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Phase | clinical and pharmacologic study of a 2-weekly
administration of cisplatin and gemcitabine in patients with
advanced non-small cell lung cancer

Jeany M. Rademaker-Lakhai®®, Mirjam Crul®®, Dick Pluim?, Rolf W. Sparidans®,
Paul Baas®, Jos H. Beijnen®"°, Nico van Zandwijk® and Jan H. M. Schellens®™®

Our objective was to study the feasibility of schedule- and
dose-intensive cisplatin plus gemcitabine in patients with
non-small cell lung cancer (NSCLC) when given on 1 day in
four 2-weekly cycles. Cisplatin was administered as a 3h
i.v. infusion followed by gemcitabine as a 30-min i.v.
infusion on the same day, every 2 weeks. An interval of 1 h
between the two infusions was applied. Patients received
four courses without any break. An interpatient
dose-escalation scheme was used. The starting dose was
875 mg/m? of cisplatin and 1350 mg/m? of gemcitabine.
The pharmacokinetics of cisplatin and gemcitabine were
determined in plasma and white blood cells. In total, 23
patients were included in the study. Median age of the
patients was 56 years (range 27-76) and most patients
were in good clinical condition. Thirteen patients received
all planned courses. Dose-limiting toxicity was Common
Toxicity Criteria grade 2 ototoxicity. The maximum tolerated
dose was established at cisplatin 90 mg/m?2 in combination
with gemcitabine 1500 mg/m?. This short induction
schedule is practical and convenient for the patient. We
conclude that the combination of cisplatin at a dose

Introduction

Approximately one-third of patients with non-small cell
lung cancer (NSCLC) have advanced disease at the time
of diagnosis [1]. The treatment of advanced NSCLC has
continued to evolve over recent years. Doublet che-
motherapy combinations have become the current
standard of care for patients with advanced NSCLC
[2]. Combination chemotherapy, particularly cisplatin-
based regimens, results in higher response rates than
single-agent chemotherapy. The combination of cisplatin
and gemcitabine is one of the most active regimens
currently available in the treatment of solid tumors. In
advanced NSCLC, platinum-containing regimens, in
particular gemcitabine and cisplatin, achieve response
rates ranging from 28 to 54%, with significant survival
benefit [3-6]. Monotherapy with these agents produced
response rates of around 20% [7,8]. At present, several
phase II and III studies in advanced NSCLC using the
gemcitabine and cisplatin regimen have been completed.
One of the most commonly used schedules for this
combination was cisplatin 100 mg/m* on day 1 or 2, and
gemcitabine 1000 mg/m? on days 1, 8 and 15 of a 4-week
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intensity of 51 mg/m2/week followed by gemcitabine
(1500 mg/m?) on the same day is clinically feasible
in NSCLC patients when given as a 2-weekly cycle.
Anti-Cancer Drugs 16:1029-1036 © 2005 Lippincott
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cycle [9]. However, the incidence of grade 3 thrombo-
cytopenia compromises the gemcitabine dose intensity
just as ototoxicity and nephrotoxicity compromises the
dose intensity of cisplatin. Nowadays, cisplatin 75 mg/m?
and gemcitabine 1250 mg/m” are administered in a 3-
weekly schedule since thrombocytopenia was less severe
on day 15. In general, the development of this combina-
tion has largely aimed at increasing the dose and dose
intensity of gemcitabine. Increasing the dose intensity of
cisplatin can possibly further optimize the efficacy of this
combination.

Cisplatin has documented high activity as a single agent
in a variety of solid tumors, including head and neck
cancer, ovarian cancer, testicular cancer, and NSCLC
[6,10,11]. The principal mechanism of action of cisplatin
is the formation of DNA-platinum adducts. Cisplatin
binds covalently to DNA, leading to the formation of
inter- and intrastrand crosslinks. The major adducts
formed are the intrastrand crosslinks between two
guanine nucleotides (GG), which are the most abundant
and potentially damaging lesions, and between adenine
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and guanine nucleotides (AG) [12]. Gemcitabine [(22-
difluoro-2-deoxycytidine (dFdC)] is a deoxycytidine
analog with activity as a single agent and in combination
therapy against several chemotherapy-resistant tumors,
including pancreatic cancer and NSCLC [13]. Gemcita-
bine is a pro-drug, which after intracellular phosphoryla-
tion exerts its cytotoxic effects through its active
intracellular  metabolites, gemcitabine diphosphate
(dFdCDP) and triphosphate (dFdCTP). DFACTP acts
by incorporation into DNA, subsequently leading to
inhibition of DNA replication and repair, whereas
dFdCDP inhibits ¢ novo deoxyribonucleotide synthesis
and thereby decreases the cellular nucleotide pool [14].
Preclinical studies have shown additive and synergistic
effects of the gemcitabine and cisplatin regimen.
Gemcitabine may increase the formation of DNA-
platinum adducts, while cisplatin may increase the
incorporation of gemcitabine into DNA [13,15-17]. It
has been shown that this synergistic interaction is related
to a decrease in repair of DNA-platinum adducts [18].
Since the toxicity profiles of the two drugs only partly
overlap, combination therapy at full dosage could be
feasible.

Crul ez al. [19] performed a randomized phase I study in
which cisplatin and gemcitabine delivery was investigated
on a weekly basis and compared with a 2-weekly schedule
in advanced NSCLC. Patients on the weekly schedule
received six courses of gemcitabine on day 1 and cisplatin
on day 2, with 2 weeks of rest after the first 3 cycles, and
patients on the 2-weekly schedule received four courses
without rest. Both schedules resulted in a treatment
duration of 7 weeks. In the weekly schedule the dose
intensity of cisplatin could not be increased beyond
42 mg/m?/week and any further increase was limited by
moderate leukocytopenia. The highest dose intensity
of cisplatin, 50 mg/m?%week, could be reached on the
2-weekly schedule in combination with 1500 mg/m?® of
gemcitabine [19]. Overall, both schedules were well
tolerated. After determining the maximum tolerated dose
(MTD) the following cohorts of patients were treated
with a reversed schedule. In order to improve the
feasibility and patient convenience of the phase I dose-
escalation study described by Crul e @/ [19] the two
drugs were given on a single day in the present study.
Cisplatin preceded gemcitabine and an interval of 1h
between the two infusions was applied to give cisplatin
sufficient time to be taken up by tissues in order to
prevent an interaction with gemcitabine. The motivation
for this order of administration was to improve the patient
convenience with this short induction schedule, instead
of the administration of gemcitabine and cisplatin in a
3- or 4-weekly schedule on days 1 and 2, respectively.
Another motivation to administer gemcitabine and
cisplatin on a single day was that results obtained from
Crul er al. [19] revealed a significant interaction at the
level of the formation of platinum—DNA adducts when

gemcitabine was administered prior to cisplatin. The
platinum-DNA adduct levels in white blood cells
(WBCs) decreased with increasing gemcitabine doses.
The objectives of this study were (i) to determine the
MTD of the combination of gemcitabine and cisplatin at
this reversed schedule, (ii) to assess the safety of the
combination, (iii) to describe the pharmacokinetics of
platinum and DNA-platinum adducts in WBCs, and
(iv) to describe the pharmacokinetics of gemcitabine.
This study relates to that of Crul ez @/ [19] in that it is a
confirmatory study, differing only in administering both
drugs on day 1.

Patients and methods

Patient eligibility criteria

Patients were eligible if they had histologically and
evaluably confirmed advanced NSCLC (stage IIIB or IV)
and a performance status of 0-2 (WHO ECOG). Other
eligibility criteria were: age > 18 years, acceptable
hematologic parameters (ANC > 2.0 x 10%/1 and plate-
lets > 150 x 10%1), and adequate hepatic and renal
functions [liver: bilirubin < 25uM, AST/ALT <2x
upper limit of normal (ULN) and <5 x ULN in the case
of liver metastases; renal: serum creatinine < 125puM or
creatinine clearance > 50 ml/min). Patients were ex-
cluded if they had symptomatic brain metastases,
carcinomatous leptomeningitis or ototoxicity Common
Toxicity Criteria (CTC) above grade 1. The study was
approved by the local ethics committee and all patients
gave written informed consent.

Treatment plan

In each combination cycle, cisplatin was administered
as a 3-h i.v. infusion followed by gemcitabine as a 30 min
1.v. infusion on the same day, every 2 weeks. An interval of
1h between the two infusions was applied. Patients
received four courses without rest, which resulted in a
treatment period of 7 weeks. Pre- and post-hydration
consisted of 2000 ml NaCl 0.45%/glucose 2.5% over 14h
before treatment and 3000 ml NaCl 0.45%/glucose 2.5%
over 18h after cisplatin infusion, and was given as
inpatient therapy. During the post-hydration, 20 mmol
KCl, 500 mg magnesium sulfate and 290 mg calcium
gluconate were added. The gemcitabine and cisplatin
combination was given according to an interpatient
dose-escalation scheme (Table 1). For safety reasons
this schedule started at the dose level below the
MTD of the 2-weekly schedule where gemcitabine was
followed by cisplatin, which was 90 and 1500 mg/m? for
cisplatin and gemcitabine, respectively [19]. The starting
dose of cisplatin and gemcitabine at the current schedule
was therefore 82.5 and 1350 mg/m?, respectively. Six
patients per dose level were treated. The MTD was
defined as on e dose level below the dose level at which
two out of six patients experienced a dose-limiting
toxicity (DLT).
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Table 1 Interpatient dose-escalation scheme Table 2 Patient characteristics
Level Cisplatin (mg/m2) Gemcitabine (mg/mQ) n %
82.5/1350 825 1350 Total no. 23
90/1350 90 1350 Male/female 11/12 48/52
90/1500 90 1500 Median age [years 56 (27-73)
97.5/1500 975 1500 (range)]
WHO performance status
0 2 9
1 21 91
. . 2 0
Patient evaluatlop . . o Previous therapy
A complete medical history and physical examination radiotherapy 3 13
were completed prior to registration. Before each course, Tu:qyj:‘i;”p'z therapy 3 13
the physical examination was repeated, and hematology larynx carcinoma 1
and serum chemistry were checked. All toxicities were mggtg stage ::IA 1
. stage 1
graded according to the CTC [20]. DLT was defined as: NSOLG Stage B 5
any grade 4 neutropenia lasting longer than 5 days, any NSCLC stage IV 15

grade 3/4 neutropenia accompanied by fever ( > 38.5°C)
and/or infection, any grade 4 thrombocytopenia and any
grade 3 non-hematologic toxicity, or grade 2 neuro- and
ototoxicity (except alopecia, and untreated nausea and
vomiting). At re-treatment, minimal values for neutrophils
had to be >1.5x 10”1 and for platelets > 75 x 10%/1;
otherwise, the next course was delayed by 1 week. Dose-
limiting delays were defined as any cycle interrupted
unplanned for more than 1 week and were regarded as
equal to DLIs (resulting in inclusion of three extra
patients at the same dose level). Tumor evaluations were
performed by computed tomography scan after completion
of the courses. Although assessment of the antitumor
activity was not a primary objective of this study, patients
with measurable disease were evaluated according to the
RECIST criteria [21].

Pharmacokinetic studies and analysis

Gemcitabine and cisplatin pharmacokinetics were
studied during the first week of treatment. For cisplatin,
5-ml blood samples were obtained at 0, 1, 2, 3, 3.25, 3.50,
4,4.5,5,6.5, 8, 11.5 and 23.5h after the start of the 3h
infusion. Unbound platinum was obtained by a validated
ethanol precipitation method [22] and bioanalysis of
platinum was performed by atomic absorption spectro-
metry [23]. At 0, 4 and 23.5h after the start of the
cisplatin infusion, 15ml of blood was collected from
which WBCs were isolated for the measurement of
platinum—DNA adducts by a sensitive and validated **P
post-labeling assay, enabling the selective determination
of GG- and AG-intrastrand platinum adducts [24]. For
gemcitabine, 2-ml blood samples were taken at 0, 10, 20,
30, 45, 60 and 75min after the start of the 30-min
infusion, and at 1.5, 4, 18, 26 and 42 h after the end of the
infusion. Of each blood sample, 1 ml was immediately
added to 10l of tetrahydrouridine (10 mg/ml), after
which it was centrifuged for 5min at 4°C and 1500g.
Subsequently, the plasma layer was stored at —20°C until
analysis. Both gemcitabine and its metabolite 2'2'-
difluoro-2'-deoxyuridine  (dFdU) were measured in
plasma. All gemcitabine levels were measured using
a validated high-performance liquid chromatography

method, analogous to the method of Freeman ez 4/ [25]
and Sparidans ez al. [26].

The area under the curve (AUC), total plasma clearance
(Cl), volume of distribution (V4) and the elimination
half-life (#1,;) of gemcitabine and its metabolite dFdU as
well as of non-protein bound (free) platinum were
determined by non-compartmental analysis. In addition,
the area under the adduct curve (AUA) of platinum-DNA
adducts was calculated in WBCs [27]. The pharmacoki-
netics parameters were reported as mean *+ SD.

Results

Patient characteristics

A total of 23 patients were included in the study. Patient
characteristics are presented in Table 2. Median age of
the patients was 56 years (range 27-76) and most
patients were in good general condition. One patient
had advanced head and neck carcinoma, and 22 patients
had NSCLC (one with stage II, one with stage I1IA, five
with stage IIIB and 15 with stage IV). Since this was a
feasibility and pharmacokinetics study it was allowed to
include the patient who had advanced head and neck
carcinoma, and this patient was not excluded based on
the inclusion criteria. Some patients received prior
radiotherapy or systemic therapy.

In total, 75 courses of gemcitabine and cisplatin were
administered. The number of patients treated at each
dose level and the number of courses administered are
summarized in Table 3. Most patients received at least
two courses of the gemcitabine and cisplatin combina-
tion. On this schedule, 13 of 23 patients included (57%)
received all planned courses. Three patients went off-
study after one course because of severe hearing loss.

Dose escalations and adverse events
All patients were evaluable for toxicity. Six patients were
treated with the starting dose of 82.5 mg/m? of cisplatin
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Table 3 Dose escalation

Dose level gemcitabine/cisplatin

82.5/1350 90/1350 90/1500 97.5/1500
No. patients 6 6 6 5
No. cycles 21 21 23 10

and 1350 mg/m* of gemcitabine. The main treatment-
related non-hematological adverse events at this dose
level were CTC grade 2 nausea and vomiting, and CTC
grade 2 fatigue, which were not considered to be dose
limiting. The third patient at this dose level experienced
CTC grade 2 ototoxicity, which was considered to be
dose limiting. Since no other patients developed serious
drug-related toxicities it was considered safe to treat
the next cohort of six patients with 90 mg/m? of cisplatin
and 1350 mg/m? of gemcitabine. One patient experienced
CTC grade 3 vomiting and other patients experienced
CTC grade 2 fatigue. These adverse events were
not considered dose limiting. One patient experienced
CTC grade 2 ototoxicity, which was dose limiting.
This DLT occurred in only one patient at this dose
level. Therefore, the dose was escalated to 90 mg/m? of
cisplatin and 1500 mg/m? of gemcitabine. Initially, three
patients were included at this dose level. One patient
experienced CTC grade 3 anemia, but the other patients
did not develop serious drug-related toxicities, and
therefore the dose was escalated to 97.5mg/m® of
cisplatin and 1500 mg/m? of gemcitabine. Five patients
were included at this dose level. One patient suffered
from CTC grade 3 fever and one patient experienced
CTC grade 3 dehydration. Three patients suffered from
CTC grade 2 ototoxicity and this was considered to be
dose limiting. Ototoxicity, generally manifesting as
hearing loss of the higher tones, was not reversible after
cessation of treatment. Moreover, three out of five
patients experienced a DLT at this dose level (97.5 mg/
m? of cisplatin and 1500 mg/m* of gemcitabine), and the
advised dose for further testing was therefore 90 mg/m? of
cisplatin and 1500 mg/m* of gemcitabine on this sche-
dule. The dose intensity of cisplatin was 51 mg/m?/week.
Three other patients were treated at this lower dose
level. One patient experienced CTC grade 3 nausea and
vomiting,.

The main treatment-related non-hematological adverse
events per patient as a function of dose are presented in
Table 4. The main treatment-related hematological
adverse events per patient as a function of dose are
presented in Table 5. Overall, hematological toxicity was
negligible, rarely exceeding CTC grade 2.

Other clinical abnormalities per patient as a function of
dose are presented in Table 6. The CTC grade never
exceeded grade 2.

Responses

All patients were evaluable for response. One patient
(4%) with NSCLC stage IV had a complete response
after the four 2-weekly cycles. Five patients achieved a
partial response (22%), six patients had stable disease
(26%) and 11 patients (48%) showed disease progression.
One patient with stable disease had surgery after the
induction treatment was completed. Two patients
received two courses and three patients received one
course with gemcitabine and cisplatin. Some of these
patients were responding to the combination. However,
these patients experienced ototoxicity, and therefore they
were further treated with gemcitabine and carboplatin.
Table 7 outlines response rates for subsets of patients.

Gemcitabine pharmacokinetics

Pharmacokinetic sampling was performed in 18 patients.
Gemcitabine was detectable (> 0.2 pg/ml) until 1.4 h
after the end of infusion. The pharmacokinetic para-
meters Ch., and AUC did not increase significantly
with the dose. However, only two gemcitabine dose
levels were applied, differing by only 150 mg/m? (1350
versus 1500 mg/m?). Furthermore, gemcitabine had a
mean terminal half-life of 12 = 2.4 min, a mean CIl of
236 = 581/h and a mean Vy of 40 = 151. The pharmaco-
kinetics parameters per dose level are depicted in
Table 8.

For the analysis of the metabolite dFdU, samples were
obtained until 42 h after the end of infusion. Also for this
metabolite, the C,x and AUC did not increase sig-
nificantly with the dose. Peak plasma levels of dFdU were
reached approximately 30 min after the end of infusion,
and dFdU had a mean terminal half-life of 15.3 £9.7h, a
mean Cl of 9 = 3.21/h and a mean V4 of 150 £ 781. The
pharmacokinetics parameters per dose level are depicted
in Table 8.

Cisplatin pharmacokinetics

Pharmacokinetic sampling was performed in 23 patients.
For ultrafilterable platinum, the following pharmacoki-
netics parameters were calculated: mean terminal half-
life of 4.3 = 4.8 h, mean CI of 69.5 = 36.51/h and mean V4
of 446 = 4351. Both (., and AUC showed no positive
correlation with the dose. However, only three dose levels
were tested differing maximally by 7.5 mg/m* between
the dose levels. The pharmacokinetics parameters per
dose level are depicted in Table 8.

The intracellular platinum-DNA intrastrand adducts Pt—
GG and Pt-AG were measured in WBCs in 17 patients.
Adducts were determined in three patients receiving
cisplatin at a dose of 82.5mg/m? 11 patients receiving
90 mg/m* and in three patients at a cisplatin dose of
97.5 mg/m?. Peak levels of up to 2 fmol/ug DNA for Pt—
GG and 0.5 fmol/pg DNA for Pt—-AG were reached at 90
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Table 4 Occurrence of possibly, probably or definitely drug-related non-hematological toxicities at all dose levels [n (%)]

Toxicity Total dose level Grade No. patients
gemcitabine/cisplatin

Gastrointestinal
toxicity

nausea 82.5/1350
90/1350
90/1500
97.5/1500
vomiting 82.5/1350
90/1350
90/1500
97.5/1500
diarrhea 82.5/1350
90/1350
90/1500
97.5/1500
constipation 82.5/1350
90/1350
90/1500
97.5/1500
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Ototoxicity
tinnitus 82.5/1350
90/1350
90/1500
97.5/1500
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Main other toxicities

fatigue 82.5/1350
90/1350

90/1500

97.5/1500

dehydration 82.5/1350
90/1350

90/1500

97.5/1500

fever 82.5/1350
90/1350

90/1500

97.5/1500

reflux 82.5/1350
90/1350

90/1500

97.5/1500
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Table 5 Occurrence of possibly, probably or definitely drug-related hematological toxicities at all dose levels per patient [n (%)]

Item Total dose level CTC grade [n (%)] No. of patients
gemcitabine/cisplatin

-
N
w
N

o
o

Hemoglobin (mM) 82.5/1350
90/1350

90/1500

97.5/1500

Platelets (10%/1) 82.5/1350
90/1350

90/1500

97.5/1500

Leucocytes (10%/1) 82.5/1350
90/1350

90/1500

97.5/1500

Neutrophils (10%/1) 82.5/1350
90/1350

90/1500

97.5/1500
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and 97.5mg/m? cisplatin, respectively. AUAs for both (range 0.1-0.5). Crul ez a/. [19] showed a median G,y of
types of adducts correlated to cisplatin dose. Median €, Pt-GG adducts of 1.1fmol/pg DNA (range 0.4-3.3).
of Pt-GG adducts was 1.4 fmol/pg DNA (range 0.7-2.0). Median G, of Pt—=AG adducts was 0.2 fmol/ug DNA
Median (., of Pt—=AG adducts was 0.3 fmol/pg DNA (range 0.1-0.4).

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



1034 Anti-Cancer Drugs 2005, Vol 16 No 9

Table 6 Biochemistry at all dose levels, worst per patient [n (%)]

ltem Total dose level CTC grade [n (%)] No. of patients
gemcitabine/cisplatin
1 2 3 4
Creatinine (uM) 82.5/1350 0 0 0 0 0
90/1350 0 0 0 0 0
90/1500 0 1(17) 0 0 1(17)
97.5/1500 0 0 0 0 0
AST (U/l) 82.5/1350 0 0 0 0 0
90/1350 0 0 0 0 0
90/1500 1(17) 0 0 0 1(17)
97.5/1500 0 0 0 0 0
ALT (U/1) 82.5/1350 0 0 0 0 0
90/1350 0 1(17) 0 0 1(17)
90/1500 1(17) 0 0 0 1(17)
97.5/1500 0 0 0 0 0
Table 7 Responses, number of patients per response group and percentage [n (%)]
Complete response Partial response Stable disease Progressive disease
Total (n=23) 1(4) 5 (22) 6 (26) 11 (48)
Tumor type
larynx (n=1) 0 0 0 1 (100)
NSCLC stage Il (n=1) 0 0 0 1 (100)
NSCLC stage IlIA (n=1) 0 0 0 1 (100)
NSCLC stage IlIB (n=5) 0 1 (20) 1 (20) 3 (60)
NSCLC stage IV (n=15) 1(7) 4 (27) 5 (33) 5 (33)
PS 0 (n=2) 0 0 1 (50) 1 (50)
PS 1 (n=21) 1(4) 5 (24) 5 (24) 10 (48)
Table 8 Summary of non-compartmental pharmacokinetic parameters
Dose level (mg/m?) Crax (ng/ml) t2 (h) AUC (h - pug/ml) Cl (I7/h) Vy ()
Gemcitabine
1350 20.0+2.8 0.2+0.03 9.9+3.7 239.6 +£54.3 390.6+18.4
1500 20.3+4.8 0.2+0.05 119122 233.8+64.4 40.1+125
dFdU
1350 375+45 15.6+3.5 264.4+67.8 86+24 169.9+571
1500 45.0+8.4 15.1+13 264.2+117.2 9.9+3.9 133.3+91.8
Ultrafilterable platinum
82.5 0.5%+0.1 2.8+3.9 22+15 83.0+38.9 226.91246.7
90.0 0.4%+0.1 5.0+5.2 2.3+0.9 69.41+36.9 632.6+514.0
97.5 0.6+0.1 48+5.8 3.0t1.4 53.5+33.2 264.4+151.9
Discussion exploitation of the synergism ascribed to these agents

A phase I dose-escalation and pharmacologic study of the
combination of gemcitabine and cisplatin in patients with
advanced NSCLC was performed. Both compounds are
active in NSCLC and this combination is of great interest
because of its synergy i vitro. Furthermore, the toxicities
of the two drugs only partially overlap. High response
rates of the gemcitabine and cisplatin combination have
been reported in NSCLC stage III [27]. However, there
is still no consensus about the optimal schedule. Initially,
most studies administered cisplatin once in 28-day cycles,
at a dose of 75-100 mg/m?, with gemcitabine weekly x 3,
at doses of 1000-1500 mg/m?. Next, the 21-day schedule
was developed [28], which doses gemcitabine at 1250 mg/
m? on day 1 and 8, and cisplatin at 70—100 mg/m? at day 2.
However, it was previously shown that giving lower doses
more frequently with the same dose intensity was
feasible [19,29]. Furthermore, combining cisplatin and
gemcitabine in each administration might allow full

and shorter hospital admission.

The cisplatin and gemcitabine combination at this order
of administration was in general well tolerated. Main non-
hematologic toxicities, possibly or probably related to
gemcitabine and cisplatin, were ototoxicity, nausea and
vomiting, fatigue, diarrhea, constipation, tinnitus, fever,
and reflux (Table 4). Overall, hematologic toxicity was
negligible, rarely exceeding CTC grade 2 (Table 5). The
MTD was established at 90 mg/m? of cisplatin and
1500 mg/m* of gemcitabine on this schedule. The DLT
was CTC grade 2 ototoxicity, generally manifesting as
hearing loss of the higher tones. When gemcitabine was
administered followed by cisplatin administration on the
next day, the MTD was also established at 90 mg/m?
cisplatin and 1500 mg/m* gemcitabine [19]. Moreover,
from our studies it appears to make no difference
whether gemcitabine and cisplatin are administered on
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a single day compared with the administration of
gemcitabine followed by cisplatin on the next day.
However, our study reveals that the highest dose
intensity of cisplatin, 51 mg/m*week, could be reached
on this 2-weekly schedule. Only six patients were treated
at the 90/1500 mg/m? dose level and this is rather too few
to feel comfortable that a regimen is appropriate to take
into general use.

The interaction between gemcitabine and cisplatin has
been studied extensively in preclinical experiments.
Synergistic cytotoxicity was observed in a number of cell
lines, including ovarian, lung, head and neck, and colon
carcinoma [16,17,30]. However, this synergism was
influenced by both cell type and schedule, since
additivity and even antagonistic cytotoxicity have been
described as well [16,17,30,31]. An effect of cisplatin on
gemcitabine pharmacokinetics could not be detected
[16]. Conversely, gemcitabine can influence cisplatin
pharmacokinetics and pharmacodynamics. Pre-treatment
with gemcitabine increased cellular platinum accumula-
tion and platinum—-DNA adduct formation. Subsequent
mice studies have demonstrated the opposite effect. A
decrease of intrastrand platinum-DNA adducts of almost
3-fold occurred when gemcitabine was given as the first
drug [32]. In contrast, simultaneous administration of
both drugs caused an increase in platinum—-DNA adduct
levels [32]. Interestingly, this possible negative effect of
gemcitabine on platinum—DNA adduct formation was
confirmed in humans. Crul ¢z @/ [19] also confirmed the
possibility of this negative effect. There was a significant
reduction in both types of platinum-DNA adducts with
increasing doses of gemcitabine in WBCs and if this agent
was administered first. This effect was highly significant.
However, this data should be interpreted with caution,
because WBCs are a surrogate tissue and might not
reflect the situation in tumors, as they are non-
proliferative and gemcitabine requires DNA synthesis to
be active. In the present study we did not perform an
interaction study. However, it was observed that the
median Cp,,, of Pt—GG adducts increased significantly
from 1.1 [19] to 1.4fmol/ug DNA when cisplatin
preceded gemcitabine on the same day.

In conclusion, the recommended dose for cisplatin and
gemcitabine when both given on 1 day every 2 weeks is
90 mg/m® of cisplatin (given as a 3-h infusion) and
1500 mg/m?* of gemcitabine (given as a 30-min infusion),
and was very well tolerated. The gemcitabine infusion was
administered 1h after the end of the cisplatin infusion.
The dose intensity of cisplatin was 51 mg/m?%/week. CTC
grade 2 ototoxicity was considered the DLI. Other
adverse events were negligible at the MTD. It is clear
that interactions between gemcitabine and cisplatin can
occur on the DNA level. However, more insight must be
gained to explain the synergism, additive or antagonistic
cytotoxicity between gemcitabine and cisplatin. This

short induction schedule is practical and convenient for
the patient. At the advised dose it is of interest to explore
the activity of gemcitabine and cisplatin as (neo-)adjuvant
therapy in NSCLC patients.
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