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of 0-2. Additional eligibility criteria were as follows: they had not
undergone surgery for LS-SCLC nor had been treated with a radia-
tion field, not including elective nodal irradiation, because the sig-
nificance of omitting elective nodal irradiation remains unclear
(6). Written informed consent was obtained from all patients before
treatment, Each patient underwent the following studies: chest radi-
ography and fiberoptic bronchoscopy, complete blood count and
biochemical tests, a computed tomography (CT) scan of the thorax
and abdomen, a CT scan or magnetic resonance imaging of the
brain, and a radionuclide bone scan, or positron emission tomogra-
phy. Positron emission tomography was used for a few patients (7%)
who were treated after 2001 according to the physician’s preference.
Bone marrow aspiration or biopsy was performed in cases of neutro-
penia and thrombocytopenia.

Radiation therapy technique

TRT was carried out with linear accelerators, and the energy of
6-10 MV photons was used. The TRT fields were changed from
anteroposterior-posteroanterior ficlds to parallel opposed oblique
fields after 30 Gy in the twice-daily regimen and 36-40 Gy in the
once-daily regimen. Most patients (83%) that were eligible for
this study were treated using conventional fluoroscopic simulation
techniques at the start of the TRT, and CT simulation techniques
were used only for the planning of the boost fields. The other
17% were treated using CT simulation techniques throughout the
entire TRT. The other planning techniques were similar to those
in our previous report on non-small-cell lung cancer (7). TRT
was administered twice daily (1.5 Gy per fraction, with a 6 h or
more interval between fractions) for a total dose of 45 Gy in 3 weeks
or once-daily (1.8-2.0 Gy per fraction) for a total dose of 39.6-66
Gy in 4-7 weeks. After the TRT, prophylactic cranial irmadiation
(PCI) was administered to the patients who had a complete or
near-complete response (10). The PCI consisted of 24 Gy in 2 Gy
per fractions or 25 Gy in 2.5 Gy per fractions once daily, 5 days
per week.

All patients who entered the clinical trial were treated with the
AHF regimen. However, there were no adequate rationale for
a decision about a patient’s TRT dose and fractionation. The TRT
dose and fractionation was decided according to the physician’s
preference.

Cheniotherapy

In principle, the patients were treated with four cycles of chemo-
therapy and received at least one cycle of chemotherapy concurrent
with TRT. The chemotherapy was given in a 28-day cycle in the
concurrent phase and a 21-day cycle in the sequential phase. The
most commonly used regimens were cisplatin/etoposide, carboplati-
num/etoposide, and cisplatin/firinotecan. As a general rule, the cis-
platin/etoposide regimen consisted of cisplatin (80 mg/m?
intravenously) on day 1 and etoposide (100 mg/m? intravenously)
on Days 1, 2, and 3. The carboplatinum/etoposide regimen consisted
of carboplatinum (area under the blood concentration-time curve: §
intravenously) on Day 1 and ctoposide (100 mg/m? intravenously)
on Days 1, 2, and 3. The cisplatin/irinotecan regimen was only per-
formed sequentially with TRT and consisted of cisplatin (80 mg/m?
intravenously) on Day 1 and irinotecan (60 mg/m? intravenously) on
Days 1, 8, and 15.

Study design and statistical analysis

All available radiation records and charts were reviewed to assess
patient and tumor characteristics and the details of treatment and
outcome. Tumor response was classified in accordance with the
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Response Evaluation Criteria in Solid Tumors criteria (9). Compli-
cations were graded in accordance with the National Cancer Insti-
tute’s Common Toxicity Criteria, version 3.0 (10). The date of the
last follow-up was defined as the last recorded information available
for the patient. Only 3 patients were lost to follow-up. Survival was
measured from the start date of any treatment to the date of the last
follow-up or death from any cause. Local failure, defined as locore-
gional progression on CT (including the primary tumor and the
bilateral mediastinal and ipsilateral hilar lymph nodes), was mea-
sured from the start date of any treatment to the date of the first
evidence of locoregional disease progression. Concurrent local
and distant failures were scored as local failures for the first failure
sites. Progression-free survival was measured from the start date of
any treatment until the date of local or distant failure.

Overall survival (OS), overall local, and overall progression-free
survival were calculated using Kaplan-Meier estimates. Subgroup
analysis was used to compare the outcomes among the three groups,
in which the total radiation -doses were 45 Gy with AHF, <54 Gy
with SF, and =254 Gy with SF, using the log-rank test, Moreover,
sex, age at diagnosis, performance status, disease stage (1, I, vs.
1), PCI (yes vs. no), total chemotherapy cycles (<3 vs. =3),
concument chemotherapy (yes vs. no), and the duration of TRT
(<40 days vs. =40 days) were also assessed for their impact on
OS using the log—rank test. Fisher’s exact test was used for compar-
isons of categorical data. Cox’s proportional hazards model was
used for multivariate analysis. p < 0.05 was considered significant.

RESULTS

Patient and treatment characteristics

A total of 127 patients were enrolled into the study. The me-
dian total dose of TRT with the once-daily regimen was 54
Gy; therefore, we divided: the patients that had been treated
with the once-daily regimen into two groups using the median
total dose of 54 Gy for the subgroup analysis. The character-
istics of the 127 eligible patients are shown in Table 1. Fifteen
patients (40%) from the AHF group entered a clinical trial, but
no patients from the other two groups did. The baseline char-
acteristics were balanced in terms of sex, performance status,
stage, and chemotherapy cycles. However, there was a slight
imbalance in age; the patients in the AHF group tended to be
younger than those in the other two groups, and the rate of pa-
tients older than age 75 years was lower than in the othertwo
groups, but these differences were not significant (p = 0.15).
There were significant differences in the rate of patients that
received concurrent chemotherapy and PCI among the three
groups (p = 0.012, p <0.001, respectively). Fifty-five (43%)
patients were alive at the time of this analysis, and the median
follow-up time of the surviving patients was 33 months
(range, 2—118 months). The median follow-up time of the sur-
viving patients was 34 months (range, 16-96 months) for the
AHF group, 67 months (range, 12-91 months) for the SF <54
Gy group, and 22 months (range, 2-118 months) for the SF
=54 Gy group. There were no significant differences in the
median follow-up time of the surviving patients among the
three groups (p = 0.32).

As aresult, 849% received four or more cycles of chemother-
apy. Eight percent received three cycles, and 8% received less
than two cycles either because the patient refused continuation
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Table 1. Patient and tumor pretreatment characteristics

Prescription group
AHF SF <54 Gy SF =54 Gy
Characteristic group (n = 37) group (n = 29) group (n = 61) p value*

Age (¥) 58 (40-68) 70 (51-82) 66 (29-81)
=75 (%) 0 (0%) 3 (10%) 5 (8%) 0.15
Sex (%) 0.59
Male 30 (81%) 25 (86%) 54 (82%)
Female 7 (19%) 4 (14%) 7 (18%)
Performance status 0.29

0 13 (35%) 7(25%) 20 (33%)

1 24 (65%) 20 (68%) 36 (59%)

2 0 (0%) 2 (1%) 5 (89%)
Stage 0.20

1 0 (0%) 1 (3%) 6 (10%)

I 4 (11%) 0 (0%) 4 (1%)

TIA 22 (59%) 11 (38%) 24 (39%)

B 11 (30%) 17 (59%) 27 (44%)
CHT cycles 3.9 2-5) 3.7 (1-6) 1.9 (1-6) 0.72
23 cycles 33 (89%) 27 (93%) 56 (92%)
Concurrent CHT 37 (100%) 23 (79%) 56 (92%) 0.012%*
Total dose (Gy) 45 (45) 50 (39.6-52.2) 56 (54-63) <0.001*
Duration of TRT (days) 21 (19-27) 41 (30-56) 43 (36-59) <0.001*
PCI 24 (65%) 6 (21%) 18 (30%) < 0.001*

Abbreviations: AHF = accelerated hyperfractionation; SF = standard fractionation; CHT = chemotherapy; TRT = thoracic radiotherapy;
PCI = prophylactic cranial irradiation,

Age and total dose data are presented as the median value. CHT cycles data are presented as the mean value, The numbers in square brackets
indicate the range of age and CHT cycles.

* Fisher's exact test.

of the chemotherapy or their leukocyte or platelet counts or
renal function did not return to levels at which chemother-
apy could be performed. Most patients (91%) received at
least one cycle of concurrent chemotherapy with TRT,
whereas the remaining 9% only received sequential chemo-
therapy because the radiation field sizes of these patients
were too large as the primary tumor was located in the in-
ferior lobe or the primary tumor was so bulky that
concurrent chemoradiotherapy was considered to carry
a high risk of severe radiation pneumonitis (11). All patients
received at least one cycle of platinum-based agents/etopo-
side regimen regardless of the TRT regimen. The cisplatin/
irinotecan regimen was only performed sequentially with

TRT for 24% of patients in the AHF group and 16% of
the SF =54 Gy group.

Tumor response

Table 2 shows the tumor response in each group. The over-
all response rate was 94% (95% confidence interval [Cl|
91-98%, 58% complete response rate |Cl 50-67%]|, and
36% partial response rate [Cl 28-45%]) for all eligible
patients. There was a significantly lower rate of complete re-
sponse in the SF <54 Gy group than in the AHF and SF =54
Gy groups (p = 0.018 and 0.0062, respectively). There was
a significantly higher rate of complete response in the AHF
group than in the SF 254 Gy group (p = 0.042).

Table 2. Tumor response in each group

Prescription group

AHF SF <54 Gy SF =54 Gy
(n=37) (n=29) (n=61)

Response No. % No. % No. % p value*
Qverall response 34 92% 27 93% 59 97% 0.32
CR 27 13% 11 38% 36 59% 0.02*
PR 7 19% 16 55% 23 38%

SD 0 0% 1 3% 2 3%
PD 3 8% I 3% 0 0%

Abbreviations: AHF = accelerated hyperfractionation; SF = standard fractionation; CR = com-
plete response; PR = partial response; SD = stable disease; PD = progressive disease.

* Fisher’s exact test.
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Fig. 1. The local control rates for patients with a total dose of 45 Gy
with accelerated hyperfractionation ([1), <54 Gy with standard
fractionation (A ), and =54 Gy with standard fractionation (O).

Local control and progression-free survival

Figure | shows the local control rates for each group. The
3-year local control rates were 61.1% (C1 50.3-71.9%) for all
eligible patients, 81.3% (C1 67.2-95.5%) for the AHF group,
27.7% (CI 5.0-50.4%) for the SF <54 Gy group, and 61.2%
(C1 44.8-77.6%) for the SF =54 Gy group. The local control
rate was also significantly lower for the SF <54 Gy group
than the AHF and SF =54 Gy groups (p = 0.0016 and
0.011, respectively). Local control for the AHF group tended
to be superior to that for the SF =54 Gy group, although no
statistically significant difference was found (p = 0.096).

The 3-year progression-free survival rates were 28.1% (Cl
19.5-36.7%) for all eligible patients, 37.5% (C121.5-53.5%)
for the AHF group, 7.5% (C1 0-17.5%) for the SF <54 Gy
group, and 33.2% (CI 19.7-46.7%) for the SF =54 Gy group.
Progression-free survival was also significantly lower for the
SF <54 Gy group than for the AHF and SF =54 Gy groups
(p =0.015 and 0.013, respectively). Progression-free survival
was similar in the AHF group and the SF =54 Gy group
(p = 0.80).

Overall survival

Figure 2 shows the survival curves for each group. The
median survival time of all eligible patients was 24.0 months
(CI 18.1-29.9 months). The median survival times were 30.0
months (Cl 16.343.7 months) for the AHF group, 14.0
months (Cl 6.6-21.4 months) for the SF <54 Gy group,
and 41.0 months (Cl 33.9—48.! months) for the SF =54
Gy group. The 3-year survival rates were 41.2% (Cl
31.6-50.8%) for all eligible patients, 44.1% (CI
26.5-61.7%) for the AHF group, 13.8% (CI 0-27.3%) for
the SF <54 Gy group and 53.1% (Cl 38.6-67.6%) for the
SF =54 Gy group. There was a significantly lower rate of
OS in the SF <54 Gy group than in the AHF and SF =54
Gy groups (p = 0.0018 and 0.00036, respectively). OS for
the SF =54 Gy group seemed to be slightly superior to that
for the AHF group, although no statistically significant differ-
ence was found (p = (0.64).
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Fig. 2. Overall survival for patients with a total dose of 45 Gy with

accelerated hyperfractionation (1), <54 Gy with standard fraction-
ation (A ), and =54 Gy with standard fractionation (QO).

Factors associated with overall survival

Table 3 shows the effects of patient charucteristics, disease
factors, and treatment parameters on OS according to univariate
analysis. To evaluate further the independent effects of disease
stage, chemotherapy cycles, concurrent chemotherapy, PCI,

Table 3. Factors associated with overall survival according
to univariate analysis

No. of
Factors patients  3-year OS (95% CI) p value
Sex 0.367
Male 109 40.8% (33.1-48.5)
Female 18 41.8% (36.1-417.5)
Age (v) 0.652
<75 119 40.6% (33.2-48.0)
=75 8 48.6% (43.6-53.6)
PS 0.546
0,1 120 42.0% (34.649.4)
2 7 28.6% (23.6-33.6)
Stage 0.016*
LI 15 80.0% (78.3-81.7)
1} 112 35.7% (28.3-43.1)
CHT cyck 0.033*
<3 11 43.4% (35.8-51.0)
=3 116 20.0% (14.2-25.8)
Concurrent CHT 0.026*
Yes 116 43.7% (36.1-51.3)
No 11 20.0% (17.3-22.7)
Treatment group <0.001*
AHF 37 44.1% (26.5-61.7)
SF =54 Gy 29 53.1% (38.6-67.6)
SF <54 Gy 61 13.8% (0-27.3)
Duration of RT (days) 0.821
<40 66 41.3% (31.0-51.6)
=40 61 40.0% (29.8-50.2)
PCl 0.089
Yes 48 48.1% (36.6-59.6)
No 79 35.6% (31.6-39.6)

Abbreviations: Cl=confidence interval; PS = performance status;
CHT = chemotherapy; NA = not applicable; AHF = accelerated
hyperfractionation; SF = standard fractionation; RT = radiation
therapy; PCI = prophylactic cranial irradiation.

* Statistically significant,
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Table 4. Factors associated with overall survival according
to multivariate analysis

Hazard ratio
Factors of death (95% CI) p value

Stage 0.24 (0.074-0.78)  0.017*
{, Dvs. M)

CHT cycle 0.50 (0.24-1.07) 0.073
(<3 vs. =3)

Concurrent CHT 0.61 (0.29-1.31) 0.20
(yes vs. no)

Treatment group NA 0.033%
(AHF vs. SF =54 Gy SF 54 Gy)

PCI 0.75 (0.43-1.31) 0.31
(yes vs. no)

Abbreviations: CHT = chemotherapy; NA = not applicable;
AHF = accelerated hyperfractionation; SF = standard fractionation.
* Statistically significant.

and treatment group on OS, a multivariate Cox proportional
hazards regression analysis was performed. This analysis in-
cluded those factors that had displayed a p value <0.10 in the
univariate analysis. As a consequence, disease stage and treat-
ment group remained significant factors in the multivariate
analysis (Table 4).

Toxicity

Documentation conceming toxicity data was not available
for 6 patients (2 in each group), which left 121 patients
assessable for toxicity. Only late toxicity =Grade 2 was
assessed from the available information of each chart. There
were only 2 treatiment-related deaths (one in the SF <54 Gy
group and the other in the SF =54 Gy group). Both patients
died of radiation pneumonitis. Five patients developed Grade
2 radiation pneumonitis, 4 in the SF <54 Gy group and | in
the SF =54 Gy group. Apart from the toxicities described,
no other information about late toxicity was noted in the
charts.

DISCUSSION

In our study, the comparison of overall, progression-free,
and local control survival rates and the rate of complete
response suggested that TRT administered with a total dose
of <54 Gy by once-daily regimen was more disadvantageous
than TRT treated with a total dose of =54 Gy in a once-daily
regimen or a total dose of 45 Gy administered using the AHF
regimen, and the difference was statistically significant for afl
outcomes. These results clearly demonstrate that radiation
intensification improves the complete response rate and local
control and that improved local control translates into
improved OS. Furthermore, these results also suggest the
importance of a high dose of radiation when using a once-
daily regimen.

Because SCLC has high radiation sensitivity (12), recent
pattemn of care studies have shown that the traditional modest
doses of TRT that are used in once-daily 1.8- to 2-Gy
fractions are also widely used for LS-SCLC in Japan and

Turkey (4, 5). However, although response rates are high,
Jocal control rates have been poor in this TRT setting. Inten-
sifying the radiotherapy effect by accelerating its delivery
was one of the initial strategies explored in prospective trials.
Turrisi et al. (2) randomly assigned 471 LS-SCLC patients to
either 45 Gy in 5 weeks (1.8 Gy once-daily for 25 fractions)
or 45 Gy in 3 weeks (1.5 Gy twice-daily for 30 fractions)
beginning with the first of four cycles of PE. The 5-year sur-
vival rate was 26% with accelerated TRT compared with
16% for the conventional TRT (p = 0.04), and the accelerated
TRT arm was also superior to conventional TRT in local
tumor control (p = 0.06). These data strongly suggest that
attempts designed at improving local tumor control can
favorably impact on the long-term outcome of patients with
LS-SCLC. However, despite the significant improvement
in long-term survival, only [0% of patients with LS-SCLC
received a twice-daily regimen (3). Moreover, a second trial
performed by the North Central Cancer Treatment Group re-
ported negative results with a twice-daily regimen, although
overall treatment times and total mdiation doses were identi-
cal in each arm of the North Central Cancer Treatment Group
trial (13). Therefore, different strategies were considered that
might increase the local control rate with chemoradiotherapy.
Accelerated fractionation via the concomitant boost tech-
nique uses once-duily irradiation early in the course of treat-
ment and then twice-daily irradiation toward the end. Komaki
et al. (14) reported a Phase | study (Radiation Therapy
Oncology Group 97-12) using this regimen to improve local
control by increasing the dose of TRT given with concurrent
cisplatinfetoposide without causing acute severe esophagitis.
They found that 61.2 Gy was the maximum tolerated dose,
and there was a suggestion of improvement in the estimated
short-term survival rate (18 months) by dose escalation from
50.4 Gy to 61.2 Gy (25% and 82%, respectively). Roof et al.
(15) also showed a clear dose-response curve between 54
and 63 Gy with a once-daily regimen, although they did
not find a significant difference in outcome because of their
small sample size of 54 patients,

Obviously, there are problems that limit the interpretation
of a single institutional retrospective review. We recognize
the imbalance among our three groups. The rates of patients
receiving PCI and concurrent chemotherapy were signifi-
cantly different among the three groups (Table 1), although
the multivariate analysis proved that these factors were not
associated with OS. Another difficulty agsociated with retro-
spective reviews is the accurate assessment of toxicity, The
rate of Grade 2-4 toxicities in our study was lower than those
reported elsewhere. Although the patient charts were thor-
oughly scrutinized, the documentation concerning complica-
tions may not have been as thorough as it would have been in
a prospective trial.

Whether twice-daily TRT to45 Gy in 3 weeks is superior to
a higher total dose than traditional modest doses delivered
with a once-daily regimen is still unclear. Our results did not
find a significant difference in outcome between the AHF
group with a total dose of 45 Gy and the SF group with a total
dose of =54 Gy. However, there was a significantly higher
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rate of complete response in the AHF group compared with the
SF =54 Gy group (p = 0.042), and the local control for the
AHF group tended to be superior to that for the SF =54 Gy
group. These results indicate that in the once-daily regimen
much more than 54 Gy is necessary to achieve local control
at the sume level as 45 Gy with the AHF regimen. Despite
the significantly higher rate of complete response and local
control in the AHF group compared with the SF = 54 Gy
group, progression-free survival and OS were similar between
the AHF group and the SF =54 Gy group (p = 0.80 and 0.64,
respectively). We think that the reason was our small sample
size. On the other hand, these data indicated that patients in the
AHF group died from systemic disease as did those in the SF
254 Gy group, despite the better local control in the AHF
group compared with the SF =54 Gy group. Therefore, an-
other chemotherapy strategy such as integrating newer che-
motherapy agents (16) or dose-intense regimens using either
growth factors or stem-cell support (17) may be necessary
for the platform of the curative approach to LS-SCLC.
Further intensification of TRT regimens such as a Phase I
trial is under development by the Cancer and Leukemia
Group B and the Radiation Therapy Oncology Group (18).
This randomized trial is designed to compare three TRT
approaches with four cycles of PE, with the three regimens
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being 45 Gy in 3 weeks (1.5 Gy twice-daily for 30 fractions),
70 Gy in 7 weeks (2.0 Gy once-daily for 35 fractions), and
61.2 Gy in 5 weeks (1.8 Gy accelerated fractionation via con-
comitant boost). We think that this rial will demonstrate the
optimal method of radiation dose intensification. However, at
this time, 45 Gy twice-daily TRT should be considered as the
standard treatment for LS-SCLC because there are no Phase
I once-daily trials that have shown better outcomes than the
twice-daily regimen.

In conclusion, this analysis suggests that disease stage and
treatment groups that are stratified according to 45 Gy with
AHF, <54 Gy with SF, and =54 Gy with SF are independent
factors associated with improved OS in patients with LS-
SCLC and the potential importance of a high dose of radia-
tion when using a once-daily regimen. However, there are
problems that limit the interpretation of our single institu-
tional retrospective review. There were some prognostic
differences in the three groups compared, especially in the
rates of patients receiving PCI and concurrent chemotherapy.
A future prospective study of TRT regimens in the setting of
chemoradiotherapy for LS-SCLC is needed to establish opti-
mal radiation doses and fractionation, and such a study is
under development by the Cancer and Leukemia Group B
and Radiation Therapy Oncology Group.
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Abstract

Purpose To evaluate the relationship between the epider-
mal growth factor receptor (EGFR) mutation status and the
effectiveness of gefitinib monotherapy or chemotherapy in

patients with advanced non-small cell lung cancer
(NSCLC).
Methods We retrospectively analyzed a cohort of 100

patients with stage IIIB/IV NSCLC screened for two major
EGFR mutations (exon 19 deletions and L858R mutation).
Results Forty-six out of 48 EGFR mutation-positive
patients (96%) received gefitinib, whereas only 3 out of 52
EGFR mutation-negative patients (6%) received gefitinib.
Favorable objective response rates to gefitinib as first- and
second-line treatment (87 and 80%, respectively) were
observed in EGFR mutation-positive patients. Overall
response rate to chemotherapy as first-line treatment did not
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differ significantly between patients with EGFR mutations
and those without mutation (32 vs. 28%, respectively;
P =0.7198). As to first-line treatment, EGFR mutation-
positive patients treated with gefitinib experienced signifi-
cantly longer progression-free survival (PFS) than did
patients who received chemotherapy (median survival,
7.8 months vs. 5.1 months, respectively; P = 0.0323). Simi-
larly, as to second-line treatment, EGFR mutation-positive
patients treated with gefitinib had significantly longer PES
than did patients who received chemotherapy (median sur-
vival, 6.5 months vs. 4.0 months, respectively; P = 0.0048).
Patients with EGFR mutations survived longer than those
without EGFR mutations after first-line treatment (median,
24.3 vs. 12.6 months, respectively; P = 0.0029).
Conclusion EGFR mutation-positive patients benefit
from either first- or second-line gefitinib monotherapy. Fur-
ther large-scale prospective studies to confirm this finding
are needed.

Keywords Epidermal growth factor receptor
Mutation screening - Gefitinib - Non-small cell lung cancer -
Cytotoxic chemotherapy - Clinical outcomes

Introduction

Gefitinib, an orally bioavailable, selective epidermal
growth factor receptor (EGFR) tyrosine kinase inhibitor
(TKI), was the first targeted drug for non-small cell lung
cancer (NSCLC). Phase II trials of gefitinib monotherapy in
unselected NSCLC patients showed antitumor activity, but
demonstrated objective response rates of only 8-18%
(Fukuoka et al. 2003; Kris et al. 2003). However, subset
analyses of these trials and a retrospective study showed
that favorable response to gefitinib was observed in certain
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patient subgroups, such as females, patients with adenocar-
cinoma, Asian patients, and nonsmokers (Fukuoka et al.
2003; Kris et al. 2003; Miller et al. 2004). These results
suggest that identifying predictive molecular or genetic bio-
markers for gefitinib sensitivity may help to select patients
who are most likely to benefit from treatment.

In 2004, three independent groups of investigators
reported that somatic EGFR mutations correlate with sensi-
tivity of NSCLC to the EGFR TKIs, gefitinib or erlotinib
(Lynch et al. 2004; Paez et al. 2004; Pao et al. 2004). Sub-
sequently, multiple groups of researchers confirmed and
extended this striking correlation between EGFR mutations
and gefitinib sensitivity, reporting response rates ranging
from approximately 60 to 94% in retrospective analyses
(Cortes-Funes et al. 2005; Han et al. 2005; Huang et al.
2004; Kim et al. 2005; Mitsudomi et al. 2005; Takano et al.
2005; Taron et al. 2005; Tokumo et al. 2005). Recently,
several prospective phase II studies also confirmed the cor-
relation (Asahina etal. 2006; Inoue etal. 2006; Sequist
et al. 2008; Sugio et al. 2009; Sunaga et al. 2007; Sutani
et al. 2006; Tamura et al. 2008; Yang et al. 2008; Yoshida
et al. 2007), and a combined analysis from seven phase II
trials in Japan (I-CAMP; Iressa Combined Analysis of
Mutation Positives) demonstrated a total response rate of
76.4% (Morita et al. 2009).

To date, many types of mutations in NSCLC patients
have been reported, but only four types of TKI-sensitive
mutations, including exon 18 and 21 point mutation
(G719A/C, 1.858R and L861Q) and exon 19 in-frame dele-
tion, have been elucidated (Greulich et al. 2005). Of these
mutations, the two most common, representing approxi-
mately 90% of all EGFR mutations, are the exon 19 dele-
tions and L858R point mutation (Uramoto and Mitsudomi
2007). In a previous study on prospective validation for
prediction of gefitinib sensitivity by these two common hot
spots for EGFR mutations, we reported a promising overall
response rate of 90.5% (Yoshida et al. 2007). Therefore, in
order to select patients who might benefit from gefitinib
treatment, we continued to screen patients for the two hot
spot mutations.

To clarify the relationship between EGFR mutation sta-
tus and the effectiveness of gefitinib monotherapy or cyto-
toxic chemotherapy in patients with NSCLC, we performed
a retrospective analysis of clinical outcomes of consecutive
patients who were screened for two major EGFR mutations.

Patients and methods
Patients

A cohort of 100 patients with inoperable stage HIB/IV
NSCLC were screened for EGFR mutations prior to selection
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for gefitinib treatment or cytotoxic chemotherapy at Aichi
Cancer Center Hospital in Nagoya, Japan, between November
2004 and December 2006. Eligibility criteria were adults
(defined as >20 years of age) with cytological or histologi-
cal confirmation of locally advanced (stage IIIB for which
thoracic irradiation was not indicated) or metastatic (stage
IV) NSCLC who underwent prospective screening of
EGFR mutations; >1 measurable or assessable lesion,
according to the Response Evaluation Criteria in Solid
Tumors (Therasse et al. 2000); and written informed con-
sent, in accordance with institutional regulations. Eligible
patients were admitted to the study regardless of prior che-
motherapy, performance status (PS), or functions of main
organs. Exclusion criteria were pulmonary fibrosis, intersti-
tial pneumonia, or prior treatment with an EGFR TKI or
antibody. This study was approved by the institutional
review board of Aichi Cancer Center Hospital.

EGFR mutation analysis

Mutational analysis of the exon 19 deletion and the L858R
mutation in the EGFR gene was performed as described
previously (Yatabe et al. 2006). Briefly genomic DNA was
extracted from tumors embedded in paraffin blocks or from
aspirated tumors obtained from pleural effusions, superfi-
cial lymph nodes, or subcutaneous metastases. One refer-
ence pathologist (Y.Y.) reviewed all specimens and marked
grossly near the tumor-rich lesion on an unstained slide in
order to enrich the tumor cell population as much as possi-
ble. The exon 19 deletion mutation was determined by
common fragment analysis using polymerase chain reac-
tion (PCR) with an FAM-labeled primer set; the PCR prod-
ucts were subjected to electrophoresis on an ABI PRISM
310 instrument (Applied Biosystems, Foster City, CA,
USA). The shorter segment of DNA amplified by PCR
showed a deletion mutation in a new peak in the electrophe-
rogram. The L858R mutation was detected by the Cycleave
real-time quantitative PCR technique, using the Cycleave PCR
core kit (Takara Co. Ltd., Ohtsu, Japan) with an L858R-
specific cycling probe and a probe specific for the wild-type
gene. Fluorescence intensity was measured with a Smart
Cycler system (SC-100, Cepheid, Sunnyvale, CA, USA).

Statistical analysis

Data were analysed using the chi-square test; P < 0.05 was
regarded as statistically significant. Confidence intervals
(ClIs) were calculated using binomial values. Progression-
free survival (PFS) and overall survival (OS) were calcu-
lated using the Kaplan-Meier method; survival differences
were analysed by log-rank test. All analyses were per-
formed with Stat View version 5 software (SAS institute
Inc, Cary, NC, USA) on a Macintosh computer.
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Results
Patients characteristics

From November 2004 through December 2006, 100 con-
secutive patients with NSCLC at Aichi Cancer Center
hospital were examined to detect EGFR mutations. Patient
characteristics are shown in Table 1. All patients were
Japanese. EGFR mutations were detected in 48% (48/100)
of the patients. Of the patients with EGFR mutations, 23
had the exon 19 deletions, and 25 had the L858R mutation.
EGFR mutations were detected more frequently in women
and patients who never smoked, whereas fewer EGFR
mutations were detected in stage IIIB patients.

Figure | depicts the treatment of EGFR mutation-pos-
itive patients. Of the 48 EGFR mutation-positive
patients, 96% (46/48) received gefitinib monotherapy;
47.9% (23/48), 31.3% (15/48), and 25% (12/48) of the
EGFR mutation-positive patients received gefitinib as
first-, second- and third-line treatment, respectively. Of
the 12 patients with EGFR mutation who were treated
with gefitinib as third-line treatment, two patients
received gefitinib monotherapy as first-line, two patients
received gefitinib monotherapy as second-line, and eight
patients received cytotoxic chemotherapy as both first-
and second-line.

Only 6% (3/52) of the 52 patients without EGFR muta-
tions received gefitinib monotherapy as first- (two patients)
or second-line (one patient) treatment, whereas 96.2% (50/
52) of the patients without EGFR mutations received cyto-
toxic chemotherapy as first-line treatment.

In this study, all patients received first-line treatment,
65% (65/100) of the patients received second-line treatment
and median follow-up time for the survivors was
20.2 months (ranging from 9.5 months to 74.6 months).

EGFR mutations and response to gefitinib

Objective response rate (complete response rate + partial
response rate) to first-line gefitinib therapy was 87% in
patients with EGFR mutations. Disease control rate (com-
plete response rate + partial response rate + stable disease
rate) in response to first-line gefitinib therapy was 87% in
patients with EGFR mutations. Objective response rate for
second-line gefitinib therapy was 80% in patients with
EGFR mutations. Disease control rate in response to sec-
ond-line gefitinib therapy was 86.7% in patients with EGFR
mutations (Table 2). No objective responses were observed
in patients with wild-type EGFR treated with first- or sec-
ond-line gefitinib.

No statistically significant differences in rates of objec-
tive response and disease control between first- and second-
line gefitinib treatments were observed. Furthermore,

Table 1 Patient characteristics according to EGFR mutation status

EGFR mutation P
status
Mutation  Wild-type
All cases 48 52
Sex <0.0001
Male 15 38
Female 33 14
Age, years 0.4942
<60 18 23
>60 30 29
Histology 0.1985
Adenocarcinoma 47 48
Non-adenocarcinoma 1 4
Smoking status <0.0001
Never smoker 32 i
Smoker 16 41
Stage at initial diagnosis 0.0341
111B 7 17
v 41 35
ECOG PS at initial 0.169
diagnosis
0/1 42 40 P (0/1 vs. =22)
2
3 3
4 1 2
Timing of mutation 0.4803
screening
Pre-treatment 3 30
After first-line treatment 11 16
After second-line 6 5
treatment

After third-line treatment 0 1
Mutation genotype

Exon 19 deletion 23 -

L858R 25 -

EGFR epidermal growth factor receptor, PS performance status

response rate to gefitinib monotherapy in patients with exon
19 deletions, compared with that in patients with the L§58R
mutation, did not differ significantly in either first- or
second-line treatment (data not shown).

EGFR mutations and response to cytotoxic chemotherapy

Objective response to first- and second-line cytotoxic che-
motherapy was not influenced by EGFR mutation status
(Table 3). Objective response rate to first-line cytotoxic
chemotherapy was 32% in patients with EGFR mutations
and 28% in patients with wild-type EGFR (P =0.7198).
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23 received gefitinib as 1st-line treatment

25 received chemotherapy as 1st-line treatment

| 11 received no further treatment

——» | 2 received no further treatment

! |

!

12 received chemotherapy as 2nd-line treatment

15 received gefitinib as 2nd-line treatment

8 received chemotherapy as 2nd-fine treatment

—»| 3 received no further treatment

10 received no further treatment

v

2 received gefitinib and 7 received
chemotherapy as 3rd-line treatment

2 received gefitinib and 3 received
chemaotherapy as 3rd-line treatment

8 received gefitinib as 3rd-line treatment

Fig. 1 Treatment flow chart for 48 EGFR mutation-positive patients

Table 2 Response to gefitinib monotherapy in EGFR mutation-
positive patients (%)

First-line (n = 23) Second-line (n = 15)

CR 1(4.3) 1D
PR 19 (82.6) 11(73.3)
SD 0(0) 1(6.7
PD 3(13.0) 2(13.3)
OR 20 (87.0) 12 (80.0)
DC 20 (87.0) 13 (86.7)

CR complete response, PR partial response, SD stable disease, PD
progressive disease, OR objective response (CR + PR), DC disease
control (CR + PR + SD)

Objective response rate to second-line cytotoxic chemo-
therapy was 20% in patients with EGFR mutations and
6.9% in patients with EGFR wild-type (P = 0.1690).

EGFR mutation status significantly affected the disease
control rate to first-line cytotoxic chemotherapy, but not to
second-line cytotoxic chemotherapy. The disease control
rate to first-line cytotoxic chemotherapy was 88% in
patients with EGFR mutations and 60% in patients with
wild-type EGFR (P = 0.0132). The disease control rate to
second-line cytotoxic chemotherapy was 60% in patients
with EGFR mutations and 48.3% in patients with EGFR
wild-type (P = 0.4190).

PFS in EGFR mutation-positive patients
As illustrated by the Kaplan—Meier curves in Fig. 2a and b,
EGFR mutation-positive patients treated with gefitinib

monotherapy as first-line treatment experienced signifi-
cantly longer PFS than did patients who received first-line
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cytotoxic chemotherapy (median survival, 7.8 months vs.
5.1 months, respectively; P =0.0323). Similarly, EGFR
mutation-positive patients treated with gefitinib mono-
therapy as second-line treatment had significantly longer
PFES than did patients who received cytotoxic chemother-
apy as second-line treatment (median survival, 6.5 months
vs. 4.0 months, respectively; P =0.0048). All 15 patients
who received gefitinib monotherapy as second-line treat-
ment had previously received cytotoxic chemotherapy as
first-line treatment.

Of the 20 patients who received cytotoxic chemother-
apy as second-line treatment, 12 of the patients had
received gefitinib as first-line treatment and 8 of the
patients had received cytotoxic chemotherapy as first-
line treatment previously; no statistically significant
difference in PFS was observed between these two
groups that had been treated with gefitinib monotherapy
as first-line vs. cytotoxic chemotherapy as first-line (data
not shown), )

In patients treated with gefitinib as first- or second-line
treatment, no statistically significant difference in PFS was
observed in patients with exon 19 deletions, as compared
with patients with the L858R mutation (data not shown).

PFS after cytotoxic chemotherapy, according to EGFR
mutation status

In patients treated with cytotoxic chemotherapy as first-line
treatment, no significant difference in PFS was observed in
patients with EGFR mutations vs. patients who were EGFR
wild-type (median survival, 5.1 months vs. 4.4 months,
respectively; P =0.7184) (Fig. 3a). Similarly, in patients
treated with cytotoxic chemotherapy as second-line treat-
ment, no significant difference in PFS was observed in
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Table 3 Response to chemotherapy according to EGFR mutation status (%)
Chemotherapy as first-line treatment Chemotherapy as second-line treatment
Mutation (n =25)  Wild-type (n=50) P Mutation (n =20)  Wild-type (n = 29) P
Type of chemotherapy regimen
Platinum plus newer agents® 22 (88.0) 41 (82.0) 17 (85.0) 18 (62.1)
Singie newer agent 3(12.0) 9(8.0) 3(15.0) 11 (37.9)
Response
CR 0 00 om 0
PR 8 (32.0) 14 (28.0) 4(20.0) 2(6.9)
SD 14 (56.0) 16 (32.0) 8 (40.0) 12 (41.4)
PD 3(12.0) 17 (34.0) 6 (30.0) 14 (48.3)
NE 0(0) 3(6) 2(10.0) 134
OR 8(32.0) 14 (28.0) 0.7198 4 (20.0) 2(6.9) 0.1690
DC 22 (88.0) 30 (60.0) 0.0132 12 (60.0) 14 (48.3) 0.4190

CR complete response, PR partial response, SD stable disease, PD progressive disease, OR objective response (CR + PR), DC disease control

(CR+PR +SD

3 Newer agents were consisted of paclitaxel, docetaxel, vinorelbine, gemcitabine, irrinotecan, amurubicin, and TS-1
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Fig.2 a Kaplan-Meier estimates of progression-free survival of
patients with EGFR mutations treated with first-line gefitinib or cyto-
toxic chemotherapy. b Kaplan-Meier estimates of progression-free
survival of patients with EGFR mutations treated with second-line
gefitinib or cytotoxic chemotherapy

patients with EGFR mutations vs. patients with EGFR
wild-type (median survival, 4.0 months vs. 2.6 months,
respectively; P = 0.8744) (Fig. 3b).

A — Mutation (n = 25)

1.0
Q Median PFS = 5.1 months
o
?_; 0.8
3> —  Wild-type (n = 50)
2
@ 0.6 - Median PFS = 4.4 months
3 1
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® ]
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o
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Fig.3 Kaplan-Meier estimates of progression-free survival of
patients grouped by EGFR mutation status who were treated with
either first-line (a) or second-line (b) cytotoxic chemotherapy

Overall survival and multivariate analysis
Patients with EGFR mutations survived for a significantly

longer time, as calculated from the initial day of first-line
treatment, than did patients who were EGFR wild-type
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Fig. 4 Kaplan-Meier estimates of overall survival for patients,
according to EGFR mutation status

Table 4 Multivariate analysis for overall survival after first-line treat-
ment

Variables Hazard  95% CI P

ratio
EGFR mutation (yes/no) 1.928 1.048-3.545 0.0347
Stage (I1IB/IV) 0.663 0.337-1.306 0.2348
Age (>60/<60) 1.250 0.741-2.107 0.4028
Gender (male/female) 1.093 0.482-2.481 0.8312
Smoking history (yes/no) 1.268 0.551-2.916 0.5769

Performance status (0-1/2—4)  0.148 0.078-0.282  <0.0001

(median survival, 24.3 months vs. 12.6 months, respec-
tively; P = 0.0029; Fig. 4).

Multivariate analysis revealed that EGFR mutations and
PS significantly and independently affected overall survival
(Table 4).

Discussion

Various cytotoxic chemotherapy agents are utilized in the
treatment of advanced or metastatic NSCLC. In the first-
line setting, combination chemotherapy such as platinum-
based regimens are given empirically to most stage IIIB or
IV NSCLC patients, resulting in objective response rates of
30—40%, median survival times of 8-10 months, and 1-year
survival rates of 30-40% (Kelly et al. 2001; Schiller et al.
2002). Recently, novel, small molecule therapeutic agents
that specifically target certain molecular pathways, includ-
ing the EGFR TKIs, gefitinib and erlotinib, have been
developed. A new approach for selecting patients by the
presence of molecular or genetic biomarkers, such as EGFR
mutations and gene copy number, is evolving (Cappuzzo
et al. 2005, 2007; Han et al. 2006).

Cappuzzo et al. demonstrated that, in NSCLC patients
treated with gefitinib, a high gene copy number, rather than
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EGFR mutations, was a better predictor of survival (Cap-
puzzo et al. 2005). Furthermore, molecular analyses from
large placebo-controlled phase III trials of TKIs also
showed that EGFR gene copy number was superior to
mutations as a predictor of clinical benefit (Hirsch et al.
2006; Tsao etal. 2005). These studies included mostly
Caucasian patients with NSCLC. On the other hand, studies
in Japan and Korea demonstrated that EGFR mutation was
the most important biomarker to identify NSCLC patients
for treatment with gefitinib (Han et al. 2006; Ichihara et al.
2007; Sone et al. 2007; Takano et al. 2005).

In the INTACT and TRIBUTE studies, which were con-
ducted to compare TKIs (gefitinib in the INTACT trial, and
erlotinib in the TRIBUTE trial) with placebo in combina-
tion with cytotoxic chemotherapy, patients with EGFR
mutations exhibited better PES after cytotoxic chemother-
apy than did patients without mutations (Bell et al. 2005;
Eberhard et al. 2005). Similarly, Hotta et al. reported that
EGFR mutation-positive patients treated with first-line
cytotoxic chemotherapy yielded better PFS than did EGFR
mutation-negative patients, and furthermore, no significant
difference in PFS in patients (with and without mutations)
who were treated with cytotoxic chemotherapy following
gefitinib monotherapy. Therefore, they suggested that early
use of cytotoxic chemotherapy prior to gefitinib treatment
was advantageous for EGFR mutation-positive patients
(Hotta et al. 2007).

This study assessed whether EGFR mutation-positive
status of NSCLC patients influenced clinical outcome of
first- and second-line treatment with cytotoxic chemother-
apy or gefitinib monotherapy. In contrast to the findings of
Hotta et al. (2007), we observed that PFS following first-
and second-line cytotoxic chemotherapy was not associated
with EGFR mutation status (Fig. 3a, b). Moreover, in our
study, EGFR mutation-positive patients treated with first-
or second-line gefitinib exhibited better PFS than did
patients treated with first- or second-line cytotoxic chemo-
therapy (Fig. 2a, b). Thus, our findings suggest that patients
with EGFR mutations might benefit from either first- or
second-line gefitinib monotherapy. The reason for different
clinical outcomes in our study and previous studies by other
investigators (Bell et al. 2005; Eberhard et al. 2005; Hotta
etal. 2007) is unclear. However, possible explanations
include differences in ethnicity of study participants and eli-
gibility criteria (e.g., stage of disease and prior treatment)
in the various studies. Most of the study participants in the
INTACT and TRIBUTE trials were non-Asian patients. In
our study, which was conducted in Japan, the EGFR muta-
tion-positive patients had stage IIIB and IV disease. In the
study conducted by Hotta et al. (2007), 82% of the EGFR
mutation-positive patients had recurrent disease after sur-
gery. Previous research by other investigators has not eluci-
dated how EGFR mutations affect clinical outcomes in
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Asian vs. non-Asian NSCLC patients, or in early-stage
operable NSCLC patients vs. NSCLC patients with
advanced/metastatic disease (Jackman et al. 2006). Recent
reports from Asia demonstrated that there was no signifi-
cant difference in OS between gefitinib-first group and che-
motherapy-first group (Morita et al. 2009; Wu et al. 2008).

Because our study population consisted of NSCLC
patients screened for EGFR mutation in order to select
patients for gefitinib treatment, only three patients who
were EGFR wild-type received gefitinib treatment. There-
fore, it is difficult to assess whether gefitinib treatment
affects clinical outcomes according to EGFR mutation sta-
tus of NSCLC patients. Nevertheless, we observed similar
PFS in patients treated with first- or second-line cytotoxic
chemotherapy, regardless of the EGFR mutation status of
the patients (Fig. 3a, b). Thus, the longer PFS seen in
EGFR mutation-positive patients treated with gefitinib than
in patients treated with cytotoxic chemotherapy (Fig. 2a, b)
might be attributable to a superior OS than that exhibited by
patients who were EGFR wild-type. Our finding is consis-
tent with a subset analysis of a recently completed phase III
study (Tressa Pan-Asia Study) showing that gefitinib mono-
therapy significantly improved the PFS of EGFR mutation-
positive patients compared with carboplatin and paclitaxel
in the first-line setting (Mok et al. 2009).

Our multivariate analysis indicated that PS and EGFR
mutations were significant prognostic factors (Table 4 and
Fig. 4), which is consistent with the first report of prospec-
tive EGFR mutation screening for NSCLC patients by
Sutani etal. (2006). Many investigators believe that
patients with EGFR mutations who are treated with EGFR
TKIs have significantly longer survival than do patients
with EGFR wild-type who are treated with EGFR TKIs
(Han et al. 2005; Mitsudomi et al. 2005; Takano et al.
2005). However, this point is still controversial, because
some researchers demonstrated that chemotherapy patients
with EGFR mutations survived for a longer period than did
chemotherapy patients who were EGFR wild-type (Bell
et al. 2005; Eberhard etal. 2005). Takano etal. (2008)
reported that EGFR mutations are both prognostic and pre-
dictive factors. Furthermore, after approval of gefitinib in
Japan, median survival of EGFR mutation-positive patients
with advanced lung adenocarcinoma was 27.2 months. The
median survival time, which was similar to that observed in
our study, was never observed in advanced/metastatic
NSCLC patients treated with conventional chemotherapy.
According to Takano et al. (2008), the favorable median
survival time was caused mainly by gefitinib treatment.

Several recent studies have reported that patients with
exon 19 deletions had superior response rates, PFS, and
0S8, as compared with patients with the L858R mutations
(Jackman et al. 2006; Mitsudomi et al. 2005; Riely et al.
2006). In this study, clinical outcomes in patients with exon

19 deletions, compared with outcomes in patients with the
L858R mutation, did not differ significantly (data not
shown). This finding is consistent with previous reports
from East Asia showing almost the same survival benefit of
gefitinib in patients with either type of mutation (Morita
et al. 2009; Takano et al. 2008; Wu et al, 2008).

Recently, a Japanese phase II trial of first-line gefitinib
for patients with advanced NSCLC harboring EGFR muta-
tions without indication for chemotherapy demonstrated the
benefit of first-line gefitinib for EGFR mutation-positive
patients with extremely poor PS and/or with high age,
yielding a favorable response rate of 66%, median survival
time of 17.8 months and 1-year survival rate of 63% (Inoue
et al. 2009). However, we cannot make a conclusion with
respect to the timing of gefitinib therapy in the gefitinib-
first group and chemotherapy-first group for EGFR muta-
tion-positive patients with good PS and an age <75 years.
Our results suggest that EGFR mutation-positive patients
benefit from either first- or second-line gefitinib mono-
therapy. Currently in Japan, two ongoing, prospective, ran-
domized trials are exploring treatment with gefitinib or
standard chemotherapy (cisplatin + docetaxel in the trial
conducted by the West Japan Oncology Group;
carboplatin + paclitaxel in the trial conducted by the North-
East Japan Gefitinib Study Group), with the primary end-
point of PFS in patients with EGFR mutations. Results
from these trials will provide conclusive results with
respect to gefitinib timing for NSCLC patients with EGFR
mutations in terms of both PFS and OS.
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