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Abstract

Purpose We conducted a phase I/II study of triplet
chemotherapy consisting of cisplatin (CDDP), docet-
axel (DCT) and gemcitabine (GEM) in patients with
advanced non-small-cell lung cancer (NSCLC).
Methods Fifty-three untreated patients with stage
IIIB or IV NSCLC were enrolled. All drugs were
given on days 1 and 8. The doses of CDDP and DCT
were fixed at 40 mg/m? and 30 mg/m?, respectively. In
the phase I portion, a dose escalation study of GEM
with starting dose of 400 mg/m? was conducted and
primary objective in the phase Il portion was response
rate.
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Results The maximally tolerated dose (MTD) and
recommended dose (RD) of GEM were determined as
800 mg/m? because grade 3 non-hematological toxicity
(liver damage, diarrhea, and fatigue) developed in
three of nine patients evaluated at that dose level. In
pharmacokinetic analysis, C,,,, and AUC of dFdC and
dFdU were increased along with the dose escalation of
GEM. However, no relationship between pharmacoki-
netic parameters and toxicity or response was
observed. Objective response rate was 34% and
median survival time was 11.7 months. Though major
toxicity was myelosuppression, there were no life-
threatening toxicities.
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Conclusion These results indicate that this triplet
chemotherapy is feasible and effective in patients with
advanced NSCLC.

Keywords Phase I/II study - Cisplatin - Docetaxel -
Gemcitabine - Non-small-cell lung cancer

Introduction

A recent meta-analysis of randomized clinical studies
demonstrated that cisplatin (CDDP)-based chemother-
apy plus best supportive care (BSC) had statistically sig-
nificant survival advantage compared with BSC alone in
patients with advanced non-small-cell lung cancer
(NSCLC) [14]. Since then, CDDP has been a key drug
in the treatment of advanced NSCLC. Afterwards, in an
attempt to improve the treatment outcome of advanced
NSCLC, the usefulness of various new antineoplastic
agents such as paclitaxel, docetaxel (DCT), vinorelbine
(VNR), gemcitabine (GEM) and irinotecan were inves-
tigated [3]. A few randomized trials that compared the
effectiveness of these new agents with existing drugs
such as vindesine or etoposide in a CDDP-based dou-
blet chemotherapy showed the superiority of new
agents to the existing drugs [2, 13]. These results were
recently confirmed by a meta-analysis [20]. Accord-
ingly, a doublet consisting of platinum and one of the
new agents is currently considered to be a standard reg-
imen for advanced NSCLC. However, since survival
benefit by this treatment is very limited and unsatisfac-
tory, further improvement of chemotherapy is urgently
desired. One strategy to improve the treatment out-
come is to add a third active drug with a different mech-
anism of action to the platinum-based doublet.

GEM, a fluorine-substituted cytarabine analog, inhibits
cellular DNA synthesis by reducing cellular deoxycytidine
triphosphate levels. GEM has been shown to have high
activity for NSCLC, and its combination with CDDP is
currently considered to be one of the standard regimens
in the treatment of advanced NSCLC [3, 4, 6, 16, 17].

DCT exerts its cytotoxicity through binding to beta-
tublin, promoting the polymerization and inhibiting
the dissembly of microtubles, which causes cell arrest
in mitosis, leading to cell death. The effectiveness of
DCT in patients with advanced NSCLC, both as a sin-
gle agent and in combination with CDDP, has already
been confirmed [3, 7, 11, 17].

On the basis of these results, we planned a phase I/I1
study of combination chemotherapy consisting of
CDDP, DCT and GEM to investigate the safety and
effectiveness of this triplet chemotherapy in patients
with advanced NSCLC.
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Materials and methods
Patient selection

Eligibility requirements for entry into the study were as
follows: (1) histologically or cytologically proven
NSCLC, (2) no prior chemotherapy, radiotherapy or
surgery, (3) age of 75 years or less, (4) clinical stage of
IIIB with malignant pleural effusion or IV, (5) perfor-
mance status (PS) of 0-2 on the Eastern Cooperative
Oncology Group (ECOG) scale [15], (6) presence of
measurable disease, (7) adequate functional reserves of
the kidney (creatinine clearance >60 ml/min), liver
(ALT, AST <twice the upper limit of normal), and bone
marrow (a leukocyte count >4,000/cmm and a platelet
count >100,000/cmm), (8) no concomitant malignancies,
and (9) receipt of a written form of informed consent.

Nine institutions participated in this study, and each
of their Institutional Review Boards approved this
study. The central registration office (Department of
Internal Medicine II, Okayama University Medical
School) enrolled the patients into this study after verifi-
cation of eligibility.

Evaluation

Staging procedures included complete history and
physical examination, a complete blood cell count
(CBC), standard blood chemistry profile, 24-h creati-
nine clearance (Ccr), electrocardiogram, a chest
radiograph, fiberoptic bronchoscopy, computed tomo-
graphic (CT) scans of the chest and abdomen, mag-
netic resonance imaging of the brain, and radionuclide
bone scan.

For evaluation of response and toxicity, the CBC
was repeated two or three times a week. Blood chemis-
try, Ccr, and chest radiography were repeated at least
once a week during treatment. CT scans of the chest
were repeated once per treatment cycle. After comple-
tion of the chemotherapy, each patient was restaged on
the basis of all the tests used during the initial work-up
and followed up at the outpatient clinic with a monthly
chest radiograph. CT scans of the chest were repeated
every 3 months.

Response was assessed according to the ECOG cri-
teria [15]. The response to treatment including eligibil-
ity and assessability was determined for each patient by
extramural reviewers. Complete response (CR) was
defined as the disappearance of all measurable lesions
lasting for at least 4 weeks. Partial response (PR) was
defined as a >50% decrease in the sum of the products
of the greatest perpendicular diameters of all measur-
able lesions lasting for at least 4 weeks without the
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development of new lesions. Progressive disease (PD)
was defined as a >25% increase in the sum of the prod-
ucts of the perpendicular diameters of all measurable
disease or the appearance of new lesions. Between
<50% decrease and <25% increase in the sum of the
products of the perpendicular diameters of all measur-
able lesions were defined as no change (NC). Toxicity
was evaluated by the National Cancer Institute Com-
mon Toxicity Criteria (NCI-CTC version 2.0). Dose-
limiting toxicity (DLT) was defined as grade 4 hemato-
logical toxicity lasting for 3 days or more, grade 3
hematological toxicity accompanied with fever
(>38°C), or grade 3 non-hematological toxicity except
for nausea, vomiting and alopecia.

Phase I study

The primary objective of a phase I study was to deter-
mine the DLT, maximally tolerated dose (MTD) and
recommended dose (RD) of GEM for a phase II study
in combination with fixed doses of DCT and CDDP.

All the drugs were given on days 1 and 8. GEM was
given first by 30-min intravenous infusion with 100 ml of
physiologic saline, followed by administration of DCT
and CDDP. The starting dose of GEM was 400 mg/m?
and the dose was increased by 200 mg/m? for dose esca-
lation. Both DCT and CDDP were given by 1-h intrave-
nous infusion with 500 ml of physiologic saline. The
doses of DCT and CDDP were fixed at 30 mg/m? and
40 mg/m?, respectively. Ondansetron (4 mg) or granise-
tron (3 mg) was administered intravenously just before
CDDP administration. The treatment was repeated
every 4 weeks up to four cycles if possible. If grade 4
hematological toxicity or grade 3 non-hematological
toxicity was observed in one course, the dose of GEM
was reduced by 200 mg/m? in the next cycle. The dose
of CDDP was reduced by 30 mg/m? if grade 3 renal tox-
icity developed. Before the next course was started, leu-
kocyte and platelet counts had to be at least 3,500/cmm
or more and 100,000/cmm or more, respectively.

Initially, three patients were enrolled at each dose
level. If all patients developed the DLT, the dose level
was determined to be the MTD. If 1 or 2 of the patients
developed DLT, at least six patients in total were sub-
jected to the same dose level. When DLT developed in
half or more of the patients, the dose was also deter-
mined to be the MTD. No intrapatient dose-escalation
was performed.

Pharmacokinetics

Blood samples (4 ml) were obtained from the cubital
vein opposite to the injection site at eight time points

as follows: before and 15 min after the start of GEM
infusion, at the end of infusion, and 15, 30, 60, 90, and
120 min postinfusion. The blood was placed into hepa-
rinized tubes containing 5 micromole of cytidine deam-
inase inhibitor, tetrahydrouridine. The samples were
centrifuged immediately, and the plasma was stored at
—20°C until analysis. Plasma levels of 2'2'-difluo-
rodeoxycytidine (dFAC: GEM) and 2',2'-difluorode-
oxyuridine (dFdU) were determined by high-performance
liquid chromatography (HPLC). Pharmacokinetic
parameters on each day were compared using the
unpaired two-tailed Student’s ¢ test.

Phase II study

The primary objective of the phase II study was to
determine the response rate and the secondary objec-
tives were survival and toxicity.

Response rate and survival were determined on an
intent-to-treat basis. The time to progression and over-
all survival time were calculated from the date of initia-
tion of chemotherapy until the first documentation of
disease progression and death, respectively, using the
Kaplan-Meier method. Statistical analyses were per-
formed using SPSS Base System' and Advanced Sta-
tistics™ Program (SPSS Inc., Chicago, IL, USA). The
sample size for the phase II study was calculated as 42
patients based on the assumption that response rate
was 40% with a 95% confidence interval of 15%.

Results
Patient characteristics

Between October 1999 and July 2001, 53 patients were
allocated to this study. The median age was 67 years
ranging from 41 to 74. There were 41 men and 12
women. PS was 0 in 24 patients and 1 in 29. Forty
patients had adenocarcinoma and 11 squamous cell
carcinoma, 1 adenosquamous cell carcinoma and 1
large cell carcinoma. Nine patients had stage IIIB dis-
ease and 44 stage IV disease.

Phase I study

Determination of MTD

Up to the dose level 2 (600 mg/m? of GEM), no patient
developed DLT. One patient allocated to dose level 3
(800 mg/m? of GEM) developed grade 3 liver damage.

Then three additional patients were treated at dose level
3, and two of these developed DLT (grade 3 diarrhea
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and fatigue). Accordingly, this dose level was consid-
ered to be the MTD because three of six patients
developed DLT. Finally, to determine the RD for a
phase II study, an additional three patients received
the treatment at the same dose level, but no patients
developed DLT. Then the RD was determined to be
dose level 3.

Toxicity

All patients were assessable for toxicity. Hematologi-
cal toxicity was generally mild. No grade 4 hematologi-
cal toxicity was experienced in the phase I study.
Grade 3 leukopenia and neutropenia were observed in
two of three patients (67%) and all three patients
(100%) at dose level 1, and in one each of the three
patients (33%) at dose level 2, respectively. At dose
level 3, of the nine patients enrolled, three each (33%)
developed grade 3 leukopenia and neutropenia,
respectively, and two patients (22%) developed grade
3 thrombocytopenia. Non-hematological toxicity was
also mild and reversible. The most frequent grade 3
toxicity was nausea which was observed in 3 of 15
patients (20%) but controlled with conventional antie-
metics. The dose-limiting toxicities were grade 3 diar-
rhea, liver damage, and fatigue, which were
manageable and reversible.

Pharmacokinetics

A total of eight patients were evaluated for plasma
pharmacokinetics of dFdC and dFdU. The pharmaco-
kinetic parameters of dFdC and dFdU are summa-
rized in Table 1. Time courses of dFdC and dFdU
concentrations in plasma according to the dose of
GEM are shown in Fig. 1. The plasma concentration
of dFdC reached peak concentration at the end of
infusion. The mean beta-half lives of dFdC and dFdU
were 11.5 and 132.3 min, respectively. The C,,, and
AUC of dFdC and dFdU increased with dose escala-
tion of GEM administration. However, no clear corre-
lation between toxicity or response and C,,,, or AUC
was observed.

Phase II study

A total of 47 patients including nine patients treated at
the RD level in the phase I portion were analyzed
together.

Completion of therapy
Median number of chemotherapy was two cycles rang-

ing from 1 to 4. Eleven (23%) patients completed four
cycles of the planned chemotherapy, 12 (26%) received

Table 1 Pharmacokinetic

dat Dose No. of Cax (ng/ml) T1/2 (min) AUC (mg/l/h) CLp (I/h)
ata level patients
dFdC
400 3 6,498 + 603 9.5+22 33901 +£ 02077  181.91 +£20.12
A +SD ;
verage = S . 600 2 7,761 + 2,893 129+ 1.4 37475 +12572 26322 +97.74
dFdC?2'2'-difluvorodeoxycyti- g 3 9272 + 3,598 12.6 +11.0 42743 £0.8769  315.70 + 79.10
dine, dFdU 2’ 2'-difluorode- dFdU
oxyuridine, C',,x maximum 400 3 12297 +892 14414355  46.693 + 5219 13.207 + 0.773
plasma concentration, AUC 600 2 17,400 £ 1,937 11754156  53.921 &+ 15222 17.963 + 5.727
areaunder curve, CLpplasma g 3 247700 + 3,740  130.4+£53.6  78.979 +21.541 17.727 £ 6.711
clearance
T 10000 3
2 I Gemcitabine =
Py A —— 800 mg/m? 5 20000 |
5 £ L —=== 600 mg/m2 B £
o] 2 A\ 400 mg/m2 T2
S > [ g > 5
o3 VR 22
s & 50000 ¢ ) e
28 SV & 5 10000
a5 s ,; b ag Gemcitabine ...,
2 ; i = — 800 mg/m?
S / \ 1y - 600 mg/m?
& by % N 400 mg/m2
[a\] 0 e s N O . .
0 60 120 0 60 120

Time (minutes)

Fig. 1 Pharmacokinetic study
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three cycles, 14 (30%) two cycles and 10 (21%) only
one cycle. As the cause of discontinuance of the treat-
ment before four cycles, doctor’s discretion (39%) was
most frequent and followed by disease progression
(28%), toxicity (22%), and patient refusal (11%).
Ratios of actual to projected doses of CDDP, DCT and
GEM at the first cycle were 93, 99 and 93%, respec-
tively. Dose intensities of these drugs were gradually
decreased, however, they were sufficiently maintained
even at the fourth cycle.

Response and survival

Responses were PR in 16 patients (34%), NC in 22
(47%), and PD in 9 (19%), for an overall response rate
of 34% (95% CI, 21-49%). At a median follow-up time
of 46.0 months (range, 19.3-55.0 months), 42 (89%)
patients had died and 5 (11%) were still alive. Median
time to progression was 4.8 months, and progression-
free survival rates at 1-year and 2-year were 12 and
3%, respectively. Median survival time was
11.7 months and survival rates at 1-year, 2-year and 3-
year were 49, 23 and 12%, respectively.

Toxicity

Toxicities observed in 47 patients are listed in
Table 2. The major toxicity was myelosuppression.
Grade >3 leukopenia and neutropenia occurred in 19
(40%) and 29 (62%) patients, respectively. Recombi-
nant human granulocyte colony stimulating factor
(rhG-CSF) was administered in 13 of 47 complete
cycles at the first cycle with a median duration of
6 days (range, 2-15 days). Similarly, rhG-CSF was
administered in 8 of 37 complete cycles at the second
cycle, 9 of 23 complete cycles at the third cycle and 1
of 11 complete cycles at the fourth cycle. Grade >3

Table 2 Toxicities

No. of NCI-CTC grade Percentage

patients (n = 47) of grade 3 + 4
1 2 3 4

Leukopenia 5 16 16 3 40

Neutropenia 5 5 19 10 62

Anemia 12 18 9 3 26

Thrombocytopenia 9 11 21 1 47

Nausea 16 17 11 0 23

Vomiting 12 9 0 0 0

Diarrhea 5 7 2 0 4

Hepatic dysfunction 8 3 3 0 6

Infection 3 0 9 0 19

Febrile neutropenia 0 0 1 0 2

NCI-CTC National cancer institute-Common toxicity criteria

thrombocytopenia and anemia occurred in 22 (47%)
and 12 (26%) patients, respectively. Three (6%)
patients received RBC transfusion and 5 (11%) plate-
let transfusion. Non-hematological toxicities were
generally mild. As grade >3 toxicities, nausea, infec-
tion, hepatic dysfunction, diarrhea and febrile neutro-
penia were observed in 11 (23%), 9 (19%), 3 (6%), 2
(4%) and 1 (2%) patients, respectively. However, all
the toxicities were reversible and there were no treat-
ment related deaths.

Initial relapse site

Most frequent site of initial relapse was primary lesion
or mediastinal lymph node (40%), followed by intra-
pulmonary metastasis (23%), pleural effusion (17%),
brain metastasis (13%), bone metastasis (11%), liver
metastasis (9% ) and adrenal metastasis (4% ).

Discussion

This phase I/IT study demonstrated that a triplet che-
motherapy consisting of CDDP, DCT and GEM could
be given at sufficient doses with acceptable toxicity in
patients with advanced NSCLC. In the phase I portion,
escalated doses of GEM were added to the fixed doses
of CDDP and DCT. Hematological toxicities were
generally mild and no grade 4 toxicity was experienced.
Although non-hematological toxicities such as liver
damage, diarrhea and fatigue occurred as dose-limiting
toxicities, they were reversible and manageable by con-
ventional treatment, and no life-threatening toxicity
was experienced. Pharmacokinetic analysis revealed
that both C,,,, and AUC of dFdC and dFdU increased
as the dose of GEM increased. However, no definite
correlation between pharmacokinetic parameters and
response, survival or toxicity was observed. The RD of
GEM was determined to be 800 mg/m? in combination
with CDDP 40 mg/m? and DCT 30 mg/m?, and a phase
II study was performed.

Several randomized trials investigating the effective-
ness of triplet chemotherapy for advanced NSCLC
have been already reported. Comella et al. [5] showed
a substantial survival advantage of a triplet chemother-
apy consisting of CDDP, GEM and VNR compared
with a doublet chemotherapy of CDDP plus VNR in a
randomized study. On the other hand, Souquet [19]
et al reported that a triplet chemotherapy consisting of
CDDP, VNR and ifosfamide had no survival benefit
over a doublet chemotherapy of CDDP plus VNR.
Similarly, Alverola et al. [1] reported that a triplet che-
motherapy consisting of CDDP, GEM and VNR
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showed no significant survival improvement compared
with a doublet chemotherapy of CDDP plus GEM,
although both hematological and non-hematological
toxicities were significantly severer in a triplet chemo-
therapy. Furthermore, Laack etal. [12] showed that
the CDDP-based triplet chemotherapy (CDDP +
VNR + GEM) had no survival benefit in advanced
NSCLC when compared with the CDDP-free doublet
(GEM + VNR). Thus, a definite advantage of a triplet
chemotherapy in comparison with a doublet chemo-
therapy has not been confirmed to date. In the phase 11
portion of the present study, although the objective
response rate, 34%, was slightly lower than the
expected response rate, the MST 11.7 months, was bet-
ter than the previous reports of the platinum-based
doublet chemotherapy [7, 11, 17]. This suggested that
this triplet chemotherapy might be effective for
advanced NSCLC.

As a possible explanation of the favorable results in
the present study, the following was considered. First,
planned dose-intensity in this study was considered to
be sufficient. Planned dose-intensities of CDDP, DCT
and GEM in this phase II study were 20 mg/m?/week,
15 mg/m?/week and 400 mg/m?/week, respectively. In
the previous CDDP-based doublets, dose intensities of
CDDP, DCT and GEM were 20-33 mg/m?/week, 15—
25 mg/m*week, and 750-833 mg/m*week, respec-
tively. In this triplet, planned dose intensities of two
drugs, CDDP (20 mg/m?/week) and DCT (15 mg/m?%
week), were equivalent to those of the previously
reported doublets of CDDP plus DCT, and addition-
ally GEM at a dose of 400 mg/m? which was almost half
of standard dose was given. Therefore, we considered
that sufficient dose-intensity was planned and actually
administered in this regimen.

Second, a majority of patients received at least two
cycles of chemotherapy and marked dose attenuation
was not necessary due to low toxicity of this regimen.
In this regimen, almost 80% of patients achieved a clin-
ical response of PR or NC, although hematological tox-
icities were extremely mild. Grade 4 neutropenia was
frequently observed in the previous doublet chemo-
therapy of CDDP plus DCT. On the other hand, grade
4 thrombocytopenia was often experienced in addition
to moderately frequent grade 4 neutropenia in the dou-
blet chemotherapy of CDDP plus GEM. Therefore, it
is of note that a considerable reduction of GEM was
necessary in the previous studies of CDDP-based dou-
blets, and GEM doses were less than 80% in the stud-
ies by Crino [6] and Sandler [16]. Because incidences of
both neutropenia and thrombocytopenia were consid-
erably low in this triplet chemotherapy compared with
the results of the previous doublet chemotherapy, rela-
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tively high delivered dose intensity could be main-
tained. These results probably resulted in the good
survival rates seen in this study.

Third, it was reported that salvage therapy such as
docetaxel [8, 18] and gefitinib [9, 10] might improve
survival. In this study, second-line or salvage treatment
after completion of this regimen was not defined. Eigh-
teen patients were treated with salvage chemotherapy,
however, no objective response was obtained. On the
other hand, 4 (31%) of 13 patients receiving gefitinib as
salvage therapy achieved partial response. In those 13
patients, MST and 2-year survival rate were
27.8 months and 54%, respectively, which might have
partly affected the results of this study.

In conclusion, these results indicate that a triplet
chemotherapy consisting of CDDP, DCT and GEM is
feasible and may be effective in patients with advanced
NSCLC.

References

1. Alberola V, Camps C, Provencio M, Isla D, Rosell R, Vadell
C, Bover I, Ruiz-Casado A, Azagra P, Jimenez U, Gonzalez-
Larriba JL, Diz P, Cardenal F, Artal A, Carrato A, Morales
S, Sanchez JJ, de las Penas R, Felip E, Lopez-Vivanco G;
Spanish Lung Cancer Group (2003) Cisplatin plus gemcita-
bine versus a cisplatin-based triplet versus nonplatinum
sequential doublets in advanced non-small-cell lung cancer: a
Spanish Lung Cancer Group phase III randomized trial.
J Clin Oncol 21:3207-3213

2. Bonomi P, Kim K, Fairclough D, Cella D, Kugler J, Rowinsky
E, Jiroutek M, Johnson D (2000) Comparison of survival and
quality of life in advanced non-small-cell lung cancer patients
treated with two dose levels of paclitaxel combined with cis-
platin versus etoposide with cisplatin: results of an Eastern
Cooperative Oncology Group trial. J Clin Oncol 18:623-631

3. Bunn PA Jr, Kelly K (1998) New chemotherapeutic agents
prolong survival and improve quality of life in non-small cell
lung cancer: a review of the literature and future directions.
Clin Cancer Res 4:1087-1100

4. Cardenal F, Lopez-Cabrerizo MP, Anton A, Alberola V,
Massuti B, Carrato A, Barneto I, Lomas M, Garcia M, Lianes
P, Montalar J, Vadell C, Gonzalez-Larriba JL, Nguyen B,
Artal A, Rosell R (1999) Randomized phase III study of gem-
citabine-cisplatin versus etoposide-cisplatin in the treatment
of locally advanced or metastatic non-small-cell lung cancer.
J Clin Oncol 17:12-18

5. Comella P, Frasci G, Panza N, Manzione L, De Cataldis G,
Cioffi R, Maiorino L, Micillo E, Lorusso V, Di Rienzo
G, Filippelli G, Lamberti A, Natale M, Bilancia D, Nicolella
G, Di Nota A, Comella G (2000) Randomized trial compar-
ing cisplatin, gemcitabine, and vinorelbine with either cis-
platin and gemcitabine or cisplatin and vinorelbine in
advanced non-small-cell lung cancer: interim analysis of a
phase III trial of the Southern Italy Cooperative Oncology
Group. J Clin Oncol 18:1451-1457

6. Crino L, Scagliotti GV, Ricci S, De Marinis F, Rinaldi M,
Gridelli C, Ceribelli A, Bianco R, Marangolo M, Di Costanzo
F, Sassi M, Barni S, Ravaioli A, Adamo V, Portalone L,



Cancer Chemother Pharmacol (2007) 60:53-59

59

10.

11.

12.

Cruciani G, Masotti A, Ferrara G, Gozzelino F, Tonato M
(1999) Gemcitabine and cisplatin versus mitomycin, ifosfa-
mide, and cisplatin in advanced non-small-cell lung cancer: a
randomized phase III study of the Italian Lung Cancer Pro-
ject. J Clin Oncol 17:3522-3530

. Fossella F, Pereira JR, von Pawel J, Pluzanska A, Gorbouno-

va V, Kaukel E, Mattson KV, Ramlau R, Szczesna A, Fidias
P, Millward M, Belani CP (2003) Randomized, multinational,
phase III study of docetaxel plus platinum combinations ver-
sus vinorelbine plus cisplatin for advanced non-small-cell
lung cancer: The TAX 326 Study Group. J Clin Oncol
21:3016-3024

. Fossella FV, DeVore R, Kerr RN, Crawford J, Natale RR,

Dunphy F, Kalman L, Miller V, Lee JS, Moore M, Gandara
D, Karp D, Vokes E, Kris M, Kim Y, Gamza F, Hammersh-
aimb L (2000) Randomized phase I1I trial of docetaxel versus
vinorelbine or ifosfamide in patients with advanced non-
small-cell lung cancer previously treated with platinum-con-
taining chemotherapy regimens. the TAX 320 Non-Small
Cell Lung Cancer Study Group. J Clin Oncol 18:2354-2362

. Fukuoka M, Yano S, Giaccone G, Tamura T, Nakagawa K,

Douillard JY, Nishiwaki Y, Vansteenkiste J, Kudoh S, Ris-
chin D, Eek R, Horai T, Noda K, Takata I, Smit E, Averbuch
S, Macleod A, Feyereislova A, Dong RP, Baselga J (2003)
Multi-institutional randomized phase II trial of gefitinib for
previously treated patients with advanced non-small-cell lung
cancer. J Clin Oncol 21:2237-2246

Kris MG, Natale RB, Herbst RS, Lynch TJ Jr, Prager D, Be-
lani CP, Schiller JH, Kelly K, Spiridonidis H, Sandler A, Alb-
ain KS, Cella D, Wolf MK, Averbuch SD, Ochs JJ, Kay AC
(2003) Efficacy of gefitinib, an inhibitor of the epidermal
growth factor receptor tyrosine kinase, in symptomatic pa-
tients with non-small cell lung cancer: a randomized trial.
JAMA 290:2149-2158

Kubota K, Watanabe K, Kunitoh H, Noda K, Ichinose Y,
Katakami N, Sugiura T, Kawahara M, Yokoyama A, Yokota
S, Yoneda S, Matsui K, Kudo S, Shibuya M, Isobe T, Segawa
Y, Nishiwaki Y, Ohashi Y, Niitani H; Japanese Taxotere Lung
Cancer Study Group (2004) Phase III randomized trial of do-
cetaxel plus cisplatin versus vindesine plus cisplatin in patients
with stage IV non-small-cell lung cancer: The Japanese Taxo-
tere Lung Cancer Study Group. J Clin Oncol 22:254-261
Laack E, Dickgreber N, Muller T, Knuth A, Benk J, Lorenz
C, Gieseler F, Durk H, Engel-Riedel W, Dalhoff K, Kortsik
C, Graeven U, Burk M, Dierlamm T, Welte T, Burkholder I,
Edler L, Hossfeld DK; German, Swiss Lung Cancer Study
Group (2004) Randomized phase III study of gemcitabine

13.

14.

15.

16.

17.

18.

19.

20.

and vinorelbine versus gemcitabine, vinorelbine, and cis-
platin in the treatment of advanced non-small-cell lung can-
cer: from the German and Swiss Lung Cancer Study Group. J
Clin Oncol 22:2348-2356

Le Chevalier T, Brisgand D, Douillard JY, Pujol JL, Alberola
V, Monnier A, Riviere A, Lianes P, Chomy P, Cigolari S,
Gottfried M, Ruffle P, Panizo A, Gaspard MH, Ravaioli A,
Besenval M, Besson F, Martinez A, Berthaud P, Tursz T
(1994) Randomized study of vinorelbine and cisplatin versus
vindesine and cisplatin versus vinorelbine alone in advanced
non-small-cell lung cancer: results of a European multicenter
trial including 612 patients. J Clin Oncol 12:360-367
Non-small Cell Lung Cancer Collaborative Group (1995)
Chemotherapy in non-small cell lung cancer: a meta-analysis
using updated data on individual patients from 52 random-
ized clinical trials. BMJ 311:899-909

Oken MM, Creech RH, Tormey DC, Horton J, Davis TE,
McFadden ET, Carbone PP (1982) Toxicity and response cri-
teria of the Eastern Cooperative Oncology Group. Am J Clin
Oncol 5:649-655

Sandler AB, Nemunaitis J, Denham C, von Pawel J, Cormier
Y, Gatzemeier U, Mattson K, Manegold C, Palmer MC, Gre-
gor A, Nguyen B, Niyikiza C, Einhorn LH (2000) Phase I11
trial of gemcitabine plus cisplatin versus cisplatin alone in pa-
tients with locally advanced or metastatic non-small-cell lung
cancer. J Clin Oncol 18:122-130

Schiller JH, Harrington D, Belani CP, Langer C, Sandler A,
Krook J, Zhu J, Johnson DH; Eastern Cooperative Oncology
Group (2002) Comparison of four chemotherapy regimens
for advanced non-small-cell lung cancer. N Engl J Med
346:92-98

Shepherd FA, Dancey J, Ramlau R, Mattson K, Gralla R,
O’Rourke M, Levitan N, Gressot L, Vincent M, Burkes R,
Coughlin S, Kim Y, Berille J (2000) Prospective randomized
trial of docetaxel versus best supportive care in patients with
non-small-cell lung cancer previously treated with platinum-
based chemotherapy. J Clin Oncol 18:2095-2103

Souquet PJ, Tan EH, Rodrigues Pereira J, Van Klaveren R,
Price A, Gatzemeier U, Jaworski M, Burillon JP, Aubert D
(2002) GLOB-1: a prospective randomised clinical phase II1
trial comparing vinorelbine-cisplatin with vinorelbine-ifosfa-
mide-cisplatin in metastatic non-small-cell lung cancer pa-
tients. Ann Oncol 13:1853-1861

Yana T, Takada M, Origasa H, Ijima T, Yamamoto N, Nak-
agawa K, Fukuoka M (2002) New chemotherapy agent plus
platinum for advanced non-small cell lung cancer: a meta-
analysis. Proc ASCO 21:328a

@ Springer



	A triplet chemotherapy with cisplatin, docetaxel and gemcitabine in patients with advanced non-small-cell lung cancer: a phase I/II study
	Introduction
	Materials and methods
	Patient selection
	Evaluation
	Phase I study
	Pharmacokinetics
	Phase II study

	Results
	Patient characteristics
	Phase I study
	Determination of MTD
	Toxicity
	Pharmacokinetics

	Phase II study
	Completion of therapy
	Response and survival
	Toxicity
	Initial relapse site


	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


