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Purpose: Teo evaluate the efficacy and telerability of two
doses of gefitinib (lressa [ZD1839); AstraZeneca, Wilming-
ton, DE), a novel epidermal growth facter receplor tyrosine
kinase inhibitor, in patients with pretreated advanced non-
smiall-cell lung cancer (NSCLC).

Patients and Metheds: This was @ randomized, double-
blind, parallel-group, multicenter phase I trial. Two hun-
dred ten patients with advanced NSCLE who were previ-
ously treated with one or twoe chemetherapy regimens (at
least one containing platinum) were randomized to receive
either 250-mg or 500-mg oral doses of gefitinib once daily.

Resulls: Efficacy was similar for the 250- and 500-mg/d
groups. Objective tumor response rates were 18.4% (95%
confidence interval [Ci], 11.5 to 27.3) and 19.0% (95% €I,
12.1 to 27.9); among evaluable patients, symptom im-
provement rates were 40.3% (95% €I, 28.5 to 53.0) and
37.0% (95% €I, 26.0 to 49.1); median progression-free
survival times were 2.7 and 2.8 months; and median over-

UNG CANCER is the most common cause of cancer deaths
in both men and women worldwide.! Despite advances in
treatment, such as combination chemotherapy and chemoradiation,
survival has improved very little over the past few decades.” A
meta-analysis demonstrated that the median survival time for
patients with advanced disease receiving cisplatin-based chemother-
apy is around 6 months.® The 5-year survival rate for all stages is
less than 15%.* Prognosis is particularly poor for patients who have
progressive disease following chemotherapy; for non-small-cell
lung cancer (INSCLC) patients receiving best supportive care (BSC)
after 1 or more prior chemotherapy regimen, median survival time
is just 16 weeks, with a 1-year survival rate of 16%.’

all survival times were 7.6 and 8.0 months, respectively.
Symptem improvements were recorded for 69.2% (250
mg/d) and 85.7% (500 mg/d) of patients with a tumer
response. Adverse events (ABs) at both dose levels were
generally mild (grade 1 or 2) and consisted mainly of skin
reactions and diarrhea. Drug-related toxicities were mere
frequent in the higher-dese group. Withdrawal due to drug-
related AEs was 1.9% and 9.4% for patients receiving
gefitinib 250 and 500 mg/d, respectively.

Conclusion: Gefitinib showed dlinically meaningful anti-
fumer activity and provided symptom relief as second- and
third-line treatment in these patients. At 250 mg/d, gefitinib
had a faverable AE profile. Gefitinib 250 mg/d is an impor-
tant, novel treatment option for patients with pretreated
advanced NSCLC. :

J Clin Oncol 21:2237-2246. © 2003 by American
Society of Clinical Oncology.

Recently, it has become generally accepted that systemic
chemotherapy is beneficial in terms of improved survival and
quality of life (QoL) in those with advanced NSCLC.3 As
more patients receive first-line chemotherapy, the need for
effective second-line therapy is increasing. Currently, do-
cetaxel, having demonstrated survival benefits over BSC, is
the only approved treatment in the United States and the
European Union for patients who have been failed by previ-
ous platinum-based chemotherapy.’

Patients with late-stage NSCLC are often symptomatic, with
specific pulmonary problems (eg, cough, breathlessness, hemo-
typsis) and general symptoms (eg, fatigue, weight loss) that can
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cause extreme distress to the patient. Therefore, improvements in
disease-related symptoms and QoL are the key desired outcomes
of medical management.® Effective, palliative, low-toxicity
treatments for patients with advanced NSCLC are needed.

The epidermal growth factor receptor (EGFR) is a promising
target for anticancer therapy because it is expressed or highly
expressed in a variety of tumors, including NSCLC.>!° Further-
more, high levels of EGFR expression have been associated with
a poor prognosis in lung cancer patients in several studies.!'*?
EGFR-targeted cancer therapies are currently being developed,;
strategies include inhibition of the intracellular tyrosine kinase
domain of the receptor by small molecules such as gefitinib
(Iressa [ZD1839]; AstraZeneca, Wilmington, DE).!* Gefitinib is
an orally active, selective EGFR tyrosine kinase inhibitor that
blocks signal transduction pathways implicated in the prolifera-
tion and survival of cancer cells,'>'

Four phase I studies assessed gefitinib tolerability and phar-
macokinetics in pretreated patients with solid tumors, including
100 patients with heavily pretreated advanced NSCLC.!” Evi-
dence of major tumor regression was seen in 10 patients with
NSCLC; a number of other patients had nonprogressive disease
lasting for 6 months or longer; and palliation of specific
symptoms was also frequently observed. In these trials, re-
sponses were seen across the dose range 150 to 800 mg/day,
while the majority of dose interruptions and reductions due to
toxicity were required in patients receiving more than 600
mg/d. From these data, two doses (250 and 500 mg/d) were
selected for investigation in phase II and phase 111 trials. The
250 mg/d dose is higher than the lowest dose level at which
objective tumor regression was seen, while 500 mg/d is the
highest dose that was well tolerated when taken over an
extended period in phase I trials.

The aims of this Iressa Dose Evaluation in Advanced Lung
Cancer (IDEAL 1) trial were to further investigate the efficacy
and safety of oral gefitinib in patients with advanced NSCLC
who had previously received one or two chemotherapy regimens,
with at least one containing platinum. The population was
prospectively stratified into Japanese and non-Japanese patients
to investigate whether there were any differences between the
two patient populations with respect to efficacy.

PATIENTS AND METHODS

Study Design

This randomized, double-blind, parallel group, phase II multicenter trial
recruited patients at 43 centers across Europe, Australia, South Africa, and
Japan. Primary objectives were to evaluate the objective tumor response rate
(RR) for gefitinib doses of 250 and 500 mg/d and to further characterize the
safety profile of these doses. Secondary objectives were to estimate disease-
related symptom improvement rate, disease control rate (response + stable
disease), progression-free survival (PFS), and overall survival (OS); to
evaluate changes in QoL; and to assess any differences between Japanese and
non-Japanese patients with respect to efficacy and safety.

Patient Eligibility

Eligibility criteria were histologic or cytologic confirmation of locally
advanced or metastatic NSCLC; stage III or stage IV disease not curable with
surgery or radiotherapy at study entry; recurrent or refractory disease
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following one or two previous chemotherapy regimens (at least one contain-
ing platinum); at least one bidimensionally measurable or radiographically
assessable lesion; age of 18 years or older; World Health Organization
performance status (PS) of 0 to 2; and life expectancy of 12 weeks or longer.
Patients with stable brain metastases were eligible. Exclusion criteria were
more than two previous chemotherapy regimens, systemic anticancer therapy
within 21 days, or radiotherapy within 14 days before the start of treatment;
unresolved chronic toxicity higher than the National Cancer Institute
common toxicity criteria (NCI-CTC, version 2) grade (G) of 2 (excluding
cases of alopecia); ALT or AST levels greater than 2.5 times the upper limit
of reference range (ULRR; more than 5 times the ULRR in the presence of
liver metastases); serum creatinine levels greater than 1.5 times the ULRR;
serum bilirubin levels greater than 1.25 times the ULRR; and neutrophils less
than 1.5X10°/L or platelets less than 75%10°/L. Patients gave informed
consent, and trial document approval was obtained from the ethics committee
or institutional review board at each trial center. The study was performed in
accordance with the Declaration of Helsinki and Good Clinical Practice
guidelines. '

Treatment

Patients were randomly assigned to receive double-blind gefitinib doses at
250 or 500 mg/d. Tablets were administered once daily, except on day 1
when patients received two doses approximately 12 hours apart. Patients
continued uninterrupted treatment until disease progression, intolerable
toxicity, withdrawal of consent, or trial closure (4 months after the last
patient was recruited). Patients without progression were permitted to
continue gefitinib treatment in a further study.

One dose reduction per patient was permitted in the event of unacceptable
toxicity, New blinded treatment supplies, decreasing the dose from 500 mg
to 250 mg or from 250 mg to 100 mg, were dispensed. Gefitinib adminis-
tration could be interrupted for a maximum of 14 days.

No systemic anticancer treatment was permitted during the trial, except for
palliative radiotherapy in patients with isolated symptomatic bone metasta-
ses, and as long as trial drug administration was not interrupted for longer
than 14 days. :

Efficacy

We assessed objective tumor response as complete response (CR), partial
response (PR), partial response in nonmeasurable disease (PRNM), stable
disease (SD), or progressive disease (PD) in accordance with the Southwest
Oncology Group modification of Union Internationale Contre le Cancer/
WHO criteria.'® Baseline assessments were performed within 14 days before’
randomization. After the start of wreatment, assessments were performed
every 4 weeks, then every 8 weeks following the fourth month. An
independent response evaluation committee consisting of three radiolo-,
gists/oncologists at each session reviewed images of patients with CR,
PR, and SD; reviewers were blinded to the investigators® assessment and
dose of gefitinib. Duration of response was defined as the time from the .
first objective assessment of CR or PR to the first instance of progression
or death.

Disease Control

Disease control was defined as the best tumor response of CR, PR, or 8D
that was confirmed and sustained for 4 weeks or longer.

Disease-related symptom improvement was measured using the Lung
Cancer Subscale (LCS), a validated subscale of the QoL instrument, the
Functional Assessment of Cancer Therapy — Lung (FACT-L) questionnaire
(Fig 1).'® Patients completed a weekly diary card rating the severity of each
of the following seven LCS items on a scale of 0 to 4: shortness of breath,
weight loss, lack of clear thinking, coughing, loss of appetite, tightness in the
chest, and difficulty breathing. On day 28, the LCS was completed as part of
the entire FACT-L questionnaire. The maximum (asymptomatic) attainable
score was 28. Patients with a baseline LCS score of 24 or lower were
evaluable for symptom improvement. This information was used to deter-
mine symptom improvement rate, time to symptom improvement, and
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Fig 1. The five componenis of the Functional Assessment of Cancer Therapy -
Lung (FACT-L). Component 1 is measured by the Lung Cancer Subscale iiself;
components 1 through 3, by the Trial Outcomé Index; and components 1 through
5, by FACT-L.

duration of symptom improvement. Based on data showing that a 2-point
change in LCS score is clinically meaningful for patients and is significantly
associated with Eastern Cooperative Oncology Group performance status,
weight loss, objective tumor response, and time to progression,?® symptom
improvement was prospectively defined as a 2-point (or greater) improve-
ment in LCS score sustained for 4 weeks or longer, with no worsening at any
interim weekly time points. Duration of symptom improvement was defined
as the interval between the first visit presenting with symptom improvement
and a subsequent visit at which symptoms had worsened. Missing data points
were counted as no change in symptoms.

QoL Assessment

Patients completed the FACT-L questionnaire to assess QoL. The
FACT-L assessment has been validated with respect to its psychometric
properties and sensitivity to clinical changes.'” FACT-L was completed at
baseline and then every 28 days after the start of treatment. The questionnaire
was administered before clinical assessment and before patients heard news
about their disease status. The Trial Outcome Index (TOI) of FACT-L (Fig
1) measures the more physical aspects of patient QoL that are shown to be
sensitive to chemotherapy.'® TOI and FACT-L scores were derived in a
similar manner to the LCS scores; the highest scores attainable for TOI and
FACT-L were 84 and 136, respectively. TOI and FACT-L responses were
prospectively defined as a 6-point (or greater) improvement (for 4 weeks or
longer), a change that has been shown to be clinically meaningful >

PFS and OS

PFS was defined as the period from the randomization date to the date
when disease progression (or death) was observed. OS was defined as the
period from the randomization date to the date of death. Patients alive at data
cutoff were censored at the last date the patient was known to be alive.

Safety and Tolerability

All adverse events (AEs) were reported, and severity was assessed by the
NCI-CTC (version 2.0) grading system. Data were collected on therapy
interruptions and withdrawals due to AEs. Routine clinical and laboratory
assessments were performed. ECGs and complete ophthalmic evaluations,
inciuding slitlamp examination, were performed at baseline, at 4 months, and
on completion of or withdrawal from the trial.
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Statistical Methods

Patients were randomized to receive oral gefitinib at doses of 250 or 500
mg/d, and were stratified by ethnicity as Japanese and non-Japanese.
Randomization and allocation were performed by a centralized registration
or randomization center using dynamic-balancing?! with factors for country
and WHO-PS of 0 to 1 versus 2. Patients were categorized at randomization
with respect to prior taxane therapy (docetaxel * paclitaxel v paclitaxel alone
v no taxane) and number of prior regimens (one v two).

The target sample population of 200 patients (100 in each dose group and 100
in each ethnic group) was chosen to enable the tumor lower limit for RR to be
independently evaluated in the four strata defined by dose and ethnicity. Within
each stratum, the goal was to have 90% power for a two-sided 5% significance
test to show that the RR was greater than 5% assuming that the actual RR was
20%, which required 45 or more evaluable patients per stratum.

RRs and disease control rates were compared between strata using Fisher’s
exact test. Logistic regression models were used to further explore observed
differences and to identify baseline factors that may independently predict:
for tumor response and disease control. PFS and OS were compared between
strata using the log-rank test. Further analyses were conducted on these data
using Cox's proportional hazard modeling.

RESULTS

Patients

A total of 210 patients were randomized within 4 months
{October 2, 2000 to January 30, 2001). Of these, 208 patients
were evaluable for efficacy, and 209 patients were evaluable for
safety (Fig 2). The two dose groups were well balanced for most
baseline demographic factors, with the exception of sex (Table
1). As planned, approximately half of the patients randomized
were Japanese. There were some demographic imbalances between
the Japanese and non-Japanese populations (62.7% v 77.8% male;
20.6% v 15.7% PS of 0; 8.8% v 16.7% PS of 2; and 76.5% v 50.0%
adenocarcinoma, respectively). '

Efficacy

The investigator assessments of the best overall tumor responses
are shown in Table 2. RR was 18.4% for the 250-mg/d group, which
was not statistically different from that of the 500-mg/d group (RR,
19.0%; Table 2). The independent response evaluation committee
reviewed 107 of the 110 patients whom the investigator considered
to have CR, PR, PRNM or SD. These included 38 of the 39
responders. There was a high concordance in tumor response -
evaluation between investigators and independent reviewers
(73.8%; Table 3). In addition, the response evaluation committee
evaluated an additional 25 patients who were assessed by the
investigators as having a best response of PD. Of these 25 patients,
the response evaluation committee considered 7 patients to have had
a best response of SD.

Of the patients who responded, most showed rapid tumor
regression, with 68% meeting the criteria for objective response
by the first postbaseline assessment. The remaining patients met
the criteria in the second, third, or fourth month following
randomization. Furthermore, across both doses, most responders
(87.2%) still had a response at the data cutoff, with a median
follow-up of 6.3 months (range, 4.0-7.9 months). For patients
who responded, median duration of response was more than 3
months (ranges: 250-mg/d group, 1-5 months; 500-mg/d group,
1-5.5 months). RRs were similar irrespective of whether
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Randomized (n = 210)

1 patient did not receive treatment (250 mg/day)

A Intention-to-treat/avaluable for safety population (n = 209)

I

250 mg/day (r = 103)
non-Japanese (n = 52), Japanese (n = 51)

l

500 mg/day (n = 106)
non-Japanese (n = 58), Japanese (n = 51)

1 patient excluded due to protocol violation® (500 mg/day)

B Per-protocol/evaluable for response population (n = 208)

250 mg/day (n = 103)

500 mg/day (n = 105)

non-Japanese (n = 52), Japanese (n = 51) non-Japanese (n = 54), Japanese (n = 51)

C Evaluable for symptom improvement (n = 140)

250 mg/day (n = 67)

500 mg/day (n = 73)

non-Japanese (n = 34), Japanese (n = 33) non-Japanese (n = 36), Japanese (n = 37)

Fig 2. Number of patients included in the analysis populations. {A) Patients who received 1 or mare doses of irial freatment. (B) Patients who received 14 or more
days of irials reatment in each 28-day ireatment period before the first fumor assessment recorded their bast fumor response. (C) Patients with a Lung Cancer Subscale
score of 24 or lower. Asterisk indicates that this patient’s last dose of systemic anticancer therapy was received within 21 days prior to the start of rial treatment.

gefitinib was used as second-line (17.5%, 250 mg/d; 18.3%,
500 mg/d) or third-line treatment (19.6%, 250 mg/d; 20.0%,
500 mg/d). A post hoc nonrandomized analysis showed that
RRs for the subgroup of patients who had previously received
a platinum and a taxane were 24.0% at 250 mg/d and 28.0%

at 500 mg/d. Similarly, RRs for patients previously given
platinum and docetaxel were 24.0% at 250 mg/d and 26.0% at
500 mg/d. RRs for patients who had progressed on two prior
chemotherapy regimens were 13.6% at 250 mg/d and 7.9%
at 500 mg/d.

Table 1. Baseline Demography of the Randomized Population

Gefitinib
250 mg/d 500 mg/d
No % No. %
No. of patients randomized 104 106
Age
Median 61.0 60.0
Range 2810 85 371078
Sex (male:female) 78:26 75:25 70:36 66:34
Performance status
0 18 17.3 20 18.9
1 73 70.2. 72 67.9
2 13 12.5 14 13.2
Disease stage at study entry
A 4 3.8 2 1.9
1B 19 18.3 16 15.1
[\ 81 77.9 88 83.0
Tumor histology
Adenccarcinoma® 67 64.4 71 67.0
Squamous 25 24.0 18 17.0
Large-cell 9 8.7 9 8.5
Undifferentiated 3 2.9 8 7.5
Previous cancer treatment
Failed 1 previous chemotherapy regimen 104 100.0 106 100.0
Failed 2 previous chemotherapy regimens 46 44.2 46 434
Radiotherapy 52 50.0 48 453
Surgery 32 30.8 25 23.6
Immuno/hormenal therapy 4 38 9 8.5
Symptomatic ot enlry 67 64.4 73 68.9

*Bronchioloalveolar carcinomas were included in this group. Three patients in each dose group had adenosquamous histology.

100 -
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Table 2. Best Overall Objective Response
Gefitinib
250 mg/d 500 mg/d
No % No %

No. of patients evaluable 103 105
Complete response 0 0 1 1.0
Partial response 18 175 19 18.1
Partial response in nonmeasurable disease 1 1.0 0 0.0
Stable disease 37 359 34 32.4 -
Progressive disease 42 40.8 44 1.9
Unknown® 5 4.9 7 6.7
Response rate

% 18.4 19.0

95% Ci 11.5127.3 12110279
Disease control rate :

% 54.4 51.4

95% Cl 443 10 64.2 41.51061.3

Abbreviation: Cl, confidence interval.

*No conclusion was reached about the best overall tumor response (eg, because of missing seans or relevant x-ray films).

As expected, the mean number of days under treatment was
higher for responders than for nonresponders (150 v 68 days,
respectively); however, the number of days under treatment, as
compared with the number of days under the trial was 95%
versus 96% in both groups.

Disease Control

The disease control rate was 54.4% for the 250-mg/d group,
which was not statistically different from that of the 500-mg/d
group, 51.4% (P = .68; Table 2). Median duration of disease
control for patients who responded or had stable disease was 3.2
and 4.6 months, respectively. Disease control was similar for
second-line (59.6%, 250 mg/d; 50.0%, 500 mg/d) and third-line
treatment (47.8%, 250 mg/d; 53.3%, 500 mg/d). SD rate was
35.9% at 250 mg/d and 32.4% at 500 mg/d.

Disease-Related Symptom Improvement

Evaluable baseline questionnaires were received from 80 and
81 patients from the 250- and 500-mg/d groups, respectively. Of
these, 67 and 73 patients, respectively, were evaluable for
symptom improvement. Median baseline scores for LCS were
18.0 (ranges: 250 mg/d, 4-24; 500 mg/d, 2-24) for each dose
group, indicating that this was a symptomatic population. The
symptom improvement rate was 40.3% (95% confidence interval

Table 3. Tumor Response Evaluation by Investigators and Independent
Response Evaluation Commitiee

Investigator Evaluation

REC Evaluation PR {n = 38) SD (n = 69}
PR {n = 34) 31 3
SD {n = 53} 5 48
PD (n = 18) 1 17
UK {n = 2} 1 1

NOTE. Complete response and partial response in nonmeasurable disease are
indicated by PR for the purpose of ealeulating concordance rates.

Abbreviations: REC, response evaluation committee; PR, portial response; SD,
stable disease; PD, progressive disease; UK, unknown due to missing slides or scans.

[CT], 28.5-to 53.0) for the 250-mg/d group and 37.0% (95% CI,
26.0 to 49.1) for the 500-mg/d group. Most patients with a tumor
response who were evaluable for symptom improvement also
showed an improvement in their disease-related symptoms, and
more than 50% of the patients with SD also had symptom
improvement (Fig 3).

The median of the maximum change in LCS score for the
patients with symptom improvement was 7.0 points (range, 3-17
points) during the first interval of improvement (time between
the first visit response of improved, to the subsequent response of
worsened). Importantly, median time to symptom improvement
was only 8 days (the time of first postbaseline assessment) for
both doses. Median duration of symptom improvement was 5.1
month (range, 1.1-5.6+ months) at 500 mg/d. At 250 mg/d, the
median duration of symptom improvement was not calculable
because patients were still responding at the time of data cutoff;
symptom improvement lasted for at least 3 months in 75% of
patients and for 6 months in 65% of patients. Median time to

100 7 B 250 mg/day
9 500 mg/day
= 80
[}
© 70.0
5
E 60 -
[0
>
o©
g 404
£
S
g 20
>
)

R

(n=13)n=14) (n=20)n=25 (n=34)n=34)
CR+PR SD PD

Fig 3. Symptom improvement benefits by fumor response. CR, complete
response; PR, partial response; SD, stable disease; PD, progressive disease.
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symptom worsening, for all patients, was longer for the 250-mg/d
group (4.1 months) than for the 500-mg/d group (2.8 months).
Generally, more patients showed an improvement in the
pulmonary items of the LCS than in the nonpulmonary items.
Improvements in shortness of breath, cough, and breathing were
each seen in 78% of LCS responders, while appetite, weight loss,
and clear thinking improved in 54% to 57% of LCS responders.

PES and OS

Median PFS was 2.7 months (95% CI, 2.0 to 2.8) for the
250-mg/d group and 2.8 months (95% CI, 1.9 to 3.8) for the
500-mg/d group (Fig 4a), with 29% and 39% of patients,
respectively, progression-free after 4 months of therapy. Median
overall survival times were 7.6 months (95% CI, 5.3 to 10.1) and
8.0 months (95% CI 6.7 to 9.9) for the 250- and 500-mg/d
groups, respectively (Fig 4b); 1-year survival rates were 35%
and 29%, respectively.

Tumor response was associated with improved OS. For patients
with either CR or PR, the median OS was 13.3 months for
250-mg/d group and 10.6 months for the 500-mg/d group (Fig 4c).

QoL Assessed by TOI and FACT-L

Median baseline scores were 53 for TOI (range, 15-75) and 85
(range, 32-125) for FACT-L, indicating that this population had
compromised QoL.

QoL improvement rate measured by TOI was 20.9% (95% CI,
11.9 to 32.6) for the 250-mg/d group and 17.8% (95% CI, 9.8 to
28.5) for the 500-mg/d group. QoL improvement rate measured
by FACT-L was 23.9% (95% Cl, 14.3 to 35.9) and 21.9% (95%
CI, 13.1 to 33.1) at 250 and 500 mg/d, respectively. The median
time to improvement (measured by TOI and FACT-L) for both
doses was 29 days, the time of the first postbaseline assessment.

Efficacy in Japanese and Non-Japanese Patients

In this trial, the RR was higher for Japanese patients than
non-Japanese patients (27.5% v 10.4%; odds ratio = 3.27; P =
.0023). A population pharmacokinetic analysis of steady-state
trough gefitinib plasma concentrations did not reveal any differ-
ences between Japanese and non-Japanese patients that might
explain the difference in RR (data not shown). To further investigate
this difference in RR observed between Japanese and non-Japanese
patients, a planned multivariate logistic analysis was performed.
Twenty-two baseline factors were evaluated independently to assess
their value in predicting response. Using a 10% significance level,
only seven factors were found to be predictive of response (baseline
LCS, body mass index, PS, prior radiotherapy, histology, prior
immuno/hormonal therapy, and sex). To ensure that only relevant
baseline factors were retained in the multivariate model, the
backward regression technique was employed at the 10% signifi-
cance level. This resulted in only four factors being retained in the
model: PS, sex, histology, and prior immuno/hormonal therapy
(Table 4).

The final multivariate model, including all four significant base-
line prognostic factors and the factor for ethnicity, resulted in a
Japanese:non-Japanese odds ratio of 1.64 (95% CI, 0.71 to 3.93;
P = .25), which is not considered to be statistically significant.
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Fig 4. Kaplan-Meier plots showing (A) progression-free survival, (B) overall
survival and {C} overall survival in patienis with a complete or partial tumer
response by dose. ’

Safety and Tolerability

A total of 209 patients were evaluable for safety and tolera-
bility. Most AEs seen in this trial were mild (CTC, G1 or G2),
there was no evidence of cumulative toxicity, and most events
were reversible. Drug-related AEs observed in more than 10% of
patients on either dose are shown in Table 5. The first occurrence
of most AEs was seen before the end of the first month of
treatment. In the 250-mg/d group, 15.5% of patients had AEs
requiring a short treatment interruption, and none required a dose
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Table 4. Final Adjusied Model of Prognostic Factors Associated With an Objective Response According fo o Multivariate Analysis

QOdds
Parameter Ratio 95% Cl 4 . Interpretation
Performance status (PS) 6.26 1.20 to .081 The odds of responding is over & times higher for PS 0 or 1
11536 patients compared with PS 2 patients.

Received prior immuno/hormonal treatment” 6.0 1.58 f0 26.15 011 The odds of responding is 6 times higher for patients who
received immuno/hormonal treatments prior to entry
compared with those who did not.

Histology 3.45 1.291t0 11.02 021 The odds of responding is almost 3.5 times higher for patients
with adenocarcinoma than for patients with other tumor
histologies.

Sex 2.65 1.19 t0 5.91 017 The odds of responding is over 2.5 times higher for females
than males.

Ethnicity 1.64 0.71 10 3.93 25 Affer accounting for all baseline imbalances, the odds ratio

indicates that the chance of responding is just over 1.5 times
higher for Japanese patients compared with non-Japanese
patients.

Abbreviation: Cl, confidence interval.

*Immuno/hormonal treaments include picibanil, investigational drugs, minomycin, marimastat, and tamoxifen citrate.

reduction. At 500 mg/d, 28.3% of patients required a treatment
interruption, and 10.4% required a dose reduction. The main
reasons for dose interruptions were skin reactions, gastrointesti-
nal disturbances, and elevated transaminases. Mean time on
treatment was similar for the 250- and 500-mg/d groups, at 85.1
and 81.5 days, respectively, which corresponds to 97.8% and
93.8% of the total days on trial. Withdrawal due to drug-related
AEs was 1.9% and 9.4% for patients receiving gefitinib doses at
250 and 500 mg/d, respectively. The main reasons for with-
drawal mirrored reasons for drug interruption.

Of all the drug-related AEs reported, CTC G3 or G4 was seen
in only 1.5% of patients receiving 250 mg/d and in 4.7% of those
receiving 500 mg/d; no G4 drug-related AEs were reported at
250 mg/d. The most frequent drug-related G3 or G4 AEs
included diarrhea, rash, and ALT elevation (Table 5). The AE
profile and the incidence of G3 or G4 drug-related AEs were
similar for the Japanese and non-Japanese populations.

Diarrhea could be controlied, if necessary, with antidiarrheal
agents such as loperamide. Twenty-four percent of 250-mg/d
patients and 43% of 500-mg/d patients took antipropulsives or
antidiarrheal agents. Furthermore, diarrhea resolved in 84% (250
mg/d) and 83% (500 mg/d) of patients. Of these patients,
resolution occurred during treatment (with or without dose
- reduction) or during temporary therapy interruption in 47.6%
(250 mg/d) and 57.6% (500 mg/d) of patients, or following
treatment cessation in 19.0% (250 mg/d) and 15.3% (500 mg/d).
We did not record the exact time at which the event resolved in
33.3% of the 250-mg/d group and in 27.1% of the 500-mg/d
group. Only one patient, receiving 500 mg/d, was withdrawn
from the trial due to drug-related gastrointestinal disturbance
(combination of G3 diarrhea, G3 nausea, and G2 vomiting).

Skin disorders, including rash, pruritus, dry skin, and acne,
were generally mild (Table 5). Patients with rash also frequently
reported other skin-related symptoms, including acne
(10.6%), pruritus (45.5%), and dry skin (30.8%). In most
patients, these skin disorders resolved either during treatment
or temporary therapy interruption, or following treatment

cessation. Two 500-mg/d patients withdrew from the trial due
to skin disorders after 7 and 10 days of treatment (one with
G3 rash; one with G1 rash). Concurrent rash and diarrhea was
seen in 15.5% and 25.5% of patients receiving gefitinib at 250
and 500 mg/d, respectively.

Two patients experienced interstitial lung-disease—type events
during the study (interstitial pneumonia and pneumonitis). Both
patients were receiving 500 mg/d of gefitinib. One patient
recovered from the event following withdrawal from treatment
due to disease progression; in the other patient, the pneumonitis
occurred 3 days after stopping gefitinib treatment because of
severe fatigue, and was ongoing at the time of death due to
disease progression 5 weeks later. A computed tomography scan
for this patient showed progression of carcinomatous pleuritis.
Both patients received antibiotics, steroids, and oxygen therapy.

Most patients had no deterioration in hepatic function during
the trial, and occurrences of elevated levels of transaminases
were generally G1 and asymptomatic. Four patients (three at 500
mg/d) were withdrawn from the trial due to G3 or G4 elevations
in hepatic enzymes. No clinically significant deterioration in
renal function was observed during the trial, even in patients who
entered the trial with mild or moderate renal impairment. The
incidence of cardiovascular events was low; seven patients (one
at 250 mg/d; six at 500 mg/d) had Gl or G2 cardiovascular
events. Two patients in the 250-mg/d group had a G3 drug-
related AE (atrial fibrillation and bundle branch block), and one
patient in the 500-mg/d group had G4 deep thrombophlebitis.

Ophthalmic monitoring did not reveal any significant drug-
related abnormalities and no drug-related G3 or G4 events were
reported. G1 or G2 drug-related ophthalmic AEs were reported
in 43 patients (21%), but none of these events required with-
drawal from therapy. These events included conjunctivitis,
blepharitis, keratitis, eye pain, dry eyes, and corneal erosion.

No clinically significant changes in hematology parameters
were observed during the trial; most patients experienced no
changes from baseline in CTC grade for hemoglobin, platelets,
or WBC values. The only drug-related G3 or G4 hematologic AE
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Table 5. Patients With Drug-Relafed Adverse Events That Occurred in More
Than 10% of Patients in Either Dose Group

Gefitinib
250 mg/d 500 mg/d
cIc {n = 103} n = 106)
Adverse Event Grade" No. % No. %
Skin
Rash 1 27 26.2 3 29.2
2 20 19.4 35 33.0
3 1 1.0 [ 57
4 0 0 1 0.9
Pruritus 1 26 252 34 32.1
2 5 4.9 3 2.8
3 0 0 1 0.9
Dry skin i 25 24.3 23 217
2 3 2.9 8 7.5
Acne 1 10 97 5 4.7
2 3 29 8 7.5
3 0 0 2 1.9
Digestive
Diarrhea 1 33 32.0 36 34.0
2 8 7.8 18 17.0
3 0 0 7 6.6
Nausea 1 1 10.7 17 16.0
2 1 1.0 7 6.6
3 1 1.0 1 0.9
Ancrexia 1 8 7.8 11 10.4
2 1 10 8 7.5
3 0 0 1 0.9
Vomiting 1 4 3.9 14 13.2
2 2 1.9 7 6.6
Metabolic
ALT increased 1 10 9.7 14 13.2
2 1 1.0 5 4.7
3 2 1.9 5 4.7
4 0 0 1 0.9
AST increased 1 9 8.7 15 14.2
2 2 1.9 6 57
3 0 4] 2 1.9
4 0 0 1 0.9
Whole Bedy
Pain 1 9 8.7 15 14.2
2 1 1.0 2 1.9
Asthenia 1 7 6.8 7 6.6
2 1 10 3 2.8
3 0 0 1 0.9

Abbreviation: CTC, common toxicily criteria.
*Adverse evenis were not observed at CTC grades higher than those presented.

reported was anemia, which was seen in three 500-mg/d patients
(G3, one patient; G4,-two patients), but no patients were
withdrawn due to anemia.

DISCUSSION

This multicenter, randomized, double-blind, parallel-group
trial conducted in Europe, Australia, South Africa, and Japan
evaluated the efficacy and safety of daily oral doses of 250 and
500 mg of gefitinib in patients with locally advanced or meta-
static NSCLC who had previously received either one, or a
maximum of two, chemotherapy regimens (at least one of which
had contained platinum). The major aim of the randomization
was to identify the optimal dose for patients in this setting. In

FUKUOKA ET AL

103 patients treated with gefitinib at 250 mg/d, the RR was
18.4%, with a median PFS of 2.7 months and a median OS of 7.6
months, suggesting that gefitinib is an effective treatment for
previously treated patients with advanced NSCLC. The RR was
similar for the 500-mg dose and for patients receiving gefitinib
as second- and third-line treatment.

With respect to safety, drug-related AEs at both doses were
generally mild (G1 or G2), consisting mainly of skin reactions
and diarrhea, but the incidence of AEs, dose modifications, and
withdrawals was lower for 250-mg/d group than for 500-mg/d
group. Additionally, gefitinib was not associated with common
conventional chemotherapy AEs such as neutropenia, thrombo-
cytopenia, or neuropathy. Less than 1% of patients experienced
interstitial lung-disease~type events during the study. The data
from this trial suggest that treatment with gefitinib at 250 mgid
does not require any special clinical or laboratory monitoring
beyond the usual standards of care in this patient population.

Overall, 250 mg/d was as effective as, and better tolerated
than, 500 mg/d, and is thus the recommended dose for patients
with NSCLC who have previously received platinum-based
chemotherapy. This dissociation of the efficacy and safety
dose-response relationships was predicted for molecularly tar-
geted anticancer agents such as gefitinib,*?

Following inevitable first progression or recurrence after
first-line chemotherapy, the current therapeutic option for pa-
tients with advanced NSCLC is additional chemotherapy. In the
second-line setting, numerous phase II trials of one or more
chemotherapy agents have reported widely varying RRs and
little or no data concerning other efficacy end points.”® The
notable exception is docetaxel, the only approved chemotherapy
agent for treatment of previously treated patients and the only
agent for which phase III data exists in a large number of patients
with prior platinum therapy. In the first of two randomized phase
I trials, median survival with docetaxel was significantly better
than the supportive care arm (7.0 v 4.6 months; P = .047).7 The
RR for the 55 patients who received docetaxel at 75 mg/m? was
5.5%, and the overall disease control rate was 52.8%. In the
second trial, the median survival with 75 mg/m" of docetaxel
was 5.7 months, the RR was 6.7%, and the disease control rate -
was 42.7%.%* These trials also demonstrated that docetaxel has a
positive impact on QoL.% ‘

A key therapeutic aim in patients with NSCLC is to palliate
disease-related symptoms without compromising overall QolL..
Patients with progressive NSCLC who have been failed by
previous chemotherapy have an extremely poor prognosis and
often exhibit severe symptoms. The patient population in this
study was symptomatic, with median baseline LCS and TOI
scores of 18.0 and 53.0, respectively. This is comparable with a
randomized trial comparing three first-line chemotherapeutic
regimens in patients with advanced NSCLC, which reported
mean baseline LCS and TOI scores of 18.7 and 56.4, respective-
1y.?° QOur study provided a unique demonstration of clinically
significant improvement in disease-related symptoms, which was
documented both in patients with tumor regression and in those
with stable disease. The rate of disease-related symptom improve-
ment was high, with approximately 40% of the patients in the
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250-mg/d group experiencing improvement for at least 1 month.
The median time to symptom improvement was short, occurring
within 8 days, and QoL. improvements also appeared rapidly.

The statistically significant difference in RR between Japanese
and non-Japanese patients could not be explained on the basis of
pharmacokinetic differences in the two populations. However, it
was possible to identify baseline prognostic factors that accounted
for these results (PS of 0-1, receipt of prior immuno/hormonal
treatment, female sex, and adenocarcinoma histology). After ac-
counting for baseline imbalances between the populations, the odds
ratio for ethnicity was 1.64, which is not considered to be statisti-
cally significant (P = .25). Performance status and sex have been
previously identified as prognostic factors for RR and survival
following first-line chemotherapy in individuals with NSCLC.% In
this study, the better outcome in women could not be accounted for
by sex differences in pharmacokinetic parameters. It is interesting
that adenocarcinoma is a prognostic factor, given that EGFR is
more frequently expressed in squamous cell carcinoma?®; it may be
that the relatively slow growth of adenocarcinoma cells renders
them more sensitive to gefitinib, or there might be an unknown
factor at the protein level that determines sensitivity to gefitinib
rather than the level of EGFR. expression. We do not yet know
whether the EGFR status of tumors influences the efficacy of
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gefitinib. However, tissue samples have been retained to assess
EGFR status by immunohistochemistry, and analysis of these
samples is underway.

A second phase Il trial of gefitinib monotherapy for the
treatment of advanced NSCL.C in patients who have received at
least two previous chemotherapy agents, including platinum and
docetaxel, has been completed and confirms the activity of
gefitinib in heavily pretreated patients.?’

In conclusion, oral gefitinib at 250 or 500 mg/d provides
clinically significant durable antiturnor activity, accompanied by
rapid, clinically meaningful symptom relief and improvements in
QoL as second- and third-line treatment in patients with ad-
vanced NSCLC who have received previous platinum-based
therapy. The 250-mg/d dose of gefitinib has a more favorable
safety profile and better tolerability than the 500-mg/d dose and
is, therefore, the recommended dose in this clinical setting, The
data from this multi-institutional, randomized phase II trial
suggest that oral gefitinib is an important, novel treatment option
for patients with previously treated advanced NSCLC.
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KEYWORDS Summary Photofrin is the most commonly used photosensitizer for photodynamic
Photodynamic therapy; therapy (PDT). The major side effect of Photofrin is cutaneous photosensitivity. A
PDT; second generation photosensitizer, mono-L-aspartyl chlorin e6 (NPe6) has shown anti-

tumor efficacy and rapid clearance from skin. Therefore, we conducted a phase Il

Mono-L-aspartyl chlorin . . * ; ; c -
clinical study to investigate the anti-tumor effects and safety of NPe6 in patients with

eo6; L. : s .
. early superficial squamous cell carcinoma of the lung. Enroltment criteria consisted of
Talaporfin; . .
od ) endoscopically evaluated early stage lung cancer with normal chest X-ray and CT
Diode laser; images, no lymph node or distant metastasis. Tumors were located no more
Occuit lung cancer peripherally than subsegmental bronchi, the peripheral margin had to visible, and

the tumor size had to not more than 2 cm in diameter. The histologic type of the
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tumor had to squamous cell carcinoma. Laser irradiation (100 J/cm?) using a diode
laser was performed at 4 h after administration of NPe6 (40 mg/m?). Among 41
patients with 46 lesions, 40 with 45 lesions were eligible for safety evaluation, and 35
patients with 39 lesions were judged as eligible for efficacy evaluation. No serious
adverse drug reactions were observed. Disappearance of skin photosensitivity was
recognized within 2 weeks in 28 of 33 patients (84.8%) and in all the other seven
patients first tested at 15-18 days. Complete response (CR) was seen in 84.6% of
lesions (82.9% of patients). This study demonstrated excellent anti-tumor effects and
safety, especially low skin photosensitivity in patients with early stage lung cancer.
PDT using the second generation photosensitizer NPeé and a diode laser will likely
become a standard modality of PDT for central type early superficial squamous cell
carcinoma of the lung.

© 2003 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Photodynamic therapy (PDT) is a form of cancer
treatment which offers palliative therapy for
advanced cancer with obstructive tumors and the
possibility of curing minimally invasive disease
when treated in its earliest stages. PDT is a two
stage process with the first stage consisting of an
injection of a photosensitizer. Photofrin (porfimer
sodium) is the most commonly used photosensitizer
for this process. The major side effect of Photofrin
itself is cutaneous photosensitivity, which lasts
approximately 4-6 weeks [1]. Photofrin is mostly
cleared from a variety of tissues at 24-72 h
following a period of time after injection. How-
ever, this photosensitizer is retained in tumor, skin,
and organs of the reticuloendothelial systems [2].
In the second and final stage of the tumor is
illuminated with 630 nm red light emanating from
a laser. Tumor selectivity in treatment occurs
through a combination of selective retention of
photosensitizer, selective delivery of light, and
drug/light dose selection such that normal tissues
are relatively spared [3]. However, the effective-
ness of PDT is known to be limited because the
maximal therapeutic depth of penetration by
activating light is no more than 2 cm. Therefore,
the main application of PDT for lung cancer to
obtain complete remission is for carcinoma in situ
or early invasive squamous cell carcinoma [4].

Because of the skin photosensitivity of Photofrin,
many investigators have shown interest in the
synthesis of new photosensitizers, which possess
lower skin photosensitivity for use in PDT. Among
those photosensitizers, mono-t-aspartyl chlorin eé
(NPe6) is considered as a promising photosensitizer.
This compound has shown anti-tumor efficacy with
laser irradiation in a murine tumor model and rapid
clearance from skin [5]. We performed a phase |
clinical study using NPeé6 and a diode laser for

bronchogenic early superficial squamous cell car-
cinoma from April 1995 to December 1996. When
the results were analyzed in eight eligible patients
{eight lesions), the rate of complete response (CR)
was 87.5% (7/8), and neither particularly serious
adverse reactions nor abnormal clinical laboratory
findings were noted [6]. Therefore, we conducted
a phase Il clinical study to investigate anti-tumor
effects and the safety of NPe6 in patients with
endoscopically evaluated early stage lung cancer
using the same dosage shown to be safe and
effective in the previous phase 1 clinical study.

2. Patients and methods

The type of study was nation-wide multi-center
study funded by Ministry of Health and Welfare.
This study was designed as an open-labeled clinical
trial. A total of ten institutions were enrolled in
this study from October 1997 through March 2000.

2.1. Inclusion criteria

(1) Patients with endoscopically evaluated early
stage lung cancer. (2) Patients with normal chest X-
ray and CT images. (3) No metastasis to lymph
nodes and no distant metastasis revealed by
routine clinical diagnostic methods (NOMO). (4)
Tumors located from the bifurcation of the trachea
to subsegmental bronchi, with the peripheral
margin of the lesions endoscopically visible. (5)
TJumor size not more than 2 cm in diameter,
measured by forceps endoscopically. (6) Histologi-
cal type should be early superficial squamous cell
carcinoma. (7) Patients to whom a sufficient dose
of laser transmission can be irradiated endoscopi-
cally. (8) Patients who are not surgical candidates
because of underlying cardiopulmonary dysfunc-
tion or who refuse surgery, in principal. However,
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patients who have received sufficient information
concerning surgery and PDT and wish to receive
PDT can be enrolled. (9) WBC > 4000 per mm?,
Hb> 10 g/dl, platelet > 10 x 10* per mm?, AST
(GOT), ALT (GPT)< 60 U/I, T-bil. <20 mg/dl,
BUN < 25 mg/dl, creatinine < 1.5 mg/dl. (10) No
history of acute myocardial infarction or unstable
angina pectoris within 3 months prior to the PDT.
(11) Pa0, greater than 60 mmHg. (12) Patients with
an ECOG performance status of 0—2. (13) Patients
with a life expectancy of more than 3 months. (14)
if the patients had a previous treatment history
(surgery, chemotherapy, radiotherapy, PDT using
Photofrin, etc.) for other synchronous or meta-
chronous lesions, the patients should have a more
than 4-week wash-out period after the completion
of the previous treatment. (15) Patients who have
given informed consent to participate in writing.

2.2. Exclusion criteria

(1) Pregnant women or women likely to be
pregnant during the study period, and lactating
women. (2) Patients with active multiple carcino-
mas. (3) Patients with serious concomitant diseases
(uncontrolled diabetes mellitus, serious hyperten-
sion or serious infection etc.) (4) Patients with a
history of photosensitivity. (5) Patients with a
history of porphyria.

2.3. Number of patients planned

Based on the results of the phase | clinical study
in early stage lung cancer patients (rate of CR:
87.5% = 7/8) [6], the expected efficacy rate of this
study was set at 90.0%. Setting the range of the
95.0% confidence interval of the expected efficacy
rate at 0.2, the number of necessary patients was
calculated as 35 cases. Furthermore, assuming
10.0-15.0% of the number of necessary patients
would be incomplete, the planned number of
patients was set at 40 cases.

2.4. Photosensitizer and laser delivery
system

NPeé (lyophilized talaporfin sodium, Meiji Seika
Kaisha, Ltd., Tokyo, Japan) is an effective photo-
sensitizer possessing high chemical purity and a
major absorption band at 664 nm. NPe6é has a
molecular weight of 799.69, and its structure is
shown in Fig. 1 [7]. NPe6 (99% purity) was provided
by Meiji Seika Kaisha, Ltd. as a dark blue—-green,
water-soluble compound. It was reconstituted as a
1.0 mg/ml solution in physiological saline immedi-

Fig. 1 Chemical structure of NPe6 (talaporfin sodium).
This compound is an effective photosensitizer and a
major absorption band at 664 nm. NPe6 has a molecular
weight of 799.69.

ately before administration in order to avoid
degradation by light, due to its photochemical
activity.

A new diode laser system (Panalas 6405, Mat-
sushita Industrial Equipment Co., Ltd., QOsaka,
Japan) was used in this study. This laser device is
Aluminum Gallium Indium Phosphorus (AlGalnP).
The laser wavelength was adjusted to 664 nm and
the power output was variable in the range of 50—
500 mW at the fiber tip in a continuous wave (CW)
mode. The laser system weighs 20 kg, and is
portabte. It runs on 100 V current. This system
generates a laser beam with a wavelength (664 + 2
nm) suitable for the light activation of NPeé and
yields high therapeutic efficiency.

2.5. Administration and laser irradiation
method

In the phase | clinical study conducted pre-
viously, the optimal conditions yielding high safety
and efficacy were suggested to be intravenous
administration of NPe6 (40 mg/m?) and irradiation
of laser (100 J/cm?) at 4 h after administration,
using a diode laser apparatus [6]. The dosage and
administration were, therefore, set accordingly.
One vial of NPeé containing 100 mg was dissolved in
4 ml of physiological saline and the defined dose
(40 mg/m?) was slowly injected intravenously. At 4
h after administration, a wavelength 664 nm laser
beam was irradiated to the tumor site endoscopi-
cally using a directional quartz fiber (power den-
sity: 150 mW/cm?, energy level: 100 J/cm?). The
output power and wavelength of laser were deter-
mined before and after irradiation using an optical
power meter and an optical spectrum analyzer in
order to confirm the performance of the laser
apparatus.
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2.6. Skin photosensitivity test

The back of the hand should be exposed to
sunlight for 5 min to observe photosensitivity
(e.g. erythema), followed by photography for the
records at 1 h after the exposure. The test should
be performed before administration and 2 weeks
after administration. If photosensitivity is ob-
served, the same test should be conducted within
several days until it disappears, with the patient
avoiding direct sunlight and intense incandescent
light in the interim. The results of the skin
photosensitivity test should be classified as “0:
no reaction, 1: minimum visible erythema, 2: deep
clearly defined erythema, 3: intense erythema or
edema’” according to the criteria specified for this
study (Guidelines for Assessment of NPeé Test
Value).

Since patients receiving NPe6 may have a photo-
chemical reaction to intense light, the indoor light
intensity should be adjusted below 500 lux, using a
digital lux meter, for 2 weeks from immediately
after administration, using blackout curtains, etc.,
and the patients should be made to wear sun-
glasses, long sleeves, gloves and mask after admin-
istration. The patient is prohibited from going out
into direct sunlight for 2 weeks after administra-
tion.

2.7. Safety evaluation

Severity grades of general findings, symptoms
and signs as well as abnormal clinical laboratory
findings are to be measured according to the
“Guidelines for Assessment of Adverse Drug Reac-
tions” instituted by the Japan Society of Clinical
Oncology [8] which closely resemble the WHO
criteria. Since severity grades of coughing, in-
creased sputum, bloody sputum and C-reactive
protein (CRP) increases are not specified in the
“Guidelines for Assessment of Adverse Drug Reac-
tions”, these items were also categorized accord-
ing to the criteria specified for this study
(Guidelines for Assessment of NPe6 Test Value).
The severity grades of coughing, increased sputum,
bloody sputum were classified by a 4-grade scale of
“1: mild, 2: moderate, 3: severe and 4: serious”.
The severity grades of CRP were classified by a 3-
grade scale of “1: < 1.5 mg/dl, 2: 1.5-6.5 mg/dl,
3: > 6.5 mg/dl”.

The causal relationship was graded by a 4-grade
scale of ““1: Definitely, 2: Probably, 3: Possibly and
4: None’’, and the adverse events corresponding to
1-3 were treated as adverse drug reactions,

2.8. Efficacy evaluation

The antitumor effect was rated, based on endo-
scopic measurement of tumor size using forceps,
morphological observation and histopathological
examination by biopsy, according to the “Criteria
for the Evaluation of the Clinical Effects of Solid
Cancer Chemotherapy” defined by the Japan
Society of Clinical Oncology and the “General
Rutes for Clinical and Pathological Records of
Lung Cancer” of the Japan Lung Cancer Society
(4th edition) [9]. The antitumor effect was rated at
1 and 2 months after PDT. If it was difficult to
evaluate the efficacy at 2 months, it was rated
again up to 3 months after PDT. Antitumor effect
was rated as CR (no demonstrable tumor for 4
weeks), partial response (PR: 50% or greater
reduction in tumor size), no change (NC: less than
50% reduction or less than 25% increase in tumor
size), progressive disease (PD: more than 25%
increase in tumor size) or not evaluable (NE).

3. Results

Among 41 patients (46 lesions) registered, one
patient refused to receive NPeé. Therefore, NPe6
was given to 40 patients (45 lesions, Table 1). All
except one were male, and the median age was 67
years old. Performance status was 0 or 1 in all
except one patient. The histological type was
squamous cell carcinoma in all patients and all
were carcinomas in situ (CIS) or early invasive
carcinomas. There were 19 clinical stage 0 (CIS)
cases (23 lesions), and 21 stage | cases (22 lesions).
Fifteen cases were thought not to be surgical
candidates because of underlying cardioputmonary
dysfunction, and 25 cases refused surgery and
wished to receive PDT. Previous therapy had not
been performed in 21 patients and 15 patients had
received surgery before PDT. The maximum tumor
dimensions were less than 1.0 cm in 33 lesions,
more than 1.0 c¢m but less than 2.0 cm in ten
lesions, and 2.0 cm in two lesions.

The evaluation committee judged five patients
(six lesions) as ineligible for efficacy evaluation
based on inclusion criteria, so there were 35
eligible patients (39 lesions). Among those, one
patient who had two lesions was handled as an
eligible patient with one eligible lesion, since one
of the two lesions given PDT was an eligible lesion
but the other lesion was ineligible because it was a
benign tumor.
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Table 1 Backgrounds of the patients

Jotal number of 40 patients (45 le-
patients treated sions)

Age (years) Mean: 65.9, Median:

67 (48-77)
Height (cm) Mean: 162.3
(143.8-180)
Weight (kg) Mean: 56.8 (39.0—
76)
Sex Male 39 patients
(44 lesions)
Female 1(1)
Performance sta- O 26 patients
tus (ECOG PS)
1 13
2 1
Disease stage 0 19 patients
(23 lesions)
| 21 (22)
Previous therapy None 21 patients
for other lesion
Surgery 9
Surg. + Rad. + Che- 1
mo.
Surg. + Chemo. 1
Surg. + Chemo. + 2
PDT
Surg. + PDT 2
Rad. 1
PDT 2
Rad. + Chemo. + 1
Electric cauteriza-
tion
Maximum tumor < 0.5 7 lesions
size (cm)
0.5-0.9 26
1.0-1.4 10
1.5-1.9 0
2.0 2

3.1. Adverse drug reactions

The adverse drug reactions to this therapy (signs,
symptoms and abnormal values of clinical labora-
tory measurements) are shown in Tables 2 and 3.
No serious adverse drug reactions were observed.
None of the symptoms were graded as grade 3 or
more, and those showing grade 2 reactions had
either increased CRP (four patients), increased
sputum (2), cough (1), fever (1) and neutropenia
(1), and all other reactions were of grade 1.

3.2. Skin photosensitivity test

The results of the skin photosensitivity test are
shown in Table 4. Twenty eight of 33 patients

(84.8%) in whom the first skin photosensitivity
test was performed had no photosensitivity by 14
days after drug administration. Five patients
showed reaction to light (minimal visible erythema
in three patients, deep clearly defined erythema in
one patient and blister formation in one patient),
but on a second additional test performed within 7
days thereafter, disappearance of the photosensi-
tivity was confirmed in all five patients. Seven
patients in whom the first skin photosensitivity test
was performed 15-18 days after administration
showed no reaction at the time of testing.

3.3. Efficacy

The antitumor effects of PDT according to lesion
and patient are shown in Table 5. A verification
study was conducted in patients with endoscopi-
cally evaluated early stage lung cancer by setting
the expected rate of CR at 90.0% with the range of
95.0% confidence interval at 0.2. On a per lesion
basis, the CR rate was 84.6% (33/39 lesions) and
the overall response rate was 94.9% (37/39 le-
sions). On a per patient basis, the CR rate was
82.9% (29/35 patients) and the overall response
rate was 94.3% (33/35 patients). Since the rate of
CR exceeded the lower limit of the expected rate
of CR (80.0%), the efficacy of NPe6 was confirmed.

4, Discussion

PDTwas first applied clinically for endoscopically
early stage lung cancer at our institution using an
argon dye laser combined with a tumor-specific
photosensitizer, hematoporphyrin derivative (HpD)
in March 1980 [10], and subsequently Kato et al.
reported the first case of 5-year disease-free
survival in a case of early stage lung cancer treated
only by PDT [11]. In 1988, a multicentric study on
PDT for early stage lung cancer performed by the
PDT cancer group of the Ministry of Health and
Welfare demonstrated that the rate of CR was
77.3% {51/66 lesions) and 100% in the cases less
than 1.0 ¢m in diameter (28 lesions), and the
recurrence rate was 15.7% (8/51 lesions) {12].

Thereafter, a prospective phase Il study on PDT
with Photofrin for centrally located early stage
lung cancer was conducted using either an argon
dye laser or excimer dye laser from June 1989 to
February 1992 [13], and demonstrated excellent
PDT efficacy (CR rate: 84.8%, recurrence rate:
10.0%). The Japanese government approved the
use of this modality using an excimer dye laser
combined with Photofrin for early stage lung
cancer in QOctober 1994, and reimbursement
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Table 2 Adverse drug reactions (signs and symptoms)

Item Number of patients evaluated Incidence (%) Grade

1 2 3 4
Pruritus cutaneous © 40 2 (5.0) 2 000
ltching of forehead and backs of both hands® 40 1(2.5) 1 0 0 ¢
Blisters® 40 1 (2.5) 1 00 0
Coughing® 40 6 (15.0) 5 100
Increased sputum® 40 11 (27.5) 9 2 00
Bloody sputum® 40 10 (25.5) 100 0 0
Sorethroat® 40 2 (5.0 2 000
Chest discomfort® 40 1(2.9) 1 000
Fever® 40 4 (10.0) 3 100
Abnormal ECG 37 1 (2.5) - - - -

-, Not graded.

# The item was graded according to the “Guidelines for Assessment of Adverse Drug Reactions” established by

the Japan Society of Clinical Oncology.

5 These items were graded according to the 4-grade scale specified in the protocol, since those are not specified
in the “Guidelines for Assessment of Adverse Drug Reactions” established by the Japan Society of Clinical

Oncology.

through the National Health Insurance began in
April 1996. After the approval of PDT, the number
of cases treated by PDT gradually increased year by
year (20-30 cases per year at Tokyo Medical
University).

While the effectiveness of PDT using Photofrin
has been recognized clinically, it is not widely
employed, partly because of the cost and the large
size of the laser equipment and the problems posed
by skin photosensitization. The incidence of cuta-

neous phototoxic reactions induced by Photofrin
(0.5-2.0 mg/kg, iv) was assessed in a series of 180
patients by Dougherty et al. [1]. Overall, 20-40% of
patients reported some type of phototoxic re-
sponse. Many of the clinical reviews of PDT written
in the past few years have concluded that this
promising approach to the treatment of solid
malignant tumors requires better photosensitizers
which may be more efficient than Photofrin and
which will not induce prolonged cutaneous photo-

Table 3 Abnormal changes in clinical laboratory measurements

Item Number of patients evaluated incidence (%) Grade?®

1 2 3 4
Leukocytosis 40 1(2.5) - - - -
Decreased hemoglobin 40 1 (2.5) 1 0 0 O
Leucopenia 40 1(2.5) 0 1 0 O
Neutropenia 40 1 (2.5) 0 1t 0 0
Lymphocytosis 40 2 (5.0) - = = =
Monocytosis 40 1 (2.5) - - = -
Thrombocytopenia 40 1(2.5) 1 0 0 O
AST (GOT) increased 40 1 (2.5) t 0 0 O
ALT (GPT) increased 40 4 (10.0) 4 0 0 O
Al-P increased 40 1 (2.5) 1 0 0 0
Serum calcium decreased 40 1(2.5) 1.0 0 O
Urinary protein increased 39 1 (2.6) 1 0 0 O
CRP increased” 37 8 (21.6) 4 4 0 0

—, No grading scale.

 Each item was graded according to the “Guidelines for Assessment of Adverse Drug Reactions” established by
the Japan Society of Clinical Oncology, except for leukocytosis, lymphocytosis and monocytosis.
B CRP was classified by a 3-grade scale of “1: < 1.5 mg/dl, 2: 1.5-6.5 mg/dl, 3: > 6.5mg/dl”.
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Table 4 Results of the first skin photosensitivity test

ftem Days after administration (days) Total
9 10 111 12 13 14 15 16 17 18
Number of patients tested 1 - - 1 1 30 1 4 1 1 40
Negative reaction 1 - - 1 0 26 1 4 1 1 35
Positive reaction 0 - - 0 1 4 0 0 0 0 5

sensitivity [14,15]. There is, therefore, great inter-
est in the synthesis of new sensitizing agents for
use in PDT.

Among the second generation photosensitizers,
NPe6 is considered as a promising photosensitizer
and has shown antitumor efficacy in a murine
tumor model and rapid clearance from skin [5].
This compound has a major absorption peak at 664
nm, i.e. 34 nm longer than the treatment wave-
length of Photofrin. As a result, greater photo-
dynamic efficacy with a slight gain in penetration
depth of light is possible. The synthesis of NPe6é was
first described by Bommer et al. in 1985 [16], and
this new compound was considered as a candidate
photosensitizer of PDT for tumors [17]. The char-
acteristics of this compound include a low degree
of skin photosensitivity [18], and a high degree of
affinity for malignant tissues [19]. Kessel demon-
strated that the kinetics of NPe6 elimination from
plasma is consistent with a half-life (T1/2B8) of
approximately 134 h [20] which agrees with the
data of our phase | study [6], which is much shorter
than the approximately 250 h of Photofrin. NPe6 is
eliminated almost twice as rapidly as Photofrin.
Wong et al. compared NPe6 in animal experiments
to HpD, which is a proto-drug of Photofrin, and
demonstrated the superiority of NPe6é to HpD in
terms of tumor volume reduction, inhibition of
tumor regrowth, depth of tissue necrosis and
duration of cutaneous photosensitization [21].

Commonly used laser systems are the argon dye
laser in Europe and North America and excimer dye
laser in Japan. The argon dye laser or excimer dye
laser systems are costly and butky, therefore, these
systems are not portable, lack convenience and a
special laser suite is necessary. The prolonged skin
photosensitivity of Photofrin and high cost and
butky size of laser systems have limited the wide-
spread acceptance of PDT. Therefore, the ideal

Table 5 Anti-tumor effects by lesion and by patient

laser system for PDT would be compact, easy to
handle, almost maintenance free and inexpensive.
A small size diode laser is considered as a candidate
laser system for PDT instead of the bulky gas dye
laser system. A low cost diode laser system is
commonly used as a light source for pain control in
Japan, but it is normally impossible to use this
diode laser for PDT with commonly available
photosensitizers, because its wavelength is too
long to activate the photosensitizers. The absorp-
tion wavelength of NPe6 is longer than those for
excitation of other commonly used photosensiti-
zers. Recently, a new diode laser system has been
developed and this system is considered to have
potential for PDT applications with NPe6.

As mentioned above, second generation PDT
using NPe6 combined with a diode laser was
developed to solve the problems of the initial
PDT approach using Photofrin and a dye laser
system. The phase il clinical study was conducted
to investigate the efficacy and safety of NPeé in
patients with endoscopically evaluated early stage
lung cancer using the dosage, the safety and
efficacy of which had been verified in the previous
phase | clinical study. The previous phase Il clinical
study on Photofrin performed by Furuse et al.
demonstrated that the longitudinal length of tumor
extent was the only independent prognostic factor
for CR [13], therefore, we decided that tumor size
should be not more than 2.0 cm in greatest
dimension and that the peripheral margin of these
lesions must be accessible for observation in order
to irradiate sufficient laser light. In our study, CRs
were obtained in 84.6% of lesions and 82.6% of
cases. These encouraging results are similar to the
data of the previous phase Il clinical study on
Ehotofrin (84.8% of lesions) and the data of Tokyo
Medical University (81.1% of cases) [22].

Classification

Eligible CR PR NC PD NE CRrate (%)

95.0% confidence rate (%) Response rate (%)

84.6
82.9

334 2 0 0
29 4 2 0 0

Lesion 39
Patient 35

69.5-94.1
66.4-93.4

94.9
94.3
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There were no serious adverse effects of grade 3
or more. The few cases showing grade 2 reactions
included increased CRP, increased sputum, cough-
ing, fever and neutropenia. These reactions
seemed to be due to the photodynamic reaction
and bronchoscopic examinations, and were consid-
ered not to be directly related to NPe6 of diode
laser irradiation. Among the grade 1 reactions, the
“itching of the forehead and the backs of both
hands” in one patient occurred since the patient
exposed himself to direct sunlight before the skin
photosensitivity test. Blisters in one patient and
cutaneous pruritus in two patients were observed
in the skin photosensitivity test conducted soon
after administration. In the phase Il study on
Photofrin, toxicity assessment showed grade 2
adverse reactions of transient elevation of ALT
(1.9%), allergic reaction (3.8%), pulmonary toxicity
including exertional dyspnea and fever due to
bronchitis and obstructive pneumonia (7.7%) and
sunburn (1.9%). These reactions of ALT elevation
and allergy might be derived from the hydrophobic
property of Photofrin, but our study showed no
liver dysfunction and no allergic reaction more
than grade 2 due to the effects of the hydrophilic
property of NPe6.

Grade 2 pulmonary toxicity was seen in 7.5%
(three out of 40 cases) in our study, which is similar
to the study on Photofrin. The most frequent
adverse effect of Photofrin was skin photosensiti-
zation, which was recognized in 28.8% (grade 1)
and 1.9% (grade 2). However, our study showed
very low skin photosensitivity, 10.0% (four out of 40
cases) grade 1 and 0.0% grade 24, compared with
Photofrin, and there was no skin photosensitization
in any case. It was confirmed that the reactivity to
light disappeared in most patients by 2 weeks after
administration (84.8%) and also disappeared in the
remaining patients by 3 weeks after administra-
tion. The number of days required for disappear-
ance of the reaction to light was consistent with
the results obtained in the skin photosensitivity
test conducted in the phase | clinical study by
irradiating imitation sunlight on the back of each
patient. In PDT using NPeé, the incidence of
hypersensitivity to light was very low and hyper-
pigmentation was not observed, while hypersensi-
tivity to light was seen frequently with Photofrin
[1].

The present study demonstrated the excellent
anti-tumor effects and safety of NPe6 according to
the administration dosage verified in the previous
phase | clinical study, in patients with endoscopi-
cally evaluated early stage lung cancer. PDT using
this newly developed second generation photosen-
sitizer, NPe6, and a diode laser was proven safe and

effective and will likely be a standard modality of
PDT for central type early superficial squamous cell
lung carcinoma in the next several years.
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Randomized phase II study of cisplatin, irinotecan and etoposide
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Background: The purpose of this study was to evaluate the toxicity and antitumor effect of cisplatin,
irinotecan and etoposide combinations on two schedules, arms A and B, for previously untreated extensive
small-cell lung cancer (E-SCLC), and to select the right arm for phase 111 trials,

Patients and methods: Sixty patients were randomized to receive either arm A (cisplatin 25 mg/m? day 1,
weekly for 9 weeks, irinotecan 90 mg/m?® day 1, on weeks 1, 3, 5, 7 and 9, and etoposide 60 mg/m® days 1-3,
on weeks 2, 4, 6, 8), or arm B (cisplatin 60 mg/m2 day 1, irinotecan 60 mg/m? days 1, 8, 15, and etoposide
50 mg/m’® days 1-3, every 4 weeks for four cycles). Prophylactic granulocyte colony-stimulating factor
support was provided in both arms.

Results: Full cycles were delivered to 73% and 70% of patients in arms A and B, respectively. Incidences of
grade 3-4 neutropenia, anemia, thrombocytopenia, infection and diarrhea were 57, 43, 27,7 and 1%, respec-
tively, in arm A, and 87, 47, 10, 13 and 10%, respectively, in arm B. A treatment-refated death developed in
one patient in arm A. Complete and partial response rates were 7% and 77%, respectively, in arm A, and 17%
and 60%, respectively, in arm B. Median survival time was 8.9 months in arm A, and 12.9 months in arm B.
Conclusions: Arm B showed a promising complete response rate and median survival with acceptable
toxicity in patients with E-SCLC, and should be selected for the investigational arm in phase III trials.

Key words: cisplatin, etoposide, irinotecan, randomized phase II, small-cell lung cancer

Introduction survival times (MSTs) from 8 to 11 months in this patient popu-,
lation [3-5]. .

Irinotecan, a water-soluble camptothecin derivative, has been
shown to exhibit excellent antitumor activity against SCLC in
monotherapy and in combination with cisplatin {6, 7].

A previous phase III trial of the PE regimen versus a combin-
ation of cisplatin and irinotecan (PI) in patients with extensive
SCLC showed that the PI regimen produced an MST of 12.8
months and a 2-year survival of 21%, which were significantly
better than the results with the PE regimen [8]. However, since
etoposide is still considered one of the key drugs for the treatment
of SCLC, a combination of these three drugs, cisplatin, irinotecan
and etoposide (PIE), seemed to be a promising strategy for
advanced SCL.C. We previously determined the recommended

Small-cell lung cancer (SCLC), which accounts for approxi-
mately 12% of all malignant pulmonary tumors in Japan [1],
pursues an aggressive clinical course with rapid growth and early
widespread metastases. Whereas chemotherapy combined with
thoracic radiotherapy yields a high response rate and significant
prolongation of survival in patients with limited disease, treat-
ment of extensive disease remains palliative, and long-term sur-
vivors beyond 2 years are extremely rare [2]. A combination of
cisplatin and etoposide (PE) has been the standard treatment,
with response rates ranging from 60% to 90% and median
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doses of the PIE regimens for two schedules, weekly and every
4 weeks, independently [9, 10]. In this phase II study, we evalu-
ated the two PIE regimens.
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