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Abstract
Purpose: To establish the maximum dose intensity of
cisplatin plus gemcitabine on a weekly or two-weekly schedule in patients with advanced non-small cell lung cancer
(NSCLC).
Methods: Patients with NSCLC stage IIIB or IV were
randomized to receive weekly or two-weekly courses of gemcitabine on day 1 and cisplatin on day 2. An interpatient
dose escalation scheme was used, and pharmacokinetics
were determined for both agents in plasma and WBCs.
Results: Seventy-three patients were included, 32 on the
weekly schedule and 41 on the two-weekly schedule. Fifty
patients received all planned courses. Dose-limiting toxicities were leukocytopenia, neutropenia, and trombocytopenia
on the weekly schedule and ototoxicity on the two-weekly
schedule. Most common nonhematological toxicities consisted of nausea, vomiting, and fatigue. The highest dose
intensity of cisplatin could be achieved on the two-weekly
schedule, and therefore, further development of the weekly
schedule was abandoned. The maximum tolerated dose was
established at 1500 mg/m2 gemcitabine in combination with
cisplatin 90 mg/m2. More than half (53%) of patients
achieved an objective response on the two-weekly schedule,
versus 23% in the weekly treatment arm. The pharmacoki-
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netic studies revealed a significant interaction: gemcitabine
reduced both GG and AG platinum-DNA intrastrand adducts in WBCs.
Conclusion: The combination of gemcitabine (1500 mg/
m2) with cisplatin at a dose intensity of 50 mg/m2/week is
feasible on a two-weekly administration scheme in NSCLC
patients.

Introduction
Cisplatin and gemcitabine are cytotoxic drugs with proven
activity in NSCLC.3 Monotherapy with these agents produced
response rates ⬃20% (1, 2), which led to the initiation of studies
evaluating the combination. At present, several Phase II and III
studies in advanced NSCLC combining gemcitabine and cisplatin have been completed. Initially, 28-day schedules were tested
administering gemcitabine at 1000 –1500 mg/m2 on days 1, 8,
and 15 every 4 weeks and cisplatin at 100 mg/m2 on days 1, 2,
or 15 or at 30 mg/m2 on days 1, 8, and 15 (3). Later, the 21-day
regimen became popular with gemcitabine at 1000 –1250 mg/m2
on days 1 and 8 and cisplatin at 70 –100 mg/m2 on day 2 (4 – 6).
Attempts were also made to ameliorate cisplatin toxicity by
splitting the dose, resulting in schedules like gemcitabine
weekly ⫻3 at 800 mg/m2 and cisplatin weekly ⫻2 at 50 mg/m2
(7). Response rates in these studies ranged from 25 to 65% in
stage IIIB-IV patients, and substantial symptom relief occurred
in more than half of the patients treated (8, 9). In general, the
development of this combination 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. This approach has been the subject of our
study.
The mechanisms of action of cisplatin and gemcitabine are
substantially different; cisplatin binds covalently to DNA, leading to the formation of inter and intrastrand cross-links. The
major adducts formed are the intrastrand cross-links between
two guanine nucleotides (GG) and adenine and guanine nucleotides (AG). Minor but potentially damaging adducts are the
interstrand GG adducts (10). In contrast, gemcitabine is incorporated into the DNA (after phosphorylation on cell entry),
which blocks DNA polymerization at the next nucleotide (11).
In in vitro and animal studies, synergistic cytotoxicity of these
agents has been demonstrated (12–14). The mechanism underlying this synergism probably involves a positive effect of
gemcitabine on cisplatin-DNA adduct formation, either by facilitation of the binding of cisplatin to DNA or by decreasing

3

The abbreviations used are: NSCLC, non-small cell lung cancer; AUA,
area under the adduct curve; MTD, maximum tolerated dose; CTC,
common toxicity criteria; AUC, area under the curve; Pt, platinum; PS,
performance status; dFdU, 2⬘,2⬘-difluoro-2⬘-deoxy-uridine.
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DNA repair (12). On the other hand, a stimulatory effect of
cisplatin on gemcitabine incorporation into DNA has been observed as well (15). Because the toxicity profiles of cisplatin and
gemcitabine are only partly overlapping, combination therapy at
full dosage could be feasible.
Here, we present the results of a Phase I study in which
cisplatin delivery is investigated on a weekly basis and compared with a two-weekly schedule. Increasing the dose intensity
of cisplatin is expected to result in a higher response rate, as has
been demonstrated previously for ovarian cancer (16). This
cannot be achieved by administering higher doses of cisplatin in
the standard schedule, because 100 mg/m2 is around the MTD of
a single cisplatin administration. The other option is to give
lower doses more frequently, as we have extensively explored
previously in other combination regimens (17). In addition,
combining cisplatin to gemcitabine in each administration
would take better advantage of the synergism ascribed to these
agents, as compared with the standard schedule, where gemcitabine is given as a single agent in half of its administrations.
Positive results with weekly cisplatin have been obtained in
several tumor types (18, 19) but has been reported as overly
toxic as well (20). Hence, it is presently unknown whether
weekly cisplatin in combination with gemcitabine is the optimal
schedule to achieve the highest dose intensity for both drugs.
This has prompted us to design a randomized Phase I study
comparing weekly cisplatin plus gemcitabine (weeks 1, 2, and 3
and 5, 6, and 7) with once every 2 weeks (weeks 1, 3, 5, and 7)
in patients with advanced NSCLC. For comparability, the dose
intensity of cisplatin in each of these schedules was equal. Our
aim was to establish the schedule that would result in the highest
dose intensity of this combination and manageable toxicity.
Secondary objectives were: (a) to determine the MTD of the
combination of gemcitabine and cisplatin in the two different
schedules; (b) to assess the safety of the combination; (c) to
describe the pharmacokinetics of Pt and Pt-DNA-adducts in
WBC; and (d) to describe the pharmacokinetics of gemcitabine.

Materials and Methods
Patient Eligibility Criteria. Patients were eligible if
they had histologically and evaluable confirmed advanced
NSCLC (stage IIIB or IV) and a performance status of 0 –2
(WHO Eastern Cooperative Oncology Group). Other eligibility
criteria were: age ⬎18 years, acceptable hematological parameters (absolute neutrophil count ⱖ 2 ⫻ 109/liter, platelets ⱖ
150 ⫻ 109/liter) and adequate hepatic and renal function (liver:
bilirubin ⬍25 M, asparatate aminotransferase/alanine aminotransferase ⬍2 ⫻ upper level of normal and ⬍5 ⫻ upper level
of normal in case of liver metastases; renal: serum creatinine
⬍125 M or creatinine clearance ⬎50 ml/min). Patients were
excluded if they had previous chemotherapy for NSCLC, symptomatic brain metastases, carcinomatous leptomeningitis, or
ototoxicity of CTC grade ⬎1. The study was approved by the
local ethics committee, and all patients gave written informed
consent.
Treatment Plan. The gemcitabine-cisplatin combination
was given according to an interpatient dose escalation scheme
(Table 1). For safety reasons, only the dose of one of each
agents was increased in each escalation step. Patients were

Table 1

Dose levels and number of patients included per level

Weekly schedule

Two-weekly schedule

Level

Cisplatin
(mg/m2)

Gemcitabine
(mg/m2)

n

1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
11

25
30
35
40
45
50
55
60
60
37.5
45
52.5
60
67.5
75
82.5
90
90
97.5
105

600
700
800
900
900
900
900
900
1000
900
1050
1200
1350
1350
1350
1350
1350
1500
1500
1500

3
3
3
3
4
4
3
4
5
3
3
3
3
3
3
3
3
6
6
6

randomly assigned to a weekly or a two-weekly schedule, which
was considered an induction regimen. The dose intensity of
cisplatin at the starting level corresponded with the dose intensity of the 28-day schedule of this combination, 100 mg/m2 q 4
weeks. At each dose level, the overall dose intensity of both
agents was equal in the weekly and two-weekly schedule. Three
patients were enrolled per schedule per level. Patients on the
weekly schedule received six courses of gemcitabine on day 1
and cisplatin on day 2, with 1 week of rest after the first three
cycles, and patients on the two-weekly schedule received four
courses without rest. Gemcitabine was given as a 30-min and
cisplatin as a 3-h infusion. If one of the three enrolled patients
developed dose-limiting toxicity, 3 more patients were recruited
at that dose level. The MTD was defined one dose level below
the dose level at which two of 6 patients experienced a doselimiting toxicity. Stage IV patients who had a favorable clinical
response on the induction regimen received gemcitabine monotherapy during a consolidation phase, in which patients with
stage IIIB continued with radiotherapy.
Patient Evaluation. A complete medical history and
physical examination were completed before registration. Before each course, the physical examination was repeated, and
hematology and serum chemistry were checked. All toxicities
were graded according to the Common Toxicity Criteria (21).
Dose-limiting toxicity was defined as: any grade 4 neutropenia
lasting ⬎5 days, any grade 3– 4 neutropenia accompanied by
fever (ⱖ38.5°C) and/or infection, any grade 4 thrombocytopenia and any grade 3 nonhematological toxicity, or grade 2 neuro
and ototoxicity (except alopecia and untreated nausea and vomiting). At retreatment, minimal values for neutrophils had to be
⬎1.5 ⫻ 109/liter and for platelets ⬎75 ⫻ 109/liter. Otherwise,
the next course was delayed by 1 week. Dose-limiting delays
were defined as any cycle interrupted unplanned for ⬎1 week
and were regarded as equal to dose-limiting toxicities (resulting
in inclusion of 3 extra patients at the same dose level). Tumor
evaluations were performed by computed tomography scan after
completion of the courses.
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Table 2 Patient characteristics
No. of patients

Total
Gender
Male
Female
Age
Median
Range
PS
0
1
2
Tumor Stage
IIIB
IV
Previous therapy
Radiotherapy
Chemotherapy
Surgery
No previous therapy

Weekly schedule
(with randomization)

Two-weekly schedule
(with randomization)

Two-weekly schedulea
(without randomization)

32

26

15

17
15

13
13

6
9

52
33–75

51
41–76

55
43–68

12
14
6

12
10
4

5
10
0

13
19

11
15

1
14

6
0
4
23

4
0
2
21

2
0
2
11

a
The weekly schedule was abandoned after dose level nine, and subsequent patients were included at the two-weekly schedule without
randomization.

Pharmacokinetic Studies. Gemcitabine pharmacokinetics were studied during the 1st week and cisplatin pharmacokinetics during the 1st and 3rd week of treatment. Twenty-four h
urine was collected on days 1 and 2 of the first week and day 2
of the 3rd week of treatment to measure gemcitabine and Pt renal
excretion. For gemcitabine, 2-ml blood samples were taken at
0 –10-20 –30-45– 60-75 min and 2.5–5-7.5–23.5–30-47.5 h after
the start of the 30-min infusion on day 1. Of each blood sample,
1 ml was added to 10 l of tetrahydrouridine (10 mg/ml), after
which, it was centrifuged for 5 min at 4°C and 1500 ⫻ g.
Subsequently, the plasma layer was stored at ⫺20°C until analysis. Both gemcitabine and its metabolite dFdU were measured
in plasma. Additionally, 15-ml blood samples were taken at
0 –1.5– 4-24 h after start of infusion for the determination of the
triphosphate metabolite of gemcitabine (dFdCTP) in WBCs.
Isolation of WBCs was performed using a Ficoll density gradient (Pharmacia, Stockholm, Sweden), after which nucleotides
were extracted as described previously (22). All gemcitabine
levels were measured using a validated high-performance liquid
chromatography method, analogous to the method of Freeman et
al. (23). For cisplatin, 5-ml blood samples were obtained at
0 –1-2–3-3.25–3.50 –3.75– 4-4.5–5-6 – 6.5–22 h after the start of
the 3-h infusion. Unbound Pt was obtained by a validated
ethanol precipitation method (24), and bio-analysis of Pt was
performed by atomic absorption spectrometry (25). At 0, 4, and
22 h after start of the infusion, 15 ml of blood were collected
from which WBCs were isolated for the measurement of Pt
DNA adducts by a sensitive and validated 32P postlabelling
assay, enabling the selective determination of GG- and AGintrastrand Pt adducts (26).
The AUC, total plasma clearance (Cl), volume of distribution (V), and the elimination half-life (t1/2) of gemcitabine and
its metabolite dFdU as well as of nonprotein bound (free) Pt
were determined by noncompartmental analysis. In addition, the

AUC of dFdCTP and the AUA of Pt-DNA adducts were calculated in WBC (17). From the urine samples, the total amount of
excreted gemcitabine, dFdU, and Pt was determined per 24-h
time interval. To investigate a possible influence of gemcitabine
on cisplatin pharmacokinetics, the dose of gemcitabine was
plotted against pharmacokinetic parameters of free Pt and PtDNA adducts, corrected for the dose of cisplatin by division. A
linear correlation between cisplatin dose and pharmacokinetics
of both the unbound fraction and the adducts in WBCs has been
established previously (17), enabling us to use this method for
dose correction.
Statistical Analysis. To quantitate the relationship between the different schedules, toxicity, and response of patients,
logistic regression was used, correcting for the variables gender,
age, tumor stage, and performance status. The interaction effects
between gemcitabine and cisplatin pharmacokinetics were studied by linear regression analysis.

Results
Patients. Seventy-three patients (25 with stage IIIB and
48 with stage IV) were included in the study (Table 2), first at
nine different dose levels by randomization on each schedule
(n ⫽ 58). Fifteen more patients were included at higher dose
levels in the two-weekly schedule (6 at levels 10 and 11 each
and 3 additional patients at the MTD, level 9; Table 1). Patient
characteristics matched well in both randomization groups. On
the weekly schedule, 23 of 32 patients (72%) finished all six
courses. At the highest dose level (1000 mg/m2 gemcitabine and
60 mg/m2 cisplatin), all 5 patients included went off study, one
because of ototoxicity, three to clinical deterioration, and one
patient refused to continue treatment. In view of the increasing
hematological toxicity, further dose escalation on this schedule
was not considered feasible. On the two-weekly schedule, 31 of
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Table 3 Occurrence of hematologic toxicity at all dose levels
Number of patients per schedule.
Weekly schedule Two-weekly schedule
(n ⫽ 27)
(n ⫽ 41)
Leukocytopenia
Neutropenia
Trombocytopenia
Anemia

a

CTC
CTC
CTC
CTC
CTC
CTC
CTC
CTC
CTC
CTC
CTC
CTC

1
2
3a
1
2
3
1
2
3
1
2
3

6 (22%)
4 (15%)
3 (11%)
4 (15%)
3 (11%)
6 (22%)
7 (26%)
2 (7%)
5 (19%)
5 (19%)
7 (26%)
3 (11%)

9 (22%)
3 (7%)
5 (12%)
8 (20%)
1 (2%)
11 (27%)
3 (7%)
8 (20%)
14 (34%)
3 (7%)

Fig. 1 Dose intensity of cisplatin in mg/m2 per week, depicted per dose
level

Hematologic toxicity never exceeded CTC grade 3.
Table 4 Occurrence of nonhematologic toxicity at all dose levels
Number of patients per schedule.

41 patients included (76%) received all planned courses. In
total, 5 patients stopped protocol treatment before or during
cycle 1, either because of clinical deterioration (4) or patient
refusal (1), and these were replaced by the next eligible patient.
Hematological Toxicity. Sixty-eight patients were
evaluable for toxicity. Hematological toxicity was generally
mild, rarely exceeding CTC grade 2 (Table 3). As expected,
bone marrow suppression was more frequent on the weekly
schedule and on the higher dose levels. In the weekly schedule,
at the two highest levels reached (60 mg/m2 cisplatin with 900
or 1000 mg/m2 gemcitabine, respectively), all patients had hematological toxicity. At level 8, 2 of 3 patients had leukocytopenia CTC grade 3, and in one of these, this was accompanied
by thrombocytopenia grade 3. On level 9, 1 patient developed
grade 3 neutropenia, and another patient developed grade 3
thrombocytopenia and anemia. Hematological toxicity was less
frequent on the two-weekly schedule, only three episodes of
grade 3 toxicity occurred. However, at the higher levels, where
cisplatin was administered at doses ⬎97.5 mg/m2, all patients
experienced leukocytopenia and neutropenia CTC grade 1–2.
The development of hematological toxicity caused dose delays
in an increasing number of patients at the higher dose levels,
which reduced the achieved dose intensity of cisplatin. Any
interruption of ⬎1 week was considered dose limiting. The
achieved versus intended dose intensity of cisplatin per dose
level is given in Fig. 1. On the weekly schedule, the dose
intensity of cisplatin did not appear to increase anymore after
dose level 8. Therefore, the weekly schedule was abandoned.
For the two-weekly schedule, the MTD was based on nonhematological toxicity at dose level 9 (cisplatin at 90 mg/m2 and
gemcitabine at 1500 mg/m2). Six patients were included at this
level, and the achieved dose intensity was 50 mg/m2/week, 97%
of the intended value.
Nonhematological Toxicity. Most frequent encountered
toxicities (Table 4) were nausea and vomiting (occurring overall
in 90 and 66% of patients, respectively). There was no significant difference between schedules for this toxicity, but frequency and severity increased at the higher dose levels. Fatigue
was reported by 27 patients (40%), being severe (CTC grade 3)
in 3 cases, and mild neuropathy occurred in 16 patients (24%).
Other nonhematological toxicities included diarrhea, skin rash,

Nausea

CTC
CTC
CTC
Vomiting
CTC
CTC
CTC
Constipation CTC
CTC
CTC
Fatigue
CTC
CTC
CTC
Neuropathy CTC
CTC
CTC
Alopecia
CTC
CTC
Ototoxicity CTC
CTC
CTC

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
1
2
3

Weekly schedule
(n ⫽ 27)

Two-weekly schedule
(n ⫽ 41)

16 (59%)
7 (26%)
1 (4%)
13 (48%)
3 (11%)
1 (4%)
15 (56%)
4 (15%)

21 (51%)
16 (39%)

4 (15%)
7 (26%)
2 (7%)
7 (26%)

7 (17%)
6 (15%)
1 (2%)
8 (20%)
1 (2%)

8 (30%)
1 (4%)
4 (15%)
2 (7%)
1 (4%)

11 (41%)
1 (2%)
10 (24%)
5 (12%)
1 (2%)

16 (39%)
12 (29%)
11 (41%)
4 (10%)

stomatitis, and dizziness. Ototoxicity occurred in 23 patients
(34%) and was dose limiting on the two-weekly schedule. On
the highest levels reached (cisplatin 97.5 mg/m2 at level 10 and
105 mg/m2 at level 11), 6 of 11 patients had ototoxicity CTC
grade 2 (3 at each level). In addition, 1 patient developed
ototoxicity CTC grade 3 at level 11. This toxicity, generally
manifesting itself as hearing loss of the higher tones, was not
reversible after cessation of treatment. At the MTD, established
at level 9, 1 patient had ototoxicity grade 2, and the other 5
patients had ototoxicity grade 1, which was not considered dose
limiting. Other nonhematological toxicities at the MTD were
nausea/vomiting CTC grade 1–2 in 5 of 6 patients, fatigue CTC
grade 2 in 3 of 6 patients, and neuropathy CTC grade 1 in 2 of
6 patients.
Responses. Sixty of 73 patients were evaluable for response. Twenty-four patients achieved an objective partial response (40%), 11 patients a minor response (18%), and 19
patients (32%) had stable disease. The remaining 6 patients
(10%) showed disease progression. After treatment with gem-
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Table 5 Responses
Number of patients per response group and percentage.
Total (n ⫽ 60)
Weekly schedule (n ⫽ 28)
Two-weekly schedule (n ⫽ 34)
Tumor stage IIIB (n ⫽ 23)
Tumor stage IV (n ⫽ 36)
PS 0 (n ⫽ 26)
PS 1 (n ⫽ 26)
PS 2 (n ⫽ 8)
a

PRa

SD

PD

24 (40%)
6 (23%)
18 (53%)
13 (57%)
11 (31%)
11 (42%)
12 (46%)
1 (13%)

30 (50%)
15 (58%)
15 (44%)
9 (39%)
20 (56%)
12 (46%)
12 (46%)
6 (75%)

6 (10%)
5 (19%)
1 (3%)
1 (4%)
5 (14%)
3 (12%)
2 (8%)
1 (13%)

PR, partial response; SD, stable disease; PD, progressive disease.
Fig. 2 Unbound platinum AUC in week 1 versus week 3. Dotted line,
the line of identity.

Table 6 Number of patients who achieved a partial response (and
number of patients evaluable for response) per dose level
Dose level

Weekly schedule

Two-weekly schedule

1
2
3
4
5
6
7
8
9
10
11

1/3
0/2
2/3
1/3
1/2
1/3
0/3
0/3
0/3

1/3
0/2
2/3
2/3
1/3
3/3
2/3
0/3
3/5
2/4
2/3

citabine and cisplatin, patients with stage IIIB disease were
further treated with radiotherapy if they had achieved a partial
response on induction therapy. Three of these patients are alive
at 2, 2.5, and 3 years, respectively, without evidence of disease.
In stage IV patients who were responding, gemcitabine single
agent was continued. Table 5 outlines response rates for subsets
of patients, and in Table 6, the responses are given according to
dose level. When comparing the two administration schedules, a
difference in response rate was seen (53% on the two-weekly
schedule versus 23% on the weekly schedule). However, part of
this effect could be attributable to differences in patient characteristics (Table 2).
Gemcitabine Pharmacokinetics. Pharmacokinetic sampling was performed in all but 3 patients. Gemcitabine was
detectable (⬎0.1 g/ml) until 1.5 h after the end of infusion.
The pharmacokinetic parameters Cmax and AUC increased linearly with increasing doses (r ⫽ 0.7, P ⬍ 0.01 for Cmax and r ⫽
0.69, P ⬍ 0.01 for AUC). Furthermore, gemcitabine had a
half-life of 13 min (⫾3.4), a clearance of 195 liters/h (⫾54), and
a volume of distribution of 42 liters (⫾13). For the metabolite
dFdU, samples were obtained until 48 h after the end of infusion. Additionally for this metabolite, the Cmax as well as the
AUC showed a good positive correlation with the dose (r ⫽
0.74, P ⬍ 0.01 and r ⫽ 0.41, P ⫽ 0.01, respectively). Peak
plasma levels of dFdU were reached ⬃10 min after the end of
infusion, and dFdU had a terminal half-life of 22 h (⫾8.3). The
AUC of dFdU levels in plasma correlated with the peak plasma
concentrations of gemcitabine (r ⫽ 0.44, P ⬍ 0.01). Over the
first 24 h, 5.5% (⫾2.7) of the total dose of gemcitabine was
excreted unchanged in urine. Over 48 h, an additional 79%

(⫾34) of the total dose was excreted as dFdU. The peak levels
of dFdCTP in WBC showed wide interpatient variability (88%
at the MTD of 1350 mg/m2). Overall, peak levels of 75–1390
pmol/106 cells were measured at 2– 4 h postinfusion. These
could not be correlated with the dose or AUC of gemcitabine.
Cisplatin Pharmacokinetics. For free Pt, the following
pharmacokinetic parameters were calculated: t1/2 of 53 min
(⫾23), Cl of 3 liters/h (⫾0.9), and V of 92 liters (⫾32). Both
Cmax and AUC showed a strong positive correlation with the
dose (r ⫽ 0.91, P ⬍ 0.001 and r ⫽ 0.85, P ⬍ 0.01). When
comparing the 1st and 3rd week of treatment, no differences were
observed in any of the pharmacokinetic parameters, as outlined
for the AUC in Fig. 2, indicating the absence of carryover or an
inducible effect of gemcitabine on unbound Pt pharmacokinetics. In addition, the dose of gemcitabine did not affect the
clearance of Pt. Urinary excretion over the first 24 h was 34 ⫾
24% of the total dose.
The intracellular Pt-DNA intrastrand adducts Pt-GG and
Pt-AG were measured in WBC. Peak levels of ⱕ3 fmol/g
DNA for Pt-GG and 0.3 fmol/g DNA for Pt-AG were reached
at the higher dose levels. Peak levels as well as AUAs for both
types of adducts correlated to cisplatin dose, although interpatient variability was considerable (ranging from 6 to 66%
throughout all dose levels). To investigate a possible interaction
between gemcitabine and intracellular cisplatin pharmacology,
Pt-DNA adduct levels corrected for cisplatin dose (by division)
were plotted against gemcitabine dose (Fig. 3). As can be seen,
levels of both GG and AG adducts were reduced by gemcitabine
(r ⫽ 0.4, P ⫽ 0.001 for Pt-GG and r ⫽ 0.39, P ⫽ 0.002 for
Pt-AG). This phenomenon was most pronounced for peak levels
but occurred with AUAs as well. The ratio between GG and AG
adducts was not influenced by the gemcitabine dose. There was
no difference in these reductions between the weekly and twoweekly schedule (data not shown).
Pharmacokinetic-pharmacodynamic Analysis. Both
the dose and AUC of gemcitabine and cisplatin were tested in
singular as well as in a combined model (by logistic regression) for a correlation with hematological toxicity and response. Furthermore, Cmax and AUA of cisplatin-DNA adducts were tested for such a correlation. No relationships
could be established.
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Fig. 3 Maximum adduct level of Pt-GG and Pt-AG (t ⫽ 1 h after end
of infusion), and ratio of Pt-GG and Pt-AG adducts, corrected for
cisplatin dose, versus dose of gemcitabine. Adduct levels are corrected
for cisplatin dose by division.

Discussion
The efficacy of combined treatment with gemcitabine and
cisplatin in patients with NSCLC has been established in several
Phase II and III clinical trials (3, 4, 6, 26, 27). However, there
is still debate about the optimal schedule. Initially, most studies
administered cisplatin once in 28-day cycles, at a dose of 75–
100 mg/m2, with gemcitabine weekly ⫻ 3, at doses of 1000 –
1500 mg/m2. Next, the 21-day schedule was developed (4),
which doses gemcitabine at 1250 mg/m2 on days 1 and 8 and
cisplatin at 70 –100 mg/m2 at day 2. In an attempt to improve the
therapeutic index of this combination, we have studied the
feasibility of increasing the dose intensity of cisplatin. This
cannot be achieved by increasing the dose in the once every

21/28-day schedules, as 100 mg/m2 is considered the MTD for
a single cisplatin administration. However, we and others have
previously shown that giving smaller doses more frequently is
feasible (17, 28, 29). Furthermore, combining gemcitabine and
cisplatin in each administration might allow full exploitation of
the synergism ascribed to these agents. Our study reveals that
the highest dose intensity of cisplatin, of 50 mg/m2/week, could
be reached on the two-weekly schedule. The weekly schedule
was less well tolerated, and dose intensity could not be pushed
further than 42 mg/m2/week. In addition, the response rate in the
weekly schedule was significantly lower than in the two-weekly
schedule (Table 5), but this could have been attributable to small
differences in patient characteristics between both randomization groups (relatively more patients with poorer PS at study
entry in the weekly treatment arm). At least two other groups
have explored weekly cisplatin administration in combination
with gemcitabine. In a Phase II trial of Shepherd et al., cisplatin
was dosed weekly ⫻ 3 at 30 mg/m2 in combination with
gemcitabine at 1500 mg/m2. Toxicity (fatigue) was prominent,
and no indication of increased efficacy (response rate 26%) was
obtained (20). Others reported better tolerability and an overall
response rate of 40% (12). Our trial confirms the conclusions of
Shepherd et al. When comparing toxicity in our two-weekly
schedule with the Phase II trials executed to date, the profiles
seem to be similar (3– 6, 27, 30). However, given the Phase I
nature of our trial using 11 different dose levels, subsequent
evaluation in a Phase II study is warranted. In this perspective,
the response rate of 53% on the two-weekly schedule appears
promising but requires confirmation. Given the relatively low
age of the patients in our study (median age 51–55 years in the
different treatment groups), future studies in older patients,
which generally make up the overall lung cancer population, are
also required. Moreover, a Phase II study with the two-weekly
schedule will help to determine whether increasing the dose
intensity of cisplatin and combining the two agents in each
administration leads to higher response rates in NSCLC. The
role of dose intensity of chemotherapeutic agents has not been
established in the palliative setting. However, we believe that
increasing the dose intensity of cisplatin may aid to improve
responses in the neo-adjuvant setting for patients with less
advanced disease. In ovarian cancer, good results have been
obtained with this approach (16), but for other tumor types, such
as lung carcinoma, this remains to be determined.
The interaction between gemcitabine and cisplatin has been
studied extensively in preclinical experiments. Synergistic, additive, and antagonistic effects have been observed in vitro,
depending on cell type and administration schedule (12, 15, 31,
32). In vivo studies in mice demonstrated that gemcitabine
pretreatment decreased the intrastrand Pt-DNA adducts ⬃3-fold
(33). Our data confirm the possibility of a negative effect
of gemcitabine on intracellular cisplatin pharmacokinetics.
The pharmacokinetic parameters we found for gemcitabine,
dFdCTP, and free Pt were in good concordance with literature
data (34, 35). However, there was a significant reduction in both
types of Pt-DNA adducts with increasing doses of gemcitabine
in WBC. This effect was highly significant and has led us to
now explore the reversed administration sequence. To our
knowledge, one other pharmacologic trial with cisplatin and
gemcitabine has been performed, which did not find this de-
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crease in adducts. However, an effect of gemcitabine on PtDNA adducts was observed, manifesting itself in a reduced
GG:AG ratio (36). We have not found an influence of gemcitabine on this ratio. Currently, there is no explanation for the
observed interaction. To study intracellular pharmacology, we
used circulating WBCs, because of their easy accessibility. As
we have shown previously, levels of adducts in WBC are a good
marker for platination of DNA (17). However, the pharmacology of gemcitabine in these noncycling cells probably differs
substantially from the pharmacology in tumor cells. Therefore,
additional investigations of this interaction in other cell types
are highly required. It is possible that cellular DNA repair
mechanisms are involved (37), but again, more detailed investigations are warranted, because they could facilitate the design
of the optimal clinical administration schedule for this combination.
In conclusion, we have demonstrated the feasibility of
chemotherapy consisting of two-weekly gemcitabine in combination with cisplatin at a high dose intensity of 50 mg/m2/week.
In view of the observed pharmacologic interaction between the
two agents, we will continue to explore the reversed administration scheme, also in two-weekly cycles.
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