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ABSTRACT

األهداف: تقييم مدى فاعليه وأمان دواء السيليكوكسيب كمضاد النتشارالورم 
املنتشر  واملستقيم  القولون  سرطان  مرضى  فى  الكيماوى  للعالج  مساعد  وعالج 

.)CRC(

54 مريًضا  للرقابة  العشوائية اخلاضعة  السريرية  الدراسة  املنهجية: تضمنت هذه 
على  عشوائية  بصورة  توزيعهم  مت  املنتشر  واملستقيم  القولون  بسرطان  مصاًبا 
مت  مريض   28 من  مكونة  التحكم  مجموعة  هي  األولى  املجموعة  مجموعتني؛ 
إعطائهم 6 دورات من نظام العالج الكيميائي املعروف باسم فولفيرى أما املجموعة 
نفس  اعطائم  مت  مريض   26 من  مكونة  السيليكوكسيب  مجموعة  فهي  الثانية 
من  200 مجم  الى  باالضافة  وذلك  االولى  املجموعة  في  الكيميائي  العالج  نظام 
السيليكوكسيب اقراص مرتني يومًيا ملدة 3 أشهر. مت تقييم املرضى فى بدايه و نهاية 
الدورة السادسة باستخدام معايير ريسيست لقياس )معدل االستجابة املوضوعي 
ORR( ومن خالل قياس أربع دالالت بيولوجية في عينة دم من املرضي وهى عامل 
منو بطانة األوعية الدموية )VEGF(، العامل القابل للذوبان املرتبط مبوت اخلاليا 
مت   .)ENA-78/CXCL5( االنتشار  ،عامل   )sFAS( ، )sFASL( املبرمج 
تقييم اآلثار اجلانبيه فى املجموعتني باستخدام معايير املصطلحات الشائعة للمعهد 

الوطني للسرطان لألحداث الضارة اإلصدارالسادس.

بشكل   )ORR( املوضوعية  االستجابة  معدل  ارتفع  العالج  بعد  النتائج: 
 .)p=0.001( ملحوظ في مجموعة السيليكوكسيب مقارنة مبجموعه التحكم
كماأظهرت مجموعة السيليكوكسيب فروق ذات دالله إحصائية في الفحوصات 
املعملية الدالة على معدل معايير نشاط وشده املرض مقارنه مبعدالتها قبل العالج 
 CXCL5 و VEGF ومقارنه مبجموعه التحكم منها انخفاض مستويات مصل
 sFAS و ارتفاع معدل )p<0.001( حيث بلغت القيمة اإلحصائية sFASL و
البقاء  زيادة  مت  أيضا  النتائج  وأظهرت   .)p<0.001( إحصائي  بشكل   FASL
مجموعة  في  كبير  بشكل  عام  ملدة  العام  والبقاء  تقدم  بدون  احلياة  قيد  على 

السيليكوكسيب مقارنة مبجموعة التحكم.

الكيميائي  للعالج  واعًدا  مساعًدا  عاماًل  السيليكوكسيب  ميثل  قد  اخلالصة: 
للمرضى املصابني بسرطان القولون واملستقيم املنتشر.

Objectives: To investigate the anti-tumor activity and 
tolerability of celecoxib as an adjuvant therapy for 
patients with metastatic colorectal cancer (CRC).

Methods: In this randomized controlled study, 54 
patients with metastatic CRC were randomized into 
2 groups; the control group (n=28) which received 
6 cycles of folinic acid, fluorouracil and irinotecan 
(FOLFIRI) regimen (5-flourouracil, leucovorin, 
irinotecan), and the celecoxib group (n=26) which 
received 6 cycles of FOLFIRI regimen plus celecoxib 
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200 mg twice daily. The study duration was 3 months. 
Patients were assessed at baseline and at the end of 
intervention through the Response Evaluation Criteria 
in Solid Tumors objective response rate (ORR) and 
through evaluating the serum concentrations of vascular 
endothelial growth factor (VEGF), soluble factor-related 
apoptosis (sFAS), sFAS ligand (sFASL), and epithelial 
neutrophil-activating peptide -78 (ENA-78/CXCL5). 
Common Terminology Criteria for Adverse Events 
version 6.0 was used for evaluating drug-related toxicity.

Results: After intervention, celecoxib/FOLFIRI arm 
showed significant elevation in ORR as compared to 
FOLFIRI arm (p=0.001). As compared to FOLFIRI 
arm, celecoxib/FOLFIRI arm showed significantly 
lower VEGF (p<0.001), CXCL5 (p<0.001), and sFASL 
(p<0.001) serum levels and significantly higher sFAS 
serum level and sFAS/FASL ratio (p<0.001). Furthermore, 
celecoxib/FOLFIRI arm showed significantly higher 
progression-free survival and one-year overall survival 
when compared to FOLFIRI arm.

Conclusion: Celecoxib plus chemotherapy may represent 
an effective and safe synergetic protocol for patients with 
metastatic CRC.
Clinicaltrial.gov ID:NCT03645187
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Colorectal cancer (CRC) is the third most common 
cancer and the second leading cause of malignancy-

related mortality. Approximately one million people are 
diagnosed and 100,000 deaths or more are recorded 
annually worldwide.1

Despite considerable advances in the early 
detection and management of patients with CRC, the 
long-term overall survival has not improved notably 
over the past decades.2 Although, chemotherapy is a 
crucial approach for CRC treatment, some patients 
show disease progression despite the implication of 2 
different chemotherapeutic agents and consequently, 
they have become narrow therapeutic options. Hence, 
it seems urgent to search for new therapeutic agents 
that are capable of fighting CRC cells and enhance the 
chemotherapy effectiveness.3,4 Recently, a new strategy 
based on the development of effective cancer treatment 
via the repositioning of traditional non-anticancer drugs 
depending on the available knowledge on their mode of 
action, pharmacokinetics and tolerability which in turn, 
can facilitate their implications in clinical settings.5

The correlation between inflammation with both 
cancer growth and metastasis is not a novelty. It has been 
proposed that, infiltration of tumor with inflammatory 
cells is accompanied by oncogenesis via promoting 
division, growth, survival, and migration of malignant 
cells. Additionally, malignant cells commandeer 
several chemokines as signaling molecules for their 
growth.6 These former findings provide support for 
the implication of anti-inflammatory medications 
including cyclooxygenase-2 (COX-2) inhibitors for the 
prevention and the management of cancer. In addition, 
it was reported that the over-expression of COX-2 
is linked to poor outcome in many types of human 
cancers.7

There are many animal and human studies directed 
at evaluating the antineoplastic effect of celecoxib. 
Preclinical ones revealed that, implication of celecoxib 
resulted in reduction of implanted cancer cell growth, 
decrease in angiogenesis, and fighting of metastases.8 
The clinical trials conducted recently to evaluate the role 
of celecoxib in enhancing the effect of chemotherapy 
showed either modest effect or lack of effect.9-11 Thus, 
additional clinical trials on the anti-tumor efficacy of 
celecoxib are still required to provide results oriented 
clinical data.9

Therefore, we aimed at evaluating the anti-tumor 
and chemo-sensitizing effects of celecoxib in patients 

with metastatic CRC via Response Evaluation Criteria 
in Solid Tumors (RECIST) and to assess the serum 
levels of vascular endothelial growth factor (VEGF), 
soluble factor-related apoptosis (sFAS), sFAS ligand 
(sFASL), and epithelial neutrophil-activating peptide 
-78 (ENA-78/CXCL5).

Methods. In this randomized open labeled 
controlled prospective study, we recruited patients with 
histologically confirmed diagnosis of metastatic CRC 
from the Oncology Department of Tanta University 
Hospital, Tanta, Egypt, between October 2018 and July 
2020.

The inclusion criteria were: both gender; age ≥18 years 
old; performance status 0-2 according to the Eastern 
Cooperative Oncology Group (ECOG); patients with 
adequate hematologic parameters (white blood cell 
count ≥3000/mm3, granulocytes ≥1500/mm3, platelets 
≥100,000/mm3, hemoglobin ≥8 gm/l), adequate renal 
functions (creatinine clearance ≥50 ml/min), and 
adequate hepatic functions (bilirubin ≤1.5 mg/dL, 
albumin ≥3 g/dL). The exclusion criteria were: patients 
with significant cardiovascular or cerebrovascular 
diseases, clotting disorders, ascites, hemorrhage, mal-
absorption, extensive bowel resections, active peptic 
ulcer, brain metastases, infection and psychiatric 
disorders; patients on chronic use of corticosteroids 
or those on concomitant intake of investigational 
medications; pregnant and lactating women; patients 
with previous allergy to non-steroidal anti-inflammatory 
drugs (NSAIDs) or sulfonamides. Fifty-four patients 
were selected randomized using sealed envelopes method 
into the 2 study groups: the control group (n=28) 
which received folinic acid, fluorouracil and irinotecan 
(FOLFIRI) regimen for 6 cycles (on day one, irinotecan 
180 mg/m2 IV over 30-90 min is taken simultaneously 
with leucovorin 400 mg/m2 IV plus 5-FU 400 mg/m2 
IV bolus, then 1200 mg/m2/day of 5-FU continuous 
infusion for 2 days [total 2400 mg/m2 over 46-48 hours], 
repeated every 2 weeks) and celecoxib group (n=26) 
which received the same chemotherapeutic regimen 
plus celecoxib 200 mg twice daily. The study duration 
was 3 months. We instructed patients on NSAIDs to 
discontinue their medications at least 2 weeks prior to 
the first dose of celecoxib. 

The study was conducted following the Ethical 
Standards of Helsinki Declaration in 1964 and its later 
amendments. The Research Ethical Committee of Tanta 
University, Tanta, Eygpt, approved the study protocol 
(approval code: 32371/06/18). All enrolled patients 
gave their written informed consent.

Demographic data (age, gender, and medication 
history) was collected for all patients. Patients were also 

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.
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submitted to a physical examination and anthropometric 
measurements (weight, height with calculation of body 
mass index (BMI = [weight (kg)/height (m2)]).

We assessed tumor responses using the RECIST.12 
Tumor response is characterized by both objective 
response rate (ORR) and disease control rate (DCR). 
Objective response rate is the percentage of patients 
who shows complete responses (CR) and partial 
response towards the treatment. Disease control rate 
is the sum of complete responses, partial response, and 
stable disease. We repeated assessments for 4 weeks or 
more after recording the response criteria to confirm 
complete and partial responses, and at least 7 weeks 
after initial assessment to confirm stable disease.

Before interventions and after the 6th cycle, we 
withdrawn blood samples from all participants by 
antecubital venipuncture between 8:00-11:00 a.m. 
Blood samples were centrifuged at 3000 rpm for 15 
minutes to separate sera. Sera were kept at deep freeze 
(-80°C) until the analysis of serum concentrations 
(VEGF, sFAS, sFASL, and ENA-78/CXCL5) 
was completed, using double-antibody sandwich 
enzyme-linked immuno-sorbent assay kits (Sun Red 
Biotechnology Co., China; Catalog No. 201-12-0081, 
201-12-1839, 201-12-1838 and 201-12-0132).

During the study duration, celecoxib tablets 
were supplied at biweekly intervals and we assessed 
participants adherence through medication refilling 
rate. Participants were followed-up weekly by phone 
calls and during biweekly clinic visits to assess their 
compliance and to report any drug associated side 
effects. We assessed drug-related toxicity according to 
the Common Terminology Criteria for Adverse Events, 
version 6 (CTCAE v 6.0).

We carried out gradual follow up for one year to 
assess the progression free survival (PFS) and the overall 
survival (OS).

The primary outcome was the change in ORR which 
was assessed in both arms at the end of the 6th cycle 
using the RECIST criteria. The secondary outcome was 
the changes in serum levels of biological biomarkers 
(VEGF, sFAS, sFASL, and CXCL5) and tumor markers.

Statistical analysis. Statistical Package for the Social 
Sciences, version 22.0 (IBM Corp., Armonk, NY, USA) 
was used for all statistical analysis. Unpaired and paired 
student t-tests were used to compare the parametric 
data. The Kaplan-Meier method was applied to assess 
PFS and OS. A 95% exact binomial confidence interval 
was used to determine median PFS and OS. Categorical 
data was analyzed by Fisher’s exact test and log-rank 
test was used for survival analysis. A p-value <0.05 was 
considered significant.

Results. Out of 134 patients with metastatic CRC 
assessed for eligibility, 73 patients were excluded 
(62 patients did not meet the inclusion criteria and 
11 patients declined to participate). Therefore, 61 
patients were selected randomly into the 2 study groups 
including the FOLFIRI arm (control group; n=31) 
and the celecoxib/FOLFIRI arm (n=30). During the 
course of the study, 7 participants in both groups were 
dropped out secondary to missed data (n=2), change 
in chemotherapy regimen (n=3), non-adherence to 
celecoxib (n=1), and death in FOLFIRI arm (n=1). The 
final analysis thus included 54 patients (28 patients in 
FOLFIRI arm and 26 patients in celecoxib/FOLFIRI 
arm). Participants’ flowchart is provided in Figure 1.

A statistically non-significant variation was observed 
between the 2 groups regarding gender, weight, height, 
BMI, site of primary tumor, and metastatic sites 
(p>0.05) as presented in Table 1.

The serum levels of the measured biological 
markers were statistically similar at baseline. After 
the 6th chemotherapeutic cycle, tumor markers 
(carcinoembryonic antigen and cancer antigen 19-9) 
showed a statistically significant decline in celecoxib/
FOLFIRI arm (28.8% versus 90.1%; p<0.001) 
compared to the FOLFIRI regimen alone (47% 
versus 139.5%; p<0.001). The mean serum levels 
of VEGF, CXCL5, and sFASL were significantly 
lower in celecoxib/FOLFIRI arm than FOLFIRI arm 
alone (1533.09 ng/l versus 2261.15 ng/l, p<0.001; 
51.19 pg/ml versus 93.43 pg/ml, p<0.001; 9.24 
ng/ml versus 16.51 ng/ml, p<0.001. On the other 
hand, the mean serum level of sFAS and sFAS/FASL 
ratio were significantly increased after the 6th cycle in 
celecoxib/FOLFIRI arm group (65.1 ng/ml versus 
48.51 ng/ml; p<0.001) as compared to the FOLFIRI 
group (8.17 ng/ml versus 3.03 ng/ml; p<0.0001). These 
former results are provided in Table 2 & Figure 2.

After intervention, one (3.9%) patient in the 
celecoxib/FOLFIRI arm showed CR and 15 (57.7%) 
patients exhibited PRs. Furthermore, 5 (19.2%) patients 
showed stable disease, and 5 (19.2%) patients developed 
progressive disease. After the 6th cycle, ORR and DCR 
showed significant increase in celecoxib/FOLFIRI 
arm (61.5% versus 17.9%, p=0.001) as compared to 
the FOLFIRI arm (80.8% versus 39.3%; p=0.002). 
Progression free survival and one-year OS were 
significantly increased in celecoxib/FOLFIRI arm (30 
versus 23 weeks, p=0.0036) as compared to FOLFIRI 
regimen alone (12 versus 8 months, p=0.0424). The 
results are provided in Table 3.

All patients were evaluated for drugs related toxicity 
according to the CTCAE v 6.0. Overall, the reported 
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side effects were manageable and most of them were 
of grade 1 and 2. Gastrointestinal side effects were 
the most frequent toxicities particularly nausea and 
vomiting followed by diarrhea. All the reported side 
effects showed insignificant variation between the 2 
arms except for diarrhea. Celecoxib/FOLFIRI arm 
showed significantly lower incidence of diarrhea than 
FOLFIRI arm (12% versus 43%; p=0.015). Cardiac 
toxicity was not reported in both arms. Only one case 
died in FOLFIRI arm. The number and percent of the 
observed side effects are outlined in Table 4.

Discussion. Chemotherapy is the backbone of 
CRC treatment. However, inherent drug resistance 
and chemotherapy-related side effects reduce its overall 
efficacy. Hence, new therapeutic options including 
COX-2 inhibitors are currently important aspects 
of clinical trials for improving clinical outcomes.13 

Table 1 - Demographic and clinical data of the study participants.

Parameters Control group 
(n=28)

Celecoxib group 
(n=26)

P-value

n (%)
Gender

Male
Female

9 (32.1)
19 (67.8)

9 (34.6)
17 (65.3)

0.847

Age (years), mean±SD 42.04±8.95 45.92±5.07 0.058

Weight (kg), mean±SD 72.39±4.13 72.26±4.29 0.915

Height (cm), mean±SD 161.34±1.49 162.96±4.56 0.084

BMI (kg/m2), mean±SD 27.8±1.49 27.25±1.84 0.227
Primary tumor

Colon
Rectum

21 (75)
7 (25)

23 (88.5)
3 (11.5)

0.203

Metastatic site
Liver
Others

15 (53.6)
13 (46.4)

19 (73.1)
7 (26.9)

0.138

BMI: body mass index, SD: standard deviation

Figure 1 - Consolidated standards of reporting trials (CONSORT) diagram showing the disposition of all subjects screened for the study.
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Participants in the present study were treated with the 
traditional FOLFIRI regimen combined with celecoxib. 
The efficacy and side effects of this combination were 
assessed by comparison with patients treated with the 
FOLFIRI regimen alone.

The addition of celecoxib to FOLFIRI regimen 
induced a statistically significant increase in both 
ORR and DCR using the RECIST criteria. These 
findings are compatible with a former finding that 

showed a statistically significant increase in short-term 
efficacy, response rate, and DCR after adding celecoxib 
to chemotherapy in different types of cancer.14,15 
Furthermore, a previous report demonstrated that, the 
addition of celecoxib to preoperative chemo-radiation 
for patients with locally advanced rectal cancer resulted 
in a better response (61%) when compared with patients 
treated with placebo (35%).16

Angiogenesis represents a central pathway for 
tumor metastasis. Angiogenesis is a consequence 
of the imbalance between positive and negative 
angiogenic regulators released by both tumor and 
host cells.17 Vascular endothelial growth factor is a 
potent angiogenic factor which exerts several effects on 
tumor growth including endothelial cell proliferation 
and survival, stimulation of neovascularization, and 
suppression of host immune response.18 Our data 
demonstrated that, celecoxib/FOLFIRI arm induced a 
statistically significant decrease in serum level of VEGF 
as compared to FOLFIRI regimen. This result indicates 
that, celecoxib may act as anti-angiogenic agent. The 
inhibition of angiogenesis translated by decreased 
VEGF level by the concomitant use of celecoxib with 
FOLFIRI may be attributed to the ability of celecoxib 
to inhibit COX-2 enzyme with subsequent decreased 

Table 2 - Biological markers in the 2 study groups at baseline and after 6 cycles.

Parameters Control group (n=28) Celecoxib group (n=26) P1-value

Mean±SD P-value Mean±SD P-value
CEA

At baseline
After 6 cycles

103.02±31.22
90.09±32.62 0.097 112±35.23

28.8±9.76 <0.001* 0.338
<0.001*

CA19.9
At baseline
After 6 cycles

159.20±39.68
139.50±51.04 0.069 170.70±54.7

47.19±16.33 <0.001* 0.379
<0.001*

VEGF (ng/L)
At baseline
After 6 cycles

2220.95±427.04
2261.15±310.08 0.669 2281.97±573.35

1533.09±368.29 <0.001* 0.658
<0.001*

CXCL5 (pg/ml)
At baseline
After 6 cycles

76.39±10.86
93.43±21.04 0.002* 82.46±17.90

51.19±13.79 <0.001* 0.135
<0.001*

sFAS (ng/ml)
At baseline
After 6 cycles

46.86±10.12
48.51±8.16 0.472 43.21±7.07

65.1±18.02 <0.001* 0.134
<0.001*

sFASL(ng/ml)
At baseline
After 6 cycles

15.22±3.89
16.51±3.79 0.155 15.37±4.09

9.24±2.94 <0.001* 0.892
<0.001*

sFAS/sFASL ratio
At baseline
After 6 cycles

3.169±0.63
3.03±0.61 0.309 3.059±1.28

8.17±4.77 <0.001* 0.892
<0.001*

SD: standard deviation, CEA: carcinoembryonic antigen, CA19.9: cancer antigen 19.9, VEGF: vascular endothelial growth factor, 
CXCL5: CXC motif chemokine 5, sFAS: soluble factor-related apoptosis, FASL: factor related apoptosis ligand, *significant 

difference (p<0.05), p-value: before versus after within the same group, p1-value: p-value between the 2 groups after treatment

Figure 2 - One-year overall survival (OS) for the control group 
(FOLFIRI only) versus treated (FOLFIRI + celecoxib) group.
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prostaglandin E2 which plays a critical role in the 
production of VEGF.19 Our data comes in parallel with a 
previous reported hypothesized study that, higher serum 
VEGF was associated with poor prognosis in patients 
with CRC and hepatic metastasis.20 Furthermore, it has 
been postulated that, the concomitant use of celecoxib 
with standard chemotherapy in patients with gastric 
cancer resulted in a decline in VEGF level.21

Epithelial-derived neutrophil activating peptide 
78 (ENA78/CXCL5) is a member of the CXC-type 
chemokine family, that plays a critical role in 
tumorigeneses and cancer progression. Epithelial-
derived neutrophil activating peptide 78 is up-regulated 
in tumor tissues than para-cancerous tissues and it is 
usually correlated with advanced tumor stages and poor 
prognosis.22 Our results demonstrated that, CXCL5 
serum level was elevated in all patients with metastatic 
colorectal and its level tended to be significantly 

decreased in celecoxib/FOLFIRI arm as compared 
to FOLFIRI regimen. In this context, our result 
may suggest that celecoxib could counteract cancer 
progression through decreasing CXCL5 serum level. 
This suggestion was based on the notion that, CXCL5 
promotes angiogenesis through activation of nuclear 
factor kappa-light-chain-enhancer (serine/threonine 
kinase [AKT]/NF-kB) which is one of the most 
important mechanisms implicated in inflammation, 
tumorigenesis and cell proliferation.23 Celecoxib was 
reported to inhibit NF-kB via amplification of IkB 
inhibitor protein with subsequent decline in CXCL5 
serum level and to block AKT/NF-kB pathway involved 
in angiogenesis and tumorigenesis.24 Our favorable 
result concerning the effect of celecoxib on CXCL5 
comes in agreement with a previous study reported 
that, elevated CXCL5 level is correlated with colorectal 
metastases and poor prognosis.22

Table 4 - The reported adverse effects by the 2 study groups.

Side effects Control group (n=28) Celecoxib group (n=26) P-value† P-value‡

Grades Grades
I II III IV Total

n (%)
I II III IV Total

n (%)
Neutropenia 3 3 3 2 11 (39) 3 2 1 1 7 (27) 0.487 0.396
Leukopenia 3 3 2 1 9 (32) 2 2 1 1 6 (23) 0.918 0.550
Nausea/vomiting 5 4 4 3 16 (57) 4 4 2 1 11 (42) 0.449 0.414
Diarrhea 3 4 3 2 12 (43) 2 1 0 0 3 (12) 0.130 0.015*

Mucositis - - - - - - - - - - -
CVS - - - - - - - - - - -
Infection 2 3 0 0 5 (18) 2 0 0 0 2 (8) 0.147 0.423

CVS: cardiovascular, †value to compare grades (Chi square for trend), ‡value to compare totals ( Fisher exact test), *significant difference (p<0.05)

Table 3 - Objective response rates of the 2 groups after 6 cycles and follow up after one year.

Tumor response Control group (n=28) Celecoxib group (n=26) P-value

n (%)
CR 0 (0) 1 (3.9)
PR 5 (17.9) 15 (57.7)
SD 6 (21.4) 5 (19.2) 0.001*

PD 17 (60.7) 5 (19.2)
ORR 5 (17.9) 16 (61.6) 0.001*

DCR 11 (39.3) 21 (80.8) 0.002
Median progression free survival 23 week 30 week 0.004*

Median overall survival 8 months 12 months 0.042*

Precentage of one year overall survival 25% 57.7% 0.015*

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, ORR: objective response rate, 
DCR: disease control rate, in CR disappearance of all target lesions, in PR at least a 30% decrease in the sum of the 

longest diameters of target lesions, in PD at least a 20% increase in the sum of diameters of target lesions, in SD neither 
sufficient shrinkage to qualify for PR nor sufficient increase to qualify for PD, ORR is the sum of CR and PR, DCR is 

the sum of CR, PR, SD. *significant difference (p<0.05)



43https://smj.org.sa     Saudi Med J 2022; Vol. 43 (1)

Celecoxib in advanced colorectal cancer ... Mostafa et al

Factor-related apoptosis or APO-1 or CD95 belongs 
to a subgroup of the tumor necrosis factor receptor 
(TNF-R) family. An intracellular death domain binds 
to its physiological ligand, FASL or CD95L, and 
triggers apoptosis (extrinsic apoptotic pathway). Factor-
related apoptosis can exist as a cell surface or soluble 
protein. The pro-apoptotic role for FAS and FASL is 
well known, but conflicting data about the function 
of the soluble form still exists. Anti-apoptotic or pro-
apoptotic function has been suggested for the soluble 
form. The formation of homotrimers between soluble 
forms induces a pro-apoptotic effect. Conversely, the 
formation of heterotrimers, when binding to trans-
membrane FAS receptor, fails to trigger apoptosis and 
promote calcium-dependent cell migration, invasion, 
and metastasis.25 In the present study, the baseline serum 
levels of sFASL were elevated in both arms secondary to 
activation of matrix metalloproteinase including matrix 
metalloproteinase-7 during the advanced stages of the 
disease.26 An increase in sFASL exerts anti-apoptotic 
and immune surveillance actions. The administration of 
celecoxib with FOLFIRI produced significant elevation 
of sFAS and significant decline of sFASL levels. 
Furthermore, the addition of celecoxib to FOLFIRI 
provoked a 2.7-fold increase sFAS/FASL ratio (p<0.001). 
These findings may reflect the ability of celecoxib to 
inhibit COX-2, up-regulate FAS expression, and down-
regulate FASL expression.27 Celecoxib may have a role 
in inducing apoptosis since increased FAS was reported 
to enhance killer immune cell function against tumor 
cells and to inhibit tumor cell immunity.28 Furthermore, 
celecoxib may enhance chemo-sensitivity. A previous 
study indicated that patients with CRC displayed an 
increment (1.2-fold) in sFAS/sFASL ratio following 
chemotherapy (chemo-sensitivity).29 However, 
sFAS/sFASL ratio tended to be decreased during the 
treatment course with chemotherapy secondary to the 
acquired chemoresistance.

Celecoxib was well tolerated as translated by the 
absence of significant variations in the incidence of side 
effects between the 2 arms. This result is consistent with 
previous clinical studies conducted on patients with 
CRC and showed that, celecoxib was well tolerated at 
higher (800 mg/day) and lower doses (400 mg/day).10,13 
Additionally, the current data are similar to previous 
report postulated study that, celecoxib therapy in 
conjunction with chemo-radiation did not cause 
additional toxicity as compared to placebo.

The impact of celecoxib on survival indices 
remains unclear. Previous studies reported clinically 
meaningful benefits, yet other studies reported a lack 
of such benefits.11,13 During the current study, the PFS 

and one-year OS showed significant improvement in 
celecoxib/FOLFIRI arm as compared to FOLFIRI arm, 
a result comes in parallel with a previously reported 
finding.

Overall, the present study indicates that celecoxib is 
well tolerated and seems efficacious as adjuvant therapy 
to FOLFIRI regimen in patients with metastatic CRC 
as translated by the improvement of ORR, DCR, 
and serum levels of the biological markers involved in 
carcinogenesis (VEGF, CXCL5, sFASL, and sFAS/FASL 
ratio) with enhancement of both PFS and OS.

The points of strength in the present study includes: 
its randomized controlled design; relatively good 
follow-up period (one year); and its superiority to 
evaluate the serum level of CXCL5 in patients with 
metastatic CRC.

Study limitations. The small sample size and the 
administration of a low dose of celecoxib without 
testing higher doses represent the main limitation for 
the present study. Thus, further large scale studies are 
still necessary. Another limitation of the current study 
is being open label.

In conclusion, the addition of celecoxib to FOLFIRI 
produced significant declines in serum levels of the 
biomarkers for angiogenesis VEGF, sFAS and sFASL, 
and metastasis CXCL5 which was associated with 
significant increase in sFAS/FASL ratio indicating 
chemo-sensitivity. Furthermore, the addition of 
celecoxib to FOLFIRI produced a significant increase 
in both ORR and DCR. The current research suggests 
that, celecoxib may represent an effective and safe 
adjuvant gent to chemotherapy for patients with 
metastatic CRC. However, these promising results 
warrant further investigations.
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