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Abstract Purpose: We performed a phase I trial of car-
boplatin and paclitaxel in combination with gemcitabine
in order to determine the tolerability of this triplet.
Methods: Enrolled in the study were 26 patients with
advanced cancer, most with non-small cell lung cancer.
The patients received escalating doses of carboplatin and
paclitaxel on day 1 and gemcitabine (30-min infusion)
on days 1, 8, and 15 of a 28-day treatment cycle. The
doses of each drug ranged from an area under the con-
centration-time curve (AUC) of 5 to 6 for carboplatin,
135 to 175 mg/m2 for paclitaxel, and 300 to 1000 mg/m2

for gemcitabine. Results: Hematologic toxicity was the
most commonly observed toxicity and was dose-limit-
ing. During the first cycle at the recommended phase II
dose, there were two instances of grade 4 neutropenia
and one instance of grade 4 thrombocytopenia among
six patients, none of which was dose-limiting. Cumula-
tive hematologic toxicity emerged in subsequent cycles.
Non-hematologic toxicities were mild. Five patients, all
with previously untreated non-small-cell lung cancer
(NSCLC), had a partial response. Nine patients with
NSCLC or upper gastrointestinal malignancies experi-
enced stable disease. Conclusions: Based on significant
neutropenia and thrombocytopenia, the regimen rec-
ommended for further study consists of carboplatin
AUC 5, paclitaxel 175 mg/m2, and gemcitabine
1000 mg/m2 on a 28-day cycle. The antitumor activity
noted suggests that further investigation of this

well-tolerated combination in specific tumor types,
especially NSCLC, is warranted.
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Introduction

For patients with advanced ovarian, small and non-
small-cell lung (NSCLC), head and neck, and urothelial
cancers, platinum-based chemotherapy is the current
standard [1, 2, 3, 4]. However, response rates and pro-
longation of survival with chemotherapy are modest. In
two recent large randomized trials, four doublet regi-
mens used in the treatment of NSCLC were compared,
and carboplatin and paclitaxel was found to be the best
tolerated [5, 6], allowing for the combination with other
novel agents. Three-drug chemotherapy combinations
have shown higher response rates for certain solid
tumors, raising the possibility of improved survival
compared to conventional doublets. The combination of
5-fluorouracil, irinotecan, and oxaliplatin in colorectal
cancer is a recent example [7].

Gemcitabine is a deoxycytidine analog with single-
agent activity against (NSCLC) [8, 9, 10], as well as
breast, small-cell lung, prostate and pancreatic carcino-
mas [11]. In vitro synergy between gemcitabine- and
platinum-containing chemotherapy has been shown [12,
13, 14]. The combination of gemcitabine and carboplatin
has also demonstrated synergism in vitro, with no
dependence on the sequence of administration [15]. The
addition of paclitaxel to gemcitabine and carboplatin
further augments the antiproliferative effect. In a four-
arm NSCLC trial, treatment with gemcitabine and
cisplatin was well tolerated and associated with a sta-
tistically significant prolongation in median time to
progression compared to the other three regimens [4].

Other than myelosuppression, there are no overlap-
ping toxicities that would preclude the combination of
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these drugs in vivo. Several recent studies of triplet
combinations have shown higher response rates than
those seen with standard doublet regimens in previously
treated breast and NSCLC [16, 17, 18]. We performed a
phase I trial of gemcitabine, carboplatin and paclitaxel
in patients with advanced malignancies in order to
evaluate the tolerability of this regimen.

Materials and methods

Eligible patients for this trial had histologically confirmed ad-
vanced solid tumors, with either measurable or evaluable disease.
Adequate baseline bone marrow and organ function were defined
as follows: absolute neutrophil count (ANC) ‡1500/mm3, platelet
count ‡100,000/mm3, white blood count ‡3000/mm3, serum cre-
atinine £1.5 mg/dl, serum bilirubin £1.5 mg/dl, SGOT/SGPT not
more than five times the upper limit of normal, and electrolytes
within 10% of the upper and lower limit of normal. Patients were at
least 18 years of age with an ECOG performance status of 0 or 1.
Fertile participants were required to use adequate contraception.
All patients were given information on the purpose and conduct of
this study, and signed written informed consent in accordance with
federal, state, and institutional guidelines.

Treatment with either chemotherapy or radiotherapy within
3 weeks of enrollment was not allowed. In the case of nitrosoureas
or mitomycin C, 6 weeks must have elapsed since the most recent
treatment. Patients had to have recovered from the acute effects of
any prior therapy. Active infection or significant medical problem
that might limit the individual’s ability to receive treatment were
not permitted.

Patients were treated according to the following schedule:
sequential paclitaxel, carboplatin, and gemcitabine were adminis-
tered intravenously on day 1 of a 28-day cycle, followed by gem-
citabine alone on days 8 and 15. Patients were instructed to take
12 mg of oral dexamethasone 12 and 6 h prior to their scheduled
infusions on day 1 of each cycle to prevent hypersensitivity reac-
tions to paclitaxel. Patients were given another 12 mg oral dexa-
methasone 30 min prior to the infusion of paclitaxel, in addition to
25 mg diphenhydramine and 400 mg cimetidine, 150 mg ranitidine,
or 150 mg nizatidine orally. Paclitaxel was administered first as an
infusion in 250 ml normal saline over 3 h. Carboplatin was
administered second as a 30-min infusion in 100 ml normal saline.
Each patient’s glomerular filtration rate was estimated using the
Cockcroft-Gault method [19]. The dose of carboplatin was calcu-
lated with the formula of Calvert et al. [20] and is expressed in
terms of the area under the concentration-time curve (AUC).
Gemcitabine was administered third as a 30-min infusion in 100 ml
normal saline. For dose level 1, the doses of each drug in the
combination were reduced out of concern for the possibility of
additive hematologic toxicity if full doses of each drug were given.
The dose of gemcitabine was reduced by a greater percentage than
those of the other drugs, because carboplatin and paclitaxel were
felt to be the principal components of the regimen.

Dose-limiting toxicity (DLT) was defined as any one of the
following during the first cycle: (1) an ANC less than 500/mm3 or
platelet count less than 50,000/mm3 for more than 5 days; (2) ANC
less than 500/mm3 with fever requiring antibiotics; or (3) non-he-
matologic toxicity of at least grade 3 using the Common Toxicity
Criteria. The maximum tolerated dose (MTD) was defined as one
dose level below the level that induced DLT in more than one-third
of patients. This MTD definition allowed a 33% severe toxicity rate
which is typically seen with the combination of carboplatin and
paclitaxel [6]. The last patient enrolled to a given dose level was
observed for at least 2 weeks, the time when blood counts show a
nadir with carboplatin and paclitaxel, prior to enrolling patients to
a higher dose level. A 25% dose reduction of all three drugs was
made if the ANC was less than 500/mm3 for more than 5 days, was
ever less than 100/mm3, or if the platelet count was ever less than

25,000/mm3. On days 8 and 15 of each cycle, gemcitabine was not
administered if the ANC was 1500/mm3 or less or the platelet count
was 100,000/mm3 or less.

Each dose level was intended to accrue three patients. In the
event of DLT in one or two of the three patients, provision was
made to accrue an additional three patients to that dose level. If
three or more patients experienced a DLT, then the previous dose
level was determined to be the MTD. An additional patient was
added to dose level 3, as this patient required prompt treatment and
the next dose level had not yet opened for accrual.

Prior to initiation of therapy, each patient was evaluated with a
history, physical examination, tumor measurement using an
appropriate radiographic technique, assessment of ECOG perfor-
mance status, complete blood count with differential and serum
chemistries. Complete blood counts were performed twice weekly
and serum chemistries weekly during the first cycle, with more
frequent monitoring in the event of myelosuppression. Each of
these, with the exception of tumor measurement was performed
prior to the administration of each subsequent cycle. Pharmaco-
kinetic analysis of carboplatin in whole plasma was planned, but
was not pursued by the sponsor.

Patients were evaluated for response after every other treatment
cycle using WHO criteria [21]. A complete response was defined as
complete disappearance of all measurable and evaluable disease for
at least 4 weeks without the appearance of new lesions. A partial
response was defined as a decrease of 50% or more in the sum of
the products of the perpendicular diameters of all measurable le-
sions without the appearance of new lesions. Stable disease was
defined as no change or less than 25% increase or decrease in the
size of indicator lesions. Progressive disease was defined as an in-
crease of 25% or more in the ratio of the sum of the products of the
perpendicular diameters of all measurable lesions to the smallest
sum observed. Clear worsening of evaluable disease or the
appearance of any new lesions was also considered progressive
disease.

Results

Patient demographics

A total of 26 patients were enrolled in the study at the
Thomas Jefferson University Kimmel Cancer Center
and the University of Pennsylvania Cancer Center
(Table 1). The baseline characteristics of these patients
are presented in Table 1. The majority of the patients
had NSCLC and had received no prior therapy. ECOG
performance status was nearly equally divided between 0
and 1. The majority of participants had received no
prior chemotherapy; therefore, this was a good-risk
population of patients.

Toxicity

As a result of one hematologic and one non-hematologic
DLT during the first cycle in the first and second of three
patients enrolled at dose level 1, a new dose level ()1)
was designated with a 25% reduced dose of gemcitabine
(Table 2). Seven patients were accrued to this dose level
after the first patient experienced dose-limiting neutro-
penia and one patient did not complete the first cycle.
Based on data emerging from a concurrent phase I trial
of this combination, the safety of dose level 1 was felt
to be well-established. Subsequently, dose escalation
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resumed at dose level 2. Three, four, and three patients
were accrued to dose levels 2, 3, and 4, respectively,
without observing DLT.

At dose level 5, the first patient experienced dose-
limiting febrile neutropenia and grade 4 thrombocyto-
penia requiring hospitalization. The second and third
patients developed grade 3 thrombocytopenia, lasting
fewer than 5 days, in the first cycle. Cumulative hema-
tologic toxicity also became evident. Whereas grade 3 or

4 neutropenia developed in two of six patients in the first
cycle at dose level 4, five of six patients developed that
degree of toxicity over subsequent cycles. Data emerging
from two other phase I trials with this combination also
confirmed that dose level 5 was associated with unac-
ceptable hematologic toxicity [22, 23]. Three additional
patients were accrued to dose level 4 without DLTs in
the first cycle. This dose level was deemed suitable for
phase II study based on the absence of early DLT in any
of the six patients treated at this level. In the cohort
treated by Kelly et al., 21 patients were treated at this
level, which established with reasonable confidence that
the fourth dose level was an appropriate starting dose
with this regimen [23].

The most frequent toxicity was hematologic (Tables 3
and 4). In the first cycle, there were eight instances of
grade 4 neutropenia (31% of all first cycles), two of
which were dose-limiting based on a duration of greater
than 5 days. At the top two dose levels, 33% of first
cycles were complicated by grade 4 neutropenia, of
which one instance was dose-limiting. There were two
occurrences (8%) of grade 4 thrombocytopenia in the
first cycle, one of which was dose-limiting. Both oc-
curred at the top two dose levels. Grade 2 or 3 anemia
was observed in 19% of patients during the first cycle.
At the recommended phase II dose, the dose of gem-
citabine was reduced by 20% at the beginning of the
second cycle for two patients. There were no delays in
the administration of the second cycle. Across all dose
levels, the neutrophil and platelet nadir occurred
between day 15 and day 22.

After repeated treatment, the rate of severe myelo-
suppression increased, particularly at the top two dose
levels where 1000 mg/m2 of gemcitabine was adminis-

Table 1 Baseline characteristics

Total patients enrolled 26

Male 15
Female 11

Age (years)
Median 52
Range 33–70

ECOG performance status
0 14
1 12

Primary disease site
Lung 16
Gastric 3
Esophageal 2
Gastro-esophageal junction 1
Bile duct 1
Gallbladder 1
Mesothelioma 1
Bladder 1

Prior treatments
None 16
Chemotherapy 16
Radiation therapy 1
Chemotherapy and radiation 3

Table 2 Dose-escalation scheme
Dose level No. of patients Carboplatin (AUC) Paclitaxel (mg/m2) Gemcitabine (mg/m2)

)1 7 5 135 300
1 3 5 135 400
2 3 5 135 800
3 4 5 135 1000
4 6 5 175 1000
5 3 6 175 1000

Table 3 Hematologic toxicity—first cycle. Values in parentheses are the number of dose-limiting toxicities (G gemcitabine, mg/m2; P
paclitaxel, mg/m2; C carboplatin, AUC)

Dose level Patients per
dose level

Number of events

Neutropenia Anemia Thrombocytopenia

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

()1) G 300, P 135, C 5 7 0 1 3 (1) 0 0 0 3 0 0
1 G 400, P 135, C 5 3 1 0 1 0 1 0 0 1 0
2 G 800, P 135, C 5 3 0 1 0 0 1 0 0 1 0
3 G 1000, P 135, C 5 4 1 2 1 1 0 0 1 3 0
4 G 1000, P 175, C 5 6 2 0 2 0 0 0 0 1 1
5 G 1000, P 175, C 6 3 0 1 1 (1) 2 0 0 0 2 1 (1)
Totals 26 4 5 8 3 2 0 4 7 2
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tered. At the top two dose levels, 44% of first cycles were
complicated by grade 3/4 neutropenia. Even after dose
reductions, 58% of subsequent cycles were associated
with grade 3/4 neutropenia. Grade 4 thrombocytopenia
occurred in 15% of first cycles and 15% of subsequent
cycles. The rate of grade 2/3 anemia was 22% in the first
cycle and 79% in subsequent cycles. There was one case
of febrile neutropenia at dose level 5.

At the recommended phase II dose, there was no
dose-limiting hematologic toxicity in the first cycle. As
noted above, there was evidence of cumulative neutro-
penia (Tables 3 and 4). Non-dose-limiting grade 4 neu-
tropenia was seen in 26% of cycles, a degree that is
consistent with the usual treatment of NSCLC and
ovarian cancer with carboplatin and paclitaxel [4].

There were no grade 3 or 4 symptomatic non-he-
matologic toxicities related to treatment. Alopecia, fa-
tigue (seven instances of grade 2), and nausea (five
instances of grade 2) were most common. Five patients
developed grade 1 neuropathy. Asymptomatic and
transient hyperglycemia and elevated liver transamin-
ases were the most commonly observed laboratory
abnormalities, with five instances of grade 3 toxicity.
One patient with a history of congestive heart failure
experienced grade 3 congestive heart failure that re-
sponded to diuresis and was likely related to fluid
overload from intravenous hydration received during
therapy.

Clinical response

Of the 26 patients, 23 were evaluable for response. At
dose levels 3 and 4, seven of ten patients had previously
untreated NSCLC. Five of these patients had a partial
response, two at dose level 3 and three at dose level 4.
One other patient had stable disease for ten cycles. Of
the five responders, two continued receiving treatment
for eight cycles, two for four, and one for three. One of
the patients who had a partial response after four cycles
was removed from the study in order to receive con-
solidation therapy with radiation and additional cycles
of carboplatin and paclitaxel. Disease stability lasting
for more than two cycles was observed in an additional
eight patients, four with NSCLC and the others with

mesothelioma, cholangiocarcinoma, gastric cancer, and
adenocarcinoma of the gastro-esophageal junction.
Three of these patients continued to receive treatment
for six, eight and ten cycles.

Discussion

We performed a dose-escalation study of carboplatin,
paclitaxel and gemcitabine in order to determine the
MTD of the combination. Using a 28-day treatment
cycle, all three drugs were administered on day 1 and
gemcitabine was given again on days 8 and 15. Based on
hematologic DLT at dose level 5, we identified car-
boplatin at an AUC of 5, paclitaxel at 175 mg/m2, and
gemcitabine at 1000 mg/m2 as the MTD. At those doses,
there was a 26% incidence of grade 4 neutropenia.

The combination of carboplatin, paclitaxel and
gemcitabine given as a 21-day cycle has been evaluated
in two previously reported dose-escalation studies.
Hainsworth et al. performed a dose-escalation and effi-
cacy trial in patients with NSCLC at the Sarah Cannon-
Minnie Pearl Cancer Center [22]. All three drugs were
administered on day 1 and gemcitabine was given again
on day 8. In the phase I portion of the trial the dose of
paclitaxel was fixed at 200 mg/m2. The first dose level
consisted of carboplatin at an AUC of 6 and gemcita-
bine at 800 mg/m2, in addition to paclitaxel. Thrombo-
cytopenia precluded administration of the day-8 dose of
gemcitabine in several of the seven patients at the first
dose level. Therefore, a second dose level was created
with a lower dose of carboplatin (AUC 5), and a higher
dose of gemcitabine (1000 mg/m2). Eight patients were
treated at this level. The percentage of the planned dose
of gemcitabine given increased in the second dose level
compared to the first. In the phase II portion of the
study, using the second dose level, 69 additional che-
motherapy-naive patients with stage IIIB or IV NSCLC
were treated. Of these patients, 48% experienced grade 3
or 4 leukopenia and 45% developed grade 3 or 4
thrombocytopenia. Of 77 evaluable patients, 2 had a
complete response (2.6%) and 32 had a partial response
(41.6%).

Kelly et al. evaluated the combination of carbopla-
tin, paclitaxel and gemcitabine in a phase I/II trial at

Table 4 Hematologic toxicity—all cycles (G gemcitabine, mg/m2; P paclitaxel, mg/m2; C carboplatin, AUC)

Dose level Number of
cycles

Percentage of events

Neutropenia Anemia Thrombocytopenia

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

()1) G 300, P 135, C 5 14 7 14 14 0 0 0 14 14 0
1 G 400, P 135, C 5 8 13 0 13 0 13 0 0 13 0
2 G 800, P 135, C 5 10 10 20 10 10 10 0 10 20 0
3 G 1000, P 135, C 5 21 14 29 19 29 0 0 38 19 5
4 G 1000, P 175, C 5 31 23 23 26 52 10 0 13 10 13
5 G 1000, P 175, C 6 11 18 36 36 82 0 0 9 45 27
Totals 95 16 22 21 34 5 0 17 18 8
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the University of Colorado [23], in which 51 patients
who had not received prior chemotherapy for stage
IIIB or IV NSCLC were enrolled. The first three dose
levels called for carboplatin at an AUC of 6. Five
patients were to be enrolled at each dose level. Grade 3
or 4 thrombocytopenia occurred during the fourth,
fifth, and sixth cycles in 4 of the 14 patients accrued to
those levels, prompting a reduction in the dose of
carboplatin (AUC 5) for subsequent dose levels. The
doses of paclitaxel and gemcitabine were escalated from
175 to 200 mg/m2 and 600 to 1000 mg/m2, respectively.
Dose-limiting thrombocytopenia occurred with car-
boplatin at AUC 5, paclitaxel at 200 mg/m2, and
gemcitabine at 1000 mg/m2. A total of 21 patients were
treated at the recommended phase II doses of car-
boplatin (AUC 5), paclitaxel (175 mg/m2), and gem-
citabine (1000 mg/m2). Grade 3 or 4 neutropenia
complicated 34% of cycles. Grade 3 or 4 thrombocy-
topenia occurred in 15% of all cycles. Of 47 evaluable
patients, 10 (21%) had a partial response.

Phase II trials with carboplatin, paclitaxel and gem-
citabine have been performed in carcinoma of unknown
primary, bladder cancer, and NSCLC [24, 25, 26]. These
studies confirmed the safety of the recommended doses
in our study. Furthermore, response rates exceeded
those seen with conventional two-drug combinations. A
phase III clinical trial was performed comparing car-
boplatin and paclitaxel to carboplatin, paclitaxel, and
gemcitabine in NSCLC [27]. The first phase of the study
found a superior response rate with the three-drug
combination with acceptable toxicity; overall survival
was the primary endpoint of this trial.

There are no previous reports of this drug combi-
nation administered over a 28-day treatment cycle.
Gemcitabine was administered 3 out of 4 weeks in this
schedule as opposed to 2 out of 3 weeks in the previ-
ously described combinations [22, 23]. Despite this
difference in schedule, the recommended phase II doses
of each drug are the same as those recommended by
Kelly et al. [23]. The dose of paclitaxel was 14% higher
in the recommended phase II regimen reported by
Hainsworth et al. [22]. The hematologic and non-he-
matologic toxicities of the 28-day and 21-day cycles
appear similar. Experience with gemcitabine in combi-
nation with other agents suggests that a 21-day cycle
may be associated with less myelosuppression, partic-
ularly thrombocytopenia [28, 29]. However, the 21-day
and 28-day schedules have not been compared head-to-
head. Multiple phase I studies are important in the
development of combination chemotherapy regimens.
The MTD can be heavily influenced by patient heter-
ogeneity and small sample size. This can result in sig-
nificantly different outcomes between similarly designed
trials, as was the case with phase I trials of 5-fluoro-
uracil and gemcitabine [30, 31].

Neutropenia and thrombocytopenia were the pre-
dominant severe toxicities associated with this regimen.
Anemia became more severe after repeated cycles. Our
data are most similar to those of Kelly et al., in that

severe neutropenia was nearly twice as common as
severe thrombocytopenia. Hainsworth et al. reported a
nearly equal incidence of neutropenia and thrombocy-
topenia. In part, this can be explained by the fact that
Hainsworth et al. evaluated two dose levels versus six
levels in both our study and that of Kelly et al. [23].
Therefore, more patients were treated at or near the
recommended phase II dose by Hainsworth et al. [22].
Both of the previous studies were limited to patients
with NSCLC who had not received prior chemother-
apy. Of 16 patients with NSCLC in our study, 5 (31%)
had partial responses. Stable disease was observed in
several other tumor types.

We conclude that the triplet of carboplatin, paclitaxel
and gemcitabine is well tolerated at the recommended
doses and is associated with significant activity in
NSCLC. Hematologic toxicity is dose-limiting, but other
side effects were not severe. Phase II evaluation of this
regimen is warranted in several tumor types.
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