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AIMS
Clinical trials have reported conflicting results about whether celecoxib plus chemotherapy improves outcomes over chemotherapy alone in patients
with advanced non-small cell lung cancer.
METHODS
We performed a meta-analysis comparing the primary and secondary endpoints of treatment with celecoxib plus chemotherapy vs. chemotherapy
alone in patients with advanced non-small cell lung cancer.
RESULTS
Six eligible trials (1181 patients) were selected from the 206 studies that were identified initially. A significant difference, favouring celecoxib plus
chemotherapy over chemotherapy alone, was observed in the overall response rate [odds ratio (OR) 1.34; 95% confidence interval (CI) 1.08, 1.67;
P = 0.009). However, there was no difference in the 1-year survival rate (OR 1.08; 95% CI 0.86, 1.35; P = 0.512), clinical benefit (OR 1.05; 95% CI 1.88, 1.25;
P = 0.613), complete response (OR 0.77; 95% CI 0.39, 1.51; P = 0.446) or partial response (OR 1.22; 95% CI 0.92, 1.63; P = 0.163). Toxicity did not differ
significantly with the exception of the occurrence of leucopenia and thrombocytopenia.
CONCLUSIONS
Celecoxib plus chemotherapy appeared to improve the overall response rate compared with chemotherapy alone in the treatment of patients with
advanced non-small cell lung cancer. Further prospective randomized controlled trials are now needed.
Introduction

To date, lung cancer still represents the leading cause of
cancer-related death all over the world. The majority of pa-
tients have advanced non-small cell lung cancer (NSCLC) at
stage ШB or IV at diagnosis and are treated palliatively [1].
For patients with NSCLC, chemotherapy has reached its
plateau in efficacy, and the search for new treatment strat-
egies is urgently needed. There is growing evidence for a
link between cancer and inflammation. Inflammation in
the tumour microenvironment has tumour-promoting ef-
fects [2]. The presence of a systemic inflammatory re-
sponse in patients with inoperable lung cancer seems to
be associated with a poorer quality of life and shorter sur-
vival [3, 4]. One target currently studied in the treatment
of lung cancer is cyclooxygenase-2 (COX-2), an enzyme
expressed in inflammatory and neoplastic tissue [5, 6]. In-
creased expression of COX-2 has been found in lung
cancer and has been associated with a worse prognosis
[6, 7]. Preclinical studies have shown that COX-2 inhibitors
inhibit the growth of human lung cancer cells as single
agents as well as in combination with chemotherapy
[6, 8]. Clinical trials have suggested that a combination of
COX-2 inhibitors with chemotherapy might have a better
effect in NSCLC than chemotherapy alone [9, 10].

Several clinical trials have compared the efficacy and
toxicity of celecoxib plus chemotherapy with chemother-
apy alone in patients with advanced NSCLC. However, indi-
vidually, these trials found that response rates, survival
rates and toxicity were statistically inconsistent. The
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purpose of the current literature-based meta-analysis
was to evaluate the efficacy [response rate, clinical bene-
fit (CB), and 1-year survival rate (SR)] and the toxicity pro-
file of celecoxib plus chemotherapy as compared with
chemotherapy alone for the treatment of patients with
advanced NSCLC.
Methods

The meta-analysis was performed according to a pro-
spectively written protocol and analysis plan.

Definition of outcome
Efficacy was assessed using overall response rate (ORR),
CB and 1-year SR as the primary outcomes. The second-
ary endpoints were the rate of clinical complete (CR)
and partial (PR) response, and the rate of grade 3 and
grade 4 toxicity. ORR is defined as the percentage of pa-
tients who have a complete or partial tumour response;
1-year SR is defined as the percentage of patients who re-
main alive 1 year after randomization, and CB as the pro-
portion of patients in each arm with a CR, PR or stable
disease according to the World Health Organization
criteria. Regarding toxicity, we considered both haema-
tological (leucopenia, thrombocytopenia and anaemia)
and non-haematological (nausea/vomiting, diarrhoea,
gastric ulcer, cardiotoxicity, asthenia) grade 3 and grade
4 side effects of treatment.

Selection of trials
All published randomized controlled trials comparing the
efficacy and toxicity of celecoxib plus chemotherapy with
chemotherapy alone in patients with advanced NSCLC
were selected for evaluation.

Search strategy
A literature search was carried out in March 2015 to iden-
tify all published randomized trials. Several databases, in-
cluding Medline, Embase, China National Knowledge
Infrastructure (CNKI), China Biomedicine Database disc
(CBMdisc) and the Cochrane Central Register of Con-
trolled Trials, were searched comprehensively up to
December 2014 by using the following terms: ‘celecoxib’,
‘cyclooxygenase-2 inhibitor’, ‘COX-2 inhibitor’, ‘lung can-
cer’ and ‘lung carcinoma’. When two or more articles re-
ported the same data, the most recently updated data
were included. References from the identified articles
were also checked and principal investigators were
asked if they were aware of other trials.

Data collection
Data abstraction was performed by two independent ob-
servers, who extracted the data from the respective trials
and verified the results by comparison. The following
data were collected from the identified trials: first
24 / 81:1 / Br J Clin Pharmacol
author’s name, year of publication, number and age of
patients, treatment schedule, treatment outcomes and
percentage of patients who experienced toxicity. The
methodological quality of the trials was assessed using
the modified Jadad score (seven-point) for randomiza-
tion, concealment of allocation, double-blinding, with-
drawals and dropouts. In this score, trials scoring 1–3
points are considered to be of low quality and 4–7 points
as high quality [11].
Statistical methods
Celecoxib plus chemotherapy was considered as the in-
vestigational treatment, and chemotherapy alone was
used as the control treatment. The outcomes were repre-
sented by dichotomous variables; the response rate,
1-year SR and CB analysis were each calculated by applying
an intent-to-treat analysis. Grade 3 and grade 4 toxicity
analysis was performed by considering the number of
patients evaluable for toxicity. Heterogeneity was
assessed by the chi-square test. A fixed-effects model
was adopted unless there was evidence of significant un-
explained heterogeneity, in which case a random-effects
model was used. The Z test was used to compare the
overall effects of the treatment group with those of the
control group, and differences were considered to be sta-
tistically significant when P < 0.05. Publication bias is a
common concern in meta-analyses, and is related to
the tendency of journals to favour the publication of
large and positive studies. Funnel plot asymmetry was
assessed using Egger’s linear regression test. For the pos-
sible publication bias, we used the trim-and-fill method
to evaluate the influence on the result [12, 13]. All calcu-
lations were performed using the meta-analysis function
in Stata software (Stata, version 10; Stata Corporation,
College Station, TX, USA).
Results

Selected trials
Sixty-four potentially eligible trials were identified from
a total of 206 randomized trials. Of the 64 trials, seven
were included for more detailed evaluation. Finally, six
trials were gathered for the meta-analysis, and one
was excluded because of repeated publication (Figure 1)
[14–19]. The main characteristics of the six trials are
listed in Table 1. Three trials were published in Chinese
journals, and the others in English journals between
2006 and 2012, and included 1181 patients (592 in
the celecoxib plus chemotherapy group and 589 in
the chemotherapy group). The quality of the trials was
assessed using the modified Jadad scale (Table 2).
One trial achieved a score of 7 [17], two were awarded
a score of 3 [15, 18] and three were given a score of 2
[14, 16, 19]. Among the six trials, only one described



Figure 1
Flowchart of trial selection process. RCT, randomized controlled trial

Celecoxib and advanced non-small cell lung cancer
concealment of treatment allocation and blinding
methods.
Combined analysis
All the obtained results are displayed in Table 3 (primary
endpoints) and Table 4 (secondary endpoints); primary
endpoint plots are depicted in Figure 2.
Primary endpoints All the trials reported ORR and CB,
representing a total of 1181 patients. The ORRwas increased
for celecoxib plus chemotherapy (250/592 = 42%)
compared with chemotherapy alone (184/589 = 31%).
The pooled results also showed celecoxib plus
chemotherapy to have a statistically significantly greater
effect than chemotherapy alone on ORR [odds ratio (OR)
1.34; 95% confidence interval (CI) 1.08, 1.67; P = 0.009;
heterogeneity: χ2 = 5.12; P = 0.401] (Table 3 and
Figure 2A). The CB was 77% (454/592) and 73% (431/589)
for celecoxib plus chemotherapy and chemotherapy
alone, respectively. The pooled results demonstrated no
statistical difference in CB between celecoxib plus
chemotherapy and chemotherapy alone (OR 1.05; 95% CI
0.88, 1.25; P = 0.613; heterogeneity: χ2 = 2.12; P = 0.832;
Table 3 and Figure 2B).

The number of patients achieving 1-year survival was
available in five eligible trials (1121 patients) [14, 15, 17–19].
In the overall population, the 1-year SR was found not
to be significantly higher for patients receiving celecoxib
plus chemotherapy than in those receiving chemo-
therapy alone (OR 1.08; 95% CI 0.86, 1.35; P = 0.512), with-
out significant heterogeneity (P = 0.346; Table 3 and
Figure 2C).
Secondary endpoints The number of patients who achieved
a CR was available in five trials (865 patients) [14–16, 18, 19].
In the overall population, the number achieving a CR was
no different for patients receiving celecoxib plus
chemotherapy than for those receiving chemotherapy
alone (OR 0.77; 95% CI 0.39, 1.51; P = 0.446), without
significant heterogeneity (P = 0.196; Table 4).

The number of patients who achieved a PR was avail-
able in five trials (865 patients) [14–16, 18, 19], and was
found to be similar in the two groups (OR 1.22; 95% CI
0.92, 1.63; P = 0.163), without significant heterogeneity
(P = 0.867; Table 4).

Although toxicity, including both haematological and
non-haematological grade 3 and grade 4 side effects of
treatment, differed among all trials, celecoxib plus chemo-
therapy was associated with a higher incidence of haema-
tological toxicity compared with chemotherapy alone,
with the exception of anaemia. In the evaluable population,
no significant difference between celecoxib plus chemo-
therapy and chemotherapy alone was found for grade 3
and grade 4 non-haematological toxicity (Table 4).

Publication bias
The result of the publication bias analysis for 1-year SR
was significant (t =�4.21; P = 0.019); the funnel plots also
showed asymmetry. No obvious publication bias was ob-
served in the ORR (t = 1.24; P = 0.319) or CBR (t = 0.56;
P = 0.947) analyses (Figure 3). Using the trim-and-fill
method showed that three studies were trimmed for
ORR, one for CB and none for 1-year SR, and the values
of the original estimate did not significantly change after
the adjustment, indicating the stability of our results
(Figure 4).
Br J Clin Pharmacol / 81:1 / 25
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Table 3
Primary endpoint analysis

Outcome RCTs Patients OR 95% CI P Heterogeneity (P)

ORR 6 1181 1.34 1.08, 1.67 0.009 0.401

CB 6 1181 1.05 1.88, 1.25 0.613 0.832

1-year SR 5 1121 1.08 0.86, 1.35 0.512 0.346

CB, clinical benefit; CI, confidence interval; OR, odds ratio; ORR, overall response
rate; RCTs, randomized clinical trials; SR, survival rate.

Table 4
Secondary endpoint analysis

Outcome RCTs Patients OR 95% CI P Heterogeneity (P)

CR 5 865 0.77 0.39, 1.51 0.446 0.196

PR 5 865 1.22 0.92, 1.63 0.163 0.867

Grade 3 and grade 4 toxicity

Leucopenia 5 1135 1.29 1.01, 1.65 0.042 0.885

Thrombocytopenia 6 1181 1.49 1.02, 2.19 0.039 0.632

Anaemia 3 509 2.69 0.99, 7.28 0.052 0.873

Nausea 4 732 0.89 0.47, 1.66 0.708 0.549

Diarrhoea 2 694 1.23 0.57, 2.66 0.592 0.073

Gastric ulcer 2 877 1 0.25, 4.01 0.998 0.469

Cardiotoxicity 2 877 1.94 0.62, 6.06 0.254 0.998

Asthenia 4 800 0.82 0.45, 1.49 0.511 0.384

CI, confidence interval; CR, complete response; OR, odds ratio; PR, partial re-
sponse; RCTs, randomized clinical trials.

Table 2
Quality assessment of trials by modified Jadad scale*

Author Randomization
Allocation
concealment Blinding

Withdrawals
and dropouts Score Quality

Lilenbaum
et al. [14]

1 0 0 1 2 low

Zhou
et al. [15]

2 0 0 1 3 low

Xiong
et al. [16]

2 0 0 0 2 low

Koch
et al. [17]

2 2 2 1 7 high

Groen
et al. [18]

2 0 0 1 3 low

Liu and
Huang [19]

2 0 0 0 2 low

*There are four items in the Jadad scale: randomizations; allocation con-
cealment; double blinding; withdrawals and dropouts. If the item was not
described in the study, the score would be 0; otherwise it was 1. If the
method of the item was described and it was appropriate, the score would
be 2; if the item of “withdrawals and dropouts” was not described, the score
would be 0; if the item of “withdrawals and dropouts” was described and it
was appropriate, the score would be 1. Randomized controlled trials were
considered to be of high quality if the score was 4–7, and of low quality if
the score was 1–3.
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Figure 2
Overall response rate (A), clinical benefit (B) and 1-year survival rate (C) of celecoxib plus chemotherapy compared with chemotherapy alone in ad-
vanced non-small cell lung cancer therapy. CI, confidence interval
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Figure 3
Funnel plot of publication bias for overall response rate (A), clinical
benefit (B) and 1-year survival rate (C). SE, standard error; pseudo 95%
confidence limits, 95% confidence interval; SE logor, SE log odds ratio

Figure 4
Funnel plot of publication bias for overall response rate (A), clinical benefit
(B) and 1-year survival rate (C), adjusted using the trim–and-fill method. SE,
standard error; pseudo 95% confidence limits, 95% confidence interval

Celecoxib and advanced non-small cell lung cancer
Discussion

COX-2 inhibitors have been shown to induce apoptosis
of NSCLC cell lines and to enhance the activity of stan-
dard chemotherapeutic agents, providing the rationale
for combining celecoxib with chemotherapy in the
treatment of NSCLC [20]. Recently, six trials have focused
on the difference in efficacy and toxicity between
celecoxib plus chemotherapy and chemotherapy alone
regimens in the treatment of patients with advanced
NSCLC. Four trials reported similar response rates and
survival with the two regimens [14, 16–18]. However,
Br J Clin Pharmacol / 81:1 / 29
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two trials showed significant improvements in response
rate and survival with celecoxib plus chemotherapy [15, 19]
compared with chemotherapy alone. Incidences of toxic-
ity for the two regimens were reported inconsistently in
most studies. To assess comprehensively the advantages
and disadvantages of celecoxib for patients with ad-
vanced NSCLC, we undertook a meta-analysis.

Our meta-analysis indicated a significantly increased
ORR with celecoxib plus chemotherapy over chemother-
apy alone. However, we could not determine whether
celecoxib plus chemotherapy was more effective than
chemotherapy in the treatment of patients with ad-
vanced NSCLC. A possible explanation for this might
have been the difference in chemotherapeutic regimens
or dosage used among the trials. In two trials, patients
treated with vinorelbine plus cisplatin were included,
but each trial used a different dose of cisplatin [15, 16].
In the other four trials, patients treated with four different
chemotherapeutic regimens were included [14, 17–19].
One study revealed that the cytotoxicity of various chemo-
therapeutic agents in NSCLC cells could be enhanced by
the adjunctive use of a COX-2 inhibitor but the synergistic
effects varied considerably [21]. The use of a COX-2 inhibi-
tor in combination with irinotecan and docetaxel resulted
in more NSCLC cells undergoing apoptosis than with
etoposide and cisplatin [21]. Furthermore, another study
demonstrated that a COX-2 inhibitor antagonized the cyto-
toxicity and proapoptotic activity of a chemotherapeutic
agent in human gastric cancer cells by decreasing intracel-
lular accumulation [22]. These results might partly explain
the different efficacies of celecoxib plus chemotherapy in
the treatment of patients with advanced NSCLC. The het-
erogeneity in data regarding chemotherapeutic regimens
in the meta-analysis reflects the selection bias of the avail-
able trials, and contributes to publication bias. Moreover,
we could not carry out a systematic review on overall sur-
vival because of the lack of data. With regard to tolerability,
only data on haematological (leucopenia, thrombocytope-
nia and anaemia) and non-haematological (nausea/
vomiting, diarrhoea, gastric ulcer, cardiotoxicity and asthe-
nia) were available in all trials, so no definitive conclusion
could be drawn. The rate of severe haematological (leuco-
penia, thrombocytopenia) toxicity significantly increased
when celecoxib was added to chemotherapy. This might
have been associated with the increased expression of
COX-2 in tumour bone marrow cells, and the role played
by COX-2 in the recovery of the bone marrow after chemo-
therapy, which could be a possible explanation for the
higher frequency of haematological toxicity in the
celecoxib plus chemotherapy group [23–25].

There were some limitations to our approach. First,
our meta-analysis was limited to trials that were random-
ized, controlled and published only in Chinese and En-
glish. Three trials included in this analysis were from
China [15, 16, 19] and the other three from Western
countries [14, 17, 18]. Second, our meta-analysis was
30 / 81:1 / Br J Clin Pharmacol
limited to a small number of trials, and not based on indi-
vidual patient data. Meta-analyses based on published
data tend to overestimate treatment effects compared
with individual data analysis. Therefore, we should inter-
pret the results with care, especially for a positive result.
Third, only one trial in our meta-analysis described the
concealment of treatment allocation and blinding
methods. Therefore, we were unable to draw firm conclu-
sions from the data, and confirmation must await investi-
gation in future trials. Finally, two studies in our meta-
analysis did not report how they handled patients who
were lost to follow-up, the percentage of patients lost
to follow-up and whether these patients were censored
in the analysis. There exists the possibility of censoring
which could bias our findings, and our analysis would
tend toward underestimation of any effects of this po-
tential bias.

Statistical heterogeneity may arise because of clinical
differences or methodological differences between stud-
ies, and will lead to funnel plot asymmetry. For example,
substantial benefit may be seen only in high-risk pa-
tients, and these may be preferentially included in
small studies. Or the intervention may have been im-
plemented less thoroughly in larger studies, resulting
in smaller effect estimates compared with smaller
studies. Statistically significant ‘positive’ results are
more likely to be published, and may also cause funnel
plot asymmetry [26, 27]. Although the quality of the
trials included in the present meta-analysis was low,
systematic reviews and meta-analyses such as the
present one will help to specify where further im-
provements in the design and reporting of research
conducted are needed. In addition, these studies were
conducted at major academic institutions, in patients
with adequate major organ function, and might not
have reflected the general patient population in the
community or patients with organ dysfunction.

In conclusion, we found evidence that celecoxib plus
chemotherapy might improve the ORR for advanced
NSCLC therapy. However, confirmation of these conclu-
sions in rigorously controlled, randomized trials is re-
quired before firmer inferences about this therapy can
be drawn.
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