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Abstract Purpose: To evaluate whether celecoxib alters
the conversion of gemcitabine into its active metabolite,
difluorodeoxycytidine triphosphate (dFdCTP), in
peripheral blood mononuclear cells (PBMCs). Methods:
Patients with advanced pancreatic cancer who had not
received chemotherapy and had acceptable organ func-
tion were eligible for the study. The initial dose of
gemcitabine was 750 mg/m2 administered intravenously
at a rate of 10 mg/m2/min on days 1, 8, and 15 every
4 weeks. Celecoxib was administered orally at 400 mg
twice a day starting 2 days after the first dose of gem-
citabine. Serial blood samples were taken during the first
and second gemcitabine infusions and the cellular
dFdCTP levels from PBMCs were analyzed. Results:
Five patients received gemcitabine at 750 mg/m2 and six
patients received it at 650 mg/m2. Severe adverse events
included neutropenia, thrombocytopenia, enteritis, and
gastric perforation. Two patient died early during
treatment. Cellular pharmacology studies showed that
the conversion of gemcitabine into dFdCTP was not
affected by celecoxib. Conclusion: Despite the increased
clinical toxicities encountered with the combination,
celecoxib did not alter the conversion of gemcitabine
into its active metabolites in PBMCs. Gemcitabine
650 mg/m2 infusion over 65 min on days 1, 8, and 15
every 4 weeks in combination with celecoxib at 400 mg
twice a day was the dose recommended for further
study.
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Introduction

Gemcitabine is a prodrug that must be phosphorylated
to its active metabolites, difluorodeoxycytidine diphos-
phate and difluorodeoxycytidine triphosphate
(dFdCTP), to have biological activity. Preclinical and
clinical studies demonstrated that accumulation of
dFdCTP in mononuclear cells is both dose- and infusion
rate-dependent [1–3]. The rate of dFdCTP accumulation
and the peak cellular concentration are highest at an
infusion rate of 10 mg/m2/min. No further increase of
dFdCTP in mononuclear cells is observed as the dose of
gemcitabine increases, suggesting that the ability of
mononuclear cells to convert gemcitabine to dFdCTP is
saturable. Therefore, gemcitabine administered at
10 mg/m2/min results in a higher intracellular level of
dFdCTP than the level achieved when gemcitabine is
infused over 30 min.

Gemcitabine is an approved chemotherapy for ad-
vanced pancreatic cancer. It offers clinical benefit and
marginal survival advantage to patients with advanced
pancreatic cancer [4]. However, the median survival
duration in patients with metastatic pancreatic cancer
continues to be less than 6 months. Study of novel tar-
gets and strategies is greatly needed to improve the
treatment outcome in patients with this disease.

Overexpression of cyclooxygenase 2 (COX-2) has
been observed in more than 75% of invasive ductal
carcinomas, suggesting that COX-2 may be involved in
pancreatic tumorigenesis [5–11]. Nonsteroidal antiin-
flammatory drugs (NSAIDs), such as aspirin and indo-
methacin, have long demonstrated anticancer effects in
rodents. Recently, a clinical trial of celecoxib in patients
with familial adenomatous polyposis has demonstrated
that a selective COX-2 inhibitor, celecoxib, at a dose
of 400 mg orally twice a day, reduces the number of
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colorectal polyps by 28% [12]. This study also demon-
strated that celecoxib at 400 mg orally twice a day has
biological activity in reducing the size of colonic polyps,
and therefore this dose has been used in many subsequent
clinical trials for cancer prevention and treatment.

NSAIDs and selective COX-2 inhibitors have dem-
onstrated activity against pancreatic cancer through cell
cycle arrest, induction of apoptosis, and antiangiogene-
sis [10, 13–16]. The combination of COX inhibitors with
gemcitabine has demonstrated additive activity against
pancreatic cancer in preclinical settings [13, 14]. Thus, it
was considered reasonable to explore the combination of
celecoxib with gemcitabine in the treatment of pancre-
atic cancer. Since gemcitabine is a prodrug whose
metabolism could be potentially affected by concurrent
medications and there were no clinical data on the po-
tential interaction and toxicity between these two drugs,
we conducted a phase I study to determine if celecoxib
alters the metabolism of gemcitabine and to evaluate the
toxicity of the combination.

Patients and methods

Patient eligibility

Patients were eligible for the trial if they had histologically
or cytologically confirmed metastatic or locally advanced
unresectable pancreatic cancer, age ‡18 years, life expec-
tancy>12 weeks, Eastern Cooperative Oncology Group
(ECOG) performance status 0–2, leukocytes ‡3000/ll, an
absolute neutrophil count ‡1500/ll, platelets‡100,000/ll,
total bilirubin within the institutional upper limit of nor-
mal, aspartate aminotransferase/alanine aminotransfer-
ase notmore than 2.5 times the institutional upper limit of
normal, and creatinine £ 1.5 mg/dl. Patients were ex-
cluded if they had a history of radiotherapy within the
previous 4 weeks, prior chemotherapy for metastatic
pancreatic cancer, concomitant therapy with any other
investigational agents, known brain metastases, on-going
use ofNSAIDs for any reason, known gastric or duodenal
ulcer, allergic reactions attributed to compounds of sim-
ilar chemical or biologic composition to celecoxib or to
sulfonamides.

Treatment

The treatment plan consisted of enrollment of six
patients at each dose level to ensure sufficient sample size
for cellular pharmacokinetic analysis and evaluation of
toxicity. Gemcitabine was administered at a dose of
10 mg/m2/min days 1, 8, 15 every 4 weeks. The starting
dose of gemcitabine was 750 mg/m2 with a plan to
escalate to 1000 mg/m2 if there were no dose-limiting
toxicity (DLT) or decrease to 650 mg/m2 if DLTs
occurred. If a patient grade 3 or worse neutropenia or
thrombocytopenia or grade 2 or worse nonhematologi-
cal toxicities on the day of scheduled treatment, the

gemcitabine was held until resolution of toxicity to
grade 1 or less. If patients developed toxicity requiring
omission of week 2 or week 3 treatment during the
previous cycle, the gemcitabine dose was reduced by
25% for the next cycle.

Celecoxib was administered orally at 400 mg twice a
day starting 2 days after the first dose of gemcitabine.
There was no dose modification for celecoxib. Patients
were taken off study for adverse events that were related
to celecoxib and required its discontinuation.

Assessment of toxicity and response

Adverse events were graded using the National Cancer
Institute (NCI) Common Toxicity Criteria version 2.0.
DLTs were defined as follows: grade 3 or worse non-
hematological toxicity (excluding nausea or vomiting),
grade 3 or worse nausea or vomiting uncontrolled by
aggressive antiemetic support, grade 4 neutropenia
lasting 3 days or longer without the use of filgrastim,
fever of 38.5�C or more with grade 3 or worse neutro-
penia of any duration, grade 4 thrombocytopenia,
grade 3 or worse neutropenia or thrombocytopenia on a
treatment day, or a grade 2 nonhematological toxicity
that, in the judgment of the investigator, required a
decrease in dose.

Patients underwent imaging studies every 8 weeks for
assessment of antitumor activity. Response and pro-
gression were evaluated using the international criteria
proposed by the Response Evaluation Criteria in Solid
Tumors Committee [17].

Pharmacokinetics

Blood samples were obtained at time 0 (before gemcit-
abine infusion), and then 25, 50, 75, and 100 min after
the infusion started during the first dose of gemcitabine
(without celecoxib) and second dose of gemcitabine
(with celecoxib). The blood samples were centrifuged for
10 min at 5000 rpm to remove plasma. The cell pellet
was resuspended in 40 ml phosphate-buffered saline
(PBS) and layered over 10 ml Ficoll-Hypaque mixture
(specific gravity, 1.077 g/ml). After centrifugation at
400 g at 4�C for 20 min, the buoyant mononuclear cells
were removed and diluted to 10 ml with PBS. dFdCTP
was assayed using anion exchange high-pressure chro-
matography, as previously described [18, 19].

Results

Patient characteristics

A total of 12 patients were enrolled in the study. One
patient withdrew consent before receiving the treatment
and therefore was inevaluable. Five patients received
gemcitabine at 750 mg/m2, and six patients received it at
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650 mg/m2. Table 1 summarizes the characteristics of
these patients. Of the 11 treated patients, 10 had meta-
static disease. Two patients developed metastatic disease
after surgical resection of the primary pancreatic cancer
followed by adjuvant chemoradiation.

Toxicities

Table 2 shows the clinically relevant adverse events for
patients treated with gemcitabine and celecoxib. All se-
vere adverse events were observed during cycle 1. The
starting dose of gemcitabine was 750 mg/m2. Two DLTs
were observed at this dose level: one patient developed a
grade 3 skin rash, and another patient died 1 week after
the treatment. The patient died during sleep, and the
cause of death was unknown but presumed to be a
cardiovascular or thrombotic event.

We were unable to escalate the dose of gemcitabine to
1000 mg/m2 as planned and instead had to reduce it to
650 mg/m2 because of two DLTs at the previous dose
level. Two DLTs were observed at this dose level. One
patient developed grade 4 neutropenia and perforation
of a gastric ulcer following two doses of gemcitabine and
daily celecoxib. The patient subsequently died of com-

plications of gastric perforation. An autopsy was per-
formed, which confirmed the presence of the gastric
ulcer with perforation and underlying tumor invasion.
The second patient developed grade 3 enteritis after two
doses of gemcitabine and was taken off study.

Significant hematologic toxicity was also encoun-
tered. Of the patients in the first cohort who received
750 mg/m2 gemcitabine, two patients developed grade 3
neutropenia and one patient had grade 3 thrombocyto-
penia, whereas one patient developed grade 4 neutro-
penia and two patients developed grade 3
thrombocytopenia at the 650 mg/m2 dose. Other com-
mon grade 1 and 2 adverse events throughout all cycles
of treatment included nausea (nine), fatigue (eight), an-
orexia (seven), vomiting (five), and diarrhea (two).
Additionally, two patients had grade 3 abdominal pain
and one patient had grade 3 vomiting.

One patient required dose reduction after cycle 1 at a
dose level of 650 mg/m2, whereas two patients required
dose reduction after cycles 3 and 4 and again after cycles
4 and 6 when gemcitabine was started at 750 mg/m2,
respectively.

Efficacy

Tumor response was initially evaluated 2 months after
treatment in five patients. One patient had a partial re-
sponse and four patients had stable disease at initial
assessment. One patient withdrew consent after one cy-
cle and continued the same treatment closer to home for
more than a year. The assessment of efficacy was ham-
pered because of two early deaths and two DLTs that
required discontinuation of therapy.

Gemcitabine triphosphate accumulation

The primary objective of the study was to evaluate
whether celecoxib alters the metabolism of gemcita-

Table 1 Patient characteristics

Number of patientsa 11
Age (years)
Median 65
Range 34–70
Sex (female/male) 6/5
Performance status
0 2
1 9
Metastatic disease 10
Prior therapy
None 6
Chemoradiation 2
Surgery 5

aTwelve patients were enrolled; one patient withdrew consent be-
fore treatment

Table 2 Clinically relevant toxicities (number of patients experiencing specific toxicities during cycle 1)

Gemcitabine dose levels (mg/m2)

750 (five patients) 650 (six patients)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4

Abdominal pain 0 0 0 0 1 0 2 0
Anorexia 2 0 0 0 3 0 0 0
Diarrhea 0 1 0 0 1 0 0 0
Edema 0 1 0 0 0 0 0 0
Fatigue 4 1 0 0 1 1 0 0
Nausea 3 1 0 0 1 3 1 0
Skin rash 1 0 1 0 0 1 0 0
Enteritis 0 0 0 0 0 0 1 0
Gastric perforationa 0 0 0 0 0 0 0 1
Neutropenia 0 2 2 0 1 1 0 1
Thrombocytopenia 0 2 1 0 0 1 2 0
Anemia 2 1 0 0 2 1 0 0

aGastric ulcer with perforation and underlying tumor. Patient died
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bine. dFdCTP concentrations were detected in
peripheral blood mononuclear cells (PBMCs) follow-
ing gemcitabine (first dose) and gemcitabine plus cel-
ecoxib (second dose). Five patients from the second
cohort (650 mg/m2 gemcitabine) had paired serial
blood samples. As expected, there was a linear in-
crease in dFdCTP levels during the gemcitabine infu-
sions in the majority of patients, as demonstrated in
Fig. 1. The peak concentration of dFdCTP was at
75 min for most patients at gemcitabine 650 mg/m2

(Table 3). Comparison of dFdCTP peak levels in
paired PBMC samples revealed no significant differ-
ence (P=0.16), indicating that celecoxib had no effect
on the conversion of gemcitabine into its active
metabolite, dFdCTP. Two patients from the first co-
hort (gemcitabine 750 mg/m2) had complete paired
serial blood samples for analysis of dFdCTP; the other
three patients did not have serial blood samples for
the second dose of gemcitabine (one early death, one
taken off study due to grade 3 skin rash, and one did
not receive gemcitabine at 10 mg/m2/min; Table 3).

Discussion

The high frequency with which celecoxib’s molecular
target, COX-2, is expressed in pancreatic cancer stimu-
lated efforts to develop the combination of celecoxib and
gemcitabine as a potential treatment for pancreatic
cancer. In addition, celecoxib inhibits tumor growth
through its effects on cell cycle progression, apoptosis,
and angiogenesis. These effects are mechanistically dis-
tinct from those of gemcitabine, an anticancer agent that
interferes with DNA and RNA synthesis. Since gemcit-
abine is a prodrug and there was no prior experience
with the combination of these two agents, we conducted
a phase I trial to evaluate the effect of celecoxib on the
cellular pharmacology of gemcitabine, and also to
evaluate toxicities and tolerability. The data obtained
suggested that celecoxib did not substantially alter the
metabolism of gemcitabine when gemcitabine was
administered at a dose of 650 mg/m2 at a fixed-dose rate
of 10 mg/m2/min. However, the limited dosing and
small number of patients treated on this trial do not
allow us to conclude that celecoxib does not alter gem-
citabine cellular pharmacology when gemcitabine is
administered at other doses or over shorter or longer
infusion times.

Although unexpected, we observed significant ad-
verse events in this study. There were two early deaths.
At least one of the early deaths was clearly related to
treatment since the patient died as a result of a perfo-
rated gastric ulcer with associated tumor involvement
and concurrent neutropenia. Moreover, several episodes
of significant neutropenia and thrombocytopenia were
observed during the first cycle of treatment. The inci-
dence of neutropenia and thrombocytopenia seemed
more frequent than one would anticipate from our
experience with gemcitabine monotherapy. This might
simply be explained by chance since the sample size was
small. Alternatively, the high incidence of myelosup-
pression could have been related to the addition of cel-
ecoxib. While the mechanism whereby celecoxib might
enhance chemotherapy-induced myelosuppression re-
mains unknown, a preclinical study indicated that COX-
2 induction is an important event in accelerated hema-
topoiesis following cytotoxic injury and that blocking
COX-2 activity delays bone marrow recovery [20]. An
increased frequency of neutropenia was observed in
another study in which celecoxib was combined with
carboplatin and paclitaxel [21].

In this trial, administration of gemcitabine at a
fixed dose rate might also have contributed to the
increased myelosuppression [22]. The widely accepted
approach to the administration of gemcitabine in-
volves weekly dosing at 1000 mg/m2 over 30 min.
Much higher doses of gemcitabine administered at a
fixed dose rate of 10 mg/m2/min have been used in
several clinical trials. Touroutoglou et al. [3] con-
ducted a phase I trial of gemcitabine administered
weekly at a fixed dose rate of 10 mg/m2/min and

Fig. 1 dFdCTP concentrations in PBMCs at different time-points
during gemcitabine infusion without celecoxib (week 1) and with
celecoxib (week 2) administered at a dose of 650 mg/m2 over
65 min (10 mg/m2/min). Five patients (each bar represents a
patient) had paired serial blood samples before beginning gemcit-
abine, and then at 25, 50, 75, and 100 min during and after
gemcitabine infusion

Table 3 DFdCTP peak levels (lM) after gemcitabine infusion

750 mg/m2 650 mg/m2

Week 1 Week 2 Week 1 Week 2

313 410 186 150
313 238 331 295
211 291 183
318 178 146

235 296
Median 289 324 203 198
P valuea N/Ab 0.16

aStudent’s t-test
bNot analyzed due to small sample size at week 2
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recommended 1500 mg/m2/min for further trials.
Tempero et al. [22] subsequently compared gemcita-
bine 1500 mg/m2 administered at a fixed dose rate of
10 mg/m2/min with gemcitabine 2200 mg/m2 adminis-
tered over 30 min in patients with advanced pancreatic
cancer. In that study, approximately 25% of the pa-
tients on the fixed dose rate regimen required either
dose reduction or omission due to myelosuppression,
but significant antitumor activity was observed.

In this study, we reported the lowest maximum
tolerated dose (MTD) of gemcitabine was 650 mg/m2

when administered at a fixed dose rate of 10 mg/m2/
min in combination with celecoxib. This substantial
reduction in MTD may have been due to the different
DLT criteria used in this study. Traditionally, DLTs
have been commonly defined as occurrences of severe
toxicities felt to be caused by the investigational
treatment. However, it can be difficult to determine the
causal relationship. Investigators and regulatory agen-
cies have increasingly begun to define DLT as any
serious adverse event, regardless of its relationship to
the investigational treatment, and this definition was
used in this study. In our study, the gemcitabine
starting dose was 750 mg/m2, and we initially intended
to escalate it to 1000 mg/m2. Instead, a dose reduction
of gemcitabine was required due to the occurrence of
two DLTs observed at the 750 mg/m2 dose. One pa-
tient experienced a grade 3 skin rash and another pa-
tient died of unknown etiology, presumably due to a
cardiac or thromboembolic event. Neither of these
events would be considered DLTs according to more
commonly used DLT criteria since these events were
not considered to be dose-related or drug-related.
Nevertheless, we did observe dose-related toxicities,
including grade 3 enteritis and gastric perforation with
concurrent neutropenia, when patients received gem-
citabine at 650 mg/m2, indicating that this dose was
sufficient. The dose-related adverse events observed at
gemcitabine 650 mg/m2 raised the concern as to whe-
ther lower doses of gemcitabine should be studied.
Since several studies have demonstrated that gemcita-
bine could be administered at much higher doses and in
combination with other cytotoxic agents, we elected not
to pursue lower dose levels of gemcitabine. The toxicity
of this regimen would be further evaluated in a phase
II study. The rationale for this decision was based on
our impression that the true tolerability of this regimen
could be best assessed in a larger phase II experience.
The lower doses of gemcitabine were not studied due to
concern for reduced efficacy, although systemic anti-
tumor activity of gemcitabine was observed at lower
doses (400 mg/m2) in another study [23].

In conclusion, celecoxib does not appear to alter the
cellular metabolism of gemcitabine. The MTD of gem-
citabine is 650 mg/m2 given as a 65-min infusion in
combination with 400 mg of celecoxib twice a day. A
phase II trial is currently underway to examine the effi-
cacy of this combination in patients with advanced
pancreatic cancer.
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