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Abstract

Purpose To define dose limiting toxicities (DLTSs) and the
maximum tolerated dose (MTD) of capecitabine with fixed-
dose rate (FDR) gemcitabine.

Methods Eligible adults (advanced solid tumor; perfor-
mance status <2) received capecitabine 500 mg/m’> PO
BID days 1-14 and FDR gemcitabine (400—1,000 mg/m?
escalated by 200 mg/m? increments) at 10 mg/m?*/min days
1 and 8 on a 21-day cycle. A traditional 3 + 3 cohort design
was used to determine the MTD.

Results Thirty patients (median age 59 years) were
enrolled. The predominant grade >3 toxicity was myelo-
suppression, particularly neutropenia. At dose level 4
(1,000 mg/m? gemcitabine), two out of five evaluable
patients had a DLT (grade 4 neutropenia >7 days). At dose
level 3 (800 mg/m? gemcitabine), one patient had a DLT
(grade 3 neutropenia >7 days) among six evaluable
patients. Therefore, the MTD and recommended phase II
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dose was designated as capecitabine 500 mg/m? PO BID
days 1-14 with 800 mg/m* FDR gemcitabine days 1 and 8
infused at 10 mg/m? per min on a 21-day cycle. Partial
responses occurred in pretreated patients with esophageal,
renal cell and bladder carcinomas.

Conclusions This regimen was well tolerated and may
deserve evaluation in advanced gastrointestinal and genito-
urinary carcinomas.

Keywords Capecitabine - Gemcitabine - Phase I -
Fixed-dose rate

Introduction

The anti-cancer mechanisms of capecitabine (Xeloda;
Roche, Basel, Switzerland), an oral pro-drug of 5-fluoro-
uracil (5-FU), include the inhibition of thymidylate syn-
thase and its incorporation into DNA and RNA. Its main
toxicities include cytopenias, diarrhea and palmar—plantar
erythrodysesthesia (i.e., hand—foot syndrome) [8]. Gemcit-
abine (Gemzar; Lilly, Indianapolis, Indiana), a nucleoside
analog, incorporates into DNA and inhibits ribonucleotide
reductase. Myelosuppression is its dose-limiting toxicity
[1].

5-Fluorouracil and gemcitabine are synergistic in vitro
[20]. By inhibiting ribonucleotide reductase, gemcitabine
depletes the intracellular pool of deoxyuridine monophos-
phate. This results in enhanced binding of 5-fluorodeoxy-
uridine monophosphate to thymidylate synthase. Cancer
cells contain higher concentrations than healthy cells of
thymidine phosphorylase, an enzyme that catalyzes the last
step in the conversion of capecitabine to 5-FU [9, 19]. As a
result, capecitabine selectively produces relatively higher
intratumoral 5-FU levels. Thus, administering capecitabine,
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rather than 5-FU, with gemcitabine may enhance this syner-
gism. Phase II studies of gemcitabine (30-min bolus infu-
sion) with capecitabine have shown activity in advanced
breast [2], pancreatic [3, 5, 11], biliary [7, 13] and renal cell
[22, 26] carcinomas.

Gemcitabine incorporation into DNA requires its conver-
sion to an active triphosphate form, 2’,2'-difluordeoxycyti-
dine triphosphate (dFdCTP). Prolongation of gemcitabine
infusion to 10 mg/m? per min maximizes intracellular con-
centrations of dFdCTP [1, 4]. A phase II study comparing
FDR gemcitabine and bolus gemcitabine in patients with
advanced pancreatic carcinoma suggested benefit for the
FDR regimen [24]. However, there was no difference in sur-
vival in a phase III study of FDR gemcitabine vs. bolus gem-
citabine versus gemcitabine/oxaliplatin [12].

Two phase I studies evaluating FDR gemcitabine (10 mg/
m? per min) in combination with capecitabine have been
reported. In the first study, Rini etal. [14] did not find a
maximum tolerated dose (MTD) in nine patients with meta-
static renal cell carcinoma. The first dose level consisted of
FDR gemcitabine at 600 mg/m* on days 1, 8 and 15 with
capecitabine at 830 mg/m? PO BID days 1-21 on a 28-day
cycle. Two DLTs (grade 3 hand—foot syndrome and persis-
tent grade 2 hand—foot syndrome) occurred in the first six
patients. Patients were then enrolled to a regimen of FDR
gemcitabine at 600 mg/m” on days 1, 8 and 15 with capecit-
abine at 415 mg/m? PO BID days 1-21 on a 28-day cycle.
Two of five patients at this dose level experienced a DLT
(grade 3 neutropenia and delay in treatment >14 days due to
infection). These toxicities precluded further evaluation. In
the second phase I trial, conducted contemporaneously with
ours, Santini etal. [17] found an MTD of capecitabine
650 mg/m> PO BID days 1-14 with FDR gemcitabine
800 mg/m? on days 1 and 8 of a 21-day cycle in patients
with advanced solid tumors. Predominant grade >3 toxici-
ties were hematologic. Partial responses (PRs) occurred in
patients with periampullary and pancreatic carcinomas.

Based on the clinical activity of capecitabine with bolus
gemcitabine and our hypothesis that FDR gemcitabine
would improve this activity, the University of Wisconsin
conducted a phase I study of FDR gemcitabine and capecit-
abine in patients with advanced solid malignancies. Our
primary objective was to define the MTD for this combina-
tion. Secondary objectives were to assess tolerability and
response.

Materials and methods
Patient selection

Eligible patients were, at baseline, >18 years old; had an
Eastern Cooperative Oncology Group performance status
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(PS) <2 [10]; had biopsy-confirmed locally advanced,
unresectable or metastatic solid malignancy; had adequate
major organ function [absolute neutrophil count (ANC)
>1,500/pL, hemoglobin >10 g/dL, platelet count >100,000/
pL, estimated creatinine clearance >50 mL/min, total bili-
rubin <1.5 times the upper limit of normal (ULN), amino-
transferases <2.5 times the ULN (or <5 times the ULN in
the case of liver metastasis), alkaline phosphatase <2.5
times the ULN (or <5 times the ULN in the case of liver
metastasis or <10 times the ULN in the case of bone metas-
tasis)]; had received <3 chemotherapy regimens; had >1
non-irradiated measurable lesion; and had a life expectancy
>12 weeks. At least 4 weeks had passed from prior
treatment (6 weeks in the case of prior mitomycin C or
nitrosoureas).

Exclusion criteria included pregnancy or breastfeeding,
brain metastasis, other malignancy within 5 years, severe
allergic reaction to 5-FU or gemcitabine, intestinal malab-
sorption, surgery within 4 weeks, need to continue warfarin
therapy, unstable coronary artery disease, uncontrolled
cardiac arrhythmias and myocardial infarction within the
previous year. The Institutional Review Board of the
University of Wisconsin approved the study protocol prior
to its implementation. Patients provided written informed
consent prior to enrollment.

Study parameters and tumor assessment

Baseline laboratory and imaging studies were performed
within 2 and 4 weeks prior, respectively, of enrollment.
Subsequent lab studies were performed on day 1 of each
cycle. A complete blood count was drawn weekly. Measur-
able disease was reimaged and graded using Response
Evaluation Criteria in Solid Tumors [25] every two cycles.
Cycle length was 21 days.

Treatment

Roche provided capecitabine tablets. Gemcitabine was
obtained commercially as an intravenous injection. We
used pill counts to monitor capecitabine compliance.
Capecitabine at 500 mg/m* was given orally twice daily
days 1 through 14 with increasing concentrations of FDR
gemcitabine (400, 600, 800 and 1,000 mg/mz; dose levels
1-4, respectively) on days 1 and 8 infused at a rate of
10 mg/m? per min. The dose of capecitabine was rounded
to the nearest amount that could be administered in 150 and
500 mg tablets. These doses were adapted from the MTDs
determined in studies of capecitabine with bolus gemcita-
bine [6, 18]. Patients were asked to take capecitabine at
least 10 h prior to gemcitabine, with at least 10 h between
capecitabine doses. Patients continued treatment until
progressive disease (PD), treatment intolerance, treatment
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delay >14 days of either drug or withdrawal of consent
occurred.

Dose modifications

Dose modifications were permanent. Both drugs were held
for a day 1 or day 8 ANC <1,000/mm? and restarted when
the ANC had recovered to >1,500/mm?> with a 25% (first
occurrence) or 50% (second occurrence) reduction from the
original dose. Both drugs were held for a day 1 or 8 platelet
count <90,000/mm> and restarted when recovered with a
25% dose reduction. Both drugs were held for a hemoglo-
bin <8 g/dL and restarted when the hemoglobin was >8 g/
dL with a 25% dose reduction. Packed red blood cell trans-
fusions were permitted. The dose of capecitabine was held
for grade >2 hand—foot syndrome and restarted when
recovered to grade <1 with a 25% (first occurrence) or 50%
(second occurrence) reduction from the original dose. For
persistent nausea and vomiting despite maximal supportive
measures, capecitabine was reduced by 25% (grades 2/3) or
50% (grade 4) from the original dose. For diarrhea, the dose
of capecitabine was held and, once recovered to grade <1,
reduced by 25% (first grade 2/3 event) or 50% (first grade 4
event or second grade 2/3 event) from the original dose for
a first occurrence. For other non-hematologic toxicity, the
dose of capecitabine was held and reduced by 25% (first
grade >2 events) or 50% (second grade >2 events) from
the original dose. The dose of capecitabine was reduced by
50% from the second dose reduction for a third grade 2
occurrence of non-hematologic toxicity.

Dose-limiting toxicity, dose escalation,
and maximum tolerated dose

Toxicities were graded according to the National Cancer
Institute Common Toxicity Criteria, version 3.0. DLT was
defined as any of the following cycle 1 grade >3 toxicities
deemed probably or definitely treatment-related: neutrope-
nia >7 days or associated with fever (>38.1°C) or infec-
tion; thrombocytopenia >7 days; mucositis; nausea;
vomiting; hand—foot syndrome; diarrhea and non-hemato-
logic toxicity. Patients who did not complete all planned
cycle 1 treatment were unevaluable for a DLT and were
replaced.

We utilized a traditional “3+3” dose escalation design
[21, 23] to determine the MTD. If one patient experi-
enced a DLT at a given dose level, a total of six patients
were entered at that level. If two of six patients experi-
enced DLT, then the MTD would be exceeded and addi-
tional patients enrolled at the next lowest dose level. The
MTD of the combination was defined as the highest dose
level at which less than two of six patients experienced a
DLT.

Statistical analysis

Standard descriptive statistics were used to evaluate demo-
graphics, baseline variables, toxicities and responses. Tox-
icities were summarized by dose level and for all dose
levels combined. The Wilsons’ score interval method was
used to construct 95% confidence intervals for the propor-
tion of patients with a response and the proportion of
patients with stable disease (SD). Patients who had received
treatment were evaluable for toxicity analysis. Patients
completing at least two cycles were evaluable for response.

Results
Baseline patient characteristics

Table 1 summarizes the baseline characteristics of the 30
patients enrolled between March 2004 and March 2008.

Dose escalation, dose limiting toxicity
and maximum tolerated dose

Patients received capecitabine at 500 mg/m? PO BID days
1-14 with varying concentrations of FDR gemcitabine
(400-1,000 mg/m? escalating by 200 mg/m? increments)
infused at 10 mg/m? per min on days 1 and 8 on a 21-day
cycle (Table 2). More than six patients enrolled per dose
level. This occurred because patients who did not complete
all planned cycle 1 treatment were unevaluable for DLT
and were replaced. At dose level 3 (800 mg/m* gemcita-
bine), there was one DLT (grade 3 ANC >7 days) among
six evaluable patients. At dose level 4 (1,000 mg/m? gem-
citabine), two patients had DLT (grade 4 thrombocytopenia
>7 days and grade 4 ANC >7 days in one patient, and
grade 4 ANC >7 days in another patient) out of five evalu-
able patients. Therefore, the MTD and recommended phase
II dose was designated as capecitabine 500 mg/m? PO BID
days 1-14 with 800 mg/m? FDR gemcitabine days 1 and 8
infused at 10 mg/m? per min on a 21-day cycle.

Safety and tolerability

As of May 2008, 30 patients had received a median three
cycles of treatment (130 cycles total; range 0.3—14 cycles).
Table 3 summarizes the maximal severity of toxicities per
patient without regard to study drug attribution occurring in
at least 10% of patients. Twenty of 130 cycles (15.4%)
involved a dose reduction. This included 9/61 cycles
(14.8%) at dose level 1, 2/27 cycles (7.4%) at dose level 2
(600 mg/m2 gemcitabine), 4/24 cycles (16.7%) at dose
level 3 (i.e., the MTD) and 5/18 cycles (27.8%) at dose
level 4. The most frequent reason for dose reduction was
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Table 1 Baseline patient characteristics (n = 30)

Characteristic Frequency
n %

Age (years)

Median 58.5

Range 35-80

Gender

Male 16 53.3
Female 14 46.7
Ethnicity

Caucasian 30 100
ECOG performance status

0 11 36.7
1 17 56.7
2 2 6.6
Tumor type

Renal cell carcinoma 6 20.0
Pancreatic carcinoma 4 13.3
Esophageal carcinoma 4 13.3
Head and neck carcinoma 3 10.0
Biliary tract carcinoma 3 10.0
Soft tissue sarcoma® 2 6.7
Non-small cell lung 2 6.7
Bladder carcinoma 2 6.7
Other® 4 13.3
Metastatic sites

Liver 17 56.7
Lung 13 433
Lymph node 7 233
Other® 2 6.7
Prior treatment

Chemotherapy 23 76.6
Radiotherapy 12 40.0
Surgery 15 50.0

ECOG Eastern Cooperative Oncology Group; n number

# Includes angiosarcoma and soft tissue sarcoma, not otherwise speci-
fied

b Includes one of each: uterine, anal, ovarian and rectal carcinomas
¢ One of each: adrenal, bone

myelosuppression, particularly grade >3 ANC. However,
neutropenic fever did not occur. Dose delays occurred dur-
ing 9/130 cycles (6.9%), including 3/61 cycles (4.9%) at
dose level 1 (grade 2 dyspnea, grade 2 rash and grade 3
rash), 1/27 cycles (3.7%) at dose level 2 (patient request),
1/24 cycles (4.2%) at dose level 3 (grade 3 ANC) and 4/18
cycles (22.2%) at dose level 4 (grade 4 ANC, grade 3 pain,
grade 3 thrombocytopenia and hospitalization due to pain).
One patient died during treatment secondary to progressive
disease and unrelated to the study drugs.

@ Springer

Efficacy

A total of 27 of the 30 enrolled patients were evaluable for
response, a secondary study objective. Three patients were
not evaluable for response: one patient at dose level 3 and
two patients at dose level 4 withdrew during cycle 1 due to
declining performance status. There were no complete
responses. Four patients (14.8%; 95% CI: 6-32%) had PR
for a median 5.5 months (8 cycles). The first patient with a
PR had esophageal carcinoma, was treated at dose level 1
and requested to come off study after receiving five cycles
to go on vacation. This patient continued the same treat-
ment off study for 3 more months before experiencing PD.
Prior treatment for this patient included paclitaxel, doxoru-
bicin, irinotecan and cisplatin. The second patient with a
PR had esophageal carcinoma, was treated at dose level 2
and had PD after seven cycles. Prior treatment included cis-
platin and irinotecan. The third patient with a PR had renal
cell carcinoma, was treated at dose level 1 and had PD after
nine cycles. Prior treatment included interleukin-2 and sun-
itinib in combination with docetaxel. The fourth patient
with a PR had bladder carcinoma, was treated at dose level
2 and requested to end treatment after nine cycles due to
progressive fatigue. Prior treatment included carboplatin
and paclitaxel.

A total of 12 patients (44.4%; 95% CI 28-63%) had SD
as a best response (5 patients at dose level 1, 1 patient at
dose level 2, 4 patients at level 3 and 2 patients at level 4).
The median duration of SD was 4.1 months (6 cycles).
Malignancies in which SD was seen include biliary carci-
noma (3 patients), renal cell carcinoma (3 patients), anal
carcinoma (1 patient), rectal carcinoma (1 patient), pancre-
atic carcinoma (3 patients) and esophageal carcinoma (1
patient). PD was the best response for 11 patients (40.7%;
95% CI 25-59%).

Discussion

Bolus gemcitabine with capecitabine is an active doublet in
a variety of solid tumors [2, 3, 22, 26]. Combining FDR
gemcitabine and capecitabine has the potential advantage
of producing higher, more efficacious intracellular concen-
trations of the active metabolite of gemcitabine, dFdCTP.
Therefore, we conducted this dose escalation study to find a
suitable regimen for phase II testing.

Treatment yielded an MTD of capecitabine 500 mg/m?
PO BID days 1-14 with FDR gemcitabine at 800 mg/m>
infused at 10 mg/m? per min days 1 and 8 on a 21-day
cycle. DLTs included, at 400 mg/m? of gemcitabine, grade
3 rash (1 patient); at 600 mg/m? of gemcitabine, grade 3
thrombocytopenia >7 days and grade 3 ANC >7 days in
the same patient; at 800 mg/m?> of gemcitabine, grade 3
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Table 2 Dose levels, dose-limiting toxicities and cycle 1 dose reductions

Dose Dose of No.of  No. of patients  Description of DLTs (cycle 1)° No. of patients Reason for dose
level gemcitabine patients with DLTs with dose reduction®  reduction (cycle 1)
(mg/m?)? (cycle 1) (cycle 1)
1 400 9 1 Grade 3 rash 3 Grade 3 ANC, grade 2
dyspnea and grade 2 rash
2 600 6 1 Same patient: grade 3 0 -
thrombocytopenia >7 days
and grade 3 ANC >7 days
3 800 7 Grade 3 ANC >7 days 1 Grade 2 rash
4 1,000 8 2 One patient with grade 3 One patient with grade 3

4 thrombocytopenia >7 days and
grade 4 ANC >7 days; one patient
with grade 4 ANC >7 days

thrombocytopenia, another
with grade 3 pain and one
patient with grade 3
pain/grade 3 infection

DLT Dose-limiting toxicity; No number; ANC absolute neutrophil count

2 Gemcitabine infused at 10 mg/m?® per min days 1 and 8 with capecitabine 500 mg/m? orally twice daily on days 1-14 of a 21-day cycle

® National Cancer Institute Common Toxicity Criteria version 3.0

¢ Unevaluable for dose-limiting toxicity

ANC >7 days; and, at 1,000 mg/m2 of gemcitabine, grade 4
ANC >7 days and grade 4 thrombocytopenia >7 days in
one patient and grade 4 ANC >7 days in another patient.
This regimen was safe and well tolerated. Dose modifica-
tion occurred in 15.4% (20/130) of cycles, including 16.7%
(4/24) of cycles at dose level 3, the MTD. The predominant
grade >3 toxicity (13/30 patients) and most common rea-
son for dose reduction was myelosuppression, particularly
neutropenia. However, neutropenic fever did not occur.
Hand—foot syndrome was infrequent (i.e., 2 grade 1 and 1
grade 2 events).

The frequent occurrence of grade >3 neutropenia in our
patients with the use of FDR gemcitabine was not surpris-
ing. FDR gemcitabine is expected to produce more neutro-
penia than bolus gemcitabine because prolonging the
gemcitabine infusion produces higher intracellular concen-
trations of dFACTP [1, 4]. Combining capecitabine with
FDR gemcitabine is expected to potentiate neutropenia.
Because of this, we utilized a dose of capecitabine that was
significantly lower than that recommended in studies of
bolus gemcitabine/capecitabine [6, 18].

Two other phase I evaluations of FDR gemcitabine with
capecitabine have been reported. The first phase I trial was
conducted by Rini et al. [14]. The first dose level of the
Rini study was FDR gemcitabine at 600 mg/m? on days 1, 8
and 15 with capecitabine 830 mg/m? PO BID days 1-21 on
a 28-day cycle. The second dose level was FDR gemcita-
bine at 600 mg/m” on days 1, 8 and 15 with capecitabine
415 mg/m? PO BID days 1-21 on a 28-day cycle. Due to
DLTs in the initial dose levels of this study, the MTD was
exceeded and the study was stopped. These DLTs included
hand—foot syndrome at the first dose level and persistent

infection/neutropenia with fever at the second dose level.
These toxicities may have occurred because of the use of
three weekly doses of gemcitabine as well as 21, rather than
14, continuous days of capecitabine on a 28-day cycle.

Our results are similar to those of a phase I study by San-
tini etal. [17]. These investigators reported an MTD of
capecitabine at 650 mg/m” PO BID days 1-14 with gemcit-
abine at 800 mg/m? days 1 and 8 infused at 10 mg/m? per
min on a 21-day cycle. As in our patients, cytopenias
accounted for the majority of grade >3 toxicities. In con-
trast to our study, hand—foot syndrome was more frequent
(5 grade 1 events and 1 grade 2 event vs. 2 grade 1 events
and 1 grade 2 event) over the same number of cycles (i.e.,
130 cycles). This may be attributable to the lower capecita-
bine dose used in our study (500 vs. 650 mg/m?> PO BID).
Additionally, diarrhea, a toxicity more ascribable to cape-
citabine than gemcitabine, appears to have been less fre-
quent and less severe in our patients. However, for unclear
reasons, nausea/vomiting were more common in our
patients. These comparisons are limited by small patient
numbers. Ultimately, the difference in capecitabine dose
between our MTD and that of Santini et al. is small. Both
regimens were tolerated well. Therefore, both regimens
appear appropriate for phase II evaluation.

Among 27 patients evaluable for response, we noted
four with a PR and 12 with SD. The median duration of
PR was 5.5 months. The median duration of SD was
4.1 months. Based on these preliminary efficacy results, our
regimen may deserve further evaluation in advanced esoph-
ageal, biliary, renal cell, bladder, rectal, pancreatic and anal
carcinomas. Advanced breast carcinoma may also be
appropriate for phase II evaluation with our regimen given
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Table 3 Maximal severity of toxicities per patient and type over all cycles regardless of attribution to study drugs reported by >10% patients

Toxicity? Gemcitabine dose level (infused at 10 mg/mzlmin) Total (n = 30)
400 mg/m? (n=9) 600 mg/m? (n = 6) 800 mg/m? (n="7) 1,000 mg/m? (n = 8)
Grade Grade Grade Grade Grade
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
Rash 1 3 1 2 1 4 4 4 12 1
Fatigue 1 4 14 3
Pain 4 3 1 1 2 10 4 3
Neutropenia 3 1 2 1 1 1 2 9 4
Leukopenia 1 2 2 1 1 1 6 2
Nausea 3 1 6 4 14
Thrombocytopenia 2 1 1 1 1 5 3 1
Anemia 1 1 1 2 2 1 5 1
Anorexia 2 1 2 7
Constipation 2 1 1 1 6 1
Mucositis 2 1 1 1 1 5 2
Diarrhea 2 1 1 2 5 1
Dyspnea 1 2 1 2 4 1 1
Vomiting 1 2 1 1 1 3 3
Headache 2 1 2 5
Fever without 2 1 1 3 1
neutropenia
Infection without 1 1 1 1 3 1
neutropenia
Peripheral neuropathy 1 1 1 1 3 1
Pruritus 1 1 2 4
Anxiety 1 2 3
Cough 2 1 3
Edema 1 1 1 2 1
Epistaxis 2 1 3
Hand—foot syndrome 1 1 1 2 1
Lightheadedness 1 1 1 2 1
n Number

# National Cancer Institute Common Toxicity Criteria version 3.0

the activity of bolus gemcitabine with capecitabine in this
setting [2]. The preliminary results of two small ongoing
phase II studies of FDR gemcitabine with capecitabine
using the regimen recommended in the Santini phase I
study [17] have been reported thus far only in abstract
form. First, in 21 chemotherapy-naive patients with
advanced biliary carcinoma, the response rate (RR) was
30% (including 1 patient with CR and 5 with PRs) and
median overall survival (OS) was 15 months [16]. Second,
Santini et al. reported a RR of 24% (including 1 patient
with a CR and 4 with PRs) and median OS of eight months
in 25 chemotherapy-naive patients with advanced pancre-
atic carcinoma [15].
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A limitation in the interpretation of our findings is that
57% (17/30) of patients had a PS of 1 and only two patients
(6.7%) had a PS of 2. Additionally, 85% (17/20) of patients
in the Santini phase I study had a PS of 0 and no patient had
a PS of 2 [17]. Therefore, these safety and tolerability
results may not generalize well to patients with a PS >1.

We conclude that capecitabine at 500 mg/m*> PO BID
days 1-14 with FDR gemcitabine at 800 mg/m? infused at
10 mg/m2 per min days 1 and 8 on a 21-day cycle is a safe
and tolerable regimen for patients with advanced solid
malignancies. Advanced gastrointestinal and genitourinary
carcinomas may be appropriate for further evaluation of
this regimen.
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