contrast to some elements
of the TNM staging system, such as tumour depth,
which in turn may require assessment of a surgical
specimen.

As the influence of inflammation on colorectal
cancer progression becomes better understood, so
does the importance of the host’s immune and inflam-
matory response to cancer (8-10). Experimental
evidence points to a bidirectional relationship between
tumour and host cells, both within its microenviron-
ment and at distant sites, that is integral to the develop-
ment of metastatic disease (11,12). IL-1B, IL-6, IL-8 and
TNFa are among the inflammatory mediators most
consistently implicated in this process by promoting
endothelial-mesenchymal transition, angiogenesis and
chemo-attraction of neutrophils at metastatic sites
(12-16). Like CEA, these inflammatory markers have
been observed to increase with advancing disease
stage (17,18). Additionally, indicators of systemic
inflammation such as neutrophil lymphocyte ratio
(NLR) have been combined with CEA to improve on its
diagnostic ability (19,20). However, very little is known
as to whether combining circulating inflammatory bio-
markers with CEA adds value in evaluating colorectal
cancer progression. Therefore, the aim of this study was
to determine whether combining circulating inflamma-
tory cytokines with CEA improves upon the disease
stage-specificity of CEA alone.

METHODS
Patient selection

Patients were recruited prospectively at a single
metropolitan centre over a sixteen-month period
between October 2016 and February 2018.

Healthy control patients were enrolled immediately
prior to undergoing a colonoscopy requested on the
suspicion of lower gastrointestinal malignancy. Patients
were excluded if any evidence of inflammation or
malignancy was subsequently detected. Patients were
recruited into the stage Il group on the basis of pre-
treatment radiological staging. Rectal cancer patients
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underwent pre-operative staging MRI pelvis and CT
chest abdomen and pelvis, and colon cancer patients
underwent pre-operative CT chest, abdomen and
pelvis. Imaging was reviewed by two Consultant
Radiologists. Staging was confirmed postoperatively on
pathology in the case of colon cancer patients. This was
not applied to patients with rectal cancer due to a pro-
portion undergoing neo-adjuvant therapy. Consecutive
patients presenting with metastatic colorectal cancer at
diagnosis were recruited into the stage IV group. Disease
stages were assighed according to the 8" edition of
American Joint Committee on Cancer guidance (21).

Exclusion criteria were: age below 18 years, emer-
gency presentation, chronic inflammatory conditions
including inflammatory bowel disease, other synchro-
nous primary malignancy, colorectal cancer other than
adenocarcinoma, and the use of immunosuppressive
therapy including oral corticosteroids either at the time
of, or within three months prior to, sample withdrawal.

All patients recruited into this study gave their
written informed consent and ethics approval was
granted by the Health and Disability Ethics Committee
(HDEC ref: 18/CEN/138).

Plasma sample collection and storage

A twenty millilitre venous blood specimen was with-
drawn using a 23G BDTM vacutainer blood collection
set into sodium citrate vacutainer tubes after discarding
the first 5 mL. Wherever possible, venepuncture was
performed from the antecubital fossa following a
standard protocol and samples were centrifuged within
30 minutes of withdrawal at 2000 x g for ten minutes
and plasma was stored at -80 degrees Celsius until time
of analysis.

Cytokine assays

All assays were performed within twenty-four
months of sample collection and in two or fewer freeze-
thaw cycles. Levels of IL-1B, IL-6, IL-8 and TNFa were
quantified from plasma using commercially available
sandwich ELISA kits specific for each cytokine
(Invitrogen, ThermoFisher Scientific) as per the manu-
facturers instructions. Absorbances were measured
using the “Multiskan GO” (Thermo Scientific) specialised
spectrophotometer. The detection limits were IL-6:
2-200 pg/mL, IL-1B: 2-150 pg/mL, IL-8: 2-250 pg/mL
and TNFa: 4-500 pg/mL. Analytes with a detection rate
below 75% were excluded. CEA (Roche Cobas e601,
reference range <3.5 pg/L) was measured at the clinical
diagnostics laboratory of the host institution.
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Statistical analysis

Statistical packages SPSS® version 24.0 (IBM®) and
GraphPad Prism 7 (San Diego, CA, USA) were used for
analysis. The Shapiro-Wilk test of normality was used to
distinguish parametric from non-parametric distribu-
tions. Continuous variables were presented as mean +
standard deviation (SD) for parametric data and median
(interquartile range, IQR) for non-parametric. The
groups were compared using ANOVA for parametric
and the Kruskal-Wallis test for nonparametric variables.
Receiver Operator Characteristic (ROC) curve analysis
was performed to evaluate ability of markers to
differentiate between patient groups and select the
appropriate cut-off value based on optimal sensitivity
and specificity. For categorical variables, proportions
were compared between groups using Chi squared test.
A p value of £0.05 was taken as the level of statistical
significance.

RESULTS

A total of sixty patients were included in the study
across three groups: control (n=19), stage Il (n=22) and

stage IV (n=19). The mean age was 65.9 years (range
29-85) with 33 (55.0%) males and 27 (45.0%) females.
By ethnicity, 53 (88.3%) were European, 4 (6.7%) Maori
and 3 (5.0%) other. The median body mass index (BMI)
was 28.2 kg/m? (IQR, 25.0-31.7). There was a lower
proportion of patients with ischaemic heart disease in
the stage IV group compared with controls (p=0.05) and
no other patient characteristics were found to vary
significantly between the three groups (table 1).

IL-6 levels were detected in all and IL-8 in 59/60
(98.3%) patients. TNFa levels were detectable in 860
(13.3%) patients and IL-1B in 0/60 and were therefore
excluded from further analysis. When biomarker levels
were compared across the three groups, CEA (p<0.001),
IL-6 (p=0.005) and IL-8 (p<0.001) all increased signifi-
cantly with disease progression (table 2). The increases
in CEA, IL-6 and IL-8 across groups were most
pronounced between stage Il and stage IV (fig. 1).

Control versus Stage Il

Receiver operator characteristic analyses were per-
formed to evaluate CEA, IL-6 and IL-8 as discriminators
between patient groups. For the control versus stage I
group, CEA (AUC 0.73, 95% Cl 0.58-0.89, p=0.01) was

Table 1 - Patient characteristics. Age is expressed as mean + standard deviation. BMI: body mass index, IHD:
ischaemic heart disease, DM2: type two diabetes mellitus. BMI is expressed as median (interquartile range).
Categorical variables are expressed as a number with the percentage of the group in brackets
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Control Stage Il Stage IV p value
L L 22 e, 1 e,
Age(vears) . ........680£120 66120 | 630120 045 .
Gender

Male 7(36.8) 15 (68.2) 11 (57.9) 0.13
Female ] 12632 . TG18 8(A21)
Ethnicity

European 19 (100) 19 (86.4) 15 (78.9) 0.34

Maori 0(0) 2(9.1) 2(10.5)
omer 0O A48 2(105)
BMI, kg/m?

_Medan(IQR) 282(248324) 296 (269-331) 27.0(237-298) 009
Current smoker 0(0) 2(9.1) 4(21.1) 0.10

IHD 4(21.1) 1(4.5) 0(0) 0.05

DM2 3(15.8) 3(13.6) 3(15.8) 0.98

Aspirin 6 (31.6) 5(22.7) 2(10.5) 0.29

Table 2 - Biomarker values by patient group. Values are expressed as median (IQR). Bolded p-values are statistically
significant (< 0.05). IL: Interleukin; CEA: Carcinoembryonic antigen

Control Stage Il Stage IV p value
IL-6,pg/ml 246(185398) . 251(201-346) . 6.12 (463-1056) . 0.005
-8 pg/ml 3.95(385651) ... 559 (483:927) 11408393405 <0.001
CEA, pg/mL 1.90 (1.20-2.90) 3.45 (2.00-6.50) 20.50 (4.60-131.20) <0.001
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Figure 1 - Scatter plots of IL-6 (A), IL-8 (B) and CEA (C) across

effective in differentiating between these groups in
contrast to IL-6 (AUC 0.55, 95% Cl 0.37-0.73, p=0.62) or
IL-8 (AUC 0.68, 95% Cl 0.51-0.85, p=0.06) (table 3).

Stage Il versus Stage IV

CEA, IL-6 and IL-8 accurately differentiated between
stage Il and stage IV. The most effective was CEA (AUC
0.81, 95% Cl 0.67-0.95, p=0.001) followed by IL-8 (AUC
0.80, 95% Cl 0.66-0.93, p=0.001) then IL-6 (AUC 0.75,
95% Cl 0.58-0-.91, p=0.007) (fig. 2). Interleukin-8 was
therefore identified as the best cytokine to combine
with CEA. The optimal cut off values were 4.4 pg/L for
CEA (sensitivity 0.84, specificity 0.54) and 6.6 pg/mL
for IL-8 (sensitivity 0.84, specificity 0.59). Patients with
a low CEA and low IL-8 were assigned a combined

Table 3 - Receiver Operator Characteristic curve analysis

Control v Stage Il Control v Stage IV

.......... AC P AC b
L R 055 _.069 . 078 ... 0003 .
L S 068 .07 . 092 . Q0001
CEA 075 0.008 092 <0.0001

CEA-IL8 score of ‘0’ and patients with a high CEA and/or
IL-8 were assigned a score of ‘1.

Of forty-one patients with colorectal cancer, 17
(41.4%) had a ‘low’ and 24 (58.5%) had a ‘high’ CEA.
Stage IV disease was present in 4/17 (23.5%) with low
CEA compared to 1524 (62.5%) of those with a high
CEA. Nine of the 41 patients with CRC (22.0%) had a

A: Interleukin-6 B: Interleukin-8 C: CEA
100 100- 100
= = =
£ 50 £ 50 £ 50
z = ‘z
2 £ &
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100 - Specificity (%)

100 - Specificity (%)

100 - Specificity (%)

Figure 2 - Receiver Operator Characteristic curves (red) evaluating ability of IL-6 (A), IL-8 (B) and CEA (C) to differentiate between Stage Il and
Stage IV. Reference line shown in blue
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CEA-IL8 score of ‘0’ and 32 (78.0%) had a score of ‘1. No
significant associations were observed between the
CEA-IL8 score and any of the demographic variables
measured. Stage IV disease was present in 1/9 (11.1%)
of patients with a CEA-IL8 of ‘0O’ compared to 1832
(56.3%) of those with a score of ‘1’.

The IL8-CEA score was more effective in discriminating
between stage IV and stage Il CRC (OR 10.3, 95% Cl 1.1-
92.2, p=0.01) compared with CEA alone (OR 5.4, 95% Cl
1.3-27.8, p=0.01).

DISCUSSION

In this study of sixty prospectively-enrolled partici-
pants, we found CEA to discriminate between healthy
controls and those with stage Il disease, whereas
inflammatory markers IL-6 and IL-8 did not. We found
all three markers to vary significantly between those
with stage Il and stage IV disease. IL-8 was the more
effective inflammatory marker, and when combined
with CEA, the resulting score outperformed CEA alone
in discriminating between stage Il and stage IV disease.

An association between raised serum CEA and the
presence of early-stage CRC has been observed in other
studies (22). However, as demonstrated in a meta-
analysis by Liu et al, poor sensitivity limits its application
as a screening or diagnostic test (23). Although the
existing data is much sparser for interleukins, a pooled
analysis of five case-control studies including 668 CRC
patients and 374 controls showed IL-8 to have
moderate diagnostic accuracy (23). This was not
corroborated by the findings of this study and while this
may have been partly due to the small sample size, we
were not led to evaluate a score combining CEA with an
inflammatory cytokine in the discrimination between
healthy controls and stage Il disease.

Our finding that CEA, IL-6 and IL-8 effectively
discriminated between stages Il and IV disease supports
the findings of others. In their study of 75 patients,
Mahboob et al utilised Proseek and bioplex immuno-
assays and identified CEA, IL-6 and IL-8 as amongst the
most stage-specific cytokines from a panel of 92 protein
biomarkers (24). Paczel et al’s recent study of 59 CRC
patients found a raised CEA (p<0.005) and IL-8
(p=0.004) to be significantly associated with the
presence of distant metastases (15). Liu et al’s study of
30 patients did not find IL-6 or IL-8 to differ significantly
by TNM stage although they did not analyse stage IV
disease separately but compared stages 0 and | with
stages Il, lll and IV (25).

To our knowledge, a combined IL8-CEA score, such
as that utilised in the present study, has not been
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previously evaluated as a marker of metastatic CRC.
However, the approach of combining CEA with
circulating inflammatory biomarkers has shown some
promise in diagnostic studies. Li et al found that com-
bining platelet-lymphocyte ratio (PLR) or lympho-
cyte-monocyte ratio (LMR) with CEA improved
diagnostic efficacy for CRC (19), whereas Tang et al’s
study of 138 patients with non small cell lung carcinoma
(NSCLC) found that the sensitivity of tumour markers
including CEA in the diagnosis of NSCLC was improved
by combining it with IL-6 (26).

Experience in the clinical setting suggests the CEA
value to be an indicator of disease burden. This is
apparent through its more established roles in
post-operative surveillance for CRC recurrence and in
monitoring metastatic disease progression in those
undergoing chemotherapy (27). In contrast to this,
circulating pro-inflammatory cytokines, such as IL-8,
levels are likely to reflect a functional, host-response to
cancer (11,12,14). IL-8 is a chemokine produced
primarily by macrophages resulting in neutrophil
chemo-attraction into the tumour microenvironment
(11). Furthermore, animal studies have shown that
exposure to IL-8 may increase the metastatic potential
of colon cancer cells (28). In their experiments on mice
using a circulating tumour cell (CTC) model, Kim et al
found that tumour-derived IL-8 acted as a chemo-
attractant of tumour cells to the primary tumour
and metastatic sites (29,30). Our observation that
combining IL-8 with CEA improves upon the stage-
specificity of CEA alone may reflect a more global
assessment of both disease burden and host-response.

This study was limited by a small sample size which
may, in turn, have been partly a result of strict
eligibility criteria. Patients presenting as an emergency
and with chronic inflammatory conditions and a
recent history of taking anti-inflammatory or immuno-
modulatory medications were excluded to avoid
confounding. The results of this study may therefore
not be generalizable to these patient sub-groups. While
the findings of this study strengthen the approach of
combining tumour markers with inflammatory bio-
markers as a proof-of-principle, further validation
studies are necessary in larger samples. Additionally,
we were unable to control for histopathological
features such as T stage, N stage and lympho-vascular
invasion. This was not possible as most patients in the
stage IV group did not undergo surgical resection of
their primary tumour, but were instead treated with
palliative chemotherapy. Limiting patients in the stage
IV group to those undergoing resection of their primary
tumour would exclude a majority of patients with
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disseminated disease and introduce an unacceptable
likelihood of bias.

CONCLUSION

Circulating inflammatory cytokines IL-6 and IL-8
were not found to be effective discriminators between
healthy controls and early-stage CRC. However, both
biomarkers were effective in discriminating stage IV
from stage Il disease; IL-8 more so than IL-6. Combining
CEA with IL-8 resulted in a score that outperformed CEA
alone in discriminating between stage Il and stage IV
disease. Although these findings support the principle
of combining CEA with IL-8 to accurately stage patients,
larger validation studies are required. A combined IL8-
CEA score may add value to radiological pre-operative
staging.
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