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Fig 3. Plasma/serumn haptoglohin levels according to the Common Terminology Criteria of Adverse Events (CTCAE; version 3.0). Grades of nsutropenia {left),
thrombocytopsnia (middle), and hematologic toxicity categories Iright] in the [A) modaling (MO, {B) validation-1 V1), and {C) validation-2 {(V2} cohorts. Horizontal lines

represent the average levels of haptoglobin,

There was no significant difference in age distribution, Eastern Coop-
erative Oncology Group performance status, liver function, renal
function, or prior chemoradiotherapy between the groups (Table 1
and data not shown), indicating that the occurrence of AEs does not
merely reflect the general poor condition of patients but is based on
certain biologic differences among individuals, We found that indi-
viduals who experienced severe AEs after administration of gemcitab-
ine showed decreased baseline levels of plasma haptoglobin (Figs 1B
and 2A), and this result was validated in three large cohorts using a
different methodology (Fig 3 and Appendix Tables Al to A3). Hapto-
globin is an abundant plasina protein that usually cannot be measured
by direct MS. However, constant depletion using an IgY-12 High
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Capacity Spin Column™ allowed us to accentuate the differences in
haptoglobin levels,

The molecular mechanisms that regulate the plasma haptoglobin
level under physiologic and pathologic conditions are largely un-
known. Haptoglobin is produced mainly in the liver, taken up by
neutrophils, and stored within their cytoplasmic granules. Haptoglo-
bin is released in response to a variety of stimuli, such as infection,
trauma, and malignancy,”* and modulates inflammatory responses.
Tumor necrosis factor o induces the release of haptoglobin from
neutrophils in vitro.™ Interestingly, tumor necrosis factor « and its
soluble receptors have been reported to be associated with an in-
creased risk of hematologic toxicities, '+
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Prediction of Hematologic Toxicities of Gemcitabine

Table 2. Contribution of Parameters to Prediction of Hematologic
Toxicities Associated With Gemcitabine

Factor Odds Ratio® 95% Ci P
Haptoglobin level 0.71 0.563t00.97 0311
Phenotype of haptoglobin (v Hp 2-2}

Hp 21 0.61 031t01.2Y 159
Hp 141 218 0.70t0 6.69 180
Absoluts neutrophil count 0.72 06110086 .0003%
Platelet count 0.63 0.38101.01 .056
Body-surface area 3.86 0.631023.76 .145

NOTE. A forward stepwise selection based on Akaike's Information Criterion
was used 1o select parameters for multivanate analysis.

“Odds ratios are par 100 mg/dL increase for haptoglobin level, per 1,000/uL
increase for absolute neutrophil count, per 10 X 10%ul increase for platelet,
and per 1.00 m? increase for body-surface area.

tP < .05,

To derive clinical applicability from these basic findings, we con-
structed a model (nomogram) that estimates the possibility of occur-
rence of hematologic AE before administration of gemcitabine (Fig 4A
and Appendix Fig A4). The significance of the model was further
confirmed in two independent validation cohorts (Fig 4B). Although
its accuracy was far from perfect, the model seems to be practically
sufficient for identifying individuals who arc likely to suffer from
hematologic toxicities after administration of gemcitabine, Various
cytotoxic or molecular targeting agents have been tested in combina-
tion with gemcitabine in phase [1] trials, but no apparent additional
therapeutic benefit has been demonstrated.> > The application of
this model to patient selection may improve the outcome of such
trials. We are now trying to identify new biomarkers that can predict
the efficacy of gemcitabine treatment using a similar strategy.

The phenotypes of haptoglobin have been reported to be
associated with different hemoglobin-binding, antioxidative, and
prostaglandin synthesis-initiating activities.™ Although baptoglobin
phenotype was not significantly associated with hematologic toxicities
(Table 1 and Appendix Tables Al to A3), the average levels of hapto-
globin differed among individuals with different phenotypes (Appen-
dix Fig A3), as described previously.™ For this reason, haptoglobin
phenotype was selected in the prediction model by AIC analysis
(Table 2). BSA has been repeatedly selected as one of the multivar-
jate parameters for predicting the AEs of anticancer therapies in
other studies, "7 suggesting a potential lack of accuracy in calculat-
ing individually optimized drug dose based solely on BSA, as pointed
out previously. ™

In conclusion, we have revealed that a decreased level of hapto-
globin is the second most significant factor predicting hematologic
toxicities associated with gemcitabine monotherapy after ANC (Table
2). Measurement of haptoglobin is now established as a laboratory
test and could be readily incorporated into routine oncologic prac-
tice. However, the predictive significance of haptoglobin was re-
vealed only in a retrospective population from a single institution
and must, therefore, be validated in an independent prospective
multi-institutional study. It was not determined in this study whether
haptoglobin could be a predictive biomarker for the AEs of other
chemotherapeutic agents. To improve the accuracy of prediction, the
discovery of new biomarkers with higher specificity and sensitivity will
be necessary. While bearing all these limitations in mind, the present
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Fig 4. (A) Nomogram to estmate the risk of hematologic toxicities more severe
than category H {top), category Hi imiddie), and category IV {bottom). Please see
Appendix Figure Ad and its legend for usage. (B} Receiver operating character-
istic (ROC) snalysis of nomogram for the prediction of catagory Wl and IV
hematologic toxicities in the modsling {gray). vahdation-1 (V1, bluel, and
validation-2 {V2; gold) cohorts. ANC, absolute neutrophil count; BSA, body-
surface area; AUC, area under the curve.

findings may provide novel insights notonly into the molecular mech-
anisms by which gemcitabine causes hematologic toxicities, but also
into new avenues for the development of new chematherapeutic
agents with lower toxicity.
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Background: This trial evaluated whether a combination of docetaxel and gemcitabine provides better survival than
docetaxel alone in patients with previously treated non-small-cell lung cancer {NSCLC).

Patients and methods: Eligibility included pathologically or cytologically proven NSCLC, fallure of one platinum-
based regimen, performance status of zero or one, 20-75 years old, and adequate organ function. Patients received
docetaxel 60 mg/m? {day 1) or docetaxel 80 mg/m? (day 8) and gemcitabine 800 mg/m? {days 1 and 8), both
administered every 21 days until dlsease progression.

Results: Sixty-five patients participated in each arm. This trial was terminated early due to an unexpected high
incidence of interstitial lung disease (ILD) and three treatment-related deaths due to ILD In the combination arm.
Docstaxel plus gemcitabine compared with docetaxel-glone patients experienced similar grade and incidence of
toxicity, except for ILD. No baseline factor was identified for predicting ILD. Median survival times were 10.3 and 10.1
months {one-sided P = 0.36) for docetaxel plus gemcitabine and docetaxe! arms, respectively.

Conclusion: Docstaxel alone is still the standard second-line treatment for NSCLC. The incidence of ILD is higher for
docetaxel combined with gemcitablne than for docetaxel alone in patients with previously treated NSCLC.

Key words: docetaxe!, gemcitablne, non-small-cell iung cancer, platinum-refractory, second-line chemotherapy

introduction of patients do progress and should be offered second-line
treatment. With unsurpassed efficacy compared with other
chemotherapeutic regimens or best supportive care [4, 5],
docetaxel alone is the current standard as second-line
chemotherapy for advanced NSCLC, The recommended
regimen of docetaxel 75 mg/m? given i.v. every 3 weeks as
second-line therapy has been associated with median survival
times of 5.7-7.5 months [4, 5] and is also associated with better
quality-of-life outcomes compared with best supportive care
[2]. Docetaxel monotherapy for recurrent NSCLC after
platinum-based chemotherapy has several limitations, however,
including low response rates (7-11%), brief duration of disease
control, and minimal survival advantage [4, 5].

Gemcitabine is also active against recurrent NSCLC after
*Comrespondence to: Dr K, Takeda, 2-13-22 Miyakojimahondohri, Miyakojima-ku, p latinum-based chemotherapy [6]. Gemcitabine 1000 mg/mz
Osaka 534-0021, Jopan, Tel: +81-6-6020-1221; Fax: +81-6-6029-1090; once a week for 3 weeks every 28 days produced a 19% response
E-malt; kkk-take@ga2.50-net.nep rate in a phase II trial, and it shows significant activity mainly

Lung cancer is the most common cancer worldwide, with an
estimated 1.2 million new cases globally (12.3% of all cancers)
and 1.1 million deaths (17.8% of all cancer deaths) in 2000 [1].
The estimated global incidence of non-small-cell lung cancer
(NSCLC) in 2000 was ~1 million, which accounted for ~80%
of all cases of lung cancer [1]. Treatment of advanced NSCLC is
palliative; the aim is to prolong survival without leading to
deterioration in quality of life {2]. The recommended first-line
treatment of advanced NSCLC currently involves up to four
cydles of platinum-based combination chemotherapy, with no
single combination recommended over others {3]. Although
this treatment improves survival rates, a substantial proportion

©® The Author 2009. Published by Oxford University Press on behalf of the European Soclety for Medical Oncology.
Al rights reserved. For permissions, please email: journals. permissions@oxfordjournals.org
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in patients previously responsive to chemotherapy [6]. Single-
agent gemcitabine has a low toxicity profile and is well tolerated
(6].

Docetaxel and gemcitabine have distinct mechanisms of
action and nonoverlapping toxic effects except for neutropenia.

Many studies of the combination of docetaxel and gemcitabine

have been conducted in first- and second-line settings [7-16].
The following doses and schedule have been adopted in most
studies: docetaxel 80-100 mg/m? on day 1 or 8 and gemcitabine
800-1000 mg/m? on days 1 and 8 or on days 1, 8, and 15.
Furthermore, most studies required use of prophylactic
granulocyte colony-stimulating factor (G-CSF) support.

In Japan, however, the recommended dose of docetaxel is 60
mg/m? every 3 weeks [17, 18]. Several studies to confirm the
dose and schedule of this combination without prophylactic G-
CSF support have been conducted in Japan [19-21]. Two
studies recommended docetaxel 60 mg/m?® on day 8 and
gemcitabine 800 mg/m’ on days 1 and 8, and another study
recommended docetaxel 50 mg/m* on day 8 and gemcitabine
1000 mg/m? on days 1 and 8, without prophylactic G-CSF
support, every 3 weeks. These studies demonstrated the
consistent promising efficacy of this combination regimen. An
objective response was observed in 28%—40% of patients, with
a median survival time of 11.1-11.9 months and a 1-year
survival rate of 41%-47%.

We conducted a multicenter, randomized, phase III trial to
evaluate whether the combination regimen of docetaxel and
gemcitabine provides better survival than docetaxel alone in
patients with previously treated NSCLC.

patients and methods

patient selection

Eligible patients were 20-75 years of age, with histologically or cytologically
confirmed stage 11IB {with malignant pleural effusion or contralateral hilar
lymph node metastases) or stage IV NSCLC who had failed one platinum-
based chemotherapy regimen previously. Patients who had received
gemcitabine or docetaxel were excluded. Additional inclusion criteria
included a Bastern Cooperative Oncology Group performance status of zero
to onc, and adequate organ function as indicated by white blood cell count
24000/, absolute neutrophil count 22000/y!, hemoglobin 29.5 g/dl,
platelets 2100 000/ul, aspartate aminotransferase (AST)/alanine
amonotransferase (ALT) €2.5 times the upper limit of normal, total
bilirubin £1.5 mg/dl, serum creatinine <1.2 mg/dl, and PaO; in arterial
blood 270 torr, Asymptomatic brain metastases were allowed provided that
they had been irradiated and were clinically and radiologically stable. Prior
thoracic radiotherapy was allowed provided that treatment was completed
at least 12 weeks before enrollment, Patients were excluded from the study
if they had radiologically and clinically apparent interstitial pneumonitis or
pulmonary fibrosis. Al patients provided written informed consent, and the
study protocol was approved by Japan Clinical Oncology Group (JCOG)
Clinical Trial Review Committee and the institutional review board of each
participating institution,

treatment plan and dose modifications

Eligible patients were centrally registered at JCOG Data Center and were
randomly assigned to either docetaxel 60 mg/m” as a 60-min i.v. infusion
on day 1 or docetaxel 60 mg/m? as a 60-min i.v. infusion on day 8 plus
gemcitabine 800 mg/m? as a 30-min iv. infusion on days 1 and 8, using
a minimization method with institutions and response to prior
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chemotherapy (progressive disease or not) as balancing factors, Patients
receiving docetaxel were administered standard dexamethasone
premedication (8 mg orally at the day before, on the day, and the day after
docetaxel administration) as previously reported {7] and 50 mg of
diphenhidramine 30 min before docetaxel administration. Recombinant
human G-CSF was not given prophylactically, Chemotherapy cycles were
repeated every 3 weeks until disease progression. Docetaxel was given before
gemcitabine in the docetaxel plus gemcitabine regimen,

Dose adjustments were based mainly on hematologic parameters. The
doses of docetaxel and gemcitabine were reduced by 10 and 200 mg/m?,
respectively, in subsequent cycles if chemotherapy-induced febrile
neutropenia, grade 4 anemia, grade 4 thrombocytopenia, grade 4
leukopenia, or grade 4 neutropenia lasting for >3 days occurred in the
absence of fever. Dose reductions were maintained for all subsequent cycles.
Patients requiring more than one dose reduction were off-protocol
treatment,

baseline and follow-up assessments

Pretreatment evaluation included a complete medical history and physical
examination, a complete bload count (CBC) test with differential and
platelet count, standard biochemical profile, electrocardiogram, chest
radiographs, computed tomographic scans of the chest, abdomen, and
brain, magnetic resonance imaging, and a whole-body bone scan. During
treatment, a CBC and biochemical tests were carried out weekly. A detailed
medical history was taken and a complete physical examination with
clinical assessment was carried out weekly to assess disease symptoms and
treatment toxicity, and chest radiographs were done every treatment cycle.
Toxicity was evaluated according to the National Cancer Institute
Cancer—Common Toxicity Criteria Version 2 {22].

All patients were assessed for response by computed tomography scans
after every two cycles of chemotherapy, Response Bvaluation Criteria in
Solid Tumors {RECIST) were used for the evaluation of response [23].

The progression-free survival (PFS) was calculated from the day of
randomization until the day of the first evidence of disease progression or
death, If the patient had no progression, PFS was censored at the day when
no clinical progression was confirmed, Overall survival (OS) was measured
from the day of randomization to death,

Disease-related symptoms were evaluated and scored at baseline and 6
weeks after the start of treatment with the seven-item Lung Cancer Subscale
(LCS) of the Functional Assessment of Cancer Therapy-Lung version 4
[24}, which were translated from English to Japanese. The questionnaire
entries were listed as follows: ‘T have been short of breath’, ‘I am losing
weight’, ‘My thinking is clear’, ‘I have been coughing’, ‘l have a good
appetite’, I feel tightness in my chest’, and ‘Breathing is easy for me',
Patients scored using a five-point Likert scale (0-4) by themselves. The
maximum attainable score of the LCS was 28, where the patient was
considered to be asymptomatic,

statistical analysis

The primary endpoint was OS; secondary endpoints were PFS, the overall
response rate, disease-related symptoms, and toxicity profile. Based on
previous trials evaluating the docetaxel [4, 5] and docetaxel plus
gemcitabine {19-21] regimens, the present study was designed to detect

a 129 difference of 1-year survival rate. To attain an 80% power at a one-
sided significance level of 0.05, assuming 1-year survival of docetaxel arm as
35% with 1 year of follow-up after 2 years of accrual, 284 patients (142 per
each arm) were required. Analyses were to be carried out with all
randomized patients. Both the OS and PFS were estimated with the
Kaplan-Meier method. The comparisons of OS and PFS between arms were
assessed by the stratified log-rank test with a factor used at randomization,
response to prior chemotherapy. Two interim analyses were planned after
half of the patients were registered and the end of registration.
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For the symptom analysis, changes of LCS from initial score were
compared between arms using analysis of covariance with initial score as
a covariate.

All analyses were carried out with SAS software release 8.2 (SAS Institute,
Cary, NC).

results

This trial was terminated early due to the unexpected high
incidence of interstitial lung disease (ILD) and three treatment-
related deaths due to ILD in the combination arm, which were
identified by the Adverse Event Reporting system.

patient characteristics

From January 2002 to September 2003, 130 patients with
NSCLC who had failed prior platinum-based chemotherapy
from 32 institutions were enrolled (Appendix). These patients
were randomly assigned to docetaxel alone (1 = 65) or
docetaxel plus gemcitabine (n = 65). One patient died as a
result of rapid progressive disease before chemotherapy
administration, and one patient did not meet the entry criteria in
the docetaxel arm. In addition, one patient did not meet the entry
criteria in the docetaxel plus gemcitabine arm, All patients

were included in the analysis of survival and PFS, and 64 docetaxel
and 65 docetaxel plus gemcitabine patients were assessable for
toxicity. Fifty-nine patients with measurable lesions by RECIST

in the docetaxel arm and 57 eligible patients in docetaxel
plus gemcitabine arm were assessable for response (Figure 1).
Table 1 presents baseline patient characteristics.

The median number of cycles was 3 (range 0-6) and 2 (range
1-8) in the docetaxel and docetaxel plus gemcitabine arms,
respectively. The median interval between cycles was 22 days for
both arms.

toxicity

This trial was terminated early due to the unexpected high
incidence of ILD and three treatment-related deaths (4.6%) due
to ILD in the docetaxel plus gemcitabine arm. These events
were identified by the Adverse Event Reporting system.
Thirteen (20.0%) patients receiving combination treatment
suffered from all grades of ILD, whereas only two (3.1%)
patients receiving docetaxel alone suffered from grades 1-2
ILD. Grades 24 ILD occurred in 16.9% of docetaxel plus
gemcitabine patients, an unexpected high incidence rate. No
risk factors were identified contributing to these pulmonary
adverse events,

Toxicity was assessed in all patients who received at least one
treatment cycle and in all cycles (Table 2), Overall, grades 3-4
neutropenia occurred in 55 dacetaxel patients (85.9%) and 53
docetaxel plus gemcitabine patients (81.5%). Grades 3-4
anemia occurred in two patients (3.1%) and 12 patients
(18.5%) treated with docetaxel alone and docetaxel plus

Patients randomly assigned
N=130

|

¢

}

Docetaxel alone
N=65
insligible (N=1)

Docetaxe! plus gemcitabine
N=65
ineligible (N=1)

Intention-to-treat
Overall survival and
progression-free survival

Not treated due to early
progressive disease
N=1

¥y

Docetaxel alone
N=64

Docetaxel plus gemcitabine
N=65

' Toxicity 1

Not mesurable
N=6

T R—

Not mesurable
N=8

Docetaxel alone
N=59

Docetaxel plus gemcitabine |
N=57

Response by RECIST ]

Figure 1. CONSORT diagram for the study.
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gemcitabine, respectively, Sixteen patients treated with
docetaxel (25.0%) and 11 patients with docetaxel plus
gemcitabine (16.9%) developed febrile neutropenia. All

Table 1. Patient characteristics

Patients enrolled 65 65

Age, years
Median 62 60
Range 34-75 34-74
Gender
Male 48 73.8 51 78,5
Female 17 26.2 14 215
ECOG PS
0 20 308 21 323
1 45 69.2 44 67.7
Histology
Squamous 19 29.2 22 33.8
Adenocarcinoma 40 61.5 40 61.5
Large cell 4 6.2 3 4.6
Others 2 31 0 0
Best response of prior chemotherapy
CR 2 3l 0 0
PR 38 58.5 40 61.5
SD 20 308 19 29.2
PD 5 7.7 6 9.2

D, docetaxel; DG, docetaxel plus gemcitabine; ECOG PS, Eastern
Cooperative Oncology Group performance status; CR, complete response;
PR, partial response; SD, stable disease; PD, progressive disease,

Table 2. Hematological and non-hematological toxicity

Annals of Oncology

required antibiotic treatment and G-CSF; however, no patient
died. One patient in the docetaxel plus gemcitabine arm
developed anaphylatic shock immediately after administration
of docetaxel at the second cycle. Grades 2-4 ALT elevation was
more frequent with docetaxel plus gemcitabine than with
docetaxel (20.0% versus 4.7%). Grades 2—4 non-neutropenic
infection occurred more often with docetaxel plus gemcitabine
than with docetaxel (21.5% versus 15.6%). Grades 24 ILD was
more frequent with docetaxel plus gemcitabine than with
docetaxel (16.9% versus 1.6%). Other toxic effects were
relatively mild (Table 2). Overall, docetaxel plus gemcitabine
was more toxic than docetaxel, however, well tolerated except
for ILD in docetaxel plus gemcitabine arm,

treatment efficacy

The overall response rate for docetaxel alone was 6.8% [95%
confidence interval (CI) 1.9% to 16.5%) and 7.0% for docetaxel
plus gemcitabine (95% CI 2.0% to 17.0%). There was no
significant difference between treatment arms (P = 0.71;
Pisher’s exact test),

At the time of this analysis, 50 docetaxel patients (76.9%)
and 48 docetaxel plus gemcitabine patients (73.8%) had died.
The median survival time was 10.1 months for docetaxel alone
and 10.3 months for docetaxel plus gemcitabine {one-sided P =
0.36 stratified log-rank test; Figure 2A). The respective 1-year
survival rate was 43.1% (95% CI 31.0% to 55.1%) for docetaxel
and 46.0% (95% CI 33.8% to 58.1%) for docetaxel plus
gemcitabine.

The median PFS time was 2.1 and 2.8 months for
docetaxel and docetaxel plus gemcitabine, respectively (one-
sided P = 0.028 stratified log-rank test; Figure 2B).

Hematological 0-1 2 3

Anemia 27 35 2
Leukopenia 9 14 29
Neutropenia 7 2 15
Thrombocytopenia 64 0 0
Non-hematological 0-1 2 3
Allergic reaction 64 0 0
Alopecia 45 18 -
ALT 61 2 1
Diarrhea 61 3 0
Edema 63 1 0
Fatigue 56 5 2
Febrile neutropenia 48 - 16
Infection with grades 34 neutropenia 59 - 5
Infection without neutropenia 54 8 2
Nausea 55 7 2
Neuropathy 62 2 0
Preumonitis (ILD) 63 1 0
Stomatitis 61 3 0

4 3-4% 0-1 2 3 4 3-4%

0 3.1 21 32 9 3 18,5
12 64.1 11 12 32 10 64.6
40 85.9 8 4 19 34 81.5

0 0 43 14 8 0 123

4 2-4% 0-1 2 3 4 2-4%

¢ 1} 59 5 1 0 9.2

- 28.1 49 14 - - 215

0 4.7 52 10 3 0 20.0

0 4.7 60 3 2 0 7.7

0 1.6 64 1 0 0 1.5

1 125 56 7 1 1 13.8

0 250 54 - 1 0 16.9

0 7.8 56 - 9 0 13.8

0 15.6 51 4 9 1 215

- 141 55 6 4 - 154

0 3.1 62 2 0 1 4.6

0 1.6 54 3 7 1 169

0 4.7 60 5 0 0 77

D, docetaxel; DG, docetaxel plus gemcitabine; NCI-CTC, National Cancer Institute—Cancer Common Toxicity Criteria; ALT, alanine aminotransferase; ILD,

interstitial lung disease.
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Figure 2. Overall survival (A) and progression-free survival (B) by
treatment arm.

disease-related symptom assessment

Patients’ compliance with disease-related symptom assessment
was 100% at baseline and 95.4% at 6 weeks later, Compliance
rates were not different between the arms (P = 1,00). LCS data
were missing in four surveys due to death or severe impairment
of the patient’s general condition; this accounted for 1.5% of
the total number of surveys scheduled. Mean LCS at baseline
and 6 weeks were shown in Table 3. There were no
significant differences in the LCS changes from baseline to 6
weeks between docetaxel and docetaxel plus gemcitabine

arms (P = 0.61).

discussion

This trial was terminated early due to the unexpected high
incidence of ILD and three treatment-related deaths due to ILD
in the docetaxel plus gemcitabine arm, Our findings seem to
indicate that the combination of docetaxel and gemcitabine
may be associated with a higher incidence of pulmonary
adverse events compared with docetaxel alone, especially in
patients with previously treated NSCLC.

Pulmonary toxicity following chemotherapeutic agents,
including ILD, has been well recognized for many years. In
most cases, this toxicity is mild and self-limiting, However, the
mechanism of developing drug-induced ILD is uncertain, and
risk factors for developing this disorder have not been
identified. In terms of combination therapy with docetaxel and
gemcitabine for advanced NSCLC, there were few reports about
the incidences of ILD at the time this study was planned. A
phase 1 study of patients with transitional cell carcinoma
evaluated thrice-weekly doses of docetaxel given on day 1 plus
gemcitabine given on days 1 and 15 and showed that
pulmonary toxicity occurred in three of five patients and was

Volume 20| No. 5| May 2009

Table 3. Disease-related symptom assessment

Baseline

Number #n =65 n=65

Mean * SD 19.0 £ 5.48 19.7 *+ 5.25
6 weeks later

Number n=62 n=62

Mean * SD 18.1 * 556 189 * 5.05
Difference

Mean = SD ~1.11 % 381 —0.99 £ 4.49

D, docetaxel; DG, docetaxel plus gemcitabine; SD, standard deviation,

the cause of death in one [25]. Recently, some reports have
been published about the high incidence of ILD due to the
combination regimen of docetaxel and gemcitabine in patients
with NSCLC [13, 26, 27], including the present study (Table 4).
In Japanese population, ILD is a very complex issue in
treatment of patients with lung cancer. Epidermal growth
factor tyrosine kinase inhibitor gefitinib is developing ILD
significantly in Japanese patients with NSCLC [28). It is
uncertain why ILD is developing more in Japanese patients with
NSCLC than the Western patients. Ethnic difference may be
one of the explanations for this occurrence, The combination of
gemcitabine and docetaxel is associated with a high incidence of
severe pulmonary toxicity. The regimen should not be used
outside a clinical trial.

The median survival times of 10.1 and 10.3 months and
estimated 1-year survival rates of 43.1% and 46.0% with
docetaxel alone and docetaxel plus gemcitabine, respectively,
suggest that adding gemcitabine to docetaxel did not provide
any increased efficacy in patients with previously treated
NSCLC. Interestingly, the combination regimen of docetaxel
plus gemcitabine significantly improved the median PFS time
(P = 0.028). Possible reasons for failing to detect a significant
difference between survival curves may include an insufficient
occurrence of documented events as a result of the study
population comprising patients with relatively good prognosis,
in addition to a high proportion of patients subsequently
receiving third-line therapy. During this study, gefitinib
treatment was commonly used for patients with recurrent
NSCLC in Japan [29]. Asian ethnicity is a well-known
predictive factor for a response for gefitinib [30].

Two randomized phase II trials compared docetaxel alone
with docetaxel plus irinotecan in second-line chemotherapy for
NSCLC [31, 32}. No significant treatment differences in
survival were observed in either trial; however, the trials were
phase II study and were not powered or designed to compare
survival, This study was not powered to compare survival when
it was terminated early due to the unexpected high incidence of
ILD in the docetaxel plus gemcitabine arm. However, based on
previous studies, as well as the present results, combination
chemotherapy with docetaxel and another chemotherapeutic
agent has not improved survival in patients with previously
treated NSCLC.

In conclusion, docetaxel alone is still the standard second-
line treatment for advanced NSCLC. The combination of
docetaxel and gemcitabine was too toxic to obtain any survival
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Table 4. Reports of interstitial lung disease due to docetaxel plus gemcitabine regimen

s

- < g
Rebattu et al. [13] 2001 Phase U1 Docetaxel (60, 75, 85, 100 mg/m?) day 8; gemcitabine 49 3 (6.1) 0
(1000 mg/m?), days 1 and 8, every 3 weeks
Kouroussis et al. [25} 2004 Phase 1 Docetaxel (30, 35, 40 mg/m?), days 1, 8 and 15; 26 6 (23) 2(7.7)
gemcitabine (700, 800, 900, 1000 mg/m?),
days 1, 8 and 15, every 4 weeks
Matsui et al. {21} 2005 Phase ¥11 Docetaxel (50, 60 mg/m’) day 1 or 8; gemcitabine 59 3(5.1) 0
(800, 1000 mg/m?), days 1 and 8, every 3 weeks
Pyjor et al. [27] 2005 Phase 111 Docetaxel (85 mg/m?) day 8; gemcitabine 155 8 (5.2) 1 (0.6)
(1000 mg/mz), days 1 and 8, every 3 weeks
Cisplatin (100 mg/m?) day 1; vinorelbine (30 mglml), 156 1 (0.6) 0
days 1, 8, 15 and 22, every 4 weeks
Takeda (present study) 2008 Phase 11 Docetaxel (60 mg/m?) day 8; gemcitabine (800 mg/m?), 65 8 (12.3) 3(4.6)
days 1 and 8, every 3 weeks
Docetaxel (60 mg/m?) day 1, every 3 weeks 64 0 (0) 0

ILD, interstitial lung disease; TRD, treatment-related death.

benefit in patients with recurrent advanced NSCLC. The
development of less toxic and more effective chemotherapeutic
agents, including molecular targeted drugs, is warranted for the
second-line treatment of NSCLC.
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appendix

The following institutions participated in the study: Hokkaido
Cancer Center (Sapporo), Ibaragi Prefectural Central Hospital
(Kasama), Tochigi Cancer Center (Utsunomiya), Nishigunma
National Hospital (Shibukawa), Gunma Prefectural Cancer
Center Hospital {Ohta), Saitama Cancer Center Hospital (Ina),
National Cancer Center Hospital East (Kashiwa), National
Cancer Center Hospital (Tokyo), International Medical Center
of Japan (Tokyo), Cancer Institute Hospital (Tokyo),
Toranomon Hospital (Tokyo), Kanagawa Cancer Center
Hospital (Yokohama), Yokohama Municipal Hospital
(Yokohama), Niigata Cancer Center Niigata Hospital (Niigata),
Gifu Municipal Hospital (Gifu), Aichi Cancer Center Hospital
(Nagoya), Nagoya National Hospital (Nagoya), Prefectural
Aichi Hospital (Okazaki), Osaka City University Medical
School {Osaka), Kinki University School of Medicine (Osaka-
Sayama), Osaka Medical Center for Cancer and Cardiovascular
Disease (Osaka), Osaka Prefectural Medical Center for
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Respiratory and Allergic disease (Habikino), Kinki-Chuo Chest
Medical Center (Sakai), Toneyama National Hospital
(Toyonaka), Osaka Prefectural General Hospital (Osaka),
Osaka City General Hospital {Osaka), Kobe City General
Hospital (Kobe}, Hyogo Collage of Medicine (Nishinomiya),
Hyogo Cancer Center (Akashi), Shikoku Cancer Center
Hospital (Matsuyama), Kyusyu University Hospital {Fukuoka),
and Kumamoto Regional Medical Center (Kumamoto).

references

1. Parkin DM. Global cancer statistics in the year 2000, Lancel Oncol 2001; 2:
533-543.

2. Dancey J, Shepherd FA, Gralla RJ et al. Quality of life assessment of second-line
docetaxe! versus best supportive care in patients with non-smalf-cell lung cancer
previously treated with platinum-based chemotherapy: results of a prospective,
randorized phase Il trial, Lung Cancer 2004; 43: 183-194.

3. Socinski MA, Morris DE, Masters GA et al. Chemotherapeutic management of
stage IV non-small cell fung cancer, Chest 2003; 123 (Suppl 1) 22652438,

4, Shepherd FA, Dancey J, Ramlau R et al. Prospsctive randomized trial of
docetaxe! versus best supportive care in patients with non-smafl-cell lung cancer
previously {reated with platinum-based chemotherapy. J Clin Oncel 2000; 18:
2095-2103.

5. Fossella FV, DeVore R, Kerr RN et al. Randomized phase Hl trial of docetaxel
versus vinorelbine or ifosfamide in patients with advanced non-small-cell lung
cancer previously treated with platinum-containing chemothsrapy regimens: the
TAX 320 Non-Small Cell Lung Cancer Study Group. J Clin Oncol 2000; 18:
2364-2362, :

6. Crino L, Mosconi AM, Scaglioti G et al, Gemcitabine as second-fine reatment
for advanced non-small-celt fung cancer: a phass Il trial, J Clin Oncol 1999; 17:
2081-2085,

7. Georgoulias V, Kouroussis C, Androulakis N et al. Front-line treatment of
advanced non-small-cell lung cancer with docetaxel and gemcitabine:

a multicanter phase I trial, J Clin Oncol 1999; 17: 914-820,

8. Georgoulias V, Papadakis E, Alexopoulos A et al, Platinum-based and non-
platinum-based chemotherapy in advanced non-small-cell lung cancer:
a randomised mutticentre trial, Lancet 2001; 357: 1478-1484,

8. Hainsworth JD, Burris HA [II, Billings FT iii et al. Weekly docetaxel with either
gemcitabine or vinorelbine as second-line ireatment in patients with advanced
nion-smalf cell lung carcinoma: phase Il friais of the Minnie Pear! Cancer
Research Network. Cancer 2001; 92: 2391-2398,

Volume 20| No. 5 | May 2009

~ 106 ~



Annals of Oncology

10. Hejna M, Kornek GV, Radarer M st al. Treatment of patients with advanced

nonsmalt cell lung carcinoma using docetaxel and gemcitabine plus granulocyte-

colony stimulating factor. Cancer 2000; 89: 516-522.

11, Kakolyris S, Papadakis F, Tslafaki X et al. Docetaxel in combination with
gemcitabine plus thG-CSF support as second-line treatment in non-small cell
fung cancer. A multicenter phase li study. Lung Cancer 2001; 32: 179-187.

12. Kosmas C, Tsavaris N, Vadiaka M et al. Gemcitabine and docetaxel as second-
fine chemotherapy for patients with non-small celf lung carcinoma who fail prior

paciitaxe! plus platinum-based regimens. Cancer 2001; 92: 2902-2910,

13. Rebattu P, Quantin X, Ardiet C et al, Dose-finding, pharmacoldnetic and phase I
study of docetaxel in combination with gemaitabine in patients with inoperable

non-small cell lung cancer. Lung Cancer 2001; 33: 277-287.

14, Rischin D, Boyer M, Smith J et al. A phase | trlat of docetaxe! and gemcitablne in

patients with advanced cancer. Ann Oncol 2000; 11: 421—428.

15. Spiridonidis CH, Laufman LR, Jones J et al. Phase | study of docetaxel dose
escalation in combination with fixed weekly gemcitabine in patients with
advanced malignancigs. J Clin Oncol 1998; 16: 3866-3873.

16. Spiridonidis CH, Laufman LR, Carman L et al. Second-line chemotherapy for
non-small-cell lung cancer with monthly docetaxel and weekly gemcitabine:
a phase fi trial. Ann Oncal 2001; 12: 89-94.

17. Kunitoh H, Watanabe K, Onoshl T et al. Phase Il trial of docetaxel in previously
untreated advanced non-small-call lung cancer; a Japanese Coopsrative Study.

J Clin Oncol 1996; 14: 1648-1656.

18, Taguchi T, Furue H, Nitani H et al. Phase | clinical rial of RP 58976 {docetaxel}

a new anlicancer drug. Gan To Kagaku Ryoho 1994; 21: 1997-2005.

19. Miyazaki M, Takeda K, Ichimaru Y et al. A phase Vil study of docetaxel ) and

gemcitablne (G) combination chemotherapy for advanced non-small cell lung
cancer (NSCLC). J Clin Oncol 2001; 20 (Suppl): (Abstr 2812).

20, Niho S, Kubota K, Goto K et al. Combination second-line chemotherapy with
gemcitabine and docetaxel for recurrent non-small-calf lung cancer after
platinum containing chemotherapy: a phase Vil trial. Cancer Chemother
Pharmacol 2003; 52: 19-24.

21. Matsul K, Hirashima T, Nitta T at al. A phase /Il study comparing regimen

schedules of gemcitablne and docetaxs! in Japanese patlents with stage IIBAV

non-small cell lung cancer. Jpn J Clin Oncol 2005; 356: 181-187.

Volume 20| No. 5| May 2009

~ 107 ~

22

283,

24.

25.

26.

27.

28.

28

30.

3t.

32.

Arbuck SG, Ivy SP, Setser A et al. The Revised Common Toxicity Criteria: Version
2.0 CTEP. htip://ctep.info.nth.gov (30 April 1989, date last accessed).
Therasse P, Arbuck SG, Eisenhauer EA et al, New guldelines to evaluate the
response 1o treatment in solid tumors. J Natl Cancer Inst 2000; 92:
205-216.

Cella DF, Bonomi AE, Lioyd SR et al. Reliability and validity of the Functional
Assessment of Cancer Therapy-Lung (FACT-L} quality of fife Instrument. Lung
Cancer 1995; 12; 199-220.

Dunsford LM, Mead MG, Bateman CA et al. Severe pulmonary toxicily in patients
traated with a combination of docetaxel and gemcitabine for metastatic
transitional cell carcinoma. Ann Oncol 1999; 10: 943-947.

Kouroussis C, Tsavaris N, Syrigos K et al, High incidence of pulmenary foxicity of
weekly docetaxel and gemcitabine in patlents with non-small cell lung cancer:
results of a dose-finding study. Lung Cancer 2004; 44: 363-368.

Pujor JL, Breton JL, Gervals R et al. Gemcitabin-docetaxel versus
cisplatin-vinorelbing in advanced or metastatic non-small-cell lung cancer:

a phase ! study addressing the case for cisplatin, Ann Onco! 2005; 16
602-610.

Ando M, Okamoto 1, Yamamoto N et al. Predictive factors for interstitial lung
disease, antitumor response, and survival In non—-small-cell lung cancer patients
treated with gefitinib, J Clin Oncol 2006; 24: 2548~2558.

Fukuoka M, Yano S, Giaccone G et al. Multi-institutional randomized phase If trial
of gefitinib for previously treated patients with advanced non-small-cell fung
cancer. J Clin Oncol 2003; 21: 2237-2246,

Thatcher N, Chang A, Parikh P et al, Gefitinib plus best supportive care in
previously treated patients with refractory advanced non-smali-celf lung cancer:
results from a randomized, placebo-controlied, multicentre study {ressa Survival
Evaluation in Lung Cancer). Lancet 2005; 366: 1527-1537.

Pectasides D, Pectasides M, Farmakis D et al. Comparison of docetaxe! and
docetaxel-irinotecan combination as second-fine chemotherapy In advanced
non-small cell lung cancer: a randomized phase I trial. Ann Oncol 2005; 16:
294-299.

Wachters FM, Groen HJ, Riesma H et al. Phass Il randomized trial of docetaxel vs
docetaxel and Irinotecan In patients with stage Ib-IV non-smail-cell lung cancer
who falled first-line treatment. Br J Cancer 2005; 92: 15-20.

doi:10.1093/annonc/mdn705 | 841



REVIEWS

Reasons for response differences seen
in Vthe V15-32, INTEREST and IPASS trials

Nagvahiroméérljb, Masahiro Tekeuchi and Hideo Kunitoh

Abstract | The first phase [if study to assess the effect of gefitinib and docetaxel on the survival of Japanese
patients with non-small-cell lung cancer who received previous Lreatment with platinum doublets, the V1532
trial, did not establish noninferiority of gefitinib over docetaxel in terms of the effect on overall survival,

despite the results showing a twofold higher response rate to gefitinib. The overall survival favored docetasel
for the first 18 months and gefitinib thereafter. The INTEREST triai, which compared docetaxel and gefitinib,
demonstrated noninferiority of gefitinib, and the survival curves were completely superimposed. In this trial,
patients had been recruited from 24 countries from Europe, Asia, and North and South America. Results of the
IPASS trial showed superior progression-free survival for gefitinib compared with the combination of carboplatin
and paclitaxel as first-line treatment in Asian patients who were nonsmokers and had adenocarcinoma
fnistology. In this Review, we discuss the reasons for the differences in the effects of molecular-targeted drugs
and cytotoxic antineoplastic agents observed in these trials. We also highlight the magnitude of the antitumor
aclivity of these two different categories of drugs, and discuss how this could affect future clinical trial design

and analysis.

Saye. N el al, Aat. Aev Clm Onicst 6, 287- 294 (20091 clon 10,1038, nrel ronc, 2008.37

Introduction

At present, the consensus opinion is that the efficacy
of lung cancer chemotherapy with eytotoxic agents has
reached a platean, and it is difficult to expect superior
eflicacy with any novel evtotoxic anticancer agents that
will become available in the near future. It is generally
believed that the results seen with diferent platinum
doublet regimens are of a similar magnitude, no matter
which combination is used, However, slight differences
were seen i results reported by the Eastern Cooperative
Onealogy Group (ECOG) study,! Four Arm Clinical
Study (FACS)S Suuth Western Oncology Group (SWOG)
trial, and Tax 326 studv® In the ECOG trial. progression-
free survival seen with gemeitabine plus cisplatin was
better than in the other treatment arms that included
paclitaxel plus cisplatin, docetaxel plus cisplatin and
paclitaxel plus carbopiatin. In the FACS trial, the overall
survival rates observed for carboplatin plus paclitaxel
and cisplatin plus vinorelbine were inferior compared
with the gemcitabine plus cisplatin and irinotecan plus
cisplatin and overall survival of ¢isplatin plus docetaxel
was significantly better than that of cisplatin and vino-
relbine.' In everyday clinical practice, treatment arms
are selected taking into consideration factors such as the
toxicity profile and ease of use onan outpatient basis,
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The choices of treatment used in combination with radia-
tion therapy and surgery are based on consideration of
patient adherence to the drugs administered.

Clinical outcomes with EGFR inhibltors

EGER is a member of the TTER family, which consists of
four members: EGFRIHER/erbBL HER2/newferb 82,
HER3/erbB3, and HERLerhBA Onee the ligands bind
to the extracellular domain of EGER proteins, the recep-
tors dimerize with other EGER family members w form
homadimers ar heterodimers. which induce phospho-
rylation of the tyrosine kinase EGEFR and activation of
downstream signal pathwavs,” EFGR-tyrosine kinase
inhibitors (EGFR-TKIs) are molecular-targeted drugs
that, in general, target the ATP binding site of protein
kinases and show competitive inhibition, thereby pre.
venting correct tunctioning of the receplor in tnnor
cells, Great advances are expected in the treatmient of
non-small-celt lung cancer INSCLCY when these agems
become available because they have demonstrated
impressive tumor shrinkage in patients with disease
relractory to platinuny and taxane therapy even in phase |
clinical trials.” It has been difficult to demonstrate any
survival benefit of these agents in the clinical setting. ™"
In phase I studies that compared erlotinib with placebo
as second-line and thivd-line chemotherapy, a survival
benelit in favor of erlotinibh was demonstrated. In the
ISEL (Iressa Survival Evaluation in Lung Cancer) trial
that compared getitinib with placebo in similar popula-
tions of patients, no survival advantage was seen with
gelitinib; however, signiticant prolongation of survival
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Key points

» Many unexpected results weére observed in the randomized, controlied trials
of EGFR-targeted tyrosine kinase inhibitors {TKIs)

« The nature and quantity of antitumor effects are different between cytoloxic
chemotherapy and maleculartargeted drugs

« Selection of patients is extremely important for future clinical rials that test
EGFR-TKIS

« Resulls from the IPASS trial gemonstrate that EGFR-TKIs provide superior
pragression-free survival compared with platinum-based aoublet chensotherapy
In salected patients with non-small-celi lung cancer, especially those with
mutated EGFR

Table 1 | Data from randomized, controlled triafs of EGFR-TKIs for NSCLC treatment

Study EGFR-TKI agent Selection Difference in'end
of patlents points between
wreatment and control
ISEL ) Gefitnib v5 placebo None Negative
BR2% Erlound vs placedo None Positive
INTACT 142 Gefitinib vs comtunation  Nonie 8oth negatve
TALENT Eriotinyd vs combination  None Botn negative
& TRIBUTE"
V18-32 Gettinbd vs docetanel Japonese Negative
INTEREST Gefitind vs docelaxel None Positive
{PASS Gofitnib vs carboplabin Adenocarcinoma, Positive
plus PTL, Asian, noNSMoRING
WITOGO203  Gehtimb vs platimum Japanese Sot avaldable

doublet tconsalidation:

'Dit:rénévi:‘wS' BF 21 yarsus TALEAT & TRIBUTE ISEL versai NTEREST Apbresatins: N8GO

noagcanget. PTL rasktmed, Pastozuast and 1amat ' TR hratas widse atib it

288

MAY 2008 VOIL

N

time was observed in Asian patients.*** Four large,
randomized, controlied trials of standard platinum-based
chemotherapy (carboplatin plus paclitaxel or cisplatin
plus gemeitabine) with or without EGFR-TKIs yielded
negative results in patients with advanced NSCLC who
had not received previous chemotherapy.” ** Inaddition,
the SWOG trial showed that the intensification with gefi-
tinib after chemaradiotherapy in stage I NSCLC pro-
vided signiticantly poorer survival than in the control
group.’” As the reported response rates o EGFR-TRIs in
Western populations are £10%, this low percentage does
not reflect the prolongation of survival,

By contrast, gefitinib has been found to have out-
standing therapeutic effect in a phase 1 clinical trial
of Japanese patients, with reported response rates of
27.5%, median duration of response of 114 days, and
median survival time of 12.8 months.” Subsequent clini-
cal trials that included Asian populations showed higher
response rates and better survival rates associated with
this drug compared with placebo: '+ however. no such
benefit was seen in Western patients.! A phase H trial
of gefitinil in nontreated, nonselected, lapanese patients
with NSCLC produced a similar response rate compared
10 patients with previous therapy.™ Analysis of clinical
factors has demonstrated that Asian ethnicity, female
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gender. adenocarcinoma histology and nonsmoking
status are Favorable Tactors in relation to the efficacy of
FGFRTRIs

1n 2004, the presence of activating mutations of FGFR
n tumor cells was reported to be extremely important
for achieving the antitumor eftect of EGER-TRIs “ n
patients with these EGFR mutations the response rate
to EGIR-TKIs is approximately 80", The response
duration ranged from 7.0 months to 10.7 months, The
frequency of EGFR mutations is higher in Asian popu-
Jations (30-40%) compared with Western populations
{5-10%). " A higher (requency of these mutations in
Japanese populations was also shown to correlate with
the presence of favorable clinical factors such as adeno-
carcinoma, female gender and nonsmoking status,”
Some have suggested that other biomarkers, such as
EGER amplitication status detected by fluorescent
it sit hybridization, could also be useful indicators of
the respanse o EGFR-TKIs: however, these biomarkers
are not reliable.” ™ The problem with resulls nbtained
wsing Nuorescent in it hybridization is that this tech.
nique might detect two genetic abnormalities, namely.
EGFR amplitication and high polysemy. High polysomy
is ustially not well-corretated with the presence of EGFR
mutations.” " In Japan, getitinib has been approved
b the Ministry of Health, Welfare and Labour on the
basis of data from the IDEAT (phase 1) study and data
from trials showing the survival benefit of gefitinib in
fapanese populations.

Data from the V15-32 study of gefitinib

‘Two randomized, controlled trials conducted in Western
patients have reported the effects ol docetaxel in patients
with previously treated NSCLC.™ ™ Prolongation of sur-
vival was demonstrated in the docetaxel-treated groups
compared with groups given best supportive care or
treated with ifosfamide andjor vinorelbine. Docetaxel
ws, therefore, established as the gold standard for secand-
line chemotherapy in patients with NSCLC." ™ No data,
however, compared the activities of docetasel and placebo
in the second-line setting in Japan, On the basis of com-
parative studies of pemetrexed and docetasel, pemetrexed
is now emploved more frequently in the US for treating
patients with NSCLC in the second-line setting.” In Japan,
however, pemetrexed has not been approved for use in
patients with fung cancer because insufficient studies in
Japanese populations have been carried vut, even though
a clinical phase {1 study has been completed.™ There has
also been a report describing the superiority of erlotinib
in prolonging the survival of previously treated patients
with NSCLC compared with best supportive care in the
second-line or third-line setting. ™ This drug has just been
approved for treatment of lung cancer ia Japan,”

11532 was an open-label, randomized phase 1] study
that compared 250 my gefitinib with 60 mg/m* doce-
taxel in Japanese patients with NSCLC and a history of
fuilure o one or two chemotherapy reghmens (Figure 1.9
The main purpose of this study was to demonstrate the
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noninferiority of gefitinib over docetaxel for overall sur-
vival in these patients, according to predefined criteria
{that is, upper threshald of the Cof the hazard ratio
[HR] fess than 1.23). A total of 484 patients were accrued,
with 242 in each treatment armg however, noninferiority
of gelitinib for overall survival could not be established
(HR 1.12: 953% C1 0.89- 1.:40). and no significant differ-
ence in overall survival was apparent between the two
treatment groups (P=0.330). A Cox regression anulysis,
with adjustments tor imbalances in the baseline charae-
teristics of the patients, yiclded an HR of 101 (95% Cl of
0.80-1.27) P=0.914 {Table 2 and Figure 2)." Secondary
end pointy included progression-free survival, time-to-
treatment failure, response rate, and disease control rate.
These end points were evahuated in the patients who had
measurable target lesions at study entry, Getitinib treat.
mentwas associated with a significantly improved overall
response rate (22.3% versus 12.8%, = 0.009) and time-to-
treatment faihure (HR 0,63 93% CLO51-0.77, P<0.001),
No significant differences in progression-Iree survival
R 091 950 C10.72- 1,12, P=0,335) or disease control
rate (3% versus 33.2%, '=10.735) were seen between the
two treatiment groups.” Since cessation of chemuotherapy
in those without disease progression was included as an
even! for time-to-treatment fuilure, comparison of this
end point between docctaxel and gefitinib-treated patients
would not have much clinical relevance.

Additional analysls of V15-32
On behaltof the Drug Satety Policy Paneland FLIA Satety
Investigation Committee, Takeuchi stated the tollowing
on the basis of results of the V15-32 trial.“ Firsthy, the two
groups were well balanced and met the requirements of
randomization, which assured the comparability of the
groups. Secondly, the hazard ratios in two comparative
groups on Cox regression analysis should renwin constant
regardless of the passage of time, In the current study, it
does not seem likely that this prerequisite was met: it is
difficult, therefore, 1o evaluate the therapeutic results from
the major outcome of the analysis, becase the HRs were
assumed to be constant regardless of the passage of time.
‘To understand how the therapeutic benefit in the gefi-
tinib group, compared with the docetaxel group, changed
in a time-dependent manner, Takeuchi conducted a retro-
spective, exploratory investigation of the effect at various
time intervals, using survival rate as the evaluation indes.
In terms of the survival rate at an early stage of fullow-up
{that is, less than { veir) the Cl for the therapeutic eftect
indicated that docetaxel was superior o gefitinib, Alter
about 24 months, however, the results showed a tendency
lor gefitinib to be superior to docetaxel. The C] was so
wide that it was difficult to conclude that gelitinib was
indeed superior to docetaxel at this stage (Figure 3).

Interpretation of the results of V15-32

The V15-32 study was the first comparative, Jarge-scale,
randomized trial conducted in previously treated patients
with NSCLC in Japan. It is highly noteworthy that 490
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Figure 1 ' Schematic diagram to show the randomization schema for the
randonmzed phase 1 V25-32 wnal. Abbreviations: NSCLC, non-small.celf lung
cancer; PFS. progression-free survival: TTF, timeto-treatment failure. Data courtesy

of AstraZeneca,

patients were reeruited within a period of abowt 2.3 years
and accurate results weee ubtained, The median survival
rates for docetasel and getitinib were L3 and 140 months,
respectively, Despite the problems related 1o selection of
patients, the results showed the high level of medical care
in Japan, The initial hypothesis of noninferiority of gefi-
tinib was not established, 'This finding implies that there
might be a bigh probability of gefitinib being inferior to
docetaxel for treating patients with NSCLC in the second-
line setting. Docetaxel, theretore, remains the drug ot
first chaice in these paticnts, As subsetanalyses could not
identify subgroups of patients 1o whom gelitinib yvielded
better autcomes than dovetasel, o docetaxel-finst” policy
should be employed even in patients with a favorable risk
prafile {that is, females, adenocarcinoma histology and
never-smokers). The response rates of patients to gefi-
tiniby were greater than 20%, and almost double that seen
with dovetaxel. Although the study was small, some of
the patients treated with getitinib have shawn prolonged
pragression-free survival, and the survival curve of the
gefitinib group crossed over the survival curve for
the docetaxel group 18 months atter treatiment initiation.
These results strangly suggest that gelitinib could be bene:
fivial in a subser of docetaxel-resistant and docetaxel-
intolerant patients. The resuits of the primary analysis

-of getitinib versus docetaxel have neither confirmed nor

refuted these effects of getitinib. For the first 18 months
after initiation of treatment, the survival rate was better
in the docetaxel group than in the getitinib group: the
reasons for this finding may be hypathesized as tollows:
first, gefitinib might promote mor proliferation; second,
gefitinib might exert potent toxicity in sume patients; and
third, the antitamor activity of docetaxel might be superior
it the overal] population of patients. it is likely that the
third reason could explain the better survival rate of
the docetaxel group, and the late benetit of gefitinib would
nat have been expected if the first and second reasons are
likely, One could speculate that docetaxel, a vytotoxic
agent, woukd have some effect against the vast majority
of the tumars, while gefitinib, a targeted agent, might be
totally inetfective in patients not expressing the target.
The ditferences in survival curves in the initial phase of
follow-up might have reflected the effect of these 'rela
tively resistant’ cases. Many patients, particularly from
the docetaxel grovp, were actually crossed over lo receive the
other treatment. This made interpretation of the survival
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Table 2 | Overall survival data (intent-to-treat analysis) from the V15-32 study

Study outcomes

Numbef of patients

Number of events

Median (range, survival time

(monthsj
L1year survival (%)

Response rate (#)

Geﬂtlnvlb Docgtaxel
245 244
156 150

11.5 (8.8-14 Q) 14.0(11.7-16.5¢

48 54
225 128

rapieg rat s 1 12957 C10.89-1.30 2+ 0 330 hor ~leror by ooutd ot be senvnsbiated
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Number of patients at risk:

Geftind 245 228 197 189 148 127 o8 77 63 47 35
Docetaxe! 244 233 214 180 173140 10587 69 4d 353 25
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29 2518 9 5 4 1
1814 107 6 3

Figure 2 | Table showing the overall survival cata for patients treated in the
randomized phase 11l V15-32 wal. Data courtesy of AstraZeneca,

resulls even more difficult, The decision to treat patients
in the docetaxel arm with gefitimb as a post protocol
therapy was prabably on the basis of clinical information
available: that is, patients wuh elinical features known to
be favorable tor the effect of gefitinib were selected. This
selection criterion might have offset the survival benefit
of gefitinib in the later phase of follow-up.**

On | February 2007, the Ministry of Health, Labour and
Welfare examined the results of the V13- 32 trial presented
to the Drug Safety Policy Pancl, Safery Policy Investigation
Committee, and Second Food and Drug Advisory Board
of 2006. The results of this meeting were published. ¥ First,
the safety policy on interstitial pneumonia described
in the package insert voncerning the adverse events o
gelitinib is to be continued. Second, there is no evidence
to support the preference of gefitinib over docetaxel for
second-line ar third-line treatment, Third, to evaluate the
clinical efficacy of gefitinib, the difference in the survival
curves in the V'15-32 study should be analyzed in detail
and detailed subseranalyses nust be conducted. Forth,
clinical factors that might affect the drug effects, and the
cffect of EGFR mutations on drug responsiveness, must
be evaluated,
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Results of the INTEREST trial

Fhe INTEREST trial was a randomized, open-label,
parallel-group, phase 1 trial of gefitinib versus docetaxel
in patients with locally advanced or metastatic and/or
revurrent NSCLC with a previous history of platinum
based chemotherapy.? The phase U study enrolled 1,466
patients from 149 centers in 24 countries, The primary
end point was overall survival. The overall survival and
1-year survival rates were 7.6 months and 23%, respec-
tively, in the gefitinib group. The corresponding survival
rates were 8,0 months and 31%, respectively, in the doge-
taxel group, No significant differences in the outcomes
between the two treatmtent army were noted. The study
demonstrated the noninferiority of gefitinib compared
with docetaxel. Gefitinib was better tolérated, and the total
outcome index of quality of life also favored gefitinib, On
the basis of these duta, AstraZeneca submitted a market-
ing authorization application to the European Medicines
Agency for gefitinib as an agent for patients with locally
advanced or metastatic NSCLC with a previous history
ol treatment with pltinum-containing regimens. ltis not
known why the INTEREST trial demonstrated positive
results, because the response rate o gefitinib is lower in
Western patients compared with Japanese patients. The
adiusted HR of gefitinib versus docetaxel in the V'15-32
study was 101, which was almost identical 1o that in the
INTEREST trial (1TR = 1.02), This finding suggests that
the etficacy of gelitinib was similar 1o that of docetaxel.
Asian patients treated with docetaxel had a better
outcome than Asian patients teeated with gefitinib in the
INTEREST trial, By contrast. Asian patients did not durive
a benefitin the placebo arm in the ISEL trial. Since EGFR
mutation was associated with better response to docetaxel
i the INTEREST trial, it is possible that docetaxel worked
better in the Asian patients, offsetting gefitinib efficacy
in the comparisons and improving the overall outcomes of
the Asian subset in the INTERES Uand V1532 studies.

Differences between YKis and cytotoxic agents
Comparison of cytotoxic agents and moleculur-targeted
therapeutic drugs reveals that although the former show
broader anticancer spectra, their maximal therapeutic
quality in responders might be inferior compared with
that of molecular-targeted therapeutic agents. Molecular-
targeted agents can show narrow antitumor spectra but
they can praduce a projound effect. In general. the potency
of the antitumor effect of the conventional ¢ytotoxic agents
is likely ta be greater when clinical trials are conducted
on large numbers of patients. Molecular-tavgeted agents
exhibit antitumor activity only in those cells thal possess
the relevant malecular target, hence the effects of these
drugs on overall tumor volume reduction would be lower
than that of the conventional cytotoxic agents, even when
hoth exert the same response rate,

Thus, the survival rate of patients treated with the
molecular-targeted agents might not improve, even if
the response rate is twice that of the conventional cyto-
toxic agents, The results of the V15-32 study indicate

www.nature.com/nrclinonc



this possibility. Waterfall plot ligures have been used Ire-
quently for evaluation of the antitumor activities of drugs,
The rates of variability in the responses of the tumors of
cach patient are plotted, [f the value is positive the tumor
is judged to have increased in size,and if the valae is
negative the tumor is judged to have reduced in size, The
number of patients experiencing even the slightest ttumor
reduction is often expressed as a percentage. Waterfall
plots have been suggested to be suitable for evaluation
of the effects of cytotoxic antincoplastic agents against
malignant tumeors because they suppress tumor growth
regardless of the molecular target of each agent. RECIST
(Response Evaluation Criteria in Solid Tumors), com-
monly used all over the world for drug evaluation, have
been introduced because it is impossible to mcasury the
size of each tumor accurately, It would be unreasonable to
expect highly reliable results from Waterfull plots, as it is
not possible to measure tumor size accurately, These plots
perhaps sutler from over or underestimation of the eflects
of drugs. There are oceasional reports of analysis of the
elfects of molecular targeted agents by the use of Watertall
plots, It has been suggested that cases demonstrting
reduction of tamor size can be clearly separated (rom
those not showing a size reduction in the evaluation of
the antitumor vfiects of molecular-targeted drugs, because
molecular-rargeted drugs are effective only against tumors
with expression of the molecular 1arget (Figure 4. If we
view the results of V1532 with this information in mind,
it is probable that the magnitude of the antitumor activity
of docetaxel overall would be greater than that of gefitinib,
which shows significant effect only in a small number
or specific subsets of patients, In particular, it would be
anticipated that differences in the antitumor activities
between conventional cytotoxic agents and molecular
targeted agents would be marked in those patiems who
do not express the molecular targets.

Patients that may benefit from gefitinlb

The high degree of sensitivity to gefitinib of NSCLON
that harbor EGFR nuntations has been demonstrated in
a prospective phase 11 study: the response rate to geli-
tinib was about 80%, and both progression-free survival
and overall survival were prolonged.” * NSCLC with
EGFR mutations has also been suggested to be highly
sensitive to cytotoxic antineaplastic agents, and it would
be necessary to establish the superiority of gefitinib
through comparative studies in this group of patients.
It is unknown whether gefitinib should be the preferred
drug in patients with tumors carrying EGFR mutations.
According to a report fram the National Cancer Center
Central Hospital in Japan, the efficacy rates of yelitinib in
those with EGFR mutations is 8% compared with only
11% in those without such mutations. Thus, the decision
1o employ gefitinib on the basis of the presence of EGFR
mutations in the tumors would be incoreect—possibly in
as prany as 10-20% of the patients.™ Maorcover, determi-
nation of the presence of EGFR mutations is possible in
only 25% of patients with advanced lung cancer, which
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Fligure 3 | Retrosnectne analysis of the survival data from the randomuzed phase
i v15-32 trial. Pernussion obtamned f-om Takeucht € Takeuchy, M, J. Lung Cancer

7, 1-812007)

poses a prablem in sclecting the most appropriate treat-
ment” The prablen could be resolved it the methodology
for the detection of EGFR mutations could be improved,
It is known that progression-free survival nd overall
survival end points are Givorable among patients who
are Asian, ave temale, have adenocarcinoma hisiology
and are nonsmokers, but the number of patients who
meet all of these criteria is limited. Furthermore, when
a group of patients who meet at least one of these eri-
teria is selected, the incidence of false-positive and false-
negative responses will increase. The results of the VIS 32
study suggest that getitinib should be administered as the
drug of tirst choice only to patients with cear-cat targets,
but currently there are no methods o distinguish these
patients in a reliable manner.

Results of the IPASS trial

IPASS (IRESSA Pan Asia Study) was a phase T study
designed ta compare otal getitinib monotherapy with
intravenous carbuplatin and paclitaxel chemotherapy
as lirst-line treatment in chemotherapy-naive Asian
patients with advanced NSCLC ™ The eligibility criteria
were: age =18 years. life expectancy 212 weeks, adeno-
carcinonia histology, never-smokers or light ex-smokers,
performance status 0-2, stage HIBAN, and presence
of measurable disemse, A total of 1,217 patients were
recruited between March 2006 and October 2007 from
nine Asian countris, including China, Japan, Thailand,
Taiwan, Indonesia, Malavsia. Philippines, Hong Kong
and Singapore. Patients were randomly assigned to
veceive vither 230 mg daily gelitinib (1= 609) or carbo-
platin tAUC 5 or 6) and paclitaxel 1200 mg/m’) 01 = 608).
The pramary end point was noninferiority of these two
arms for progression-tree survival. The secondary end
points were overall survival, obiective response rate,
quality of life, symptomatic improvement, and toxicity.
Assaciation of the efticacy with EGFR biomarkers was
also analyzed as an exploratory end point. The study
exceeded its primary end point and demonstrated the
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superiority of gelitinib over carboplatin and paclitaxel,
in terms of progression-Tree survival, in the first-line
setting. The risk of overall progression was reduced by
269 in getitinib-treated patients compared with those
who were administered chemotherapy.™

[nterestingly, the treaument elfect was not constant
aver time. The progression-free survival curves crossed
at 6 months, favoring carboplatin and paclivasel during the
first 6 months and gefitinib thereafter, This evidence sug-
gested there were two different populations of patients with
regard (o response to the chemotherapy doublet and getl-
tinib. In exploratory biomarker analyses, the progression-
free survival was longer for patients with EGFR mutations
who received gefitinib, compared to chemotherapy, By
contrast, progression-free survival was longer for those
in the carboplatin and paclitaxel arm than the gefitinib
arm in patients with wild-type EGFR. A similar trend was
observed in the exploratory analyses based on the EGFR
copy number status, The target population in the IPASS
trials was selected on the basis of clinical characteristics,
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such as presence or absence of adenoearcinoma histo-
logy and smoking history. About 60% of the patients had
EGEFR owtations in the tumor cells, I the 10% of patients
without EGFR mutations, gefitinib showed no beneficial
elfect, whereas chemotherapy was effective, This is why
the progression-free survival vurves in the [PASS study
crossed at 6 months after the start of trestment. The
response raie to both gefitinib and chemotherapy was
higher in those with EGFR mutations compared with those
without such mutations: however, getitinib bad a greater
Beneticial effect than chematherapy in patients with £GFR
mutations, Another important finding ol the IPASS trial
wats the extremely low response rate to getitinib in patients
with wild-type EGFR, The method used fur the detection
of these inutations was very sensitive, namely the scorpion
ARMS method, so that all the mutation- positive patients
could be identified, The overall survival data from the
1PASS trial are awaited: however, the results of the IPASS
wehal have demuonstrated that molecular-targeted drugs are
effective only against wimors with the refevant molecu-
lar target, that is, EGFR mutations, Conversely, ¢ytotoxic
Jrugs have antitumor activity against tumors regardless of
the presence or ahsence of EGFR mutations.

Lessons learned from EGFR-TKI data

Gefitinib has shown dramatic antitumor activity fn phase |
and H trials. As second-line treatment for Japanese patients
with NSCLC. it produced response rates ol almost 30%

In a plcebo-controlled, comparative teial {ISED) ' the
effect of gefitinib as second-line and third-line treatment
for NSCLC in prolonging survival was proven among
Asfans, as demonstrated by the high response rates in the
predetined subgroup analysis. By contrast, in non-Asians
with low response rates, the survival curves of those treated
with gelitinib versus no treatment were almost entirely
superimposed. Paradoxically, in the BR-21 trial, the overall
survival of patients treated with the EGFR- [K1, erlotinib,
was significantly better than that of patients adminis-
tered placebo, despite the low response rate, * In the
subset analvsis ol BR-21, the etficacy of erlatinib in terms
of survival beneflt was reported to be observed in male
patients or those with squamous histology. although these
factors were asseciated with luwer response rate, One
could speculate that erlotinib might be effective in pativits
with wild-type EGFR tumors, ahhough not to the extent to
achieve majur shrinkage of the tumor, I so, erlotinib could
be regarded as a less-targeted drug’ than gefitinib, since
its elficacy is less alfected by the target status of the tumor,
Dosing strategics of gefitinib (administered at a third of
the maximum tolerated dose) and erlotinib (adminis-
tered at the maximum tolerated dose) are different, shich
could partly account for the discrepancy. This explanation
should be tested in future clinical trials.

Four large, randomized trials, namely Intact 1 and 2,
Talent, and Tribute, that compared the effect ot a plati-
num doublel regimen with or without gefitinib or erlo-
tinib yielled negative survival results, probably because of
the limited effect of gefitinib or erlotinib.’ ** The patients
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accrued to these trinls were not selected according to their
EGFR mutational status or EGFR histology, smoking and
gender status. Another reason might be s competitive cell
cvele effect of anticancer agents and molecular-targeted
drugs, Two randonmized, controlled trials, namely V'13-32
and INTEREST, that compared gefitinib with docetaxel
for second-line or third-line treatment NSCLC have been
reported.® ¥ Although theV'15-32 study did not demon-
strate the noninferiority of geflinib, the INTEREST trial
established the noninferiority of this agent despite the
Jow response rate observed in Western patients. It has
long been believed that response is a good surrogate for
progression-free survival or overall survival, The resuhs
of the V15-32 study do not support this hypothesis,
and this finding poses a challenge when comparing the
effect of molecular-targeted agents with that of cytotosic
antincoplastic agents on the basis of end points such as
progression-free survival and overall survival,

The high response rate in the IPASS vial ceflected the
good progression-free survival for those treated with
getitinib. However, the progression-free survival curves
crassed after 6 months, which suggests the existence
of two different populations of patients with different
etfects of molecular-targeted drags between the two
groups, The IPASS irial was a ¢linical trial in a partially
selected population of patients, which suggests the need
for more-accurate selection of patients in tuture clini.
cal trials, Nevertheless, results of the 1PASS trial will
have some influence on the interpretation of resulls of
ongoing clinical trials, Comparative trials of gefitinib and
platinuns-based doublets for patients with advanced and/
or recurrent disease who harbor EGER mutations will
need to be modified as it might be difficult 1o ubtain
informed consent fram these populations. owing to the
finding that progression-free survival is signilicantly
longer in pativnts treated with gefitinib than in these
receiving platinum-based chemotherapy.

Another issue relates to the antitumor activity of cyto-
toxic drugs against tumors with EGFR mutations. In
the \'15-32 trial, progression- free survival was better in
patients with EGFR mutations who were treated with either
gefitinib or chemotherapy. In the IPASS trial, progression-
{ree survival in those who received gefitinib was quite
different between patients with and without EGFR muta-
tions, Conversely, progression-free survival tended tube
better in paticnts with FGER mutations than in those
without such mutations who were administered platinum-
based chemotherapy, although this difference was not
significant despite the response rate to platinum-based

1. Schider l, H. e at. Comparison of four 3
chenotheraoy regenens for atdanceid

Kelly, K. ot gl Randopuzea ghose il nal of
sachtawe] plus carpoplatinwersys virgielnng

chemotherapy being significantly higher in patients with
EGER mutations, The presence of EGFR mutations in
the tumor is a predictive factor of response not only to
FGER-TKIS, but also to platisum-based chemotherapy.
Thus, the role of EGFR mutations as a predictive factor
of progression -free survival and overall survival remsains
unclear in patients treated with platinwim-based chemo-
therapy. Althaugh many randomized trials of EGFR-TKIs
in unsclected patients with NSCHC have been reported,
the results are varied and it is quite difticult to interpret the
autcomus of these vlinical trials,”” #

Conclusions

I'he results of several randomized. controlled trials of
targeted agents and eytotoxic therapies in patients with
advanced NSCLC have produced confusing results,
perhaps because of the tollowing reasons, First, the modes
ol action of ¢vtotoxic driigs and molecular targeted drugs
are ditferent, although the ditferences remain to be pre.

cisely clucidated. Second. the maiority of clinical trials have
been canducted in wnselected populations, The IPASS trial
was conducted in a partially selected population; however,
the additional analysis on the basis of EGFR mutations
clearly identified the target populations that show response
10 EGFR-TRI and evtotoxic chemutherapy, Third. although
biomarker studies are extremely important, the majority
af biomarkers have not been validated and the technigues
10 assess the BGER target have not been fully optimized.
Data from classical biomarker studies might not be the
best data to draw conclusions from because these studivs
were conducted without selecting patients on the basis of
tavorable profiles. For the field of personalized medicine
with the use of targetad and cvtotoxic agents 1o advanee,
the scientific and clinical signitivance of biomarkers should
be analyzed more extensively,
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Objective: The aim of this study was to determine the maximum-tolerated dose (MTD) and
the recommended dose of combination chemotherapy with gemcitabine (GEM) and carbopla-
tin (CBDCA) in non-small cell lung cancer (NSCLC) patients with a performance status (PS)
of 2,

Methods: Chemotherapy-naive NSCLC patients with PS 2 were enrollsd. Chemotherapy
consisted of an escalated dose of GEM on days 1 and 8 and CBDCA on day 1 every 3
weeks, Patients were scheduled to receive GEM (mg/m?)/CBDCA (area under the curve:
AUC) at four dose levels: 800/4 (level 1), 1000/4 (level 2), 1000/4.5 (level 3) and 1000/5
(level 4), respectively.

Resuits: Between February 2004 and August 2006, 13 patients were enrolled in this study.
Dose-limiting toxicities (DLTs) were thrombocytopenia, febrlle neutropenla and hyponatremia.
DLTs were observed in two of six patients at dose level 1 and in three of six patients at dose
level 2. Dose level 2 was thus determined to be the MTD. Among 12 evaluable patients, 7
patients had stable diseases and 5 patients had progressive diseases, and the median
survival time was 3.8 months.

Concluslons: The MTD and the recommended dose for Phase |l studies of this regimen
were determined to be GEM 1000 mg/m? and CBDCA AUC of 4. Additional objective
measures are needed to evaluate patients’ risk and benefit in future clinical trials for PS 2
patients.

Key words: non-small cell lung cancer — performance status 2 — gemcitabine — carboplatin —
Phase I

INTRODUCTION

Platinum-based combination chemotherapy has been shown

chemotherapy employing these new agents is accepted as the
standard chemotherapy worldwide (3,4). In addition, a

to improve survival and quality-of-life (QOL) in patients
with advanced non-small cell lung cancer (NSCLC) (1,2). In
the 1990z, new chemotherapeutic agents, such as gemcita-
bine (GEM), vinorelbine, docetaxel, paclitaxel (PTX) and
irinotecan, were developed. Currently, platinum-based

For reprints and all correspondence: Young Hak Kim, Department of
Respimtory Medicine, Kyoto University Hospital, 54 Shogoin-Kawsharacho,
sakyo-ku, Kyoto 606-8507, Japan, E-mail; ckim@kuhp.kyoto-u.ac,jp

meta-analysis demonstrated significant longer progression-
free survival of GEM and platinum combination compared
with other new agents and platinum combinations (5). Thus,
combination chemotherapy with GEM and platinum is now
considered as one of the most active regimens for advanced
NSCLC.

Like in other types of cancers, performance status (PS)
has been shown to be one of the most important prognostic
factors for survival in advanced NSCLC (6—8). Patients with

© The Author (2009). Published by Oxford University Press. All rights reserved.,
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impaired PS generally have lower response rate and shorter
survival in spite of high risk for severe toxicities (9,10).
Historically, clinical trials have excluded patients with
Bastern Cooperative Oncology Group (BECOG) PS of 2 or
worse. To date, it has not been fully elucidated whether
platinum-based combination chemotherapy is feasible and
effective in patients with PS 2.

Carboplatin (CBDCA), an analog of cisplatin (CDDP),
has lower nephro- and gastrointestinal toxicity and has been
widely used as a substitution of CDDP. Several randomized
trials have shown the equivalence between GEM + CBDCA
(GC) and GEM + CDDP (GP) in terms of response rate and
survival (11,12). In those trials, toxicities, such as emesis,
nephropathy and neurcpathy were significantly mild in GC.
Although recent meta-analysis disclosed slightly but signifi-
cant survival advantage of CDDP (13,14), GC can be one of
the treatment options, especially for patients who are not
suitable to receive CDDP, In a randomized Phase III trial
comparing GC with vinblastine + CDDP, GC showed better
response rate and survival, and toxicities were similar
between the two arms (15). Although 70% of all enrolled
patients in the study had PS 2, overall response rate and
median survival time (MST) were 27% and 11.6 months in
GC arm. These survival data were comparable to those in
patients with PS 0 or 1 who treated with platinum-based
chemotherapy.

These results suggest the potential benefit of GC in
patients with PS 2; however, the optimal dose of GC has not
been investigated in patients with impaired PS. Therefore,
we conducted a Phase I study to determine the maximum-
tolerated dose (MTD) and the recommended dose for Phase
1 studies of GC in advanced NSCLC patients with PS 2.

PATIENTS AND METHODS
EBLIGBILITY

Patients with histologically or cytologically proven advanced
NSCLC were eligible for the study. Each patient was
required to meet the following criteria: (i) clinical stage 1B
or 1V; (i) ECOG PS of 2; (iii) aged 2075 years; (iv) mea-
surable lesion; (v) no prior chemotherapy; (vi) adequate
hematological function (white blood cell 23500/mm3,
hemoglobin >9.5 g/dl and platelets 2100 000/mm®); (vii)
adequate hepatic and renal function (total bilirubin <1.5 mg/
dl, AST and ALT<100 IU/l and creatinine <1.5 mg/dl);
(viii) PaO, >60 mmHg; and (ix) written informed consent.
Patients with active concomitant malignancy, radiologically
appatent interstitial pneumonia or pulmonary fibrosis,
serious concurrent illness (e.g. uncontrolled diabetes melli-
tus, hypertension, angina pectoris, myocatdial infarction
within 3 months after onset or severe infection), history
of severe drug allergy or pregnant/lactating women
were excluded. The study protocol was approved by the
institutional review board of the National Cancer Center.

Phase I study of GEM + CBDCA for PS 2 NSCLC

TREATMENT SCHEDULR

This was a Phase I, dose-escalation study planned for GEM
on days 1 and 8 and CBDCA on day 1 of a 21-day course.
The initial dose level of GEM was 800 mg/m? and CBDCA
was an area under the concentration—time curve (AUC) of
4 mg min/ml. The actual dose of CBDCA was calculated
based on Cockeroft—Gault equation (16) and Calvert
formula (17) every course. CBDCA was infused over
60 min, and 60 min after the completion of CBDCA infu-
sion, GEM was administered over 30 min. Prophylactic
administration of granulocyte colony-stimulating factor
(G-CSF) was not permitted. Administration of G-CSF was
permitted for patients with grade 4 neutropenia and/or feuko-
penia-and grade 3 febrile peutropenia, The administration of
GEM was omitted on day 8 if patients met one of the fol-
lowing criteria: white blood cell <2000/mm?, neutrophil
<1000/mm?’, platelets <50 000/mm’ and PS 23. No dose
modification of GEM was permitted on day 8. 1If dose-
limiting toxicity (DLT) was observed, the dose of each drug
was reduced to 80% in the next course of chemotherapy.
Treatment was to be performed for at least two courses,
unless unacceptable toxicity or disease progression occurred.

The DLT was defined as follows: grade 4 thrombocy-
topenia, grade 3 or grade 4 febrile neutropenia, grade 3
non-hematological toxicity (except for nausea/vomiting
and alopecia) and omission of the treatment on day
8. Dose-escalation schedule is shown in Table 1. Initially,
three patients were treated at each dose level. If DLT was
not observed in any of three patients, dose escalation was
made. If DLT was observed in one or two of three patients,
an additional three patients were entered in the same dose
level. If DLT was observed in three or more of six patients
or all of the initial three patients, we considered that the
dose was the MTD. If DLT was observed in one or two of
six patients, dose escalation was also made. Dose escalation
was decided by the toxic data only in the first course of
chemotherapy.

BASELINE AND TREATMENT ASSESSMENT

Pre-treatment evaluation consisted of complete medical
history and physical examination, complete blood cell
counts, blood chemistry studies, electrocardiograph, arterial
blood gas analysis, chest radiography, computed tomography
(CT) of the chest, CT or ultrasound study of the abdomen,

Table 1, Dose-cscalation schedule

Dose fevel  Gemcitabine (rag/m?)  Carboplatin (AUC) No. of patients
1 800 4 3-6
2 1000 4 3-6
3 1600 4.5 3-6
4 1000 5 3-6

AUC, area under the curve.
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