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Abstract - Objective: Glioblastoma (GB) is the most aggressive and lethal type of brain tumor.
Despite the standard treatments and improvements, the overall survival (OS) and progression free
survival (PFS) are not optimal. Celecoxib (CEL) has been considered as one of the adjuvant agents in
patients with GB due to its different mechanisms in recent years.

Materials and Methods: A systematic search was performed in EMBASE, MEDLINE, Clinical-
Trials.gov, Web of Science, Google Scholar and Cochrane Central Register of the Controlled Trials
databases to get access to the trials that investigated the potential benefits of CEL in the treatment
regimen of patients with GB.

Results: From 77 studies, twelve clinical trials with 690 patients from 2004 to 2015 were includ-
ed. The trials were often in phase Il and temozolamide was the main agent of the treatment regi-
men. CEL was administered mostly at high dose of 400 mg twice daily and it was well tolerated. CEL
has shown some promising effects but only in studies which patients were not eligible for standard
treatment due to their age or clinical conditions.

Conclusions: CEL administration in tested doses is safe and practical for GBM patients. It could
be considered as one of the choices in the therapeutic protocol of GB along with the main drugs
commonly used in chemotherapy regimen especially in the elderly patients who are not eligible for
standard treatment.

KEYWORDS: CEL (celecoxib), GB (glioblastoma), Brain tumor, COX-2 inhibitor, Celebrex, Glioblastoma

multiforme, GBM, Grade IV astrocytoma.

INTRODUCTION

Glioblastoma multiforme (GBM) or Glioblastoma
(GB) also named grade IV astrocytoma, is the most
common and lethal type of the brain tumor which
originates from the glial cells. GB represents
14.9% of all primary brain tumors and 56.1% of
all glioma cases" 2. This tumor is extremely ma-
lignant and grows rapidly although distant metas-
tases are rare’. Common clinical symptoms of the
disease include headaches, seizure and memory
impairment but other symptoms may also occur
depending on the tumor location®.

The current standard treatment for GB is sur-
gical resection followed by radio-chemotherapy

and adjuvant treatment. Common administered
chemotherapy agent is temozolomide (TMZ), an
alkylating agent that is administered concurrently
within radiation and after radiation as an adjuvant
treatment®. Although, it is found that Methyl Gua-
nine Methyl Transferase (MGMT) gene causes
resistance of tumor cells to alkylating agents and
its Methylation could lead to prolonged survival
rates in patients with GB®.

Other choices for treatment of GB are also avail-
able. There are some biologic and targeted immu-
notherapies in GB treatment including epidermal
growth factor receptor (EGFR)-targeted therapies,
targeting other receptor tyrosine kinases, PI3K/
AKT/mTOR and MAPK signaling pathways, DNA
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repair and cell cycle control pathways and epigene-
tic deregulation, tumor metabolism’ and anti-vascu-
lar endothelial growth factor receptor (anti-VEGF)
antibody like bevacizumab®. One more treatment
for recurrent GBM is NovoI TF-100A device which
interrupts tumor cells mitosis cycle as they enter
anaphase stage leading to cell death’. There are
also a number of drugs which have shown anti-
neoplastic effects in vitro, such as antidepressants,
antiepileptic drugs, statins, beta blockers and other
antihypertensive agents. These could be a target for
future clinical studies to improve survival in pa-
tients with GBM'™.

So far, despite the abovementioned treatments,
GBM is the most common and aggressive type
of brain tumor, without a certain effective thera-
peutic approach. Therefore, it seems necessary to
carry out more comprehensive reviews of existing
alternative options to promote patients’ overall
survival (OS) and reduce tumor progression rate.

Multiple cell and animal studies have explored
the various mechanisms explaining celecoxib
(CEL) effects on GB cells including; 1) increased
radio-sensitivity of cancer cells through endoplas-
mic reticulum stress; 2) increased GB cells death
in combination of CEL with bortezomib by aggra-
vating endoplasmic reticulum stress''; 3) positive
effects on destroying C6 rat glioma orthotropic
model in combination with TMZ'?; 4) significant
improvement in radio-sensitivity of GB cells by
angiogenesis inhibition'?.

In the present review, we assessed related clin-
ical trials through a systematic search to evaluate
the effect of CEL on progression free survival
(PFS), OS and quality of life in patients with GBM.

MATERIALS AND METHODS

We performed a review of the literature with sys-
tematic search approach regarding CEL role in
GBM malignancy. We extracted CEL efficacy
and safety characteristics from selected studies in
patients with GBM.

Search strategy

We carried out the search through the MEDLINE,
EMBASE, ClinicalTrials.gov, Web of Science,
Google Scholar and Cochrane Central Register of
Controlled Trials databases up to September 2019.
The included search terms were: celecoxib, Ce-
lebrex®, glioblastoma, glioblastoma multiforme,
GBM, grade IV astrocytoma and brain tumor.
The references of articles were also checked to
discover any omitted relevant studies.

2

Inclusion and exclusion criteria

The inclusion criteria were English studies which
were performed on adult patients (age > 18 years
old) with definite GB diagnosis for all enrolled pa-
tients. Studies were excluded if they were letters,
conference abstracts, editorials and reviews or if
the studies subjects were animal and cell cultures.

Data extraction

Data were extracted from selected studies and
reported into 2 Tables. In Table 1, patients’ de-
mographic information (age, gender), study char-
acteristics (Study design, Eligibility criteria, CEL
dosage and Concomitant therapy), medication reg-
imen efficacy parameters (Response/Safety assess-
ment, Response rate and Survival and Time to Pro-
gression) and CEL proposed mechanism of action
are reported. In Table 2, the extracted data of CEL
safety (grade III and I'V toxicities, dose modifica-
tions and safety information) are summarized.

RESULTS

Initially 77 studies were found. After title and ab-
stract screening and full-text evaluation 65 stud-
ies were excluded and 12 remained. In Figure 1,
flow chart of search results is shown.

Study characteristics

Twelve clinical trials were reviewed. Time span of
these studies was from 2004 to 2015 and all were
in English. The studies were often phase II trials.

Patients’ characteristics

A total of 690 patients had participated in all the
12 trials and they were mostly males. Patients had
recurrent GB in seven studies, and they were new-
ly diagnosed with GB in other five studies. Partic-
ipants were adults and in the Welzel et al** trial,
they were all older than 65 years.

Almost all the patients had to have adequate
bone marrow, liver and kidney function to be en-
rolled in the trials. The used performance scale in
included trials was Karnofsky Performance Sta-
tus (KPS). In most studies, KPS was more than
60%. In two studies, mean KPS was more than
80%" 1%, and in two other studies KPS was < 70%
and patients were not eligible for the standard
therapy'* .
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Fig. 1. Flow diagram of search results

Proposed mechanism of action for CEL

The reasons of including CEL in GBM treatment
regimens can be summarized as follow: 1) showing
synergistic cytostatic or cytotoxic or both effects in
combination with other agents including irinotec-
an'8, isotretinoin'®, TMZ!*1°20 and radiotherapy?; 2)
reducing tumor growth through increasing apopto-
sis!®2122 " 3) anti-angiogenesis and anti-proliferative
properties'*'72124; 4) impairing cell migration??; 5)
impairing tumor micromilieu and/or microvascu-
lature'®; 6) inhibitory effect on PG-E2 production
helping to reverse tumor-induced immunosuppres-
sion’; 7) augmentation of endoplasmic reticulum
stress responses induced by NovoT TF-100A°.

Treatment characteristics

In all trials, CEL was administered as an adjunctive
therapy. In six studies, TMZ was the main agent of
treatment regimen. In the study by Welzel et al**
low-dose TMZ and CEL were used during and after
External Beam Radiation Therapy (EBRT).

In four studies, other chemotherapy agents
were also administered with TMZ such as tha-
lidomide?*, 6-thioguanine plus capecitabine*? and
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isotretinoin plus thalidomide'>?°. In four studies,
drugs of choice were other than TMZ in treat-
ment including irinotecan'®, 13-cis-retinoic acid'®,
etoposide, cyclophosphamide and thalidomide?,
NovoTTF-100A and bevacizumab’. In the study
by Grossman et al*', only radiotherapy (RT) was
done as the main treatment option along with
CEL. CEL was mostly administered at high dose
of 400 mg BD (in nine trials) and in the remaining
studies, CEL dose was 200 mg BD or daily.

Treatment Efficacy

Response to treatment was assessed according to
the McDonald Criteria in five trials'>!"*2%22 and
RANO Criteria only used in one trial’. In the re-
maining, response assessment was based on study
self-modified measurements.

Patients’ responses to treatment were evalu-
ated by complete response (CR), partial response
(PR) and stable disease (SD). Survival was re-
ported as OS, 6-month progression free survival
(PFS6) and median PFS.

Some studies did not specify any response
rate'+'>1%1921 Moreover, each trial evaluated these
parameters differently; therefore, it was difficult to
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compare the results. CR only was reported in two
studies; one CEL plus 6-thioguanine and capecit-
abine (CR: 2%)?, and the other one CEL plus irino-
tecan (CR: 3%)®. The highest reported percentage
of PFS6 was 63% in Kesari et al** study which was
a phase II study of TMZ, thalidomide and CEL for
patients with newly diagnosed GB*. The longest re-
ported OS was in Marta Penas- Prado et al?® study
(21.2 months) which was found in TMZ alone arm®.

In some studies, there was no improvement in
PFS, OS or other measurements following adding
CEL to the treatment regimen.

Safety

In most studies, treatment regimens were well tol-
erated. A limited number of patients became toxic
in grade three and four.

In Reardon et al'® study (irinotecan plus CEL),
grade three or four hematologic toxicities oc-
curred in number of patients not receiving en-
zyme-inducing anti-seizure drugs (EIASD) and
also grade four or five toxicities occurred in pa-
tients receiving EIASD'S,

In another study (13-cis-retinoic acid plus CEL),
treatment was stopped in 12% of patients because
of toxicities probably related to the regimen!e.

CEL dose was reduced as a result of impaired
creatinine clearance in RT plus CEL trial*! and
gastrointestinal symptoms in 6-thioguanine and
capecitabine plus CEL trial?>. In one trial, CEL
was stopped because of allergy in one patient's.
More information about the grade three and four
toxicities is summarized in Table 2.

DISCUSSION

The standard treatment of GB considers surgical
resection followed by radiotherapy and chemother-
apy. The median OS of the patients with GBM was
evaluated 12 to 16 months. Despite the advances
achieved in the treatment approaches during recent
years, the survival time of the patients is not even
close to ideal'> >, Here, we reviewed the different
outcomes of CEL in the treatment of GBM accord-
ing to included relevant published articles.

In the present study, clinical trials in which CEL
was added to the main regimen were included. Al-
though there are various mechanisms with promis-
ing prospects for CEL efficacy, no significant results
were achieved, except in studies which patients were
not eligible for standard treatment. In the following,
treatment characteristics studies which used CEL as
an adjuvant agent are reviewed, with more emphasis
on outcomes and adverse effects.

Low-dose metronomic CEL plus TMZ

Kerschbaumer et al'’, Welzel et al** and Stockham-
mer et al studied the effect of low-dose metro-
nomic CEL and TMZ in the treatment of GBM. It
is assumed that CEL has synergistic cytostatic or
cytotoxic or both effects with TMZ and the results
seemed to be effective in all the three studies.

In Kerschbaumer et al'’ study (2015), patients
who had lower KPS, combination of CEL and
TMZ resulted in better quality of life and pro-
longed survival with no additional adverse ef-
fects. They observed that this dual anti-angiogen-
ic low-dose metronomic chemotherapy was well
tolerated by patients with poor general conditions.

In the retrospective trial conducted among elder-
ly patients by Welzel et al** (2015), the application of
low dose metronomic TMZ with CEL was equief-
fective compared with standard TZM radio-che-
motherapy; however, the study population was not
completely randomized in the treatment arms and
patients in the group low-dose TMZ/CEL were older
and had lower KPS with more comorbidities. Even
in these circumstances, there were no significant dif-
ferences in PFS and OS. Toxicity assessments were
performed only 6 months after diagnosis which was
not enough for detecting all aspects of toxicity. In
summary, this regimen was efficient in elderly pa-
tients with significant comorbidities'.

In study by Stockhammer et al' (2010), low-
dose metronomic TMZ in combination with CEL
after standard treatment seemed to have been ef-
fective without related toxicity in patients with
recurrent GBM".

CEL plus NovoTTF-100A

Wong et al’ showed that the combination of No-
voITF-100A and bevacizumab with 6-thiogua-
nine, lomustine, capecitabine, and CEL could be
effective in patients with end-stage recurrent GBM.
The role of CEL in this regimen is augmentation of
endoplasmic reticulum stress responses induced by
NovoT TF-100A%2¢, Only three patients were treat-
ed with this regimen experiencing a prolonged me-
dian of OS and PFS which considered comparable
to the outcome measures in patients under treat-
ment with Novol TF-100A and bevacizumab only.
Although this sample size is too small to make a
recommendation, the findings are remarkable and
promising for the future clinical studies’. The pa-
tients received Novol TF-100A and bevacizumab
had a comparable PFS to the former clinical trial
subjects only treated with NovoI TF-100A; how-
ever, all of the patients in the mentioned trial had
better baseline clinical characteristics”?’.
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CEL plus RT

In the clinical trial conducted by Grossman et a/?',
patients were treated with radiotherapy only and
CEL as an adjunctive therapy. CEL could have
synergistic effects with radiotherapy. The median
OS is not significantly different from what is ex-
pected with radiotherapy alone. It is noteworthy
that patients in the group without an EIASD had
a higher median of OS. This finding could be due
to smaller sample size on this arm?' or possible
negative impact of phenytoin on the survival®!
or maybe another metabolite of CEL should be
measured to compare two arms of this study cor-
rectly?!. The fact is that this study discontinued
after introducing TMZ as an effective concom-
itant and adjuvant therapy with radiation due to
ethical issues?'.

CEL plus other cytostatic agents

Levin et al'®, Reardon et al'®, Kesari et al*® **,
Walbert et al** and Gilbert et al examined the
effect of CEL in combination with drugs with or
without TMZ. The data presented by Reardon
et al'®, Walbert et a/*? and Gilbert et al' showed
some promising results.

Levin et al' used the combination of
13-cis-retinoic acid and CEL. Based on experi-
mental studies, it was expected that the combina-
tion would result in further suppression of COX-2
expression; however, it did not result in PFS rate
improvements in patients. Interestingly, the use
of 13-cis-retinoic acid alone was apparently more
effective. This may be due to the limited popula-
tion or anonymous intracellular feedback loop in
response to this combination'.

In the study by Reardon et a/'® the combina-
tion of CEL with irinotecan was used in patients
with recurrent GBM after heavy pretreatment.
This combination is expected to be safe and have
synergistic effects'®?°. But for any kind of recom-
mendation, more evaluation is needed.

Kesari et al (2007), found that the four-drug
regimen (etoposide, cyclophosphamide, thalido-
mide and CEL) was not as effective as expected.
The sample size was too small to analyze clinical
characteristics of patients in each subgroup. The in-
hibitory effect of anti-angiogenesis drugs on tumor
growth may take time. Therefore, addressing the
McDonald’s criteria alone may lead to an incorrect
assessment of the effectiveness of the metronomic
regimen. It should also be noted that the patients in-
cluded in this study were seriously sick and under
large tumor burden. This regimen may be more ef-
fective in patients with better prognosis®.
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The patients in the study by Kesari et al** which
was published in 2008 received TMZ only as an
adjuvant drug in combination with thalidomide
and CEL; however, the benefits of concomitant
and adjuvant use of TMZ with radiotherapy have
been clarified®* ¥, The patients were involved in
the study after radiotherapy and had stable disease
therefore good prognosis. In this study, researchers
couldn’t correlate response with MGMT status be-
cause of their inability of extracting high-quality
DNA from archival specimens. All of these limita-
tions may affect the reported results.

Marta Penas-Prado et al?® couldn’t demon-
strate any benefit from combination of three or
four drugs (isotretinoin, CEL, thalidomide and
dose-dense TMZ) in patients with GBM. In con-
trast with earlier studies, they have shown that
adding isotretinoin to the regimen can have nega-
tive effects. Unbalanced inclusion of patients with
true tumor progression into different arms may
affect the interpretation of results.

In Walbert et al** study, combination therapy
with 6-thioguanine, capecitabine, and CEL with
lomustine or TMZ showed promising results in
patients with high-grade Anaplastic glioma (AG)
but not in those with recurrent GB. However, the
number of included patients did not meet the de-
termined sample size.

In the trial published by Gilbert et al* (2010),
primitive data on adjuvant system of thalidomide,
isotretinoin and CEL showed potential benefit
as well as higher incidence of adverse reactions;
however, the number of patients in each investiga-
tional arm was limited.

Other related objects

GB metastasis is rare but can occur. In clinical cas-
es reported by Seiz et aP, it has been shown that
there are possible factors related to surgical proce-
dures and following treatments which could result
in far-distant metastases of GB. Four patients were
examined in this study. They administered a 2-drug
TMZ + CEL regimen to patients and then observed
that anti-angiogenic therapy would increase the po-
tential of tumor metastases®. Possible reasons may
include overexpression of EGFR under hypoxic sit-
uations®, transforming growth factor beta (TGF-f3)
triggered invasion** and overexpression of tyrosine
kinase AxI3. Therefore, despite the positive local
effects of anti-angiogenic therapy, it should be not-
ed that this can lead to tumor cells metastasis®.
CEL plays a functional role in the reduction of
brain edema development following intra-cere-
bral hemorrhage (ICH)*. Dexamethasone has been
used traditionally to manage cerebral edema. It is
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now believed that restricting the administration of
glucocorticoids may improve patients’ clinical out-
come® 3¢, Rutz et al’’ reported one neuro-oncolog-
ical case in this regard. They used CEL rather than
dexamethasone in a patient with GBM to prevent
brain edema. Cerebrospinal fluid (CFS) and serum
concentrations of CEL were determined. CFS con-
centration was 54 times lower than serum concen-
tration. On the other hand, CEL has been shown
to be clinically useful. TMZ was the main chemo-
therapy agent in this study. As a result, adding CEL
to TMZ was effective to prevent brain edema. The
case studied by Rutz et al’’ successfully did not re-
quire dexamethasone administration.

The management of seizure in brain tumor is
important. One of the drugs of choice for this pur-
pose is phenytoin. In a clinical trial conducted by
Grossman et al*' (2007), the effect of phenytoin,
as an EIASD, on CEL was investigated. Phenyt-
oin did not affect CEL pharmacokinetics param-
eters significantly. Therefore, the combination of
them would be acceptable.

CONCLUSIONS

Based on the results of 12 included clinical tri-
als and 690 eligible patients, it seems that CEL
could be administered in the treatment protocol of
GB as an adjuvant agent. In conclusion, the use of
CEL in the elderly and patients with more comor-
bidities seems more reasonable to improve their
quality of life. Also, given that no serious side ef-
fects of CEL were reported, it is safe to be used in
different regimens. Nevertheless, if we want to be
more specific about the position of CEL in GBM
treatment, further clinical studies with reasonable
sample sizes are required.
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