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Aim: The change in the levels of peripheral inflammatory markers together with EGFR in 
relation to 5- fluorouracil (5-FU) therapy was evaluated for their prognostic significance in 
colorectal cancer (CRC) patients.
Patients and Methods: Expression levels of COX2, IL6, IL1β, EGFR, IL10, and TNFα 
were determined with quantitative real-time PCR (qPCR) in the peripheral blood of 90 CRC 
patients. The inflammatory response was correlated with patients’ clinical features, disease- 
free survival (DFS), and overall survival (OS).
Results: After 6 months of 5-FU therapy, increased inflammatory response was found to be 
associated with smoking, T3 or T4 tumors, performance status (PS) III, positive lymph 
nodes, distant metastasis, and gastrointestinal (GIT) toxicity. The combination of COX2 with 
interleukins in a predictive equation for DFS was significant in patients with over-expression 
of EGFR. DFS and OS rates were reduced in patients with increased COX2, IL6, IL10, and 
TNFα expression with 5-FU therapy. Significant hazard of disease progression was asso-
ciated with smoking (HR=1.27, P=0.004), 5-FU induction of COX2, and IL6 expression 
(HR=1.35, P=0.001 and HR=1.27, P=0.004, respectively). Moreover, smoking, 5-FU induc-
tion of IL6, TNFα, and IL10 expression are found to be independent prognostic factors for 
OS (P=0.003, 0.003, 0.002, and 0.002, respectively).
Conclusion: The peripheral effects of 5-FU therapy have shown a significant impact on the 
treatment outcome of CRC patients.
Keywords: colorectal cancer, 5-fluorouracil, COX2, EGFR, interleukins, survival, TNFα

Introduction
Worldwide, colorectal cancer (CRC) is the second most common malignancy in 
women and the third in men. Many genetic, epigenetic and long- standing inflam-
matory conditions have contributed in the development of CRC.1 Treatment with 
antimetabolite (5-Fluorouracil: 5-FU) is the standard first-line therapy for CRC 
patients. It can be used either single or combined with oxaliplatin according to the 
stage of the CRC disease.2 5-FU is a pyrimidine analog, interacts with the nucleic 
acid sequence, and interferes with the RNA and DNA synthesis in both normal and 
tumor cells.3

Gastrointestinal (GIT) toxicity is one of the most commonly encountered side- 
effects experienced during systemic therapy for CRC, and it is one of the major 
causes of dose limiting serious toxicity in chemotherapy regimens containing 
5-FU.4 50% of CRC patients receiving 5-FU as a single agent and up to 40% of 
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patients receiving combination 5-FU therapy can develop 
severe diarrhea.5 Other common non-GIT toxicity criteria 
recorded, including anemia, peripheral neuropathy, and 
hand-foot syndrome; were found to be modulated with 
some pro-inflammatory and anti-inflammatory cytokines, 
and have an impact in the survival of CRC patients.6–9

Recent studies demonstrated the stage-dependent altera-
tions in the inflammatory cytokines’ levels in tumor tissues, 
tumor microenvironment, and/or the peripheral blood of 
CRC patients.10–12 Interleukins 6 (IL6), IL1β, IL10, cycloox-
ygenase2 (COX2), and tumor necrosis factor (TNFα) are the 
most known inflammatory biomarkers involved in the ade-
noma–carcinoma progression of CRC.13 Peripheral blood 
serves as an easy, rapid, and reliable method for investigating 
patients with CRC. In addition, it is considered the richest 
vehicle with cytokines, either detected in serum or 
plasma.14,15 These inflammatory cytokines proved to show 
significant diagnostic,16 prognostic,17 and predictive18 values 
for CRC patients. It has been reported that the baseline level 
of cytokines could determine the response of CRC patients to 
treatment as well as their survival outcomes,19 however their 
fluctuated serum levels during the treatment regimen also 
have a contribution in the tolerance (efficacy and toxicity) of 
patients to treatment and overall outcome.20 Accordingly, 
this study aimed at investigating the changes in the expres-
sion levels of some inflammatory markers (COX2, IL6, 
IL1β, IL10, and TNFα) together with EGFR in the peripheral 
blood of CRC patients who were treated with 5-FU based 
therapy, trying to find a prominent inflammatory response 
associated with patients` outcomes including response to 
treatment and survival rates.

Patients and Methods
This prospective cohort study included 90 patients with 
histo-pathologically confirmed CRC and 30 age- and sex- 
matched healthy normal controls. Patients were presented 
at the Egyptian National Cancer Institute (NCI) during the 
period between November 2013 to October 2014.

All patients received 5-FU based therapy in doses and 
duration described in the protocols of CRC treatment 
followed by the Medical Oncologists in NCI, Cairo 
University. In patients with favorable prognosis, adjuvant 
capecitabine was administered orally as a single agent in 
a 1,250 mg/m2 dose twice/day for 2 weeks, followed by 
a 1-week rest period, given as 3-week cycles for a total of 
eight cycles. While metastatic patients had received 
XELOX in 3-week treatment cycles in which intravenous 
oxaliplatin 130 mg/m2 was given in day 1 followed by oral 

capecitabine 1,000 mg/m2 twice daily from day 1 evening 
till day 15 morning. Peripheral blood samples were col-
lected from all patients and control groups to assess the 
expression levels of COX2, IL6, IL1β, IL10, TNFα, and 
EGFR using quantitative real time-polymerase chain reac-
tion (qRT-PCR). The expression of the markers was 
assessed in the peripheral blood of the same patients at 
baseline (before treatment) and at the end of the 5-FU 
treatment regimen (after treatment). The expression at 
baseline was first compared with the healthy control 
expression level. Then, the change in the expression, either 
by decrease or increase, was evaluated for their clinico-
pathological and survival correlations.

RNA Extraction and cDNA Synthesis
Total RNA was extracted from the lymphocytic cell pellet 
with total RNA purification kit (Direct-Zol RNA Kit, 
Zymo Research, Germany). cDNA synthesis was per-
formed according to the manufacturer’s instructions 
using Revert Aid First Strand cDNA synthesis kit 
(ThermoFisher, UK).

qPCR for Detection of the Expression of 
Assessed Markers
qPCR was conducted according to manufacturer’s instruc-
tions by Applied Biosystems Syber Green PCR Master 
Mix (USA). Reverse and forward sequences of primers 
genes encoding for mRNA transcript of COX2, IL6, IL1β, 
IL10, TNFα, and EGFR genes were designed by NCBI- 
NIH tool, and the sequences were summarized as follows: 
COX2 (Sequence ID: NM_000963.4, Region: 698–717) 
forward primer: CAGCACTTCACGCATCAGTT, reverse 
primer: TCTGGTCAATGGAAGCCTGT, IL6 (Sequence 
ID: NM_000600.5, Region: 546–565) forward primer: 
GAGACTTGCCTGGTGAAAAT, reverse primer: CAGG 
GGTGGTTATTGCATCT, IL1β (Sequence ID: XM_017 
003988.2, Region: 467–486) forward primer: GGACA 
AGCTGAGGAAGATGGC, reverse primer: TTTTTTG 
CTGTGAGTCCCGG, IL10 (Sequence ID: NM_00138 
2624.1, Region: 161–442) forward primer: TCTGGTG 
AAGGAGGATCGCTA, reverse primer: TGGCAACCCA 
GGTAACCCTA, EGFR (Sequence ID: NM_001346897.2, 
Region: 2527–2540) forward primer: AAGGAAATCC 
TCGATGAAGCCT, reverse primer: TGTCTTTGTTCCC 
GGACATA, TNFα (Sequence ID: NG_007462.1, Region: 
4993–7764) forward primer: ACAGATGTGGGGTGT 
GAGAAG, reverse primer: TCTTCTGTGTGCCAGACA 
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CC, and β-actin (Sequence ID: NM_001100.3, Region: 
286–304) forward primer: CCAGAGCAAGAGAGGTA 
TCC, reverse primer: CTGTGGTGGTGAAGCTGTAG. 
CT values were normalized to the housekeeping gene (β- 
actin) (2−∆Ct) in order to calculate the relative expression 
of each gene.

Statistical Analysis
Data were analyzed using the SPSS package (version 22; 
SPSS Inc., Chicago, IL, USA). It was tested for normal-
ization using Shapiro test. Comparison of markers between 
patients and control group or before and after treatment 
was done using Mann-Whitney test. Associations between 
categorical variables were performed using Pearson’s chi- 
square. Spearman’s test was used to detect the strength of 
correlation between the tested markers. Kaplan–Meier 
analysis was used for comparing survival rates using log 
rank test. Disease-free survival (DFS) was calculated from 
date of primary treatment till the date of relapse or pro-
gressive disease, while overall survival (OS) was calcu-
lated from the date of diagnosis till the date of death. COX 
proportional-hazards model was used to determine the 
independent significant risk of individual factors. 
Multiple linear regression analysis was performed to 
detect the best fit equation for prediction of DFS rates of 
the patients. P-value ≤0.05 was considered statistically 
significant at two tailed test.

Results
Clinico-Pathological Features and 
Treatment Plan of the Assessed CRC 
Patients
The mean age of assessed CRC patients was 44.6±11.8 years, 
with a median of 44 (range=19–63 years). Males represented 
42/90 (46.7%) and females were 48/90 (53.3%). There were 
12 patients (13.3%) with a positive family history of CRC, 
and 22 (24.4%) were smokers. Most of the patients (95.6%) 
had good performance status (ECOG PS I), and only four 
(4.4%) had PS III. Almost half of the patients (53.3%) were 
diagnosed with rectum and recto-sigmoid cancers. More than 
two thirds of the patients were T3 and T4 tumors, with 
positive lymph nodes, and at stages III and IV of the disease. 
Distant metastasis was detected in 20 (22.2%) patients, and 
the remaining 70 (77.8%) patients were non-metastatic 
(Table 1). All patients received 5-FU based therapy either 
neoadjuvant (28.9%) or adjuvant (71.1%). Combination with 
oxaliplatin was prescribed and administered by 80 patients.

There were 82 (91.1%) patients who experienced toxicity 
of 5-FU therapy, 54 (60.0%) of them had GIT toxicity in the 
form of nausea, vomiting, diarrhea, abdominal colic, muco-
sitis, hepatomegaly, gall bladder calculi, severe constipation, 
and fatty liver. Eighteen (20.0%) patients had CNS toxicity in 
the form of peripheral neuropathy and back pain. While 10 
(11.1%) patients had hand and foot syndrome (HFS), skin 
ulceration, dizziness, fatigue, knee edema, elevation of body 
temperature, and deteriorated physical activity. At the end of 
the study, 60 (69.8%) patients were live, and 26 (30.2%) 
died, while four patients were lost to follow-up (Table 1).

The Baseline Expression of the Assessed 
Markers in CRC Patients
Before 5-FU therapy, there was a significant increase in the 
expression of EGFR in CRC patients compared to normal 
control subjects [9.6 (0–12.8) vs 7.9 (7.5–9.9); respectively, 
P=0.029]. COX2 increased significantly in CRC patients 
compared to normal control [4.4 (0.2–304.4) vs 0.3 (0.01–-
30.1); respectively, P=0.002]. Similarly, IL6 expression 
increased in CRC patients in comparison to control subjects 
[9.9 (0.15–100) vs 1.3 (0.5–18); respectively, P=0.007]. 
Also, TNFα increased significantly in CRC patients com-
pared to normal control [0.1 (0.01–1.2) vs 0.005 (0–0.01); 
respectively, P<0.001]. While there was an insignificant 
decrease in the expression of IL1β in CRC patients com-
pared to the control group [0.7 (0.1–27.7) vs 8.6 (0.5–57.7); 
respectively, P=0.056], also an insignificant difference 
between the expression of IL10 in CRC patients and control 
group was shown as well [59.6 (9–274) and 65.9 (47.1–-
143.5); respectively, P=0.295] (Figure 1).

The Impact of 5-FU Therapy on the 
Expression of the Assessed Markers
The expression of markers after treatment with 5-FU ther-
apy showed a significant decrease in the expression of 
COX2 [baseline: 9.58 (0.1–2120); after 5-FU: 0.890 (0.-
17–1160), P=0.023], IL10 [baseline: 59.6 (9–274); after 
5-FU: 47.06 (0.1–290), P=0.005], and CA19-9 [baseline: 
21.3 (1–592); after 5-FU: 6.6 (1.8–800), P=0.027] in CRC 
patients after 5-FU therapy. However, there was an insig-
nificant change in the expression of EGFR, IL6, IL1β, 
TNFα, and CEA after 5-FU therapy, as follows: EGFR 
[baseline: 9.48 (0–12.78); after 5-FU: 9.05 (0.16–12.78), 
P=0.791], IL6 [baseline: 14.03 (0.15–4482); after 5-FU: 
1.56 (0.16–4513), P=0.455], IL1β [baseline: 0.65 (0–760); 
after 5-FU: 2.06 (0–8.4), P=0.106], TNFα [baseline: 0.09 
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(0.01–1.2); after 5-FU: 0.06 (0–2.5), P=0.599], and CEA 
[baseline: 2.65 (0.5–133); after 5-FU: 2.8 (0.9–2786), 
P=0.375], respectively, as demonstrated in Figure 2.

Association Between the Effect of 5-FU 
Therapy on the Assessed Markers and 
Relevant Clinico-Pathological Features of 
the Patients
In Tables 2 and 3, the expression of EGFR, COX2, IL6, 
IL1B, TNFα, IL1β, and IL10 were assessed in the periph-
eral blood of the CRC patients before 5-FU treatment 
(baseline expression), and after 6 months of therapy. 
Accordingly, patients were categorized into two groups 
regarding the change of the markers’ expression whether 
decreased or increased after treatment.

Out of the assessed 90 patients, 64 patients experienced 
a decrease in COX2 expression by 4.5% compared with 26 
patients with an increased expression by 0.98%. COX2 
expression increased significantly after 5-FU therapy in 
non- smoker patients [26/26 (100%), P=0.001], patients 
with T3 and T4 tumors (P=0.004), patients with positive 
lymph nodes (P=0.004), patients whose original site of the 
tumor is the colon rather than rectal or recto-sigmoid 
(P<0.001), and in patients who experienced GIT toxicity 
rather than CNS or HFS (P=0.048, Table 2).

Table 1 Clinical Features of the Assessed CRC Patients

Frequency Percent (%)

Age
Mean±SD 44.6±11.8

Median (range) 44 (19–63)

Sex
Male 42 46.7
Female 48 53.3

Diabetes mellitus
Negative 78 86.7

Positive 12 13.3

Hypertension
Negative 74 82.2

Positive 16 17.8

Smoking
Negative 68 75.6
Positive 22 24.4

Family history
Negative 78 86.7

Positive 12 13.3

PS
I 86 95.6

III 4 4.4

Site
Colon 42 46.7
Rectum and rectosigmoid 48 53.3

Tumor burden
T2 20 22.2

T3 64 71.1

T4 6 6.7

Lymph nodes
Negative 26 28.9
Positive 64 71.1

Metastasis
Negative 70 77.8

Positive 20 22.2

Stage
II 14 15.6

III 56 62.1
IV 20 22.3

Surgery
Resected 64 71.1

Not resected 26 28.9

5-FU therapy
Single 10 11.1
Combined with oxaliplatin 80 88.9

(Continued)

Table 1 (Continued). 

Frequency Percent (%)

Toxicity
GIT 54 60

HFS 10 11.1
CNS 18 20

No toxicity 8 8.9

Response to treatment
Progressive disease 14 15.6

Regressive disease 76 84.4

Relapse
Yes 34 39.5
No 52 60.5

Lost follow up 4

Survival
Lived 60 69.8

Died 26 30.2
Lost to follow-up 4 –

Note: Data was presented as frequency and percentage of patients. 
Abbreviations: SD, standard deviation; PS, performance status; 5-FU, 5-fluorour-
acil; GIT, gastrointestinal; HFS, hand-foot syndrome; CNS, central nervous system.
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Regarding IL6 expression, 53/90 patients experienced 
a decrease in IL6 expression by 5.35%, compared to 37/90 
with an increased IL6 by 3.23%. IL6 expression increased 
significantly in patients who were diabetic, patients with PS 
III, distant metastasis, and with colonic cancer location 
(P=0.01, P<0.001, P=0.013, P<0.001; respectively, Table 2).

Meanwhile, 54/90 patients experienced an increase in 
IL1β expression by 2.24% compared with a decrease by 
0.12% in 36/90 patients. Significant associations were 
shown between increased IL1β expression after 5-FU ther-
apy and the presence of diabetes mellitus, blood hyperten-
sion (HTN), PS III, advanced tumor stage III or IV, colonic 

Figure 1 Levels of inflammation markers in 90 CRC patients in comparison to 30 healthy controls: (A) EGFR, (B) COX-2, (C) IL-1β, (D) IL-6, (E) TNFα, and (F) IL-10.

Figure 2 Assessment of the serum levels of (A) EGFR, (B) COX-2, (C) IL-10, (D) IL-6, (E) IL-1β, (F) TNFα, (G) CEA, and (H) CA19-9 before and after 6 months of 5-FU 
therapy.
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Table 2 Association Between the Change of COX2, IL6, and IL1β Expression with 5-FU Therapy and the Clinic-Pathological Features 
of the Assessed CRC Patients

COX2 P-valuea IL6 P-valuea IL1β P-valuea

Decrease (n=64) Increase 
(n=26)

Decrease 
(n=53)

Increase 
(n=37)

Decrease 
(n=36)

Increase 
(n=54)

Age
≤44 41 (64.1%) 5 (19.2%) 0.05 31 (58.5%) 15 (40.5%) 0.31 22(61.1%) 22(40.7%) 0.33
>44 23 (35.9) 21 (80.8%) 22 (41.5%) 22 (59.5%) 14(38.9%) 32(59.3%)

Sex
Male 32 (50.0%) 10 (38.5%) 0.814 17 (32.1%) 25 (67.6%) 0.07 12 (33.3%) 30 (50.6%) 0.010
Female 32 (50.0%) 16 (61.5%) 36 (67.9%) 12 (32.4%) 24 (66.7%) 24 (44.4%)

DM
Negative 52 (81.25%) 26 (100%) 0.099 49 (92.5%) 29 (78.4%) 0.01 32 (88.9%) 46 (85.2%) 0.020
Positive 12 (18.75%) 0 (0.0%) 4 (7.5%) 8 (21.6%) 4 (11.1%) 8 (14.8%)

HTN
Negative 56 (87.5%) 18 (69.2%) 0.605 45(84.9%) 29 (78.4%) 0.469 36 (100%) 38 (70.4%) 0.001
Positive 8 (12.5%) 8 (30.8%) 8 (15.1%) 8 (21.6%) 0 (0.0%) 16 (29.6%)

Smoking
Negative 42 (65.6%) 26 (100%) 0.001 41 (77.4%) 27 (73.0%) 0.188 24 (66.7%) 44 (81.5%) 0.789
Positive 22 (34.4%) 0 (0.0%) 12 (22.6%) 10 (27.0%) 12 (33.3%) 10 (18.5%)

FH
Negative 57 (89.1%) 21 (80.8%) 0.110 41 (77.4%) 37 (100%) 0.075 29 (80.6%) 49 (91.7%) 0.081
Positive 7 (10.9%) 5 (19.2%) 12 (22.6%) 0 (0.0%) 7 (19.4%) 5 (8.3%)

PS
I 60 (93.7%) 26 (100%) 0.099 53 (100%) 33 (89.2%) <0.001 36 (100%) 50 (92.6%) 0.020
III 4 (6.3%) 0 (0.0%) 0 (0.0%) 4 (10.8%) 0 (0.0%) 4 (7.4%)

T
T2 12 (18.75%) 8 (30.8%) 0.004 16 (30.2%) 4 (10.8%) 0.755 20(55.6%) 0(0.0%) <0.001
T3&T4 52 (81.25%) 18(69.2%) 37 (69.8%) 33 (89.2%) 16(44.4%) 54 (100%)

LN
Negative 26 (40.6%) 0 (0.0%) 0.004 18 (33.9%) 8 (21.6%) 0.576 18 (50%) 8 (14.8%) 0.408
Positive 38 (59.4%) 26 (100%) 35 (66.1%) 29 (78.4%) 18 (50%) 46 (85.2%)

Metastasis
Negative 49 (76.6%) 21 (80.8%) 0.436 48 (90.6%) 22 (59.5%) 0.013 31 (86.1%) 39 (72.2%) 0.627
Positive 15 (23.4%) 5 (19.2%) 5 (9.4%) 15 (40.5%) 5 (13.9%) 15 (27.8%)

Site
Colon 16 (25%) 26(100%) <0.001 29 (54.7%) 13 (35.1%) 0.03 6 (16.7%) 36 (66.7%) 0.024
Rectumb 48 (75%) 0(0.0%) 24 (45.3%) 24 (64.9%) 30 (83.3%) 18 (18.5%)

Toxicity
GIT 36 (64.3%) 18 (69.2%) 0.048 37 (69.8%) 17 (58.6%) 0.100 28 (77.8%) 26 (56.5%) 0.001
HFS 10 (17.9%) 0 (0%) 8 (15.1%) 2 (6.9%) 8 (22.2%) 2(4.3%)
CNS 10 (17.9%) 8(30.8%) 8 (15.1%) 10 (34.5%) 0 (0%) 18 (39.1%)

Notes: Data was presented as number and percentage of patients. aChi-square test and Fisher exact test. P<0.05 is statistically significant, and is marked with bold font. 
bRectum include rectosigmoid junction. 
Abbreviations: COX2, cyclooxygenase2; IL6, interleukin6; IL1β, interleukin1β; DM, diabetes mellitus; HTN, hypertension; FH, family history; PS, performance status; T, 
tumor burden; LN, lymph nodes; GIT, gastrointestinal; HFS, hand foot syndrome; CNS, central nervous system.
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Table 3 Association Between the Change of EGFR, TNFα, IL10, with 5-FU Therapy and Clinic-Pathological Features of the Assessed 
CRC Patients

EGFR P-valuea TNFα P-valuea IL10 P-valuea

Decrease 
(44)

Increase 
(46)

Decrease 
(62)

Increase 
(28)

Decrease 
(70)

Increase 
(20)

Age

≤44 25 (56.8%) 21 (45.7%) 0.3 35 (56.5%) 11 (39.3%) 0.180 37 (52.9%) 9 (45%) 0.627
>44 19 (43.2%) 25 (54.3%) 27 (43.5%) 17 (60.7%) 33 (47.1%) 11 (55%)

Sex

Male 24 (57.1%) 18 (37.5%) 0.090 26 (43.3%) 16 (53.3%) 0.382 34 (50%) 48 (36.4%) 0.329

Female 18 (42.9%) 30 (62.5%) 34 (56.7%) 14 (46.7%) 34 (50%) 14 (63.6%)

DM

Negative 40 (95.2%) 38 (79.2%) 0.031 56 (93.3%) 22 (73.3%) 0.018 62 (91.2%) 16 (72.7%) 0.064

Positive 2 (4.8%) 10 (20.8%) 4 (6.7%) 8 (26.7%) 6 (8.8%) 6 (27.3%)

HTN

Negative 34 (81.0%) 40 (83.3%) 0.789 48 (80.0%) 26 (86.7%) 0.564 56 (82.4%) 18 (81.8%) 1.000

Positive 8 (19.0%) 8 (16.7%) 12 (20.0%) 4 (13.3%) 12 (17.6%) 4 (18.2%)

Smoking

Negative 26 (61.9%) 42 (87.5%) 0.007 46 (76.7%) 22 (73.3%) 0.797 50 (73.5%) 18 (81.8%) 0.572
Positive 16 (38.1%) 6 (12.5%) 14 (23.3%) 8 (26.7%) 18 (26.5%) 4 (18.2%)

FH

Negative 36 (85.7%) 42 (87.5%) 1.000 52 (86.7%) 26 (86.7%) 1.000 56 (82.4%) 22 (100%) 0.034
Positive 6 (14.3%) 6 (12.5%) 8 (13.3%) 4 (13.3%) 12 (17.6%) 0 (0.0%)

PS

I 40 (95.2%) 46 (95.8%) 1.000 56 (93.3%) 30 (100%) 0.297 64 (94.1%) 22 (100%) 0.569

III 2 (4.8%) 2 (4.2%) 4 (6.7%) 0 (0.0%) 4 (5.9%) 0 (0.0%)

T

T2 10 (23.8%) 10 (20.8%) 0.139 12 (20.0%) 8 (26.7%) 0.424 16 (23.5%) 4 (18.2%) 0.519
T3 26 (61.9%) 38 (79.2%) 42 (70.0%) 22 (73.3%) 46 (67.6%) 18 (81.8%)

T4 6 (14.3%) 0 (0.0%) 6 (10.0%) 0 (0.0%) 6 (8.8%) 0 (0.0%)

LN

Negative 10 (23.8%) 16 (33.3%) 0.359 18 (30.0%) 8 (26.7%) 0.816 12 (17.6%) 14 (63.6%) 0.001
Positive 32 (76.2%) 32 (66.7%) 42 (70.0%) 22 (73.3%) 56 (82.4%) 8 (36.4%)

Metastasis

Negative 38 (90.5%) 32 (66.7%) 0.010 60 (100%) 10 (33.3%) <0.001 62 (91.2%) 8 (36.4%) <0.001
Positive 4 (9.5%) 16 (33.3%) 0 (0.0%) 20 (66.7%) 6 (8.8%) 14 (63.6%)

Site

Colon 24 (54.5%) 18 (39.1%) 0.286 26 (41.9%) 16 (57.1%) 0.119 34 (48.6%) 8 (40%) 0.095

Rectumb 20 (45.5%) 28 (60.9%) 36 (58.1%) 12 (42.9%) 36 (51.4%) 12 (60%)

(Continued)
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cancer location, and with GIT and CNS toxicities (P=0.02, 
P=0.001, P=0.02, P<0.001, P<0.001, and P=0.001; 
respectively, Table 2).

EGFR was found to be decreased after 5-FU therapy by 
1.7% in 44 patients, while increased by 1.17% in 46 patients. 
A significant association was shown between the increased 
EGFR expression and the presence of diabetes mellitus 
(P=0.031), non-smoking (P=0.007), distant metastasis 
(P=0.01) and GIT toxicity (P=0.032). The expression of 
TNFα is also significantly increased by 20.32% in patients 
with diabetes mellitus (P=0.018), distant metastasis 
(P=0.001), GIT, and/or HFS toxicity (P=0.013). Similarly, 
IL10 increased by 0.18% in patients with distant metastasis 
(P<0.001), however it decreased by 0.06% in patients with 
family history of CRC, and with the presence of positive 

lymph nodes (P=0.034 and P=0.001; respectively), as demon-
strated in Table 3.

Disease-Free (DFS) and Overall Survival 
(OS) Rates of the Patients
The mean DFS of all patients was 26.29 months. The mean 
DFS of the CRC patients associated significantly with the 
expression changes of COX2 expression (16.4 months in 
increased expression compared to 28.4 months in decreased 
expression, P<0.001), IL1β (21.9 months in increased 
expression compared to 16.1 months in decreased expression, 
P=0.041), IL6 (14.2 months in increased expression com-
pared to 22.8 months in decreased expression, P<0.001), 
TNFα (16.7 months in increased expression compared to 
29.7 months in decreased expression, P<0.001), IL10 (14.9 

Figure 3 Disease-free survival (DFS) rates for the assessed CRC patients (A) EGFR, (B) COX-2, (C) IL-1β, (D) IL-6, (E) TNFα, (F) IL-10, (G) CEA, and (H) CA19.9.

Table 3 (Continued). 

EGFR P-valuea TNFα P-valuea IL10 P-valuea

Decrease 
(44)

Increase 
(46)

Decrease 
(62)

Increase 
(28)

Decrease 
(70)

Increase 
(20)

Toxicity

GIT 20 (54.1%) 34 (75.6%) 0.032 36 (78.3%) 18 (50%) 0.013 41 (68.3%) 13 (59.1%) 0.577
HFS 4 (10.8%) 6 (13.3%) 2 (4.3%) 8 (22.2%) 6 (10%) 4 (18.2%)

CNS 13 (35.1%) 5 (11.1%) 8 (17.4%) 10 (27.8%) 13 (21.7%) 5 (22.7%)

Notes: Data was presented as number and percentage of patients. aChi-square test and Fisher exact test. P<0.05 is statistically significant, and is marked with bold font. Bold 
font indicates statistical significance. bRectum include rectosigmoid junction. 
Abbreviations: EGFR, epidermal growth factor receptor; TNFα, tumor necrosis factor α; IL10, interleukin 10; DM, diabetes mellitus; HTN, hypertension; FH, family 
history; PS, performance status; T, tumor burden; N, lymph nodes; GIT, gastrointestinal; HFS, hand foot syndrome; CNS, central nervous system.
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months in increased expression compared to 28.7 months in 
decreased expression, P<0.001), and CEA (18.7 months in 
increased level compared to 26.9 months in decreased level, 
P=0.003). However, there was no significant association 
between DFS rate and expression changes of EGFR (24.9 
months in increased expression compared to 28.1 months in 
decreased expression, P=0.172) and CA19.9 (14.3 months in 
increased level compared to 24.3 months in decreased level, 
P=0.283, Figure 3).

The mean OS rate of all patients was 29.06 months. 
The mean OS rates of the CRC patients were asso-
ciated significantly with the changes of COX2 expres-
sion (23.7 months in increased expression compared to 
30.4 months in decreased expression, P<0.001), IL6 
(19.9 months in increased expression compared to 
28.6 months in decreased expression, P<0.001), TNFα 
(20.2 months in increased expression compared to 32.9 
months in decreased expression, P<0.001), IL10 (18.5 
months in increased expression compared to 30.02 
months in decreased expression, P<0.001), and 
CA19.9 (14.3 months in increased level compared to 
30.9 months in decreased level, P=0.001). However, 
there was no significant association between OS rate 
and the expression changes of EGFR (27.3 months 
in increased expression compared to 31.1 months in 
decreased expression, P=0.094), IL1β (26.9 months 
in increased expression compared to 24.04 months in 
decreased expression, P=0.087), and CEA (27.5 
months in increased level compared to 28.3 months in 
decreased level, P=0.492, Figure 4).

Univariate and Multivariate Survival 
Analyses
Univariate COX regression analysis revealed that patients’ 
gender, smoking, tumor stage, distant metastasis, GIT 
toxicity, CEA level, COX2, IL6, TNFα, and IL10 expres-
sion changes during the course of treatment had 
a significant impact on DFS. However, multivariate ana-
lysis showed that smoking, increased COX2, and IL6 
expressions after 5-FU therapy were independent prognos-
tic factors for poor DFS of our CRC patients (P=0.004, 
P=0.001, and P=0.001; respectively) (Figure 5).

On the other hand, Univariate COX regression analysis 
for OS demonstrated that smoking, distant metastasis, GIT 
toxicity, CA19.9 level, COX2, IL6, TNFα, and IL10 expres-
sion changes during the course of treatment had a significant 
impact on OS rates of the assessed patients. However, multi-
variate analysis showed that smoking, increased expressions 
of IL6, TNFα, and IL10 after 5-FU therapy are independent 
prognostic factors for OS in our CRC patients (P=0.003, 
P=0.003, P=0.002, and P=0.002; respectively) (Figure 5).

Multiple Linear Regression Analysis for 
Disease-Free Survival (DFS)
Multiple linear regression analysis was performed to pro-
duce an equation or inflammation index that can be 
applied for CRC patients to help in the prediction of 
patients’ response and DFS rate. Different markers 
together were tested in all patients and then in patients 
with baseline over- and low- expression of EGFR 
(Table 4). The generated ROC curves were analyzed, and 

Figure 4 Overall survival (OS) rates for the assessed CRC patients (A) EGFR, (B) COX-2, (C) IL-1β, (D) IL-6, (E) TNFα, (F) IL-10, (G) CEA, and (H) CA19.9.
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the best fit equation was elucidated in patients with base-
line EGFR overexpression when COX2, IL6, IL1β, IL10, 
and TNFα were tested all together (AUC=0.883 and 
P-value<0.001). Also, a significant prediction of DFS 
was shown in patients with baseline EGFR overexpression 
when combining the assessed expressions of COX2, IL6, 
and IL1β in the peripheral blood of CRC patients 
(AUC=0.867 and P-value=0.001).

Discussion
5-FU based regimens (combined with oxaliplatin, irinote-
can, and cetuximab) are still considered the main standard 
treatment for CRC.21 However, the incidence of chemore-
sistance is an emerging problem that affects the prognosis 
and the treatment outcome of CRC patients. Tumor micro-
environment and body immune reaction including many 

inflammatory mediators and cytokines have an important 
role in the regulation and modulation of patients’ response 
to 5-FU therapy.22,23 Treatment with 5-FU even in non- 
toxic concentration induces immunogenic changes in CRC 
cells in- vitro.24 Accordingly, in this study, we evaluated 
the effect of the inflammatory and immunological changes 
which happened in the peripheral blood after treatment 
with 5-FU therapy, on the survival and treatment outcome 
of CRC patients.

Our data revealed significantly higher expressions of 
EGFR, COX2, IL6, and TNFα in CRC patients compared 
to healthy control, while there was an insignificant differ-
ence between the assessed two groups regarding IL10 and 
IL1β expressions. These results are in agreement with 
Szkaradkiewicz et al25 and Krzystek-Korpacka et al,26 

who reported significant increases in the plasma levels of 

Figure 5 Multivariate COX regression for the hazard ratio of DFS and OS rates in CRC patients.
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the pro-inflammatory cytokines TNFα, IL1β, and IL6 in 
CRC patients compared to healthy subjects, while there 
was an insignificant difference regarding the serum level 
of IL10. Similarly, Yamaguchi et al15 showed that TNFα 
was significantly increased in CRC patients compared to 
control healthy subjects, and the level of IL1β was insig-
nificantly different between the two groups. However, in 
contrast to ours, they reported an insignificant difference 
between the assessed two groups regarding IL6 plasma 
level.15

The sensitivity of cancer patients to 5-FU therapy was 
found to be regulated by the tumor microenvironment and 
its associated M2 macrophages, which are the source of 
many inflammatory mediators and cytokines. This regula-
tion was mediated through the programmed epithelial 
mesenchymal transition, PI3K/AKT pathway, and caspase- 
mediated apoptosis.23 So, by investigating the change in 
inflammation marker (COX2) and cytokines (TNFα, IL6, 
IL1β, and IL10) after 6 months of 5-FU therapy, we found 

that more than 50% of patients showed reduction in the 
levels of the assessed inflammatory markers, especially 
COX2, IL6, TNFα, and IL10. That reduction was averaged 
between 0.06–5.35%. However, IL1β was increased by 
2.24% in 60% of patients after therapy. In spite of the 
reduction observed in our markers in the total group of 
patients, however, an increased inflammatory response 
(increased expression of the assessed markers) with 5-FU 
therapy was observed in patients with advanced tumor 
stage III or IV, distant metastasis, PS III, lymph node 
metastasis, and colon cancer location.

Similarly, global decrease in cytokine levels correlated 
with the drop in white blood cell counts at the end of 
fluorouracil chemotherapeutic regimens was shown in the 
study done by Jabeen et al.27 They observed that 
a decrease in patients who are under treatment with 5-FU 
combination regimen with targeted biological therapy like 
bevacizumab, and also a more pronounced decrease was 
observed in patients with pathological complete 

Table 4 Multiple Linear Regression Analysis for DFS

Model 
Number

Markers in the 
Calculation

Models for DFS AUC P-value

All patients (n=90)

1 EGFR, COX2, IL6, IL1β, IL10, 
TNFα

DFS=13.9+(0.55xEGFR)+ (0.001xCOX2)-(0.01xIL6)- (0.05xIL1β) 
+(0.01xIL10)-(7.9x TNFα)

0.413 0.234

2 COX2, IL6, IL1β, IL10, TNFα DFS=18.7+(0.003xCOX2)- (0.012xIL6)-(0.092xIL1β)+ (0.014xIL10)- 
(7.2xTNFα)

0.532 0.665

3 COX2, IL6, IL1β DFS=18.7+(0.004xCOX2)- (0.003xIL6)-(0.146xIL1β) 0.508 0.914

4 IL10, TNFα DFS=21.2-(0.002xIL10)-(8.2x TNFα) 0.591 0.213

Patients with baseline EGFR over-expression (n=46)

5 COX2, IL6, IL1β, IL10, TNFα DFS=0.67+(0.003xCOX2)- (0.007xIL6)-(0.01xIL1β)-(0.003xIL10)+(0.37x 

TNFα)

0.883 <0.001

6 COX2, IL6, IL1β DFS=0.47+(0.003xCOX2)- (0.006xIL6)-(0.01xIL1β) 0.867 0.001

7 IL10, TNFα DFS=0.51–(0.005xIL10)+ (1.7xTNFα) 0.583 0.436

Patients with baseline EGFR low-expression (n=44)

8 COX2, IL6, IL1β, IL10, TNFα DFS=0.71-(0.001xCOX2)- (0.003xIL6)-(0.04xIL1β)-(0.002xIL10)- 

(1.4xTNFα)

0.531 0.763

9 COX2, IL6, IL1β DFS=0.45-(0.003xCOX2)- (0.001xIL6)+(0.01xIL1β) 0.625 0.228

10 IL10, TNFα DFS=0.41+(0.002xIL10)- (0.56xTNFα) 0.641 0.175

Notes: P<0.05 is statistically significant, and is marked with bold font. 
Abbreviations: AUC, area under curve; COX2, cyclooxygenase2; DFS, disease-free survival; EGFR, epidermal growth factor receptor; IL6, interleukin6; IL1β, 
interleukin1β; IL10, interleukin10; TNF, tumor necrosis factor.
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response.27 Generally, Janelsins et al28 observed different 
immunological behavior of 5-FU relative to other DNA 
damaging agents (like doxorubicin). 5-FU based treatment 
caused a reduction in the level of IL6, IL8, and MCP1, 
while other DNA damaging agents (like doxorubicin) 
caused induction in the levels of the same cytokines.28 

However, Pusztai et al29 recorded no change in the level 
of IL6 after treatment with cyclophosphamide, methotrex-
ate, and 5-fluorouracil, while an increase in IL6 level was 
observed to be associated with the treatment with 
paclitaxel.29 For the effect of chemotherapy on IL-1β, an 
increase in IL-1β level was observed in patients under 
treatment for Hodgkin’s disease.30 Also, Di Caro et al31 

reported a significant increase in IL1β level with 5-FU 
treatment in patients with advanced CRC tumor stage, 
however this association was not achieved in the other 
markers they assessed including IL6, IL10, or TNFα.

The new approach conducted in this study was through 
investigating the effect of the change in the inflammatory 
response during 5-FU therapy on the patients’ outcome. In 
the literature, the effect of baseline, or the effect of the 
preoperative levels of inflammatory markers on patients` 
survival have been extensively studied, although it is not 
enough for the precise prediction of patients` survival and 
treatment outcome.

The current study demonstrated a significant reduction 
in OS and DFS rates in CRC patients with increased 
expression of COX2, IL6, IL10, and TNFα with 5-FU 
therapy. Similarly, Olsen et al32 found a significant asso-
ciation between increased plasma levels of IL10 and TNFα 
at the time of surgery with the increase of CRC-specific 
mortality. Huang et al33 also reported that immune micro-
environment conferred chemo-resistance in CRC patients 
through the IL6 receptor/STAT3 pathway. Rahman et al34 

demonstrated that COX2 expression was associated with 
poor survival and 65% increased risk of mortality in CRC. 
Similarly, Hashemi Goradel et al35 concluded that COX2 
is a marker of worse prognosis, and can induce CRC 
progression through its pro-inflammatory activity under 
the stimulation of IL1β and TNFα. Adding to that, dete-
riorated survival rates associated with the enhanced immu-
nological response were also reported to be correlated with 
chemotherapy induced myelosuppression20 and cognitive 
(CNS-related) problems36 in many cancer patients. IL6 
was found to be the key cytokine in the progression of 
chemotherapy induced myelosuppression, however IL-1, 
IL-3, and granulocyte macrophage CSF were rarely 
involved.20

Multivariate analysis showed that smoking, and the 
increased expression of COX2 and IL6 after 5-FU therapy; 
are independent prognostic factors for poor DFS in our 
CRC patients. In agreement with these data, Di Caro et al31 

demonstrated that a preoperative increase of the plasma 
levels of IL6, IL10, TNFα, and IL1β associated signifi-
cantly with poor outcome, and postoperative relapse. 
However, on multivariate analysis, none of these pre-
viously mentioned markers could independently and sig-
nificantly predict patients’ outcome. Hence, determining 
the increased or decreased inflammation response asso-
ciated with 5-FU treatment, as we did in this study, is an 
important step for achieving better prognostic prediction 
of our patients` survival.

Most of our patients (60%) experienced 5-FU induced- 
GIT toxicity especially with increased expression of COX2, 
IL6, IL1β, TNFα, and EGFR. In agreement with the present 
study, Lee et al37 demonstrated that 5-FU induced-GIT toxi-
city through the induction of TNFα, IL1β, IL6, and COX2 
stimulated by NF-κB.38,39 Also, 5-FU therapy caused eleva-
tion of reactive oxygen species through inducing the myelo-
peroxidase enzymes, resulting in an increase in the intestinal 
wall thickness and crypt length, while causing a decrease in 
the villus height.38,39 In addition, the combination of 5-FU 
therapy with oxaliplatin was found to cause an aggravation of 
GI mucositis in animal models.40 So, the blocker of IL1 
receptor was used to reduce apoptosis and protect against 
the mucositis induced by 5-FU therapy in Wu et al.41

In addition, we found a significant impact of smoking on 
patients’ outcome, as it increased the hazard of both pro-
gression and death in the COX regression analysis. The 
effect of smoking on the treatment response of CRC is 
related to the activity of the 5-FU-related metabolic 
enzymes. Indeed, smoking may reduce the anticancer activ-
ity of 5-FU, possibly through the induction of dihydropyr-
imidine dehydrogenase activity, which is the initial and 
rate-limiting enzyme in the catabolic pathway of 5-FU.42 

Moreover, smoking contains thousands of different com-
pounds, which have carcinogenic activity.43

Another interesting finding in the current study was shown 
in CRC patients with baseline over-expression with EGFR, in 
them the combination of COX2 with other cytokines expres-
sion levels generated a significant inflammation index for the 
prediction of DFS. As explanation to that result, the co- 
expression and the significant correlation was demonstrated 
between COX2 and HER-2 in CRC patients.44 Studies tried to 
combine the level of multiple cytokines into a composite score 
either for diagnostic or prognostic purposes. However, they 
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were varied in the number, the selection of cytokines, and the 
way in which they were combined as well.31,45 From these 
studies, Yamaguchi et al15 constructed panels of inflammatory 
indices, composed of 13 plasma cytokines, and they found 
a significant association of the indices with the presence 
of CRC.

In conclusion, the peripheral immunomodulatory effect of 
5-FU therapy has an impact on the treatment outcome and 
survival of our CRC patients. As increased inflammatory 
response in the form of COX2, IL6, IL1β, IL10, and TNFα 
during the course of treatment could be considered a negative 
prognostic and predictive marker for DFS and OS rates, 
increased COX2 and IL6 levels after 5-FU are independent 
prognostic factors for poor DFS. However, increased levels of 
IL6, TNFα, and IL10 after 5-FU are independent negative 
prognostic factors for OS. This could help for opening a new 
avenue for research which could investigate the effect of these 
inflammatory reactions on the sensitivity of CRC patients to 
chemotherapy as conducted in this study, and also the sensi-
tivity to targeted immunological therapies such as immune 
checkpoint inhibitors, vaccination, and adoptive T cell therapy. 
This will improve patient’s prognosis, survival, and treatment 
outcome. Furthermore, the combination of COX2 with inter-
leukins in a predictive equation of DFS was significant in 
patients with baseline over-expression of EGFR. However, 
other studies are required to validate this predictive equation 
on the peripheral serum protein levels of these markers, as well 
as on a larger number of patients. One of the limitations in this 
study is the number of CRC patients who were followed up till 
the end of the study, and whose peripheral blood samples were 
available after 6 months of 5-FU therapy; there were only 90 
patients compared to 30 healthy control subjects.
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