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Abstract Histamine-2 receptor antagonists (H,RAs)
are principal components of the premedication regimen
used to prevent major hypersensitivity reactions in
patients receiving paclitaxel. Several different H,RAs,
including cimetidine, ranitidine and famotidine, have
been used in clinical trials of paclitaxel, as well as by
clinicians in different geographic regions and hospitals
primarily because of differences in the availability of the
various H,RAs. However, H,RAs have highly variable
cytochrome P450-modulating capabilities, and the
P450 system appears to play a major role in paclitaxel
metabolism and disposition. Therefore, the use of dif-
ferent H,RAs may result in different pharmacologic,
toxicologic and antitumor profiles due to differential
effects on paclitaxel metabolism. This study evaluated
whether cimetidine and famotidine, which possess dis-
parate P450-modulating capabilities, differentially af-
fect paclitaxel clearance rates and the agent’s principal
toxicity, neutropenia. Women with advanced, plati-
num-refractory ovarian carcinoma received two
courses of treatment with 135 mg/m? paclitaxel over
24 h while participating in the National Cancer Insti-
tute’s Treatment Referral Center Protocol. A crossover
design was employed in which consecutive patients
received either 300 mg cimetidine iv. or 20mg
famotidine i.v. before their first course of paclitaxel and
the alternate H,RA before their second course. In order
to evaluate the differential effects of cimetidine and
famotidine on pertinent pharmacologic and toxicologic
parameters in the same individual, paclitaxel concen-
trations at steady-state (Css), paclitaxel clearance rates,
and absolute neutrophil counts (ANCs) were obtained
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during both courses. Paclitaxel Css values were not
significantly different in individual patients when either
cimetidine or famotidine preceded paclitaxel (p =0.16).
Mean paclitaxel clearance rates were 271 and
243 ml/min per m? following cimetidine and
famotidine, respectively. These clearance rates were not
significantly different in paired analysis (p =0.30). The
likelihood of subsequently requiring granulocyte-col-
ony stimulating factor (G-CSF) for severe neutropenia
during course 1 did not differ significantly between the
two H,RAs (p =0.9). Among patients who did not
require G-CSF, mean percentage decreases in ANC
were 87.7% and 84.2% after paclitaxel cycles preceded
by cimetidine and famotidine, respectively. These
measures of neutropenia did not differ significantly in
paired analysis (p =0.13). These results show that the
H,RAs cimetidine and famotidine do not differentially
affect the pharmacologic and toxicity profiles of pac-
litaxel when used in the premedication regimen to
prevent major hypersensitivity reactions, and may be
interchanged.
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Introduction

Major hypersensitivity reactions (HSRs) were a major
obstacle during the early development of the prototypic
taxane antimicrotubule agent paclitaxel [20,29]. Al-
though it is not clear whether paclitaxel itself or the
major constituent of its excipient, Cremophor EL
(polyoxyethylated castor oil), is responsible for HSRs,
Cremophor EL, by inducing the direct release of hista-
mine from circulating cells, is generally believed to be
the cause [13,15,297. The incidence of HSRs was sub-
sequently reduced after the simultaneous institution of
two empiric measures. The first of these is the use of
a prolonged (24-h) infusion schedule and the second



228

is the use of a premedication regimen consisting of
steroids, H,-histamine receptor antagonists, and H,-
histamine receptor antagonists (H,RA) since similar
premedication regimens are successful in permitting
retreatment of patients who previously had major
HSRs after receiving iodinated radiocontrast agents
[4]. The institution of these measures resulted in a sub-
stantial reduction in the incidence of major HSRs
[20,29], permitting broad evaluations of paclitaxel and
eventually leading to drug approval worldwide. How-
ever, the relative merits of each measure in reducing the
incidence of HSRs were not entirely known until
a study performed by the National Cancer Institute of
Canada Clinical Trials Group demonstrated similar
incidences of major HSRs in patients randomized to
receive paclitaxel on either 3-or 24-h infusion schedules
along with premedications, indicating that the pre-
medication regimen was the more important prophy-
lactic measure [26].

Although H,RAs have been demonstrated to be par-
tially responsible for the success of the premedication
regimen in patients who are allergic to radiocontrast
agents [8] and may confer a similar benefit in preven-
ting HSRs associated with paclitaxel, different H,RAs
may inhibit many cytochrome P450-dependent hepatic
metabolic processes to different extents, including hy-
droxylation reactions which are responsible for the
bulk of paclitaxel’s pharmacologic disposition in both
rats and humans [6,10,17]. Unlike the H,RAs
ranitidine and famotidine that possess little or no P450-
modulating activity, cimetidine is a potent inhibitor of
cytochrome P450 systems [22,23,25]. By this mechan-
ism, cimetidine decreases the clearance of many agents
that are metabolized by P450-dependent processes,
such as phenytoin and theophylline, which may lead to
increased drug accumulation and toxicity [23]. Al-
though cimetidine has been the most commonly used
H,RA for the prophylaxis of HSRs associated with
paclitaxel, ranitidine and famotidine have also been
used [16,21]. These agents are often not uniformly
available between different geographic regions and
even among hospitals in similar regions [1,24]. A po-
tential source of drug interactions, different pharmacol-
ogic and toxicity profiles, and possibly different anti-
tumor effects may be due to the differential effects of
H,RA premedications on the hepatic metabolism and
biliary excretion of paclitaxel.

The purpose of this study was to evaluate the differ-
ential effects of the H,RAs cimetidine and famotidine
on the pharmacologic and toxicologic profiles of pac-
litaxel in women with advanced ovarian cancer using
a prospective crossover design.

Patients and methods

Participation in this pharmacologic study was offered to consecutive
women with advanced ovarian carcinoma who had previously con-

sented to receive paclitaxel therapy through the National Cancer
Institute Treatment Referral Center (TRC) protocol at The Johns
Hopkins Oncology Center. This pharmacologic study enrolled pa-
tients from 1, July 1992 to 10, February 1993. Eligibility require-
ments and early results of the TRC protocol have been reported
[27]. The TRC program required that patients had ovarian carci-
noma which had progressed after at least three prior regimens of
systemic therapy, including at least one platinum-based regimen.
The protocol was later amended to allow entry of patients after only
two prior regimens. Each patient provided written informed consent
according to Federal and institutional guidelines before participat-
ing in both the TRC protocol and this pharmacologic study.

All patients were treated with 135 mg/m? paclitaxel as a 24-h
continuous infusion, repeated every 21 days. The TRC protocol
recommended a prophylactic regimen of 10 mg dexamethasone
given orally 12 and 6 h prior to the start of the paclitaxel infusion,
50 mg diphenhydramine i.v. given 30 min prior to the start of pac-
litaxel and 300 mg cimetidine i.v. 30 min prior to paclitaxel. For
patients on this study, 20 mg famotidine i.v. was substituted for
cimetidine prior to one of the paclitaxel treatments. As required by
the TRC protocol, patients who developed significant myelosup-
pression (white blood cell count (WBC) < 1000/ul for > 7 days or
failure to recover to WBC > 4000/ul or absolute neutrophil count
(ANC) > 2000/ul by day 22 or occurrence of neutropenia with fever
or sepsis) were treated with 5 pg/kg granulocyte-colony-stimulating
factor (G-CS) subcutaneously daily until resolution of myelosup-
pression during subsequent courses of treatment. Clinical assess-
ments were performed in accordance with the TRC recommenda-
tions. These included pretreatment and at least weekly measurement
of total WBC and ANC.

The study was designed as a prospective crossover trial. Consecut-
ive patients were assigned to alternate between treatment group
A and group B. Group A patients received premedication for the
first paclitaxel course according to the TRC recommendations;
famotidine was substituted for cimetidine during the second course.
Group B patients received the same treatments but in reverse order,
1.e. famotidine preceded cimetidine.

Venous blood was sampled twice before the end of the 24-h
infusion and the mean concentration was used to calculate total
drug clearance. Plasma concentrations achieved at the end of 24-h
infusions (C24h) have been calculated to be nearly equivalent to the
steady-state concentrations (Css) (C24h = 0.97 Css) using the
mean kinetic parameter values for drug disposition and elimination
derived from early pharmacologic studies at the Johns Hopkins
Oncology Center [14]. This Css value was then used to compute the
plasma clearance rate of paclitaxel according to the expression,
clearance rate = paclitaxel infusion rate/Css [21]. Paclitaxel con-
centrations were measured by a high performance liquid chromato-
graphy assay as described previously [14].

A target sample size of 30 patients was estimated to provide type
Iand I error rates of 0.05 and 0.2, respectively, based on an expected
difference in paclitaxel concentrations of 0.1 pM and an expected
standard deviation 0.2 [12]. Data analyses were performed with SAS
software for the PC version 6.0. The effects of H,RA premedication
and sequence were compared using the paired t-test (two tailed). The
Chi-squared test was used to compare the number of patients in each
group who required the use of hematopoietic growth factor support.

Results

Patient characteristics.

Of 28 consecutive patients who provided informed
consent and participated in the TRC protocol also
asked to participate in this study, 27 agreed to partici-
pate. Table 1 summarizes the ages, sites of disease,
performance status and prior therapy of the participat-
ing patients. The median age was 56 (range 34-71)



Table 1 Patient characteristics

Age (years)
< 50 4
50-59 12
60-69 9
70 +

ECOG performance status
0
1
2
3

Sites of tumor
Intraabdominal Only
Intraabdominal + pleura
Intraabdominal + liver
Intraabdominal + subcutaneous
Intraabdominal + distant nodes
Intraabdominal +nodes + pleura
Intraabdominal + liver + pleura

WO\

—_
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Prior therapy
Chemo only 15
Chemo + hormonal
Chemo + radiation

W\

years. Of the 27 patients, 16 had intraabdominal
disease only (stage III), and 11 had metastatic spread
to other sites that included pleura, liver, lymph nodes
and subcutaneous sites. All patients had had prior
platinum-based therapy, with 12 having had two prior
platinum-containing regimens. In addition, 11 patients
had received at least two additional non-platinum-con-
taining cytotoxic treatment regimens. Five patients had
also received intraperitoneal chemotherapy, two pa-
tients had undergone high-dose chemotherapy with
autologous marrow or stem cell support, nine patients
had been previously treated with at least one hormonal
treatment regimen and three patients had received
radiation therapy to the abdomen or pelvis. The ac-
crual target of 30 patients was not reached because
paclitaxel was approved for general use by the Food
and Drug Administration, and the TRC protocol was
terminated.

Paclitaxel clearance

Of the 27 patients who participated in this study, 15
had complete plasma sampling performed for pac-
litaxel courses following both cimetidine and
famotidine. A complete series of plasma samples was
not obtained from the remaining 12 patients due to
referral for treatment in the community following ap-
proval of the drug (4), failure to receive a second course
due to progressive disease and/or a decline in overall
clinical status (2), inappropriate sample collection or
storage (3), interruption of a treatment course due to
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Fig. 1 Effects of H, antagonists and sequence on clearance rates of
paclitaxel. Clearance rates were estimated from concentrations
of paclitaxel measured at the end of infusion. Paired clearance
rates for each of 15 patients are shown. The H, antagonists
and sequence had no statistically significant effect on clearance
rates

cardiac dysrhythmias (2), and dose reduction during
the second course (1).

Paclitaxel Css values ranged from 0.20 to 1.07 pM.
The mean and 95% confidence intervals for paclitaxel
Css values after cimetidine and famotidine were 0.46
(0.37-0.55) uM and 0.55 (0.40-0.69) uM, respectively.
These paclitaxel Css values did not differ for the two
H,RAs (paired t =148, p=0.16). Mean paclitaxel
clearance rates and 95% confidence intervals were cal-
culated to be 271 (208-334) ml/min per m? when pac-
litaxel followed cimetidine and 243 (184-301) ml/min
per m* when paclitaxel followed famotidine.

Figure 1 shows the paired clearance rates as a func-
tion of the specific H,RA that preceded paclitaxel.
Differences in clearance rates between courses in which
paclitaxel followed cimetidine and famotidine
(Clcimetidine - leamotidine) had a mean of 285 a 95%
confidence interval of —28-83 and a range of
— 161-186 ml/min per m*. Analysis of paired clear-
ance rates showed no significant differences for the
different H,RA (t =1.1, p =0.30). The data do not
support the hypothesis that cimetidine and famotidine
have differential effects on the clearance rates of pac-
litaxel.

The effect of order (first vs. second treatment course)
on paclitaxel clearance was also examined. Paired anal-
ysis of paclitaxel clearance rates by order found no
significant difference (r =1.8, p =0.10). Additionally,
analysis of variance on unpaired clearances found no
evidence of interaction between H,RA and order.
These findings do not support the hypothesis that se-
quence affects clearance rates.
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Fig. 2 Effect of H, antagonists on myclosuppression induced by
paclitaxel. Percent decrease is the proportional change in total white
blood count (WBC) or neutrophil count (ANC}) from the start of
each cycle of paclitaxel until the nadir. The H, antagonists had no
statistically significant differential effect. Patients who received G-
CSF are not shown

Myelosuppression

Of the 27 patients, 12 required support with G-CSF
during the second treatment cycle and therefore paired
samples were not comparable for quantitation of
myelotoxicity. Paired pretreatment and nadir WBCs
and ANCs were available for both courses ad-
ministered to 12 and 9 patients, respectively, as shown
in Fig. 2.

There was no association between the H,RA admin-
istered during the first course and the likelihood of
developing myelosuppression of sufficient severity to
require G-CSF with the second course. Of 14 patients
receiving famotidine with the first treatment cycle, 6 re-
quired growth factor, versus 6 of 13 with cimetidine
(s> =0.02, p =0.9).

Among patients who did not require growth factor
during course two, there was no significant difference
in the percentage fall in absolute neutrophil count
(100 — (100 x nadir ANC/pretreatment ANC)). The
mean percentage decreases when paclitaxel followed
cimetidine or famotidine were 87.7% and 84.2%,
respectively. For the pairwise comparison in indivi-
dual patients (%change ANCeiaime -7oChange
ANCG;, onidine)» the mean difference and 95% confidence
interval were 3.5 (-1.3-8.3)%, a nonsignificant finding
(t= 1.7, p= 0.13).

Discussion

This prospective crossover study addressed the concern
that the administration of paclitaxel with different

H,RAs that have different P450-modulating capabili-
ties may result in different degrees of drug interaction
since hepatic cytochrome P450 enzymes appear to be
involved in critical steps in the metabolism of pac-
litaxel. The study demonstrated that the pharmacol-
ogic and toxicity profiles of paclitaxel are similar fol-
lowing pretreatment with either of the H,RAs
cimetidine or famotidine which possess vastly different
cytochrome P450-modulating capabilities.

The concern that significant interactions may occur
between paclitaxel and H,RAs, especially cimetidine, is
based on the identification of hepatic P450 metabolism
as a principal means of paclitaxel disposition in both
humans and rodents [17,18]. Monsarrat et al. have
reported that approximately 20% and 40% of a dose of
paclitaxel administered to humans and rats, respective-
ly, is excreted into the bile as both parent compound
and metabolites during treatment and in the 24-h post-
treatment period [17,18]. It is also possible that other
as yet unidentified metabolites are similarly metab-
olized and excreted into the bile. More recently, Walle
et al. and Gauer et al. reported the recovery of 75 + 3%
and 95% of total radioactivity in the feces of patients
and rodents, respectively, collected 5-7 days after the
administration of *H-paclitaxel [3,28]. To date, all
human biliary metabolites identified have been hy-
droxylated derivatives, which initially suggests that
hepatic P450 mixed function oxidases, which are gener-
ally involved in hepatic hydroxylation reactions, may
play a major role in the metabolism of paclitaxel [17].
In recent studies with human liver microsomes, the
cytochrome P450 enzyme family CYP3A has been
shown to be responsible for detoxification of paclitaxel
to its major metabolite, 60-hydroxytaxol; the CYP2C
and possibly other subfamilies contribute to the forma-
tion of minor hydroxylated metabolites [2,6,11].
Cimetidine may selectively inhibit CYP3A4 [5], an
isoform which does not contribute to the hydroxylation
of paclitaxel [11].

Several previous in vitro and clinical studies have
also failed to demonstrate that cimetidine significantly
affects the metabolic and pharmacologic behavior of
paclitaxel. In a study in which *H-paclitaxel was incu-
bated with human liver microsomes in vitro, cimetidine
was shown not to inhibit the metabolism of *H-pac-
litaxel, whereas other modulators of P450 enzymes,
such as ketoconazole and fluconazole, were inhibitory
[7]. In addition, investigators have also failed to dem-
onstrate that cimetidine alters the metabolism and bili-
ary excretion of *H-paclitaxel in rats [9] and that large
increases in the dose of cimetidine do not alter pac-
litaxel clearance rates [ 19]. Similarly, the overall excre-
tion of unmetabolized paclitaxel and metabolites has
not been demonstrated to be affected by pretreating
rats with various inducers of the cytochrome P450
enzymes, including benzopyrene, troleandomycine, and
phenobarbital, but the percentage of minor metabolites
increases after pretreatment with phenobarbital [17].



This study used a crossover design, which has a
greater statistical power than a prospective randomized
design. Four potential sources of bias exist, but none of
these appeared to have influenced the results. First,
selection bias was unimportant since all patients event-
ually received both H,RAs before paclitaxel. Second,
order or carryover effects could have influenced the
outcome if paclitaxel produces cumulative pharmacol-
ogic and toxicologic effects so that the second treat-
ment may have been inherently associated with a differ-
ent outcome compared with the initial treatment. Such
effects were sought but were not apparent. Third, ob-
server bias was probably not important due to the
objectivity of the cutcome variables such as paclitaxel
Css, clearance rates and complete blood counts.
Finally, the small sample size may be somewhat re-
strictive, especially with respect to the limited number
of patients who had complete plasma sampling. How-
ever, the use of paired analyses in the same individuals
reduced the potential impact of the small sample size.
The power to detect toxicologic differences between
cimetidine and famotidine was higher since a larger
number of patients had paired toxicologic data avail-
able. The crossover design permitted paired compari-
sons, removing interindividual variability, and the in-
traindividual variance in the percentage decrease in
ANCs was small. Since neutropenia was the most clin-
ically relevant endpoint of the study, the existence of
a clinically significant type II error is unlikely.

The results of this study indicate that H,RAs with
vastly different P450-modulating capabilities, such as
cimetidine and famotidine, can be interchanged in the
paclitaxel premedication regimen without significantly
affecting the pharmacologic and toxicologic profiles of
paclitaxel. Although this study design did not address
differences in antitumor response, such an evaluation
would require hundreds of patients, and important
differences are unlikely in view of the lack of pharma-
cologic and toxicologic differences between H,RAs.
This study also provides indirect evidence that the
modulatory effects of cimetidine on the metabolism of
paclitaxel are not clinically significant, although the
effects of chronic oral cimetidine administration are
still undefined. Further studies are now required to
expand the scant information available about the meta-
bolism of paclitaxel and potential drug interactions.
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