Risk factors for gefitinib-related ILD
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has been demonstrated [11]. When EGFR and hu-
man epidermal growth factor receptor 2 (HER2)
are coexpressed, HER2 is the preferred dimeriza-
tion partner of EGFR, and EGFR-HER2 heterodimers
have more signaling potency than EGFR homod-
imers [12]. Preclinical studies have indicated that
tumor cell lines overexpressing HER2 or coex-
pressing EGFR and HER2 are sensitive to gefitinib
[13—16]. Since EGFR/HER2-coexpression is more
common in adenocarcinoma of the lung than in
squamous cell carcinoma [13,17], the high response
rate in adenocarcinoma may be attributable to it.
In women, estrogens and estrogen receptors are
involved in the development of NSCLC [18], and es-
trogens binding to its receptors upregulates EGFR
and EGFR ligands [19]. The presence of estrogens
and its receptors may impact EGFR signaling and
the response of NSCLC to gefitinib in women. NSCLC
in never-smokers may also have a different biology.
Since several studies have indicated fewer muta-
tions of the p53 and K-ras genes in never-smokers
than in smokers [20,21], the relation between such
tobacco-related mutations and gefitinib response
should be investigated. Subgroups of patients who
obtain a clinical benefit from gefitinib administra-
tion are needed to be identified more precisely, and
molecular markers predictive of tumor response
should be sought by using DNA microarrays and a
proteomics-based approach.

Our analysis suggests that patients who suffer
from skin toxicity, diarrhea, or liver toxicity have a
greater clinical benefit from gefitinib treatment. A
correlation between skin toxicity and survival has
also been shown in a study of gefitinib for head and
neck cancer [22] and in studies of erlotinib, an-
other EGFR tyrosine kinase inhibitor [23]. Because
these findings may be attributable to the respon-
ders having taken gefitinib for longer periods and
the toxicities in these patients being evaluated
more carefully, further studies are needed to con-
firm them. If the early onset of toxicities has pre-
dictive value for survival, it can be used for clinical
decision making regarding continuation of gefitinib
treatment.

5. Conclusion

When gefitinib is used to treat advanced NSCLC, it
confers a higher risk of ILD on patients with PFand a
greater clinical benefit on never-smokers, women,
patients with adenocarcinoma, and patients with no
history of thoracic radiotherapy. Gefitinib therapy
is an important treatment option for patients with
advanced NSCLC, but the proper use of it based on
individual risk-benefit assessments is crucial.
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Purpose
Following phase | studies of docetaxel and cisplatin in patients with non-small-cell lung cancer, the

recommended doses of docetaxel were different for elderly (= 75 years) and non-elderly (< 75 years)
patients. To elucidate the mechanism of the difference, the pharmacokinetics of docetaxel and cisplatin
were investigated in two phase Il studies separately conducted in elderly and non-elderly patients.

Patients and Methods
Twenty-seven elderly and 25 non-elderly patients were treated with three weekly administrations of

docetaxel and cisplatin every 4 weeks. Doses of docetaxel were 20 and 35 mg/m? for elderly and
non-elderly patients, respectively. All patients received 25 mg/m? of cisplatin. The pharmacokinetics and
pharmacodynamics of docetaxel and cisplatin were compared in elderly and non-elderly patients.

Results
There were no differences in pharmacokinetics of docetaxel or cisplatin between elderly versus

non-elderly patients with regard to clearance and volume of distribution. In the pharmacodynamic
analysis, neutropenia was positively correlated with the area under the concentration-time curve for
docetaxel but not for cisplatin. In evaluating the relationship between neutropenia and the area under the
concentration-time curve of docetaxel, elderly patients experienced greater neutropenia than those
predicted by a pharmacodynamic model developed in non-elderly patients; the residual for prediction of
the percent change in neutrophil count was —11.2% (95% Cl, ~21.8 to —0.5%).

Conclusion
The pharmacokinetics of docetaxel and unchanged cisplatin were not different between elderly and

non-elderly patients. The elderly patients were more sensitive to docetaxel exposure than the
non-elderly patients, resulting in the different recommended doses for the phase Il studies.

J Clin Oncol 22:2901-2908. © 2004 by American Society of Clinical Oncology

to medical oncologists and have been
under-treated in oncologic practice because

The elderly population has increased in re-
cent years with the prolongation of the aver-
age life span, and the incidence of cancer in
elderly people is also increasing. Accord-
ingly, the number of elderly patients with
cancer is expanding. Although most cancers
occur in elderly individuals, elderly patients
have been underrepresented in clinical trials
of cancer chemotherapy.'™ Furthermore,
many elderly patients have not been referred

of concerns over toxicity.”” Frequencies
and severities of toxicity associated with
cancer chemotherapy are higher in elderly
patients than in younger patients.'®'* De-
spite the increased susceptibility to toxicity
in elderly patients, limited investigations
have been conducted on changes in the
pharmacokinetics of anticancer agents asso-
ciated with aging.'>'® In addition, few stud-
ies have focused on the alterations of
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pharmacodynamics in elderly patients. Altered pharmaco-
kinetics, increased pharmacodynamic sensitivity, or both
can theoretically cause increased toxicity. It is important,
therefore, to elucidate the pharmacokinetics and pharma-
codynamics of anticancer agents in elderly patients in com-
parison to those of younger patients in terms of their
increased toxicities.

Previous reports have stressed that in the elderly, phys-
iologic age is more important than chronological age, and
that age by itself is not a contraindication to cancer chemo-
therapy.'>* Some retrospective studies of chemotherapy
failed to demonstrate an increased risk of toxicity among
elderly patients; it has been claimed that elderly patients can
tolerate chemotherapy as well as younger patients when
they fulfill eligibility criteria for clinical studies of cancer
chemotherapy, such as good performance status and nor-
mal organ functions.?' However, in a feasibility study of
chemotherapy for elderly patients with lung cancer, 71% of
patients aged 75 years or older were excluded from the study
because of comorbidity or poor performance status; fur-
thermore, severe myelotoxicity was observed, even in pa-
tients who fulfilled the eligibility criteria.>® Therefore, we
believe that doses of anticancer agents for elderly patients
should be determined by phase I studies, specifically con-
ducted in such patients.

When we determined recommended doses of cisplatin
and docetaxel administered weekly for 3 consecutive weeks
in patients with non—small-cell lung cancer, we conducted
two individual phase I studies for elderly patients aged 75
years or older and for non-elderly patients younger than 75
years.”® The only difference in eligibility criteria for these
two phase I studies was age. The recommended dose of
cisplatin was 25 mg/m? for both patient groups, but doses of
docetaxel were different for elderly (20 mg/m?) and non-
elderly (35 mg/m?) patients. Based on this information, two
separate phase II studies against non—small-cell lung cancer
were conducted in elderly patients and non-elderly pa-
tients, using the different recommended doses.?”?8 Eligibil-
ity criteria for the phase II studies were the same as those for
phase [ studies, except that a measurable disease for re-
sponse evaluation was required for the phase II studies. To
elucidate mechanisms of the difference in recommended
doses of docetaxel for elderly and non-elderly patients, we
investigated the pharmacokinetics and pharmacodynamics
of docetaxel and cisplatin in the two phase II studies and
compared them between elderly and non-elderly patients.

Patient Selection

Eligibility criteria for the two phase II studies were identical
except for age: 75 years or older for elderly patients and 20 to 74
years for non-elderly patients. Other eligibility criteria included
histologically and/or cytologically confirmed non-small-cell lung
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cancer, stage IV or I1IB without an indication for curative radio-
therapy, Eastern Cooperative Oncology Group performance sta-
tus 0 or 1, no prior chemotherapy, the presence of measurable
lesions, adequate hematologic function (WBC 4,000 to 12,000/ pL;
absolute neutrophil count = 2,000/ .L; platelet count = 100,000/
pL; hemoglobin = 9.0 g/dL), adequate hepatic function (total
bilirubin < 1.1 mg/dL; AST and ALT < 60 U/L), and adequate
renal function (creatinine < 1.2 mg/dL; creatinine clearance > 60
mL/min). Exclusion criteria were active infection, severe heart
disease, uncontrolled hypertension or diabetes mellitus, active
concomitant malignancy, pleural and/or pericardial effusion re-
quiring drainage, and pregnant/nursing women. In addition to
written informed consent to the phase II studies with docetaxel
and cisplatin, written informed consent to the pharmacologic
study was required before patients were enrolled onto this study.
These studies were approved by the institutional review board at
the National Cancer Center (Tokyo, Japan).

Treatment and Follow-Up

After premedication with intravenous dexamethasone
(16 mg) and granisetron (3 mg), docetaxel was infused over 30
minutes. Cisplatin was given as a 15-minute infusion 90 minutes
after completion of the docetaxel infusion, and a total volume of
1,500 mL saline was infused on the day of chemotherapy for
diuresis. The dose of docetaxel was 20 mg/m? for elderly patients
and 35 mg/m” for non-elderly patients. All patients received cis-
platin at a dose of 25 mg/m?. These were the recommended doses
determined by the phase I studies. Docetaxel and cisplatin was
administered weekly for 3 consecutive weeks followed by 1 week of
rest. This 4-week course was repeated until there was evidence
of disease progression or unacceptable toxicity. Treatment with
docetaxel and cisplatin was not given if WBC was less than
2,000/l and/or platelet count was less than 50,000/ L on the

day of chemotherapy.

Physical examination and toxicity assessment included com-
plete blood cell counts with differential counts as well as platelet
counts, blood chemistry, and urinalysis. These were performed
before treatment and repeated at least weekly during the chemo-
therapy. Toxicity was graded according to the Japan Clinical On-
cology Group criteria,”® which are basically the same as the
National Cancer Institute Common Toxicity Criteria.

Antitumor response was evaluated in lesions with a diameter
= 2 emby carrying out a computed tomography scan according to
WHO criteria.*®

Pharmacokinetic Analysis

Blood sampling for pharmacokinetic analysis was performed
after the first administration of the first course as follows: (1)
blood samples for the measurement of docetaxel concentrations
were obtained at the end of a docetaxel infusion, and 0.17, 1, 1.75,
3.25,5.75, and 24 hours after the docetaxel infusion; (2) for anal-
ysis of the pharmacokinetics of cisplatin, blood was drawn at the
end of a cisplatin infusion, and 0.25, 0.75, 1.5, 4, and 22.25 hours
after the cisplatin infusion. Blood was immediately centrifuged
and an aliquot of plasma was ultrafiltered using UFC3GC mem-
branes (Japan Millipore, Tokyo, Japan). Plasma and ultrafiltrate
samples were frozen at —80°C until analyzed.

The concentration of docetaxel in plasma was determined
by using a previously reported high-performance liquid chro-
matography (HPLC) method,”' and the concentration of un-
changed cisplatin in the vltrafiltrate was measured according to
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a HPLC method with on-line postcolumn derivatization, as
reported previously.*»*?

Because concentrations in plasma at the terminal phase could
not be measured in some patients, pharmacokinetic parameters

for individuals were calculated by Bayesian estimation after pop-

ulation pharmacokinetic parameters were estimated in the entire
population. These calculations were performed using the NON-
MEM program (version V, level 1.1). A three-compartment open
model with zero-order administration and first-order elimination
(ADVAN 11 and TRANS 4) was used to describe the plasma
concentration-time course for docetaxel in the entire population,
and a one-compartment open model (ADVAN 1 and TRANS 2)
was used for unchanged cisplatin in the ultrafiltrate. Assuming a
log-normal distribution for inter-individual variability in phar-
macokinetic parameters, the i11ter:individ11al variability was m051-
eled as (eg, for clearance) CL; = CL exp(m;c,), where CL; and CL
are the estimated values in an individual j and the population
mean for clearance, respectively, and 7, is the individual ran-
dom perturbation from the population mean. Intrapatient
residual variability was also described by a log-normal distribu-
tion model. Similarly inter- and intra-individual variability was
modeled for the volume of the third compartment (docetaxel)
or the central compartment (cisplatin). The area under the
concentration-time curve (AUC) was calculated as dose divided
by clearance in each patient.

Pharmacodynamic Analysis

Pharmacodynamic analysis was conducted using the AUC
for docetaxel and unchanged cisplatin in individual patients. Neu-
trophil counts were monitored at least weekly and the nadir count
during the first course was recorded. The percent change in neu-
trophil counts (dANC) was defined as:

Pretreatment count — Nadir count

dANC =
Pretreatment count
and the relationship between dANC and the AUC of docetaxel or
unchanged cisplatin was investigated using a sigmoid Emax model:

Emax X AUC’

dANC = e T ey

The Emax represents the maximal effect,and EC, isthe AUC
value at which the effect is 50% of the maximum effect. The
exponent r is a shape factor that determines the steepness of the
response curve. These values were determined by using the com-
puter program, WINNonlin (version 4.01, Scientific Consultant,
Apex, NC).

Statistical Methods

Continuous variables, including pharmacokinetic parame-
ters, were compared between elderly (75 years or older) and non-
elderly patients (74 years or younger), using the Mann-Whitney U
test. Differences in distribution of patient characteristics between
the two groups were evaluated with the x* test or Fisher’s exact
test, where appropriate. P values less than .05 were regarded as
statistically significant, and all reported P values are two-tailed.

Of 33 elderly and 36 non-elderly patients who received
docetaxel and cisplatin in the phase II studies, the pharma-
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Table 1. Patient Characteristics
Non-Elderly Elderly

Characteristics Patients Patients P

No. of patients 27 25

Age, years < .001
Median 56 76
Range 39-73 75-86

Sex 74
Female 5 6
Male 22 19

Performance status .70
0 5 3
1 22 22

Prior radiotherapy .50
No 20 21
Yes 7 4

Total protein, g/dL .021
Mean 6.2 5.9
SD 0.4 0.5

Albumin, g/dL .008
Mean 34 32
sSD 0.4 0.3

«4-acid glycoprotein, mg/dL .018
Mean 121 97
sSD 33 34

AST, U/L RA
Mean 227 20.2
SD 7.6 9.0

ALT, U/L 001
Mean 23.4 15.2
sD 10.3 8.1

Creatinine, mg/dL 10
Mean 0.69 0.80
sSD 0.1 0.22

Creatinine clearance, mL/min 48
Mean 87.4 93.3
sD 20.6 24.7

Neutrophil counts, ulL .03
Mean 5,230 4,355
SD 1,696 1,450

Abbreviation: SD, standard deviation.

cokinetic study was performed in 25 and 27 patients, re-
spectively (Table 1). There were no differences between the
two groups in the distribution by sex, performance status,
or the proportion of patients who had been treated with
radiotherapy before entry into the study. Elderly patients
had slightly lower levels of total protein, albumin and
a;-acid glycoprotein, and neutrophil counts than non-
elderly patients, but the differences were small. Patients
with hepatic or renal dysfunction were excluded from the
phase II studies and there were no differences between
groups in these functions except for ALT.

Because of technical problems with blood sampling or
with HPLC systems, pharmacokinetic data for docetaxel
and cisplatin could not be obtained in two non-elderly
patients and one elderly patient, respectively. Therefore,

2903



Minami et al

Table 3. Neutropenia in the First Course
Non-Elderly  Elderly
Patients Patients P
Neutropenia, No. of patients .76
Grade :
0 19 17
1 4 3
2 2 4
3 1 1
4 1 0
Nadir neutrophil counts, pL 72
Mean 2,707 2,867
sD 1,268 1,404
Percent change in neutrophil counts, % 2
Mean 46.0 34.5
SD 23.3 25.6
Frequency of measurements of .55
neutrophil counts (per week)
Mean 1.6 1.7
SD 0.4 04
Abbreviation: SD, standard deviation.

Table 2. Pharmacokinetic Parameters
Non-Elderty Elderly
Patients Patients P
Docetaxel
No. of patients 25 25
Clearance, L/hour .86
Mean 45.9 45.6
SD 171 16.5
Volume of distribution, L 1
Mean 350 273
SD 216 215
AUC, pg/mL X hour < .001
Mean 1.40 0.79
sSD 0.64 0.34
Cisplatin
No. of patients 27 24
Clearance, mL/min 13
Mean 443 417
SD 50 65
Volume of distribution, L .38
Mean 13.8 14.7
SD 2.2 3.3
AUC, pg/mL X min 49
Mean 1.8 94.3
sD 1.5 12.6
Abbreviations: SD, standard deviation; AUC, area under the curve.

pharmacokinetic parameters for docetaxel in 25 elderly pa-
tients and 25 non-elderly patients and those for unchanged
cisplatin in 24 elderly patients and 27 non-elderly patients
were compared (Table 2). There was no difference in the
clearance or volume of distribution of docetaxel between
the elderly and non-elderly patients. Similarly, the clearance
and volume of distribution of unchanged cisplatin were
similar in both patient groups. The elderly and non-elderly
patients were treated with different doses of docetaxel (20
and 35 mg/m?, respectively), though the clearance of do-
cetaxel was the same for both populations. Therefore, the
AUC of docetaxel in the non-elderly patients was greater
than that in the elderly patients.

Despite the fact that the AUC of docetaxel was higher in
the non-elderly patients than in the elderly patients, the
neutropenia observed was similar for the two groups of
patients, with regard to toxicity grades and actual nadir
counts (Table 3). Although administrations of docetaxel
and cisplatin were omitted on day 8 or 15 of the first course
- in one elderly patient and in seven non-elderly patients,
there was no difference in age between the eight patients
who did not receive the treatment on day 8 or 15 and the
other 44 patients who were administered chemotherapy
three times (63.4 = 9.9 years v 67.4 * 12.8 years; P = .41).
When the AUC of cisplatin and docetaxel was compared
between patients who did or did not receive all administra-
tions, the AUC of docetaxel was significantly higher for
patients who missed a dose than patients who received all
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administrations (1.57 + 0.88 v 1.03 * 0.53 ug/mL X hour;
P = .03), while the AUC of cisplatin was similar (90.6 %
15.2v93.4 £ 11.5 pg/mL X min; P = .54),

The relationship between the AUC of docetaxel or
cisplatin and percent changes in neutrophil counts was
evaluated using a sigmoid Emax model in the elderly or
non-elderly patients. The AUC of cisplatin was not corre-
lated with the percent change in neutrophil counts in either
elderly or non-elderly patients (Fig 1). On the other hand,
the AUC of docetaxel was positively correlated with the per-
cent change in neutrophil counts (dANC) in the non-elderly
patients (Fig 2), and the relationship was described as:

JANC 59 X AUC*
~AUCT T 0.6 < 100
—~ 100
c & .
g 2 50 °%
§ ;-—’ 'oo © ¢ ° : o °
qc‘) -g.. 40- o ° % LI Y
[S ] (=] °
T ce ° Q
[T ° °
o g 20 o °
= o e ©
G ° o 0
60 70 80 20 100 110 120
AUC (ug/mL x min)

Fig 1. Relationship between the area under the curve (AUC) of cisplatin and
percent changes in neutrophil counts in the elderly (C) and the non-elderly
(@) patients.
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Fig 2. Relationship between the area under the curve (AUC) of docetaxel
and percent changes in neutrophil counts in the elderly (C) and the
non-elderly (@) patients. The solid line represents predictions by a s;gmo;d
Emax model in the non-elderly patients.

Because the distribution range of the docetaxel AUC
in the elderly patients was narrow, a sigmoid relationship
between the AUC of docetaxel and the percent change in
neutrophil counts was not apparent (Fig 2), and param-
eters in the sigmoid Emax model could not be calculated
in the elderly group.

To investigate whether the pharmacodynamic rela-
tionship between the AUC of docetaxel and neutropenia for
the elderly patients was different from that of the non-
elderly patients, percent changes in neutrophil counts were
predicted in the elderly patients. This was done using the
sigmoid Emax model developed in the non-elderly patients,
and residuals of the prediction (predicted value — observed
value) were calculated. The neutropenia observed in the
elderly patients was greater than that predicted by the
model with a mean of residual of —11.2% (95% CI,
~21.8% to —0.5%), while the model predicted neutropenia
without bias in the non-elderly patients with a mean resid-
ual 0f0.21% (95% CI, —7.4% to 7.8%), as expected. Elderly
patients had a lower docetaxel AUC than non-elderly pa-
tients, and there were two non-elderly patients with a high
docetaxel AUC who seemed to be outliers. Therefore, we
analyzed the data after excluding non-elderly patients with
AUC > 1.53 pg/mL X hour (the maximum value in elderly
patients) or after excluding the two outliers. Both reana-
lyzed models also underestimated neutropenia in the el-
derly patients: —13.5% (range, —26.2% to —0.8%) and
—12.5% (range, —23.7% to —1.3%), respectively.

Partial responses were observed in eight of 27 non-
elderly patients, and among 25 elderly patients, a complete
response and partial responses were documented in one
and 12 patients, respectively. When the AUC of docetaxel
and unchanged cisplatin was compared between respond-
ers and nonresponders, no differences were observed. The
AUC values for docetaxel in responders and nonresponders

WWALfC0.018

were 1.02 = 0.39 and 1.14 * 0.70 ug/mL X hour, respec-
tively, and the AUC values for unchanged cisplatin were
91.5 = 12.8 and 94.0 = 11.5 pug/mL X min, respectively.

The purpose of the pharmacologic study was to elucidate
mechanisms of the difference in recommended doses of
docetaxel in combination with cisplatin in elderly patients
and non-elderly patients. We investigated the pharmaco-
kinetics and pharmacodynamics of docetaxel and un-
changed cisplatin in two subsequently conducted phase II
studies.””*® For both docetaxel and cisplatin, the pharma-
cokinetics did not differ between elderly patients and non-
elderly patients. While exposure to cisplatin was not
correlated to the extent of neutropenia, there was a sigmoi-
dal relationship between the AUC of docetaxel and neutro-
penia in the non-elderly patients. However, the relationship
between the AUC of docetaxel and neutropenia in the el-
derly patients was different from that in the non-elderly
patients. Although elderly patients had smaller AUC values
than non-elderly patients, the same extent of neutropenia was
observed in both patient groups (Table 3), and nonhemato-
logic toxicities were mild and similar in both groups.””*® These
observations suggest that elderly patients were more sensitive
to the exposure of docetaxel than non-elderly patients.

There was no difference in docetaxel clearance between
elderly and non-elderly patients (Table 2). This conclusion
was not changed after the clearance of docetaxel was ad-
justed for body-surface area (29.6 and 28.2 L/h/m?, for
elderly and non-elderly patients, respectively). These values
fall within the range of docetaxel clearance values previ-
ously published.***” Furthermore, docetaxel clearance was
not correlated to age as a continuous variable, and age was
not a significant covariate in the population pharmacoki-
netic model. These observations seem to be inconsistent
with those of a previous report, which found that age was
inversely correlated to the clearance of docetaxel in a pop-
ulation pharmacokinetic model.™® Although the exact rea-
sons for this discrepancy are not clear, ethnic difference or
coadministration of cisplatin might explain it. However, the
estimated coefficient of age in the population model was
small in the previous report. A difference of 20 years in age
(the difference in the median ages of the elderly and the
non-elderly groups in our study) would yield less than a
10% difference in the clearance of docetaxel. The previous
population model was developed by using data from 547
patients, while in our study, data from 52 patients were
used. It was possible that the smaller number of patients in
our study precluded the detection of a small difference in
docetaxel clearance between elderly and non-elderly pa-
tients. However, the difference in the dose of docetaxel
between elderly patients (20 mg/m?) and non-elderly pa-
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tients (35 mg/m?) did not seem to be explained by a less
than 10% difference in docetaxel clearance values.

Although the concentration of ultrafiltrable platinum
was measured in most of the pharmacokinetic studies with
cisplatin, measuring the concentration of unchanged cis-
platin is clinically more relevant because ultrafiltrable
platinum contains inactive low molecular-weight metabo-
lites.”® The pharmacokinetics of unchanged cisplatin were
not different between elderly and non-elderly patients, and
there was no correlation between age and the clearance of
cisplatin. The clearances of unchanged cisplatin for elderly
and non-elderly patients in our study were similar to those
reported previously.***

In the pharmacodynamic analysis in the present study,
exposure to docetaxel was correlated to the extent of neu-
tropenia in the non-elderly patients, but the relationship
between docetaxel exposure and neutropenia was unclear
in the elderly patients. Therefore, for comparison of phar-
macodynamics between the elderly and non-elderly pa-
tients, we applied the pharmacodynamic model developed
in the non-elderly patients to the data from the elderly
patients. The residuals of prediction by the model were less
than zero in the elderly patients, indicating that the model
underestimated the extent of neutropenia in the elderly
patients. Although this analysis might be exploratory be-
cause uncertainty in the estimates of model parameters was
not considered, the results suggest that elderly patients are
more sensitive to neutropenia induced by docetaxel than
non-elderly patients. This is further supported by observa-
tions that the elderly patients and non-elderly patients ex-
perienced neutropenia to the same extent, despite the fact
that the AUC of docetaxel was greater in the non-elderly
patients than the elderly patients.

We used a sigmoid Emax model for pharmacodynamic
analysis. Since it is a nonlinear model, parameter estimation
may depend on the distribution of variables. Because el-
derly patients had lower docetaxel AUC than non-elderly
patients, and because there were two outliers in the non-
elderly patients, we reanalyzed the data after excluding data
of non-elderly patients with AUC greater than the maxi-
mum for elderly patients, or excluding the two outliers. The
results of these reanalyses were the same and confirmed that
elderly patients are more sensitive to neutropenia induced
by docetaxel. Another approach would be modeling the all
data simultaneously and investigating interaction between age
and parameters in the model. However, incorporation of age
into a sensitivity parameter (ECg,) or a shape parameter (1) did
not improve model performance (data not shown).

These findings are in agreement with clinical observa-
tions in many previous reports; elderly patients experienced
more profound myelotoxicity and had greater risk of
chemotherapy-related death than younger patients in vari-
ous cancers.' %! 1*44548 We showed that the greater risk of
hematologic toxicity in the elderly patients was related to
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the greater sensitivity of bone marrow function to combi-
nation chemotherapy of docetaxel and cisplatin using a
weekly schedule without altered pharmacokinetics. The
greater sensitivity of myeloid cells to chemotherapeutic
agents in the elderly was also in agreement with our previ-
ous pharmacodynamic analysis of leukopenia.*® In that
study, we developed a novel pharmacodynamic model re-
lating the entire time course of leukopenia to the time
course of drug concentration. A parameter corresponding
to the sensitivity of myeloid cells to chemotherapeutic
agents showed a significant correlation with age, and my-
eloid cells of elderly patients showed greater sensitivity than
those of younger patients without altered pharmacokinetics
of anticancer agents.*>*° Furthermore, in a pharmacologic
analysis of etoposide, elderly patients had greater sensitivity
with regard to neutropenia than younger patients at the
same level of drug exposure.'® These observations were in
accordance with those made in the current study.

The exact reason why bone marrow function of elderly
patients showed greater sensitivity to chemotherapeutic
agents than that of younger patients is not clear. Factors
stimulating neutrophil production, such as granulocyto-
poietic cytokines, should be increased during the neutro-
penic period after chemotherapy. However, the production
of these cytokines is reduced in the elderly,”’ and a de-
creased response to granulocytopoietic stimuli in infection
has been reported in aged mice and humans.”*** These
factors may explain the greater sensitivity of elderly patients
to chemotherapeutic agents, although kinetics of cytokines
after chemotherapy would also need to be investigated.

Potential drawbacks of this study may be the small
number of patients and low incidence of significant neutro-
penic events, which might be explained by divided doses of
docetaxel and restriction of eligibility to patients with a
good performance status. It is unclear whether difference in
the sensitivity to neutropenia could fully explain the differ-
ence in the dose of docetaxel between the elderly patients
and the non-elderly patients, considering that the observed
neutropenia was moderate. However, nonhematologic tox-
icities were mild and similar in both groups®® despite the
fact that the AUC of docetaxel was greater in the non-
elderly patients than in the elderly patients. These observa-
tions suggest that elderly patients are more sensitive to
toxicities than non-elderly patients.

It is notable that a high response rate was observed in
elderly patients, though a reduced dose of docetaxel was
used, compared to non-elderly patients. Further studies of
chemotherapy in elderly patients with non-small-cell lung
cancer are warranted.
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To determine the recommended phase Il dose of vinorelbine in
combination with cisplatin and thoracic radiotherapy (TRT) in pa-
tients with unresectable stage Il non-small cell lung cancer
(NSCLC), 18 patients received cisplatin (80 mg/m?) on day 1 and
vinorelbine (20 mg/m? in level 1, and 25 mg/m? in level 2) on
days 1 and 8 every 4 weeks for 4 cycles. TRT consisted of a single
dose of 2 Gy once daily for 3 weeks followed by a rest of 4 days,
and then the same TRT for 3 weeks to a total dose of 60 Gy. Fif-
teen (83%) patients received 60 Gy of TRT and 14 (78%) patients
received 4 cycles of chemotherapy. Ten (77%) of 13 patients at
level 1 and all 5 patients at level 2 developed grade 3-4 neutro-
penia. Four (31%) patients at level 1 and 3 (60%) patients at level
2 developed grade 3-4 infection. None developed >grade 3
esophagitis or lung toxicity. Dose-limiting toxicity was noted in
33% of the patients in level 1 and in 60% of the patients in level
2. The overall response rate (95% confidence interval) was 83%
(59-96%) with 15 partial responses. The median survival time
was 30.4 months, and the 1-year, 2-year, and 3-year survival rates
were 72%, 61%, and 50%, respectively. In conclusion, the recom-
mended dose is the level 1 dose, and this regimen is feasible and
promising in patients with stage lll NSCLC. (Cancer Sci 2004; 95:
691-695)

tage Il locally advanced non-small cell lung cancer
(NSCLC) accounts for about 25% of all lung cancer cases.”
Successful treatment of this disease rests on the control of both
clinically apparent intrathoracic disease and occult systemic mi-
crometastases, and therefore a combination of systemic chemo-
therapy and thoracic radiotherapy is indicated in many patients
with good performance status and no pleural effusion.? Concur-
rent chemoradiotherapy is superior to the sequential approach,
as shown by recent phase III trials in unresectable stage III
NSCLC, in which the median survival time was 15.0 to 17.0
months in the concurrent arm and 13.3 to 14.6 months in the
sequential arm, although acute esophagitis was more severe in
the concurrent arm.>-% Chemotherapy regimens combined with
simultaneous thoracic radiotherapy have consisted of cisplatin
plus etoposide and cisplatin plus vinca alkaloids,** and a com-
bination of cisplatin plus vindesine, with or without mitomycin,
has been widely used in Japan.>-®
Vinorelbine, a new semisynthetic vinca -alkaloid with a sub-
stitution in the catharanthine ring, interacts with tubulin and mi-
crotubule-associated proteins in a manner different from the
older vinca alkaloids, and it more selectively depolymerizes mi-
crotubules in mitotic spindles.” Several randomized trials have
shown vinorelbine to be more active against advanced or meta-
static NSCLC than vindesine as a single agent or in combina-
tion with cisplatin,!9-'» Thus, incorporation of vinorelbine into
concurrent chemoradiotherapy instead of vindesine is an impor-
tant strategy for the treatment of locally advanced NSCLC. The
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objective of this study was to determine the maximum tolerated
dose (MTD) and recommended dose of vinorelbine for phase II
studies in combination with cisplatin, with or without mitomy-
cin, and thoracic radiotherapy for patients with unresectable
stage III NSCLC. We planned to start with the cisplatin and vi-
norelbine combination and then add mitomycin.

Patients and Methods

Patient selection. The eligibility criteria were: histologically or
cytologically proven NSCLC; unresectable stage IIIA or IIIB
disease; no previous treatment; measurable disease; tumor
within an estimated irradiation field no larger than half the
hemithorax; age between 20 years and 74 years; Eastern Coop-
erative Oncology Group (ECOG) performance status 0 or 1'¥;
adequate bone marrow function (12.0x10%/liter 2white blood
cell [WBC] count =4.0x10%/liter, neutrophil count >2.0x10°/
liter, hemoglobin 210.0 g/dl, and platelet count >100x10°%/
liter), liver function (total bilirubin <1.5 mg/dl and transami-
nase <twice the upper limit of the normal value), and renal
function (serum creatinine <1.5 mg/dl and creatinine clearance
260 ml/min); and a PaO, of 70 Torr or more. Patients were ex-
cluded if they had malignant pleural or pericardial effusion, ac-
tive double cancer, a concomitant serious illness, such as
uncontrolled angina pectoris, myocardial infarction in the pre-
vious 3 months, heart failure, uncontrolled diabetes mellitus,
uncontrolled hypertension, interstitial pneumonia or lung fibro-
sis identified by a chest X-ray, chronic obstructive lung disease,
infection or other diseases contraindicating chemotherapy or ra-
diotherapy, pregnancy, or breast-feeding. All patients gave their
written informed consent. |

Pretreatment evaluation. The pretreatment assessment in-
cluded a complete blood cell count and differential count, rou-
tine chemistry determinations, creatinine clearance, blood gas
analysis, electrocardiogram, lung function testing, chest X-rays,
chest computed tomographic (CT) scan, brain CT scan or mag-
netic resonance imaging, abdominal CT scan or ultrasonogra-
phy, and radionuclide bone scan.

Treatment schedule. The dose levels and doses of each anti-
cancer agent are shown in Table 1. Cisplatin and vinorelbine
were administered at dose levels 1 and 2. It was planned to give .
cisplatin, vinorelbine, and mitomycin at dose levels 3-35, but
because the MTD was determined to be dose level 2, dose lev-
els 3-5 were not used. Cisplatin was administered on day 1 by
intravenous infusion over 60 min together with 2500 to 3000
ml of fluid for hydration. Vinorelbine diluted in 40 ml of nor-
mal saline was administered by bolus intravenous injection on
days 1 and 8. All patients received prophylactic antiemetic ther-
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apy consisting of a SHT3-antagonist and a steroid. This chemo-
therapy regimen was repeated every 4 weeks for 4 cycles.

Thoracic radiotherapy with photon beams from a liniac or
microtron accelerator with energy between 6 and 10 MV at a
single dose of 2 Gy once daily given 15 times over 3 weeks
was begun on day 2 of the first cycle of cisplatin and vinorel-
bine chemotherapy, and followed by a short rest period of 4
days. The same radiotherapy was begun on day 1 of the second
cycle of chemotherapy to a total dose of 60 Gy. The clinical tar-
get volume (CTV) was based on conventional chest X-ray and
CT scans, and included the primary lesion (CTV1), involved
lymph nodes whose short diameter was 1 cm or larger (CTV2),
and the ipsilateral pulmonary hilum and bilateral mediastinum
area (CTV3). Anterior and posterior parallel opposed fields en-
compassed the initial planned target volume (PTV), consisting
of CTV1-3 with the superior and inferior field margins ex-
tended to 1 to 2 cm and the lateral field margins extended to 0.5
cm for respiratory variation and fixation error. The boost PTV
included only CTV1-2 based on the second CT scans with the
same margins. The spinal cord dose was limited to 40 Gy by
using oblique parallel opposed fields.

Toxicity assessment and treatment modification. Complete blood
cell counts and differential counts, routine chemistry determina-
tions, and a chest X-ray were performed once a week during the
course of treatment. Acute toxicity was graded according to the
NCI Common Toxicity Criteria version 2.0 issued in 1998, and
late toxicity associated with thoracic radiotherapy was graded
according to the RTOG Late Radiation Morbidity Scoring
Schema.'® Vinorelbine administration on day 8 was omitted if
any of the following toxicities ‘was noted: WBC count
<3.0x10%/liter, neutrophil count <1.5x10%liter, platelet count
<100x109%/liter, elevated hepatic transaminase level or total se-
rum bilirubin >grade 2, fever 238°C, or performance status 2.
Subsequent cycles of chemotherapy were delayed if any of the
following toxicities was noted on day 1: WBC count
<3.0x10%/liter, neutrophil count <1.5x10%liter, platelet count
<100x10%liter, serum creatinine level 21.6 mg/dl, elevated
hepatic transaminase level or total serum bilirubin >grade 2, fe-
ver 238°C, or performance status >2. The doses of cisplatin
and vinorelbine were reduced by 25% in all subsequent cycles
if any of the following toxicities was noted: WBC count
<1.0x10%/liter, platelet count <20x10%/liter, or grade 3 or se-
verer non-hematological toxicity, except for nausea and vomit-
ing. The dose of cisplatin was reduced by 25% in all
subsequent cycles if the serum creatinine level was elevated to
2.0 mg/dl or higher. Thoracic radiotherapy was suspended if
any of the following toxicities was noted: WBC count
<1.0x10%/liter, platelet count <20x10%liter, esophagitis
>grade 3, fever 238°C, performance status 23, or PaO, <70
Torr. Thoracic radiotherapy was terminated if this toxicity per-
sisted for more than 2 weeks. Granulocyte colony-stimulating
factor support was used if the neutrophil count was <0.5x10°%/
liter for more than 4 days, the WBC count was <1.0x10%/liter,
or febrile neutropenia 2grade 3 was noted.

Dose-limiting toxicity, MTD, and recommended dose for phase If
studies. The dose-limiting toxicity (DLT) was defined as a neu-

Table 1. Dose level and the dose of each anticancer agent
Cisplatin Vinorelbine Mitomycin
Dose level (mg/m?) (mg/m?) (mg/m?)
-1 80 15 —
1 80 20 —
2 80 25 —_
3 80 15 - 8
4 80 20 8
5 80 25 8
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trophil count <0.5x10%liter lasting 4 days or longer, febrile
neutropenia >grade 3, platelet count <20x10%/liter, grade 3 or
more severe non-hematological toxicity other than nausea and
vomiting, and patient’s refusal to receive subsequent treatment.
Doses were escalated according to the frequency of DLT evalu-
ated during the first and second cycles of chemotherapy and
thoracic radjation. Six patients were initially enrolled at each
dose level. If one or none of them experienced DLT, the next
cohort of patients was treated at the next higher dose level. If 2
of the 6 patients experienced DLT, then 6 additional patients
were enrolled at the same dose level to make a total of 12 pa-
tients. If 4 or fewer patients experienced DLT, the next cohort
of patients was treated at the next higher dose level. If 5 or
more of the 12 patients experienced DLT, that level was consid-
ered to be the MTD. If 3 of the initial 6 patients experienced
DLT, that level was considered to be the MTD. The recom-
mended dose for phase II trials was defined as the dose preced-
ing the MTD. .

Response evaluation. Objective tumor response was evaluated
according to the WHO criteria issued in 1979.19 A complete re-
sponse (CR) was defined as the disappearance of all known dis-
ease for at least 4 weeks with no new lesions appearing. A
partial response (PR) was defined as an at least 50% decrease
in total tumor size for at least 4 weeks without the appearance
of new lesions. No change (NC) was defined as the absence of
a partial or complete response with no progressive or new le-
sions observed for at least 4 weeks. Progressive disease was de-
fined as a 25% or greater increase in the size of any measurable
lesion or the appearance of new lesions.

Study design, data management, and statistical considerations.
This study was designed as a phase I study at two institutions,
the National Cancer Center Hospital and Kanagawa Cancer
Center. The protocol and consent form were approved by the
Institutional Review Board of each institution. Registration was
conducted at the Registration Center. Data management, peri-
odic monitoring, and the final analysis were performed by the
Study Coordinator. A patient accrual period of 24 months and a
follow-up period of 18 months were planned. Overall survival
time and progression-free survival time were estimated by the
Kaplan-Meier method.!” Survival time was measured from the
date of registration to the date of death due to any cause. Pro-
gression-free survival time was measured from the date of reg-
istration to the date of disease progression or death. Patients
who were lost to follow-up without event were censored at the
date of their last known follow-up.

Results

Registration and characteristics of the patients. From October
1999 to August 2000, 13 patients were registered at dose level
1 and 5 patients at dose level 2. The detailed demographic char-
acteristics of the patients are listed in Table 2. All patients had
unresectable IIIA-N2 or IIIB disease. One of the 6 patients en-
rolled at dose level 1 developed bacterial meningitis during the
second cycle of chemotherapy, and that case is described in de-
tail elsewhere.”® We did not include it in the assessment of
DLT, because the bacterial meningitis was not specifically re-
lated to treatment. We registered another patient at the same
dose level, and 2 cases of DLT were noted among the initial 6
patients evaluable for DLT. We added another 6 patients, and
DLT was noted in 4 of the 12 patients registered at the dose
level 1. Of the 5 patients registered at level 2, 3 patients devel-
oped DLT. This dose level was determined to be the MTD, and
patient accrual to this study was terminated.

Treatment delivery. Treatment delivery was generally well
maintained, and it did not differ between the two dose levels
(Table 3). Full dose (60 Gy) thoracic radiotherapy was com-
pleted in 77% and 100% of the patients at dose levels 1 and 2,
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Table 2. Patients’ characteristics

Median (range) N (%)
Number of patients 18
Gender male 16 (89)
female 2 (11)
Age median (range) 59 (48-69)
PS 0 4(22)
1 14 (78)
Body weight loss <5% 12 (67)
5-9% 4 (22)
210% 2 (11)
T-factor 1 1 (6)
2 6 (33)
3 7 (39)
4 4 (22)
N-factor 2 11 (61)
3 7 (39)
Clinical stage HA 9 (50)
HiB 9 (50)
Histology adenocarcinoma 14 (78)

squamous cell carcinoma
adenosquamous carcinoma

3(17)
1(6)

Table 3. Treatment delivery

Dose level 1 (N=13)

Dose level 2 (N=5)

N (%) N (%)

Initial irradiation field (cm?)
median (range)

Total dose of radiotherapy (Gy)
60
50-59
<50

Delay of radiotherapy (days)”
<5
5<

Number of chemotherapy cycles
4
3
2
1

Omission of vinorelbine
administration on day 8
0
1
3

171 (128-529)

182 (128-248)

10 (77) 5 (100)
1(8) 0
2 (15) 0
6 (60) 3 (60)
4 (40) 2 (40)
10 (77) 4 (80)
0 1 (20)
2 (15) 0
1(8) 0
9 (69) 2 (40)
4 (31) 2 (40)
0 1 (20)

1) Evaluated in patients who received 60 Gy radiotherapy (N=15).

respectively. Delays in radiotherapy evaluated in patients who
completed the full course of radiotherapy amounted to less than
5 days in 60% of the patients at both levels. Full cycles (4 cy-
cles) of chemotherapy were administered to 77% and 80% of
the patients at dose levels 1 and 2, respectively, but vinorelbine
administration on day 8 was more frequently omitted at dose
level 2 (Table 3).

Toxicity, MTD, and the recommended dose for phase Il trials.
Acute severe toxicity was mainly hematological (Table 4).
Grade 3-4 leukopenia and neutropenia were noted in 77% and
100% of the patients at dose levels 1 and 2, respectively. Grade
3 anemia was observed in 23% and 20% of the patients at dose
levels 1 and 2, respectively, but no blood transfusions were re-
quired. Thrombocytopenia was mild. Grade 4 transaminase ele-
vation was observed in 1 patient during the first cycle of
chemotherapy, but no subjective manifestations associated with

Sekine et al.

liver dysfunction were noted. Chemotherapy was discontinued
and the transaminases quickly decreased to within their normal
ranges. Transient asymptomatic grade 3 hyponatremia was
noted in 1 patient. Grade 3—4 infection was noted in 7 patients.
Bacterial meningitis unassociated with neutropenia developed
on day 6 of the second cycle of chemotherapy in 1 patient.'®)
The other grade 3—4 infections were all associated with neutro-
penia. Esophagitis was mild in this study, and no grade 3-4
esophagitis was noted. No deaths occurred during or within 30
days of therapy.

DLT was noted in 4 of the 12 (33%) evaluable patients at
dose level 1, and in 3 of the 5 (60%) at dose level 2. Six of
these 7 DLTs were grade 3—4 infection associated with neutro-
penia, and the other 1 was grade 4 transaminase elevation.
Thus, we determined that dose level 2 was the MTD, and dose
level 1 was recommended as the dose for phase II trials.
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Table 4. Acute toxicity

Dose level 1 (N=13), Grade

Toxicity

Dose level 2 (N=5), Grade

1 2 3 4 3-4 (%) 1 2 3 4 3-4 (%)
Hematological
Leukopenia 0 2 9 1 (77) 0 0 4 1 (100)
Neutropenia 1 1 7 3 77) 0 0 1 4 (100)
Anemia 4 6 3 0 (23) 2 2 1 0 (20)
Thrombocytopenia 1 2 0 0 0) 1 0 0 0 (0)
Non-hematological
AST 2 0 0 1 (3) 1 0 0 0 (0)
ALT 7 ] 0 1 (8) 0 1 0 0 ©)
Total bilirubin 2 1 0 0 (0) 2 0 o] 0 0)
Creatinine 2 2 0 0 (0) 1 Q 0 0 (0)
Hyponatremia 6 0 1 0 (8) 1 0 0 0 0)
Infection 1 3 2 2 31 0 0 3 0 (60)
Nausea 4 1 0 0 0) 3 0 0 0 (0)
Diarrhea 0 1 0 0 (0) 0 0 0 0 (0)
Stomatitis 2 0 0 0 0) 0 2 0 0 (0)
Esophagitis 6 1 0 0 0) 4 0 0 0 (0)
Sensory neuropathy 2 0 0 0 (0) 0 0 4] 0 (0)
1.0 concurrent thoracic radiotherapy has been shown to yield an en-
) couraging survival outcome, a median survival time of 17-19
months, and a 5-year survival rate of 16% in patients with unre-
sectable stage III NSCLC.5"® A Japanese randomized trial re-
0.8 vealed that replacement of vindesine by vinorelbine in
2 combination with cisplatin and mitomycin yielded a promising
2 response rate (57% versus 38%, P=0.025) and median survival
S 0.6 time (15 months versus 11 months, P<0.01) in patients with
2 stage IIIB or IV NSCLC.'» Thus, the combination of cisplatin,
2 vinorelbine, and mitomycin is a chemotherapy regimen with
5 04 potential for combination with concurrent thoracic radiother-
3 apy. The present study, however, showed that a DLT developed
a in 60% of patients who received cisplatin and vinorelbine 25
0.2 mg/m? days 1 and 8 (level 2), and since the DLTs were associ-
ated with myelosuppression, which is the major critical toxicity
of mitomycin, we concluded that it would be impossible to in-
0 corporate mitomycin into this regimen.
0 12 24 36 48 60 The recommended doses of vinorelbine of 20 mg/m? on days
Months 1 and 8 and cisplatin of 80 mg/m? on day 1 repeated every 4
weeks in this study are comparable to the doses used in the
Fig. 1. Overall survival in 18 patients. The median (range) follow-up ~ CALGB (vinorelbine 15 mg/m? on days 1 and 8 and cisplatin

period of censored cases has been 35.4 (32.0~43.4) months, and the
median overall survival time has not yet been reached.

Late lung toxicity associated with thoracic radiotherapy was
grade 3 in 1 (6%) patient, grade 2 in 4 (22%) patients, and
grade 1 in 8 (44%) patients. No late esophageal toxicity was
noted. ‘

Objective responses, relapse pattern, and survival. All patients
were included in the analyses of tumor response and survival.
No CR, 15 PRs, and 1 NC were noted, and the overall response
rate (95% confidence interval) was 83% (59-96%). Relapse
was noted in 12 (67%) of 18 patients. Initial relapse sites were
locoregional alone in 5 (28%) patients, locoregional and distant
in 3 (17%) patients, and distant alone in 4 (22%) patients. Brain
metastasis was detected in 5 patients, and the brain was the
most frequent site of distant metastasis. The median progres-
sion-free survival time was 15.6 months, and the median over-
all survival time was 30.4 months. The 1-year, 2-year, and 3-
year survival rates were 72%, 61%, and 50%, respectively (Fig.

1.
Discussion

The combination of cisplatin, vindesine, and mitomycin with

694

80 mg/m? on day 1 repeated every 3 weeks),!*2 and the Czech
Lung Cancer Cooperative Group (vinorelbine 12.5 mg/m? on
days 1, 8, and 15 and cisplatin 80 mg/m? on day 1, repeated ev-
ery 4 weeks),?! but lower than in a Mexican study (vinorelbine
at 25 mg/m? on days 1 and 8 and cisplatin 100 mg/m? on day
1, repeated every 3 weeks).?? These recommended doses are
also lower than expected when compared with the recom-
mended vinorelbine dose combined with cisplatin for metastatic
NSCLC (vinorelbine 30 mg/m? on days 1 and 8 and cisplatin
80 mg/m? on day 1, repeated every 3 weeks),? and when com-
pared with the results of vindesine, cisplatin, and mitomycin
combined with thoracic radiotherapy, where the full doses can
be administered concurrently.® Thus, vinorelbine can be safely
administered with cisplatin and concurrent thoracic radiother-
apy at a maximum dose of two-thirds the optimal dose without
radiotherapy. _
The results for response and survival in this study, however,
were very encouraging. This may have been attributable to pa-
tient selection bias, but the percentage of patients who had
stage IIIB disease in this study was similar to the percentage in
the CALGB randomized phase II study.? In addition, 33% of
the patients in this study had 25% body weight loss, whereas
only 7% of the patients did in that study.?® The median survival
time was 30.4 months and exceeded the results of concurrent
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chemoradiotherapy with old drug combinations that yielded a
median survival time of 15—19 months.>-® Thus, it could be ar-
gued that the combination of cisplatin and vinorelbine is more
active for locally advanced NSCLC than the older drug combi-
nations, although there have not been any randomized trials
comparing this regimen with old drug combinations in combi-
nation with thoracic radiotherapy in patients with stage III
NSCLC. Our results also seem better than those of other trials
using concurrent cisplatin, vinorelbine, and thoracic radiother-
apy, in which the median survival time was 13 to 18
months.22» Those trials used induction chemotherapy fol-
lowed by chemoradiotherapy. Since the response rate to induc-
tion chemotherapy is no more than 40%, induction
chemotherapy may be disadvantageous. This issue is being
evaluated in an on-going CALGB phase III trial.

Severe esophagitis and pneumonitis have been DLTs in many
trials of concurrent chemoradiotherapy, but neither was ob-
served in this study. Nevertheless, since the occurrence of these
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non-hematological toxicities associated with thoracic radiother-
apy is sporadic, the sample size in this study may have been too
small to detect them. Thus, careful observation for these toxici-
ties is needed in further phase II and phase III trials to defi-
nitely establish the safety profile of this regimen.

In conclusion, cisplatin and vinorelbine chemotherapy com-

bined with concurrent full-dose thoracic radiotherapy is feasi-

ble, and the recommended dose of vinorelbine for phase II
trials is 20 mg/m? on days 1 and 8 repeated every 4 weeks.
This regimen was highly active in patients with stage III
NSCLC.
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Abstract For many years, thoracic radiotherapy had been
regarded as the standard treatment for patients with
unresectable locally advanced non-small cell lung cancer.
However, meta-analyses show that cisplatin-containing
chemoradiotherapy is significantly superior to radiothe-
rapy alone in terms of survival. Moreover, concurrent
chemoradiotherapy yields a significantly increased response
rate and enhanced survival duration when compared with
the sequential approach. Cisplatin-based chemotherapy
with concurrent thoracic radiotherapy yields a S-year
survival rate of approximately 15% for patients with
unresectable locally advanced non-small cell lung cancer.
The state-of-the-art treatment for limited-stage small cell
lung cancer is considered to be four cycles of combination
chemotherapy with cisplatin plus etoposide combined with
early concurrent twice-daily thoracic irradiation (45 Gy). If
patients achieve complete remission, prophylactic cranial
irradiation should be administered. A 5-year survival rate
of approximately 25% is expected with the state-of-the-
art treatment for limited-stage small cell lung cancer.
Chemoradiotherapy is considered to be a standard treat-
ment for both unresectable locally advanced non-small cell
lung cancer and limited-stage small cell lung cancer. Several
new strategies are currently being investigated to improve
the survival of these patients. The incorporation of target-
based drugs such as gefitinib is considered to be the most
promising strategy for unresectable locally advanced non-
small cell lung cancer. The incorporation of irinotecan is
also a promising strategy to improve the survival of patients
with limited-stage small cell lung cancer. The Japan Clinical
Oncology Group is conducting clinical trials to develop new
treatment strategies for both unresectable locally advanced
non-small cell lung cancer and limited-stage small cell lung
cancer.
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Introduction

Lung cancer is one of the most common carcinomas not
only in Japan but also in the United States and Europe.
Approximately 15%-20% of lung cancer patients have
small cell lung cancer (SCLC) and the other patients have
non-small cell lung cancer (NSCLC), such as adenocarci-
noma, squamous cell carcinoma, and large cell carcinoma.
In Japan, more than 55000 patients died of lung cancer in
2001, and mortality continues to rise."” In particular, the
number of elderly lung cancer patients in Japan is increas-
ing.” Lung cancer is the leading cause of cancer death in
males in Japan and is anticipated to become the leading
cause of cancer death in females.! However, the cure rate
for lung cancer is still very low.

Surgery is the most effective curative treatment for
early-stage NSCLC; however, only 30% of patients with
NSCLC receive a curative resection.’ Platinum-based che-
motherapy offers a survival benefit and symptom relief for
patients with metastatic NSCLC, and the combination
of cisplatin-containing chemotherapy with thoracic radio-
therapy has been considered as the standard treatment
for patients with unresectable locally advanced NSCLC.*
Approximately 15% of patients with unresectable locally
advanced NSCLC can be cured by concurrent chemora-
diotherapy.” Most patients with SCLC are not considered
to be candidates for surgery. SCLC is one of the most
chemosensitive solid tumors, and the outcome of SCLC
patients is slowly but surely improving. Combination che-
motherapy achieves a high response rate and survival pro-
longation for extensive-stage (ED) SCLC.*® Combination
chemotherapy consisting of cisplatin plus etoposide and
concurrent twice-daily thoracic radiotherapy has yielded a
5-year survival rate of approximately 25% in limited-stage
(LD) SCLC patients.”® Chemoradiotherapy plays a very
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important role in the treatment of both patients with
unresectable locally advanced NSCLC and patients with
LD-SCLC.

Chemoradiotherapy for non-small cell lung cancer
Patient selection

Most patients with stage I or II NSCLC are candidates for
primary surgery with or without adjuvant chemotherapy.
However, patients with superior sulcus tumor are candi-
dates for induction chemoradiotherapy or radiotherapy fol-
lowed by surgery." Patients with stage IIIA and stage II1IB
disease without pleural effusion, pericardiac effusion, and
pleural dissemination are candidates for chemoradio-
therapy. Only selected patients with stage IIIA NSCLC are
considered to be candidates for surgery.” Chemoradio-
therapy for unresectable locally advanced NSCLC achieves
a long-term survival rate comparable to that of resectable
N2 NSCLC after surgery.>”™ Patients who are to receive
chemoradiotherapy should have a good performance status
and adequate organ function. If a patient is to receive radio-
therapy with a radiation field including the contralateral
hilum and more than half of the lung, such a patient should
be excluded from concurrent chemoradiotherapy. Preexis-
tent pulmonary fibrosis identified on plain chest X-ray film
is reported to be a very strong risk factor for treatment-
related death in thoracic radiotherapy, due to pneumoni-
tis.'*"” Thus, patients with pulmonary fibrosis identified
on plain chest X-ray film should be excluded from
chemoradiotherapy.

Chemoradiotherapy versus radiotherapy alone or
chemotherapy alone

For many years, thoracic radiotherapy had been regarded
as the standard treatment for patients with unresectable
locally advanced NSCLC."*" However, a meta-analysis of
1780 cases in 11 randomized trials showed that cisplatin-
containing chemoradiotherapy was significantly superior
to radiotherapy alone in terms of survival. Other meta-
analyses have also demonstrated the survival superiority of
chemoradiotherapy compared with radiotherapy alone for
patients with unresectable locally advanced NSCLC.*** On
the other hand, Kubota et al. reported that the addition of
radiotherapy to chemotherapy for locally advanced NSCLC
significantly improved the 2- and 3-year survival rates com-
pared to chemotherapy alone. Sculier et al.” reported the
results of a randomized phase III trial that compared fur-
ther chemotherapy and chest irradiation as a consolidation
treatment after the achievement of a response to induction
chemotherapy in patients with non-metastatic unresectable
NSCLC. There was no significant difference in survival or
response duration, but chest irradiation was associated with
a significantly greater duration of local control than chemo-
therapy. Thus, the combination of cisplatin-containing che-
motherapy with thoracic radiotherapy has been considered

as the standard treatment for patients with unresectable
locally advanced NSCLC.

Timing of chemotherapy and radiotherapy

Randomized phase III trials to compare the sequence
schedule of chemoradiotherapy with concurrent chemora-
diotherapy have been conducted by the Japan Clinical
Oncology Group (JCOG)" and by the Radiation Therapy
Oncology Group (RTOG"; Table 1). In the JCOG trial, 320
patients with unresectable locally advanced NSCLC were
randomized to chemotherapy with cisplatin, vindesine,
and mitomycin followed by radiotherapy (sequential arm)
or concurrent chemoradiotherapy (concurrent arm). The
response rate for the concurrent arm was significantly
higher (84.0%) than that of the sequential arm (66%; P =
0.0002). The median survival time was significantly longer in
patients receiving concurrent therapy (16.6 months), as
compared with those receiving sequential therapy (13.3
months; P = 0.03998). The 2-, 3-, 4-, and 5-year survival
rates in the concurrent group (34.6%, 22.3%, 16.9%, and
15.8%, respectively) were better than those in the sequen-
tial group (27.4%, 14.7%, 10.1%, and 8.9%, respectively).
The concurrent approach yielded a significantly increased
response rate and enhanced median survival time when
compared with the sequential approach.” Similar results
were reported from the RTOG trial.” The survival was
significantly superior in the concurrent arm (with a median
survival time of 17.0 months and a 4-year survival rate of
21%) than in the sequential arm (14.6 months and 12%,
respectively; P = 0.046). This report also demonstrated the
long-term survival benefit of the concurrent delivery of
cisplatin-based chemotherapy with thoracic radiotherapy as
compared with the sequential delivery of these therapies.”
In these trials, acute toxicities, such as myelosuppression
and esophagitis, were greater among patients on the con-
current arm than on the sequential arm. Based on these
phase III trials, concurrent chemoradiotherapy appears to
result in better survival than sequential therapy.

There are some limitations to the generalization of the
results of these trials, because old-generation cisplatin-
based combination chemotherapies were used in these
trials: cisplatin and vindesine plus mitomycin, or cisplatin
plus vinblastine.'*"> These old-generation cisplatin-based
chemotherapies could be combined with concurrent radio-
therapy using a full dose. Several new anticancer agents
were developed in the 1990s, such as irinotecan, paclitaxel,
docetaxel, gemcitabine, and vinorelbine.”**' The combina-
tion of platinum and these new agents is more effective than
the old-generation combination chemotherapy for meta-
static NSCLC.*** However, these new agents could not be
combined with concurrent radiotherapy at the full dose.”
A French cooperative group conducted a phase III trial to
compare sequential versus concurrent chemoradiotherapy
for unresectable NSCLC.* The sequential arm consisted of
three cycles of cisplatin plus vinorelbine followed by tho-
racic radiotherapy. The concurrent arm consisted of two
cycles of cisplatin plus etoposide with concurrent thoracic
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Table 1. Randomized trials of sequential versus concurrent chemoradiotherapy

Author Treatment n MST 2-Year 5-Year P Value
Survival Survival
Furuse™ CDDP + VDS + MMC; 158 13.3 Months 27.4% 8.9%
sequential TRT
CDDP + VDS + MMC; 156 16.6 Months 34.6% 15.8% P =0.03998
concurrent TRT
Curran® CDDP + VBL; 14.6 Months 32% 12% (4-Year) -
sequential TRT }
CDDP + VBL; 610 (Total) 17.0 Months 35% 21% (4-Year) P = 0.046
concurrent TRT
CDDP + ETOP; 15.2 Months 34% 17% (4-Year) P = 0296
concurrent TRT
(twice daily)
Pierre® CDDP + VNR; 103 13.8 Months 23%
sequential TRT
CDDP + ETOP; 104 15.0 Months 35% P =041
concurrent TRT
f/b CDDP + VNR
Zatloukal” CDDP + VNR; 102 (Total) 396 Days
sequential TRT
CDDP + VNR; 619 Days P = 0.0216

concurrent TRT

CDDP, cisplatin; VDS, vindesine; MMC, mitomycin; VBL, vinblastine; ETOP, etoposide; VNR, vinorelbine; TRT, thoracic radiotherapy; f/b,

followed by

radiotherapy followed by two cycles of cisplatin plus

vinorelbine. More than 200 patients were enrolled in this -

trial. The median survival time was 13.8 months in the se-
quential arm and 15.0 months in the concurrent arm. The 2-
year survival rates were 23% and 35%, respectively.*® While
there was a trend in favor of concurrent therapy, it was not
statistically significant (P = 0.41). There are no data from
large phase III trials comparing sequential chemoradio-
therapy using full-dose new-generation chemotherapy with
concurrent chemoradiotherapy using reduced-dose new-
generation chemotherapy. Only a small randomized phase
II study has been reported” (Table 1).

Fractionation

Radical radiotherapy for NSCLC is most commonly given
in daily fractions, Monday to Friday, for a total dose of 60—
70.Gy over 6-8 weeks.™” Novel fractionation schedules
have been explored with the aim of improving local tumor
control and survival without increasing late morbidity
(Table 2).**! In hyperfractionated radiotherapy, the dose
per fraction is reduced and the total dose is increased to give
improved tumor control without increased late morbidity.
The RTOG clinical trials used hyperfractionated radio-
therapy, 1.2-Gy/fraction, twice a day, for a total dose of
69.6 Gy.*** However, this hyperfractionation schedule has
not been shown to have significant benefit when compared
to conventional radiotherapy plus chemotherapy.>**
Schild et al.” reported the results of a phase III study which
compared split-course accelerated hyperfractionated radio-
therapy (AHFRT), 1.5-Gy/fraction, twice a day (60-Gy)
with standard radiotherapy (STDRT), 2 Gy/fraction, once a

day (60-Gy) combined with concurrent chemotherapy. The
toxicity, tumor control, and survival rates were similar with
AHFRT and STDRT. The JCOG retrospectively compared
STDRT and AHFRT from the data of six JCOG clinical
trials.” In this study also, AHFRT did not show a clear
tendency to improve the survival of the patients with locally
advanced NSCLC. Twice-daily fractionation, both 1.2.Gy/
fraction and 1.5Gy/fraction twice a day, have not
demonstrated any superiority compared with standard
once-daily fractionation for patients with locally advanced
NSCLC.5.15,41—43

More recently, continuous hyperfractionated accel-
erated radiotherapy (CHART) and hyperfractionated
accelerated radiation therapy (HART) have been
investigated.”™ CHART consisted of 36 small fractions of
1.5 -Gy given three times per day, to give 54 Gy in only 12
consecutive days, including the weekend. CHART, com-
pared with conventional radiotherapy, gave a significant
improvement in the survival of patients with NSCLC.**
However, this result was obtained from randomized phase
III trials of radiotherapy alone. No randomized trials of
chemoradiotherapy using CHART have been reported.
HART consisted of a total dose of 57.6-Gy in 36 fractions,
delivered over 15 days, with the use of three daily fractions
with a 4-h interval between fractions and an 8-h interval
between on-cord fields.®* Patients are not treated on week-
ends. The results of a phase III study which compared stan-
dard thoracic radiotherapy with HART after induction
chemotherapy for patients with unresectable NSCLC were
reported from the Eastern Cooperative Oncology Group
(ECOG).” The study was closed prematurely due to poor
accrual. However, induction chemotherapy of carboplatin
plus paclitaxel followed by HART resulted in an acceptable
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Table 2. Once-daily versus multiple-daily radiotherapy for unresectable NSCLC

Author Chemotherapy Radiotherapy n MST 2-Year 5-Year P Value
(Months) Survival Survival
Sause** Non 2.Gy/Day, 60-Gy, 163 11.4 21% 5% -
5 days/week; continuous ]
CDDP + VBL X 2; 2-Gy/Day, 60-Gy, 164 132 32% 8% P =0.04
induction 5 days/week; continuous
Non 1.2-Gy X 2/Day, 69.6 Gy, 163 12.0 24% 6% NR
5 days/week; continuous
(HFRT)
Schild® CDDP + ETOP X 2; 2-Gy/Day, 60-Gy 117 14 37% 13%
concurrent 5 days/week; continuous )
CDDP + ETOP X 2; 1.5-Gy X 2/Day, 60 Gy, 117 15 40% 20% P =04
concurrent 5 days/week; split
(AHFRT)
Saunders®* Non 2.Gy/Day, 60-Gy, 225 NR 20% NR
5 days/week; continuous
Nor 1.5-Gy X 3/Day, 54 Gy, 338 NR 29% NR P = 0.004
7 days/week; continuous
(CHART)
Belani® CBDCA + PTX X 2; 2:Gy/Day, 64-Gy, 56 13.7 30% NR
induction 5 days/week; continuous
CBDCA + PTX X 2; 1.5-1.8-1.5-Gy/Day, 57.6 Gy, 55 20.3 44% NR P =020
induction 5 days/week; continuous

(HART)

NR, not reported; CDDP, cisplatin; VBL, vinblastine; ETOP, etoposide; CBDCA, carboplatin; PTX, paclitaxel; HFRT, hyperfractionated
radiotherapy; AHFRT, accelerated hyperfractionated radiotherapy; CHART, continuous hyperfractionated accelerated radiotherapy; HART,

hyperfractionated accelerated radiation therapy

toxicity profile and provocative efficacy, with a median sur-
vival of 20.3 months, in contrast to a median survival of
13.7 months in the standard thoracic radiotherapy arm.”
Ishikura et al.” reported the results of a pilot study of
HART following induction cisplatin and vinorelbine for
stage III NSCLC. Thirty patients were enrolled in this
study. The overall objective response rate was 83% and the
median survival time was not reached. The 1- and 2-year
overall survivals were 68% and 58%, respectively.” Further
investigations of CHART or HART with chemotherapy are
warranted.

Selection of anticancer agents

In the 1980s to the early 1990s, old-generation cisplatin-
based chemotherapies, such as cisplatin plus etoposide,
cisplatin plus vindesine, cisplatin plus vinblastine or
cisplatin, and vindesine plus mitomycin, were commonly
used in chemoradiotherapy with both sequential and a con-
current schedules for locally advanced NSCLC.** In the
1990s, several new anticancer agents were developed,
such as irinotecan, paclitaxel, docetaxel, gemcitabine, and
vinorelbine.** These new agents have different mecha-
nisms of action from those of the old-generation agents. A
full dose of the old-generation combination chemotherapy
could be combined with concurrent radiotherapy.'*" How-
ever, if we wish to use the new-generation chemotherapy
with thoracic radiotherapy, we have to use reduced-dose
chemotherapy with concurrent thoracic radiotherapy,
or full-dose chemotherapy followed by sequential radio-

therapy.”™ No results of comparisons between the full-
dose old-generation combination chemotherapy together
with concurrent radiotherapy and the reduced-dose
new-generation chemotherapy together with concurrent
thoracic radiotherapy have been reported. Only very few
reports have compared chemotherapy regimens used with
concurrent thoracic radiotherapy. To evaluate the new
drugs, gemcitabine, paclitaxel, and vinorelbine, in combina-
tion with cisplatin in unresectable locally advanced NSCLC,
the Cancer and Leukemia Group B (CALGB) conducted a
randomized phase II study of two cycles of induction che-
motherapy followed by two additional cycles of the same
drugs with concomitant radiotherapy.”” One hundred and
seventy-five patients received four cycles of cisplatin at
80'mg/m* on days 1, 22, 43, and 64, with gemcitabine
1250 mg/m’ on days 1, 8, 22, and 29 and 600 mg/m” on days
43, 50, 64, and 71; or paclitaxel 225 'mg/m’ for 3-h on days 1
and 22 and 135-mg/m’ on days 43 and 64; or vinorelbine
25 mg/m® on days 1, 8, 15, 22, and 29 and 15mg/m’ on days
43, 50, 64, and 71. Radiotherapy was initiated on day 43, at
2.Gylday, for a total dose of 66 Gy. Response rates after the
completion of radiotherapy were 74%, 67%, and 73% for
the gemcitabine, paclitaxel, and vinorelbine arms, respec-
tively. The median survival times were 18.3 months (95%
confidence interval [CI], 13.8 to 23.6), 14.8 months (95% CI,
12 to 19.5), and 17.7 months (95% CI, 12.4 to 24.7) for
the gemcitabine, paclitaxel, and vinorelbine arms, respec-
tively.” No consistent standard chemotherapy regimens for
chemoradiotherapy have been established.

Concomitant low-dose daily or weekly chemotherapies
also use radiotherapy as a radiosensitizer. Cisplatin or



carboplatin are commonly used in studies to investigate
sensitizing effects.” Of the numerous single-platinum
studies, only one phase III study demonstrated the survival
benefit of daily administration of cisplatin with thoracic
radiotherapy. Two studies demonstrated prolonged survival
with concomitant platinum-based multidrug chemotherapy
and hyperfractionated radiotherapy.””’ No data from large
phase III studies have been reported to compare full-dose
chemotherapy with low-dose sensitizing chemotherapy
combined with concurrent radiotherapy for locally ad-
vanced NSCLC. CALGB conducted a phase III study to
compare low-dose weekly carboplatin plus paclitaxel with
concomitant radiotherapy (arm 1) and induction chemo-
therapy with carboplatin plus paclitaxel followed by the
same concomitant chemoradiotherapy (arm 2) for stage III
NSCLC.”® Three hundred and sixty-six patients were en-
tered in this study. The median survival on arm 1 was 11.4
months, versus 14.0 months on arm 2, and the 1-year sur-
vival rates were 48% and 54%, respectively (P = 0.154).
The median survival achieved in each of the treatment
groups was low compared to results in other recent trials.
This result indicated that low-dose weekly carboplatin plus
paclitaxel with concomitant radiotherapy might be insuffi-
cient treatment for stage III NSCLC.

The Southwest Oncology Group (SWOG) conducted a
phase II study of concurrent chemoradiotherapy with
cisplatin plus etoposide followed by consolidation docetaxel
in stage IIIB NSCLC.” Treatment consisted of cisplatin
50 mg/m* on days 1, 8, 29, and 36; etoposide 50 mg/m” on
days 1 through 5 and 29 through 33; and concurrent thoracic
radiotherapy, for a total dose of 61-Gy. Consolidation
docetaxel was started 4 to 6 weeks after chemoradio-
therapy, at an initial dose of 75 mg/m® Eighty-three eligible
patients were entered in this study. The median survival was
26 months, and the 1-, 2-, and 3-year survival rates were
76%, 54%, and 37%, respectively.” These results were
much better than the results of the previous SWOG trial.
Phase III trials evaluating docetaxel consolidation have
been initiated to validate these results.

Future directions

Epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors, such as gefitinib (ZD1839) and erlotinib (OSI-
774), are some one of the most promising target-based
agents for NSCLC.*** EGFR tyrosine kinase inhibitors
have shown encouraging antitumor activity for NSCLC
in phase II studies. Moreover, it has been reported that
gefitinib potentiated the efficacy of radiotherapy in human
colorectal cancer and human squamous cell carcinoma in
head and neck xenograft models.***” Thus, the combination
of gefitinib with chemoradiotherapy is a candidate strategy
to improve the survival of patients with unresectable locally
advanced NSCLC. The JCOG has started a safety and effi-
cacy trial of cisplatin and vinorelbine followed by gefitinib
and concurrent thoracic radiotherapy for unresectable lo-
cally advanced NSCLC (JCOG 0402-MF).
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Chemoradiotherapy for small cell lung cancer
Patient selection

SCLC is generally classified into two stages, LD and ED.*%
In the consensus reports of the International Association of
Lung Cancer (IASLC), LD is defined as disease involve-
ment of one hemithorax, including ipsilateral pleural effu-
sion and regional lymph nodes, including the ipsilateral
hilar, bilateral mediastinal, and bilateral supraclavicular
nodes.” Patients with LD-SCLC, except for those with ipsi-
lateral malignant pleural effusion and ipsilateral pulmonary
metastasis, are considered to be candidates for chemoradio-
therapy. Patients requiring radiotherapy with a radiation
field of more than half of the lung, or those with preexistent
pulmonary fibrosis identified on plain chest X-ray film,
should be excluded from chemoradiotherapy.'®"’

Standard chemoradiotherapy for small cell lung cancer

A meta-analysis including 13 trials and 2140 patients with
LD-SCLC demonstrated the survival benefit of chemora-
diotherapy as compared with chemotherapy alone.” The
relative risk of death in the chemoradiotherapy group as
compared with the chemotherapy group was 0.86 (95% CI,
0.78 to 0.94; P = 0.001), corresponding to a 14% reduction
in the mortality rate. The benefit in terms of overall sur-
vival at 3 years was 5.4%. Based on this meta-analysis,
chemoradiotherapy is considered to be the standard treat-
ment for LD-SCLC. In this meta-analysis, non-platinum-
based combination chemotherapies were commonly used,
and only a few trials used platinum-based modern chemo-
therapy. Cisplatin plus etoposide is now widely regarded as
the standard chemotherapy for LD-SCLC, particularly be-
cause this regimen can be integrated with concurrent tho-
racic irradiation, with acceptable toxicity.” Early thoracic
irradiation with concurrent cisplatin-plus-etoposide chemo-
therapy is the state-of-the-art treatment for LD-SCLC.

A United States intergroup trial demonstrated the sur-
vival benefit of twice-daily accelerated thoracic radio-
therapy over once-daily radiotherapy with cisplatin plus
etoposide for LD-SCLC™ (Table 3). Four hundred and sev-
enteen LD-SCLC patients were randomized to receive a
total of 45-Gy of concurrent thoracic radiotherapy, given
either twice daily over a 3-week period or once daily over a
period of 5 weeks. The median survival was 19 months for
the once-daily group and 23 months for the twice-daily
group. The 2-year and 5-year survival rates for patients
receiving once-daily radiotherapy were 41% and 16%, and
these rates for the twice-daily group were 47% and 26%
(P = 0.04 by log-rank test).”’ In contrast, another phase ITI
trial, using split-course twice-daily radiotherapy, failed to
demonstrate a survival benefit of twice-daily over once-
daily radiotherapy with cisplatin plus etoposide.”” A split
schedule of radiotherapy seemed to diminish the benefit of
twice-daily radiotherapy (Table 3).

The brain is one of the most common sites of relapse of
SCLC. However, the central nervous system is protected



