experienced discase relapse outside the thorax and within the
thorax, respectively, Two patients experienced discase
relapse both within and outside the thorax. The most

~ ‘Concurént ERY median: 208 dayir
v Sequential CRT meédion:. 216 days-
P=0.9715
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0. 360 720 1080 1440 1800 2160 2520 ‘2880
days

Figure 1. Kaplan—Meier curves for the progression-free survival (PFS) of
patients aged 75 years or older treated with concurrent chemoradiotherapy
(CRT) snd sequential CRT are shown (concurrent CRT, red dashed line; so-
quential CRT, blue continuous ling), The median PFS was 208 days In con-
current CRT and 216 days in sequential CRT. There was no statistically
signifieant difference between the two groups (Jog-rank P = 0,9715).
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common first
patients, 42%).
Table 5 shows the adverse cvents in these 12 patients.

failure organ was the brain (five

. Although there were moderate Ievels of hematological toxici-

ties, gastrointestinal toxicities tended to be mild. It is note-
worthy that Grade 3 or more severe pneumonitis occurred in
four patients (33%).

DISCUSSION

Our investigation is important as it includes a considerable
number of LD-SCLC patients aged 75 years or older who
have been treated with CRT. Moreover, as this study docu-
ments a precise clinical course (i.e. treatment response, PES,
08, treatment compliance and adverse events), it will enable
physicians to determine the optimal treatment strategy for
this category of patients.

Two previous research papers have detailed clinical
course data in studies similar to ours. In one study, seven
LD-SCLC patients aged 75 years or older were treated with
etoposide plus cisplatin or carboplatin and with concurrent
TRT (14). TRT treatment was delayed for more than 7 days
in three of the seven patients, Three experienced Grade 3 or
more severs febrile neutropenia, and three experienced

Table 4. Adverse cvents in patients treated with concurrent CRT and sequential CRT

Concurrent chemoradiotherapy (n = 5)

Sequential chemoradiotherapy (n = 15)

Grl Gtz  Gr3 Gr4 2Gr3 (%) Al(%W) Gri Gr2 Gr3 Gr4 2Gr 3 (%) All (%)
Leukopenia 0 0 3 2 100 100 1 6 8 0 53 100
Neotropenia 0 0 0 5 100 130 i 0 3 i1 93 160
Anemia 0 4 1 0 20 100 3 7 2 0 13 80
Thrombocytopenia 2 2 H 0 20 100 6 3 3 1 27 87
Fatigue 1 H i 0 20 60 7 2 0 1 0 60
Anorexia 2 i 1 0 20 80 6 5 [1} 0 0 73
Constipation 2 2 1] 0 0 80 12 1 [ 0 0 87
Nausea 2 2 4] 0 0 80 6 1 0 0 ] 47
Infection 0 2 0 1] 0 40 1 1 1 0 7 20
Febrile neutropenia 0 9 3 0 60 60 0 0 2 0 13 13
Bitirubin 1 0 [ 0 0 20 2 1 [{] 0 0 20
AST t] ] 0 0 0 ] 2 0 0 0 13
ALT 1 0 0 0 0 20 3 6 0 0 20
Hyponatremia 2 [i] 0 i 20 &0 4 0 1 1 13 40
Creatinine elevation 1 0 0 0 0 20 3 2 0 0 0 33
Poenmonitis 4 0 0 0 0 80 7 0 3 1 27 73
Esophagitis 1 3 1 0 20 100 S 4 6 0 60
Dermatitis 4 6 i} o 0 80 9 4 0 0 60
Eruption 2 0 ] 0 0 40 i 1 (4] 0 0 i3

Gr, grade; AST, aspantate aminotransfernse; ALT, alanine aminotransferase.
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Figure 2, The Kaplan—Meler curve for the PFS (A) and overall survival (OS) (B) of 12 patients aged 75 years or older, treated with etoposide plus carbopla-
tin followed by sequential thoracic radiotherapy is shown, The median PFS and OS were 244 and 601 days, respectively.

Table 5. Adverse events in patients treated by etoposide plus carboplatin
and sequentiaf radiotherapy, n = 12

Grl Gr2z Gr3 Gré 2Gr3(%) Al(H)
Leukopenia ] 6 6 ] 50 100
Neutropenia 0 1} 3 9 100 100
Anemia 2 5 2 [} 17 75
Thrombocytopenia 4 3 2 1 25 83
Fatigue 5 2 g 0 0 58
Anorexia 5 4 0 0 1] 75
Constipation 8 1 4] 0 0 83
Nausea 5 6 0 90 0 42
Infection 1 1 1 ¢ 8 23
Febrile neutropenia O 0 2 0 17 17
Bilirubin 1 1 0 0 0 17
AST 3 0 ) 0 0 8
ALT 3 0 ¢ (4} 4] 25
Hypenatremia 3 0 0 0 0 25
Creatinine elevation 2 2 0 0 1] kX ]
Prenmonitis 5 ¢ 3 1 33 75
Esophagitis 5 3 0 0 0 67

Grade 4 thrombocytopenia, One patient died due to radiation
preumonitis and this was judged as treatment-related death.
In the second study, the outcome of elderly patients aged 70
years or older, five of whom were 75 years or older, who
received early concurrent CRT with four cycles of etoposide
plus cisplatin, was reported (15). Of the 12 patients in this
report, & (67%) experienced Grade 3 or more severe febrile
neutropenia. Of the five patients aged 75 years or older,
three could not complete the four cycles of chemotherapy
and all five experienced delayed TRT for more than 7 days.

In our study, five patients received concurrent CRT and two
could not complete the chemotherapy course due to toxici-
ties, TRT was discontinued in one patient and another
experienced delayed TRT for more than 7 days dye to toxici-
ties. These patients suffered from prolonged toxicities and
their quality of life decreased for a long time. Moreover, it is
speculated that fitter patients were treated by concurrent
CRT and more fragile patients were treated by sequential
CRT. Therefore, it is suggested that concurrent CRT is not
feasible for all LD-SCLC patients aged 75 years or oider.
Moreover, a high frequency of discontinuation, dose reduc-
tion and omission of chemotherapy/TRT in concurrent CRT
may lead to a similar PFS as that achieved with sequential
CRT.

Based on the previous Phase 1II study which investigated
chemotherapeutic regimen for elderly or poor-risk patients
with ED (extensive disease)-SCLC (16) and the convenient
administration schedule of carboplatin, etoposide (80 mg/m?)
on days 1-3 plus carboplatin (AUC 5) on day 1 followed by
sequential TRT 45Gy in twice-daily fractions or S0 Gy in a
once-daily fraction was the most frequently used treatment

method for LD-SCLC patients aged 75 years or older in our-

institute. In our study, the major adverse events of etoposide
plus carboplatin followed by sequential TRT were hemato-
logical toxicities, including neutropenia and thrombocyio-
penia. Gastrointestinal toxicities such as anorexia, nausea,
vomiting and constipation were very mild. All of the toxici-
ties were manageable and no treatment-related death oc-
curred. The response rate, OS and PFS were satisfactory,
when taking the patients’ characteristics in our study and the
results of the previous Phase I studies that evaluated CRT
for LD-SCLC patients aged 70 years or older, into account
(17, 18). However, as Grade 3 or more severe pneumonitis
occurred in 4 of 12 patients (33%) similar to a retrospective
subset analysis of LD-SCLC patients treated with etoposide
plus cisplatin and concurrent early CRT in a Phase I trial
(10), attention should be paid to the occurrence of radiation
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pneumonitis. It may be appropriate to set the radiation
field based on the tumor volume after induction chemo-
therapy to reduce the frequency and severity of radiation
pneumonitis (19). On the other hand, the previous Phase
TII study have also shown etoposide plus split doses of cis-
piatin seems to be another standard chemotherapeutic
regimen for elderly or poor-risk patients with ED-SCLC
(16). Etoposide plus split doses of cisplatin on days 1-3
followed by sequential TRT could be a candidate for the
standard treatment of LD-SCLC patients aged 75 years or
older. However, because only three patients were treated
by etoposide plus split doses of cisplatin on days 1-3 fol-
lowed by sequential TRT, it is hard to lead a definitive
conclusion in this study.

Our study has a few limitations, The intervals between

evaluations for lesions in this study were not as accurate
as those in a prospective study. The severity of non-
hematological toxicities, in particular, may have been
underestimated in the present study due to its retrospective
nature. Patients were treated as inpatients during most of
the treatment period, and the toxicity data were recorded
in detail in the patients® medical records, The sample size
in this study is not very large; therefore, it is difficult to
reach a definitive conclusion. However, as it is not easy to
collect data on a large number of LD-SCLC patients
aged 75 years or older who have received CRT, this study
may be useful for physicians trying to determine the
optimal treatment strategy for LD-SCLC patients aged
75 years or older.

In conclusion, it is suggested that concurrent CRT is not
feasible for all LD-SCLC patients aged 75 years or older.
Etoposide (80 mg/m®) on days 1-3 plus carboplatin
(AUC 5) on day 1 followed by sequential TRT is one of the
candidates for the standard treatment of these elderly
LD-SCLC patients. A further prospective clinical trial is
warranted to develop and evaluate the optimal treatment
method for LD-SCLC patients aged 75 years or older.
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A Phase 3 Study of Induction Treatment
With Concurrent Chemoradiotherapy Versus
Chemotherapy Before Surgery in Patients
With Pathologically Confirmed N2 Stage IIIA
Nonsmall Cell Lung Cancer (WJTOG9903)
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LUng cancer is the leading cause of cancer death in most industrialized countries. Nonsmall cell hung cancer (NSCLC)
accounts for approximately 80% of all lung cancers. One-third of patients with NSCLC are found to have locally
advanced tumoss (stage IIIA or IIIB) at the time of initial diagnosis. Pulmonary resection remains the only accepted mode
of therapy and hope for potential cure in patients with early stage I or Il NSCLC. However, patients with stage ITIA, N2
disease are at subsmantial risk of recurrence and death even after complete surgical resection. The resectability of patients
with stage I Jocally advanced lung cancer is only 14% to 20%, and the corresponding 5-year survival rate ranges from
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13% to 36%."% When pathologic involvement of the
mediastinal fymph nodes is documented prior to surgical
resection, a high rate of both local and distant failure with
resection alone has provided the rationale for a combined
modality approach consisting of induction chemotherapy
or chemoradiotherapy before surgery.. Induction therapy
has several theoretical advantages,® such as increasing the
sensitivicy of rumors in early-stage disease, decreasing the
tumor volume to enable better local control in subsequent
surgery, faster eradication of clinically undetected micro-
metastatic disease, and better padent tolerance and com-
pliance compared with postsurgery treatments,

With regard to preoperative chemotherapy for stage
LA lesions with mediastinal lymph node metastasis, 5
randomized clinical trials of induction chemotherapy
prior to surgery have been conducted.*® Two of these
studies involved small cohorts (n = 60) that included
mainly stage 1A, N2 disease, and showed a significanc
survival ‘advantage associated with induction chemothex-
apy compared with surgery alone.>® None of the other tri-
als reporeed any beneficial outcome for bimodality
therapy compared with sutgery alone. 78

Induction treatment using combined concurrent
chemoradiotherapy prior to surgery resulted in NSCLC
cure tates of 30% to 40% at 5 years and appeared to
improve survival over treatment with surgery alone’!
We conducted a phase 2 trial of induction chemoradio-
therapy before surgery in 22 patlents with stage IIIA
NSCLC who have pathologically proven mediastinal
lymph node metastasis.’> The chemotherapy regimen
used was cisplatin and etoposide, and the radiation dosage
was 40 Gy. The response rate was 649% and the S-year sur-
vival rate was 41%. Subsequently, we conducted a phase 2
study of induction chemoradiotherapy before susgery in
40 early stage NSCLC (stage IB, I)."® Carboplatin (AUC
= 5), and doceraxel (60 mg/m?} were administered once
every 3 weeks for 2 cycles concurrent with 40 Gy radia-
tion. In patients with no evidence of disease progression,
thoracotomy was performed 3 to 5 weeks later. All the
patients completed induction chemoradiotherapy, and 39
patients underwent thoracotomy and were completely
resected. There were no treacment-related deaths, and
estimated S-year survival was 69.9%. Induction concur-
rent chemotherapy {carboplatin plus docetaxel) with 40
Gy of thoracic radiotherapy was considered to be feasible
and tolerable, Based on the findings of these 2 previous
phase 2 urials, we planned a phase 3 study in which
patients with pathologically documented stage I1IA. (N2)
NSCLC were randomized to either an induction chemo-

cancer December 15, 2012

therapy followed by surgery (CS) arm, or an Induction-
concusrent  chemoradiotherapy followed by surgery
(CRS) arm. The primary endpolnt of this trial was the
overall survival rate at 5 years,

MATERIALS AND METHODS

Eligibllity

The present study was undertaken at multiple academic
and community hospitals in Japan. The 6th edition of the
TNM staging system was used to stage the lung cancers

- using a computed romography (CT) scan of the chest and
-upper abdomen; bone scan; and CT or magnetic reso-

nance imaging (MRI) scan of the brain, Inclusion criteria
were stage 1IIA (pN2) disease: T1, T2, or T3 primary
NSCLC with pathological proof of N2 disease {from
biopsy samples of the ipsilateral mediastinal nodes that
were visible on a CT scan). The size of the metastaric
mediastinal lymph node was more than 1 cm along the
short axis. Patients were assessed together by a thoracic
surgeon, 2 radiation oncologist, and a medical oncologisc
or pulmonologist to establish whether N2 disease was
present to the extent that concurrent chemortherapy and
radiotherapy were indicated instead of definitive resec-
tion. It was also necessary to determine whether each
lesion was potentially resectable, Additional inclusion cci
terla were measurable disease as defined by the World
Health Organization (WHO), an Eastern Cooperative On-
cology Group performance status of O or I, and adequate
hemarologic, hepatic, cardiac, renal (serum creatinine
< 1.5 mg and creatinine dlearance > 40 mL/hour), and
pulmonary functions (including partial pressure of arterial
oxygen {Pa0y] > 70 Torr, forced expiratory volume in 1
second [FEV) 6] > 1.5 L), The exclusion criteria were prior
malignancy other than nonmelinoma skin cancer or
adequately treated stage I in sitn cervical cancer, uncon-
trolled angina pectoris, a histoty of congestive heart failure
or myocardial infarction within 3 months, pulmonary
fibrosis detectable by CT scan, chronic obstructive pulmo-
nay disease (FEV ¢ < 65%), and greater than 10% weight
loss within the previous 6 months,

All pacients provided written informed consenc after
study approval by the institational review board of each
participating center,

Study Desfgn and Treatment

In the current phase 3 multicenter trial, patients were ran-
domly assigned on a 1:1 basis to an induction CS arm or
an induction CRS arm (Fig. 1), The patients were then
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| Assessedfor eligibility (N=50) |

;——-—J Patients rendomly assigned (N=60) l-—

Allocatedo A A{CS amn) Allocatedio Amm B {CRS emn}
Induction chemotherapy followed by srgery induction chemoradiotherapyfollowed by surgery
{N=26} N=31)
————ﬁmging rsconduct (chﬂ
Recelved Received

Induction chemotherapy followsd by surgery
{N=28)
Susvival anelysis, Response by WHO criteria

Induction chemoradiotherapy followed by surgery

N=29
Suvival analysis, Response by WHO criteria

—! Missing sefety data (N=1) |

—{ Missing safely data (N=1) ]

E Safety analysis (N=28} ]

| Setoly analysls (N=28) |

Flguro 1. CONSORT diagram Is shown for this study. CRS indicates concurrent chemoradiothsrapy followed by surgery; €S, chem-

otharapy followed by surgery; WHO, World Health Organization.

stratified by sex, institution, and number of mediastinal
lymph nodes. The induction chemotherapy involved 2
cycles of carboplatin (area under the receiver operating
curve [AUC] = 5 on days 1, 22, intravenous infusions)
and docetaxel (60 mg/m® on days 1, 22, intravenous infir-
sions). Thoracic radictherapy (40 Gy in 20 fractions of
2 Gy over 4 weeks) was also administered from day 1 in
the CRS arm (Fig. 2)

All patients were treated with a linear accelerator
photon beam of 6 MV or more. At the commencement of
this muld-insticutional study, a 3-dimenstonal (3D) treat-
ment planning system using CT was not available at some
of the participating institutions. Hence, 2-dimensional
(2D) treatment planning techniques were allowed, Radia-
tion doses were. specified at the center of the target
volume, and doses were caleulated assuming cissue homo-
geneity without correction for lung tissues, The primary
tumor and involved nodal disease received 40 Gy in 2 Gy
fractions over 4 weeks via the anterior and posterior
opposing portals. Radiation fields included the primary
tumor with 2 margin of at least 1.0 cm, and the ipsilateral
hilum and mediastinal nodal areas with 2 margin of 0.5 to
1.0 cm from the paratracheal lymph nodes (#2) to 4.5 cm
below the tracheal bifurcaton including subcarinat lymph
nodes (#7). The contralateral hilum was not included.
The supraclavicular areas were not treated routinely, buc
the ipsilateral supraclavicular area was treated when the
primary umor was located in the upper lobe,

6128

The patients were reassessed using CT scan plus
repeat pulmonary function tests 2 to 4 weeks afier com-
pletion of the induction therapy. The response to induc-
tion was assessed by WHO criteria without the need for a
second confitmation of response. If the disease had not
progressed and the patient remained medically healthy, 2
tomplete surgical resection with a mediastinal lymph
node dissection was performed 3 or 4 weeks after the
induction therapy was completed. No consolidation
chemotherapy was administered after surgery. Dose-
reduction guidelines wete specified in the protocol for
both treatrnent arms. Patients in the CRS arm who could
not be treated surgically within 6 weeks after induction
therapy received further radiotherapy of up to 66 Gy in
33 fractions i total, In this boost radiotherapy procedure,
the spinal cord was excluded from the radiation fields.

Patients were scheduled for a chest CT scan 4 to 6
weeks after completion of the last chemotherapy cycle and
were followed up every 2 months for at least 5 years, Dur-
ing this time, the patients received CT scans of the chest
and upper abdomen, CT or MRI scans of the brain, and
bone scans every 6 months,

Statistical Methods

Analyses were performed by intencion to treat, using only
eligible patients. The primary endpoint was the survival
rate at 5 years. Overall survival {OS) was defined as the
time from randomization te death from any cause

Cancer  December 15, 2012
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Secondary endpoints were the response rate and the toxic-
ity of induction therapy, resectability rate, downstaging
rate, death from any cause, operative morbidity, progres-
slon-free survival (dcfined as the time from randomization
to disease progression), and patterns of failure, We calcu-
lated the sample size assuming a 2-sided log-rank test wich
a type | error rate of 0.05 and 80% statistical power, and a
follow-up of 5 years.

The target sample size was 180 patientss to detect a
20% absolute improvement in the CRS arm,' assuming

20% 5-year OS in the CS arm. Kaplan-Meier methods.

were used to estimate the median OS and PES. The HRs
and the 95% confidence intervals {Cls) were estimated
using the Cox proportional hazards regression model, and
the OS and PFS were analyzed using the log-rank test.

RESULTS

Patient Characteristics

Between December 2000 and August 2003, 60 patients
were randomly assigned and 58 patients were treated. The
2 untreated patients (both in the CRS arm) did not satisfy
the efigibility criteria and wete excluded from the subse-
quent analyses. Because of the slow patient accrual, this
study was terminated at 60 enrollments in accordance
with 2 Data Safety and Monitoring Committee recom-
mendation made in December 2005. Patient characteris-
tics were well-balanced in terms of age, sex, histology,
smoking history, and TNM stage. The chemotherapy
cycles of induétion therapy did not differ between the CS
arm (mean 2 & 0 standard deviation) and the CRS arm
(mean 1.9 = 0.3 standard deviation). Regarding the num-
ber of patients possessing multistation mediastinal lymph
node metascases, there was no difference between the 2
arms (P=.297; Table 1).

Cancer December 15, 2012

Table 1. Patlent Demographics

Characteristic cs CRS P

Reglstered patients 28 31

Median age (range), ¥ 57.0 (36-70)  5B.0 (34-88) 847

Sax (M/F) 19/10 21/10 858

Ristology {adenocarcinoma/ 16/8/5 23/5/3 422
squamous carcinoma/othar)

Smoker/nonsmoker 2277 23/8 881

T 1/2/3 11/14/4 11/18/2 877

N 0/1/283 0/0/28/0 0/0/30/1 228

Lymph node station 16114 11/20 287
{singlo/muliiple)

Mo/t 29/0 30/ 1.000

Staging misconduct 1] . 2

Survival analysis 29 28

Missing safety data 1 1

Safety data analysls 28 ]

Abbreviaions: ORS, concunent chemoradiotherapy followed by surgery;
3, chemolherapy.foflowad by surgsry,

The 25 patients (89%) in the CS arm and 20
patients {71%) in the CRS arm completed 2 cycles of
chemotherapy at full dose. There was no difference in
dose intensity of docetaxel and carboplatin between the 2
arms. Docetaxel dose intensity in each arm was as follows:
1.00 = 6.00 (CS arm, fisst course), 0.99 = 0.04 (CS arm,
second course), 1.00 % 0.00 (CRS arm, first course),
0.94 = 0.08 (CRS arm, second course). Carboplatin dose
intensity in each arm was as follows: 0.97 = 0.16 (CS
arm, first course), 0.95 & 0.12 (CS arm, second course),
1.00 = 0.00 (CRS arm, first course), 0.88 -+ 0.14 (CRS
arm, second course).

In the CRS arm, 28 of 29 patients received 40 Gy of
radiation dose as scheduled and the remaining 1 patent
received only 34 Gy because of neutropenic fever. A total
of 77% of patients underwent 3D treatment planning
radiation using compured tomography.

Treatment Efficacy

The tumor response for the induction therapy was 7 PRs,
19 NCs, 2 PDs in the CS arm, and 7 PRs, 19 NCs, 2 PDs
in the CRS arm, Overall response rate was 25% in both
arms. The number of patients who underwent surgery was
25 of 29 (86.2%) in the CS arm and 26 of 29 (89.7%) in
the CRS arm. The reasons for patients not undergoing
susgery were PD in 2 patients, no recovery of P§ afier
chemotherapy in 1 patient, and patient refusal in 1 patient
in the CS arm, and PD in 2 patients and no recovery from
adverse events in 1 patient in the CRS arm. Postprotacol
treatment of patients not undergoing surgery was radio-
therapy in 2 patients, chemoradiotherapy in 1 patient,
and best supportive therapy in 1 patienc in the CS arm,
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Table 2. Toxicity, From National Cancer Institute Common Toxicity Criteria, Version 2.0

Adverse Evont Chemotherapy + Surgery
(n =28}

Grade f + 2 Grade 3 + 4
Nausea 13 (67.9%) 4]
Vomiting 2 (7.19%) 0
Faver 5 (17.8%) 0
Dyspnea . 0 0
Infection 27.1%) 2 {7.196)
Peripharal neuropathy 2 (7.196} 1]
Allergle reaction 1 (3.6%} i)
Dysphagla o 0
Leukopenta 12 (42,9%) 13 (46.49)
Nautropenla 6 {21.4%) 21 (75.09%)
Anemia 25 (89,3%6) ]
Thremboeytopenia 12 {42.89%) 1
Increased transaminase 8 (28,69%) ]
Increassd creatinine 2 (7.19%) i}

Chemoradiotherapy + Surgery P

{n = 28)
Grade 1 + 2 Grade 3 + 4
21 (75.0%) 3 (10.794) 854
7 (26.0%6) 1 (3.694) 038
14 (50.0%) 0 011
1(3.8%) 0 313
4 (14.39%6) 1 (3.6%) 716
103,696} 4] 553
5{17.8%) 0 084
8 {32.1%) 0
2{7.196) 28 (92.8%) 075
3{10.7%) 25 (89.3%6) 818
24 (85.736) 2 (7.1%) 538
18 (87.9%%) 2 (7.196) 014
12 (42.89) 1 (3.89%) 168
7 (25.0%5) 0 .089

and single-agent chemotherapy in 3 patlents in the CRS
arm. The downstaging rate was 20.8% (5 of 24, missing
data 1 patient) in the CS arm and 40.0% (10 of 25, miss-
ing data 1 patient) in the CRS arm (P = .215). After
downstaging, pTNM of patients in the CS arm was
pTINOMO, pT2NOMO, pT3NOMO, pTINIMO, and
pT2N1MO in 1 patient each. On the contrary, pTNM of
patients in CRS arm was TONOMO in 3 patents (pacho-
logic complete response), TINOMO in 2 -patients,
T2NOMO in 4 patients, and T2N1MO in 1 patient. The
surgical procedures used and the number of patients treated
were as follows: lobectomy in 20, bilobectomy in 3, wedge
resection plus segmentectomy in 1, and pneumonectomy
in 1 (the CS arm); lobectomy in 23, bilobectomy in 1, and
exploratory thoracotomy in 2 (the CRS arm).

Toxicity

. Table 2 summarizes the toxicity characteristics among the
treated patlents. The most common toxicity was a grade 3
or 4 Jeukopenia in 26 patients (92.9%) in the CRS arm
and 13 patients (46.4%) in the CS arm (P = .075). Grade
3 or 4 neutropenia was teported in 25 (89.3%) and 21
(75.0%) patients in the CS arm (P = 313). Grade 3 or 4
thrombocytopenia was reported in 2 patients (7.1%) in
the CRS atm but was not observed in any padient in the
CS arm. Among the nonhematological roxicitles, grade 1
or 2 vomiting was reported in 7 (25,0%) cases in the CRS
arm and in 2 (7.1%) in the CS arm (P = .036). Grade 1
or 2 fever was reported in 15 patients (50.0%) in the CRS
arm and 5 (17.9%) in the CS arm (P =.,011). Grade ! or
2 dysphagia due to radiation was reported in 9 patients
{32.1%) in the CRS arm. Other toxicities durlng induc-
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tion therapy did not differ between the arms. No treat-
ment-related deaths were reported throughout the trial in
either arm,

Survival and First Relapse Site

Median follow-up times for surviving patients in the CS$
and CRS arms were G0.7 months (range 1.8 to 86.5
months} and 60,8 months (range 44.5 to 87.5 months),
respectively. Progression-free survival (PFS) did not
improve in the CRS arm versus the CS arm (median, 12.4
months vs 9.7 months; HR = 0.68 [95% CI = 0.38-
1.21}, P =.187; Fig. 3A), Overall survival (OS) also did
not improve in the CRS arm versus the CS arm (median,
39.6 months vs 29.9 months; HR = 0.77 [95% CI =
0.42-1.41), P = .397; Rig. 3B). The 3-year survival rates
in the CRS and CS arms were 51.7% and 39.3%, and the
3-year PES rates were 34.5% and 17.9%, respectively.
The median OS of patients with and without downstag-
ing in the CRS arm was 72.1 months and 31.2 months,
respectively (HR = 4.16 [95% Cl = 1.16-14.93}, P =
.018). In the CS arm, these values were 32.6 months and
29.0 months, respectively (HR = 1.47 [95% CI = 0.424-
5.09), P=542). Exploratory analyses of all patients from
both arms according to mediastinal downstaging showed
that patients without downstaging (n = 35) had a median
PES of 9.4 months and a 3-year PES rzte of 14.3%
(Fig. 4A). However, patients with downstaging (n = 15)
had a significantly longer median PES of 55,0 months
and a 3-year PFS rate of 60.0% (HR = 3.39 [95% Cl =
1.54-7 48], P = ,001). In terms of the OS, patlents wich-
out downstaging had a median OS 0f 29,5 months, with a
3-year survival rate of 40.0% (Fig. 4B). In contrast,
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Figure 3. Curves are shown for (A) prograssion-free survival (PFS) and (B) overall survival analyses, Ci, confidance Interval; CRS,
concurrent chemoradiotherapy followed by surgery; CS, chemotherapy followed by surgery; MST, median survival thne,

patients with downstaging had a significanily longer OS
of 63.3 months, with a 3-year survival rate of 66.7%
(HR = 2.62 [95% CI = 1.12-6.09], P =.021).

Relapse was noted in 25 patients out of 28 in the CS
arm {missing data 1) and in 24 out of 29 in the CRS arm.
Local lymph node relapse in the CS arm and CRS arm
occurred in 7 and 5 patients, respectively. Distant relapse
occurred in 13 and 15 patients in the CS and CRS arms,
respectively. Local and distant relapses occurred in 5 and
4 patients in the CS and CRS arms, respectively (Table 3),
It Is noteworthy that the brain and lung are the most fre-
quent sites of distant metastasis (21 patients). One notable
difference in the relapse pattern was the recurrence in the

cancer  December 15, 2012

radiation field of the hilar and mediastinal lymph nodes.
This was 41% (12 of 29 patients) in the CS§ arm, signifi-
cantly higher than the 17% (5 of 29 patients) found in the
CRS z2em (P == .0435, chi-square test).

DISCUSSION

Our present study focuses on stage IHIA disease with
pathologically proven mediastinal lymph node metastasis
by investigating whether CRS would confer a better
5-year survival than CS. The observed trend was of a bet-
ter O8 and PHS in the CRS arm than in the CS arm., The
median OS in the CRS and CS arms was 39,6 months
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Flgure 4, Curves are shown for (A) prograssion-free survival (PFS) and (B) overall survival of all resected patlents according to
downstaging. Cl Indicates confidence interval; CRS, concurrent chemoradiotherapy followed by surgery; CS, chemotherapy fol-

lowed by surgery; MST, median survival time.

and 29.9 months, respectively. The median PFS in the
CRS and CS arms was 12.4 months and 9.7 months,
respectively. These differences are not statistically signifi-
cant due o the small sample size. Howeves, the median
OS in the CRS arm in our study is clearly favorable com-
pared with previous reports (13-32 months) in which
patients with stage II[A and TIB élsease were treated with
preoperative chemoradiotherapy.””? In particular, Albain
et al recently reported 2 phase 3 study of concurrent che-
moradiotherapy with of without surgical resection for
stage ITIA, N2 NSCLC." The median OS with and with-
out surgery was 23.6 months and 22.2 months, respec-
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tively (P= .24) and the median PFS was berter in patients
with surgery (12.8 months vs 10.5 months, 2= .017). In
further exploratory analysis, the median OS was improved
in the surgical group when a lobectomy Wwas performed
compared with 2 matched nonsurgical group (33.6 months
vs 21.7 months, P = .002). However, the OS for patients in
the pneumonectomy subgtoup of the surgical cohort was
not significantly poorer than that of the matched cohort in
the nonsurgical group (18.9 months vs 29.4 months). A
randomized study conducted by the German investigators
directly compared CS with CRS in patents with stage
HIA-TIIB NSCLC."® The incerventional-concurrent group
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Table 3. First Relapse Site

Relapse Site CS{n=25 CRS(h =249
Local 7 5
Rilar/mediastinal 7 3
lymph node®
Supraclavioular 1 3
lymph node
Distant 13 15
Lung 5 1
Bone 3 4
Liver 2 3
Brain 9 9
Para-zortic ymph noda 0 2
Others 0 4
Local 4 distant 5 4
Hitar/mediastinal 5 2
lymph node®
Supraclavicular 2 3
lymph node
Lung 3 2
Bone 1 0
Pericardium 2 0
Braln 1 2
Others 2 0

Abbraviations: CRS, concumrent chemoradiotherapy followsd by surgery;
CS, chemotherapy followed by surgery.
2Rocurence ln the radlation fleld,

was to receive 3 cycles of cisplatin and ctoposide, followed
by twice-daily radiation (total 45 Gy) with concurrent
weekly carboplatin and vindesine, and then surgical resec-
tion. The control chemotherapy group was to recelve 3
cycles of cisplatin and etoposide followed by surgery and
then further radiotherapy. OF 524 eligible patients, 142 of
264 (54%) in the interventional group and 154 of 260
(59%) in the control group underwent surgery; 98 of 264
(37%) and 84 of 260 (32%) underwent complete resec-
tion, There was no significant difference according to the
treatmient group for PFS (intervention group: median
9.5 months vs control group: 10.0 months) or for OS
{median 15.7 months vs 17.6 months). This may be duc
to the fact that they enrolled a substantal proportion of
patients with a high disease burden (15% with T4N2 and
22% with T4N3),

Systemic chemotherapy is another neoadjuvant
treatment modality that has been administered before sur-
gery. The postsurgery OS in these cases was found to
range from 20 to 28.7 months, and the 3-year survival
rate ranged from 17% to 45%.*% More recently, van
Meerbeeck et al conducted a phase 3 trial that investigated
the role of surgery versus radiotherapy after induction
chemotherapy in 579 patients with pathologically docu-
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mented scage I1IA, N2, NSCLC.' Patients reccived 3
cycles of platinum-based chemotherapy, and nonprogres-
sors were then randomized for surgery (n = 164) or cho-
racic radiotherapy {n = 165). The median and 5-year OS
values for patients assigned to the resection group versus
the radiotherapy group were 16.4 versus 17.5 months and
15.7% versus 14%, respectively (HR = 1.06 [95% CI =
0.84-1.35]). However, the median OS was poorer than in
our present study (39,6 months in the CRS arm) or in the
study by Albain etal (23.6 months in chemoradiotherapy
in the surgery arm),

The response rate from induction chemoradiother-
apy in our study was relatively low (25%) and is poorer
than the 59% to 74% reported for other concutrent che-
moradiotherapy studies.””? The most likely reason is that
the period between induction therapy and surgery in our
patients was shott and shrinkage could not be confirmed
in many cases, which resulted in a low response rate and a
high stable disease rate (67.9%). Another possible reason
Is thatin the present study we used a suboptimal preopera-
tive radiacion dose schedule (40 Gy in 20 fractions over 4
weeks), A better response rate is typically achieved follow-
ing a higher radiation dose (45 Gy)'* or hyperfractionated
accelerated irradiation.” ! 1517918 Ay exploratoty analysis
showed that the OS of our patients with downstaging
(72.1 months) was significantly better than that of
patients without downstaging (31.2 months) in the CRS
arm (P == ,008), although this survival benefit in patients
with downstaging was not demonstrated in the CS arm
(P = .542). Although the in-field recurrence was signifi-
cantly higher in the CS arm compared with the CRS arm,
this did not translate to better PES or OS in the CRS arm
because there was no significant difference of distant and
distant + local recurrence between the 2 arms (CS vs
CRS, 18/28; 64% vs 19/29; 65%). The number of
patients having multistation lymph node discase in the
CS arm was relatively high (14 of 29, 52%) compared
with the CRS arm (11 of 31, 35%). This tendency might
have led to low downstaging rate in the CS arm because
irradiation has potent local control effect. The high down-
staging rate and the absence of treatment-related death in
our CRS arm translated into a longer median O (39.6
months) and higher 3-year survival rate (51.7%). Choi
etal® conducted a phase 2 study of an induction treatment
involving twice-daily radiation and concurrent chemo-
therapy in 42 patients with stage IIA NSCLC, and
reported that the 5-year survival rate in patients with pach-
ological complete response (79%) was significandy higher
(P = .04) than that in patients with pN1 (42%) or pN2
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(15%). In addition, Betticher et al'? conducted a multi-
center phase 2 trial of the efficacy of necadjuvant doce-
taxel-cisplatin in 90 patlents with NSCLC who had
locally advanced N2 disease. Using multivariate analyses,
they demonstrated that mediastinal clearance {(downstag-
ing rate: 60%,; P = .0003,) and complete resection (P =
.0006) were strong prognostic factors. These data indicate
that, in patients with stage IIJA NSCLC, downstaging in
mediastinal ymph nodes significantly improves the sur-
vival outcome. Small sample size and low downstaging rate
appear to be reasons why the same tendency was not
observed in our patients in the CS arm, Downstaging may
be related to a chemotherapy regimen and chemotherapy
cycles delivered, because cisplatin is generally more effective
than carhoplatin in inducing tumor shrinkage, and tumer
response is most efficacious at 3 cycles of chemotherapy.”®

Induction chemotherapy or chemoradiotherapy in
our present trial was well tolerated by padents in both
arras, with excellent treatment compliance, No grade 3/4
fever was found in either arm, despite the high incidence
of grade 3/4 neutropenia (75% in the CS arm, 89.3% in
the CRS arm), nor was any grade 3/4 radiation esophagitis
observed in the CRS arm. Conversely, grade 3/4 esophagi-
tis has been recorded in 8% to 53% of patients where radi-
ation was delivered in a hyperfractionated accelerated
fashion.”*"17!® More importantly, no treatment-related
deaths were observed in either arm in our trial during the
induction and postoperative periods, Lobectomies may be
safely performed following induction therapy, whereas
pneumonectomy, especially on the right, may carry an
unacceptable rate of perioperative mortality.'*1> The
appropriate selection of patients to undergo resection fol-
lowing induction therapy is thus critical.

Our study was prematusely terminated because of
poor accrual rate. We assume several reasons for poor
accrual, The first reason was stage migration that
upgraded former stage [IIA disease to stage IV disease due
to mote frequent usage of brain MRI and positron emis-
sion tomography in staging. Hence, the number of stage
IITA N2 patients is not as large as a decade ago. The see-
ond reason was the difference of definition of resectability
between thoracic surgeons and pulmonary physicians (or
medical oncologists). The third reason was the preference
of surgeons and/or medical oncologists to ‘weat their
patients with more effective chemoradiotherapy in terms
of local control. The final reason was the reluctance of
some thoracic surgeons to carry out preopesative chemo-
radiotherapy due to the possibilities of postsurgical com-
plications. This theme of induction therapy before
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strgery is extremely vital, and therefore we will have to
overcome poor accrual in future randomized phase 3
trials. To accomplish the trial, it is very important to per-
form diagnostic procedures such as mediasitinoscopy, thor-
acoscopy; ot bronchofiberscopic transhronchial biopsy. We
also need to establish less toxic chemotherapy regimens
such as catboplatin plus paclitaxel or platinum compounds
plus pemetrexed, adopt less toxic radiation modality, make
consensus on openbility among surgeons and medical
oncologists, and recruit more participating institutions.

Conclusions

The addition of radlotherapy to the induction chemother-
apy regimen for stage IITA (N2) NSCLC appears to confer
better local control without adding significant adverse
events. The favorable local control in this CRS arm did
not translate to a significanc survival difference, We con-
sider this was due to the small sample size. Tumor down-
staging after induction therapy is an important factor for
improving patlent survival.
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Summary Infroduiction This study prospectively evaluated
the efficacy and safety of pemetrexed and carboplatin
followed by maintenance pemetréxed in cheno-naive patients
with advanced nonsquamous non-small cell lung cancer
(NSCLC). Methods A. tota] of 109 patients received
pemetrexed (500 mg/m?) and carboplatin (area under the
curve = 6 mp/mLmin) every 21 days. For patients without
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disease progression after 4 cycles, pemetrexed was continued
until disease progression orunaceeptable toxicity. Pre-planned
subgroup analysis results based on the presence of epidermal
growth factor receptor (EGFR) mutations are also presented.
Resulis The median number of treatmient cycles was 5 (ranige:

—-30) in the entire study period. Most of the gmde =3 toxic-
ities observed were hematologic i in natte, with no increase in
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the relative incidence associated with continuation maintenance
therapy with pemetrexed, Among the 106 total patients assess-
able for efficacy, the objective response rate was 35.8 %, me-
dian progression free survival (PFS) 5.7 months, and median
overall survival (OS) 20.2 months. Sixty patients received
maintenance pemetrexed (median: 4 cycles, range: 1-26 cy-
cles); median PFS from the beginning of induction treatment
was 7.5 months. From the subgroup analysis for EGFR muta-
tion status, the median OS of EGFR wild-type patients (n=61)
was 20.2 months. Conclusions Pemetrexed/carboplatin
followed by pemetrexed was well tolerated and active for
front-line treatment of advanced nonsquamous NSCLC.
Encouraging survival outcomes were observed even in
EGFR-wild type patients,

Keywords Pemecirexed - Carboplatin - Continuation
mairtenance - Nonsquamous NSCLC - EGFR mutation
status

Introduction

Lung cancer is the most common type of cancer globally and
the leading cause of cancer death [1]. Approximately 85 % of
patients with lang cancer have non-small cell Iung cancer
(NSCLC), and 70 % of NSCLC is inoperable, locally ad-
vanced, or metastatic [2]. Currently, nonsquamous histology
has been an important determinant for clinical outcome in
NSCLC patients treated with pemetrexed or bevacizumab
chemotherapy {3-8]. In addition, oncogenic driver mutations,
such as EGFR mutation and fusions of echinoderm
microtubule-associated protein-like 4 (EM1A4) and anaplastic
tymphoma kinase (ALK), were found in a subset of patients
with nonsquamons NSCLC, A higher proportion of tumors
harboring EGFR mutations were reported in East Asian com-
pared with Caucasion patients {9]. While some molecular-
targeted agents, such as gefitinib, etlotinib and crizotinib, have
dramatically improved overall survival in the population har-
bering these targetable oncogenic gene alterations, prognosis
of the other wild-type patients with NSCLC remains to be
improved [10-16].

Pemetrexed, 8 potent multitargeted antifolate, inhibits
thymidylate synthase, dihydrofolate reductase, and glycinamide
ribonucleotide formyliransferase, all of which ate involved in
the de novo synthesis of purines or pyrimidines [17].
Pemetrexed is the key drug in the treatment for nonsquamous
NSCLC patients, showing consistently superior efficacy com-
pared with standard treatments [4-7]. Recently, a new treatment
paradigm using pemetrexed for continuation maintenance ther-
apy after 4 cycles of pemetrexed/cisplatin has been reportedin a
large phase IH trial [18], Continuation maintenance therapy
with pemetrexed improved PFS and OS in patients with ad-
vanced nonsquamous NSCLC compared with placebo.
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While pemetrexed/cisplatin followed by pemetrexed main-
tenance therapy is the standard treatment in nonsquamous
NSCLC, carboplatin-based regimens have been widely used
as @ substitute for cisplatin-based regimens due to their lower
toxicity and more conventence for administering in outpatient
treatment settings. However, clinical outcomes of continuation
therapy with petnetrexed following pemetrexed in combination
with carboplatin have not fully been addressed. This study was
conducted to evaluate efficacy, including the survival outcome
and safety of pemetrexed/carboplatin combination therapy
followed by continuation maintenance with pemetrexed in
chemo-naive patients with advanced nonsquamous NSCLC.
Given that EGFR mutation status has recently become a key
factor for the overall treatment plan of advanced NSCLC, we
also assessed the efficacy data according to the EGFR mutation
status using a pre-planned analysis.

Materials and methods
Eligibility

Patients 20 years of age or older with histologically or cytolog-
ically confirmed advanced NSCLC, other than predominantly
squamous cell histology, were eligible for the study. Each
patient was required to have clinical stage 1B, stage IV or
recurrent disease, a lesion not amenable fo curative radiation,
and no history of prier chemotherapy [19]. Eligibility stipulated
an Eastern Cooperative Oncology Group (ECOG) performance
status of 0 or 1, and adeguate function of the lungs, bone
marrow, liver, and kidneys. The criteria for organ function
specified baseline resting arterial oxygen saturation (SpO,)
on room air 293 %; kemoglobin >9.0 g/dL, white blood cells
>3000/mm?, neutrophils >1560/mm?, platelets >100,000/mm?,
aspartate aminofransferase (AST)/slanine aminotransferase
{ALT) <2.5 times upper limit of normal (ULN), total bilirubin
<1.5 times ULN, creatinine <1.5 times ULN, and 24-h creati-
nine clearance or calculated creatinine clearance >45 mL/min
as estimated by the Cockoroft and Gault formuls. Patients were
required to have 1 life expectancy of af least 12 weeks and no
brain metastases other than stable, asymptomatic, or treated
metastatic brain tumors, This study was conducted following
good clinical practices and the ethical principles outlined in the
Declaration of Helsinki, This study protocol was approved by
the institutional review board at each participating cen-
ter. All patients signed written informed consent before
enrollment. The trial has been registered under the nomber
NCT 01020786.

Study design and treatment

This was an open-label, multicenter, single arm, prospective
postmarketing study. The primary objective was to evaluate
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the efficacy, as measured by PFS, of this study treatment in
patients with advanced nonsquamous NSCLC who received
at least one dose of the initial combination therapy. Secondary
endpoints, including OS, disease control rate (DCR), overall
response rate (ORR), and safety, were also evaluated.

Eligible patients received pemetrexed 500 mg/m? through a
10-min intravenous infusion foflowed by intravenous infusion
of carboplatin at a dose corresponding to target area under the
curve (AUC) equal to 6 mg/ml-min (AUCE) over at least
30 mir on day 1. This combination therapy was repeated
every 21 days for up to 4 cycles. After 4 oycles, patients with
complete response (CR), partial response (PR), or stable dis-
ease (SD) received maintenance therapy with pemetrexed
500 mg/m® every 21 days until evidence of disease progres-
sion or development of unaccepfable toxicities. All patients
received oral folic acid (0.5 mg) daily and a vitamin By,
(1 mg) injection every 9 weeks, beginning at least 1 week
before the first dose and continuing until 3 weeks after the last
dose of study treatment.

Subsequent cycles of treatment were withheld untit the fol-
lowing eriteria were satisfied: neutrophil count >1500/mm’,
platetet count >100,000/mm®, hemoglobin >8.0 g/dL, ECOG
performance status <1, SpO; 293 %, AST/ALT £2.5 times
ULN, total bilirubin <1.5 times ULN, and 24-h creatinine
clearance or calculated creatinine clearance >45 mL/min as
estimated by the Cockeroft and Gault formula, other tolerable
nonhematologic toxicity, and a decision by the physician. If
these criteria were not satisfied within 29 days from the date of
dose administration in the cycle because of adverse events, the
pemetrexed dose was reduced from 500 to 400 mg/m? or from
400 to 300 mg/m®, and the carboplatin dose was reduced from
AUCS to an AUC of 5 mg/mL-min (AUCS5) or from AUCS to
an AUC of 4 mg/mI min (AUC4). Any patient who required a
third dose reduction was withdrawn from the study. In addition,
if the next cycle had not started within 43 days from previous
dosing due to toxicity, the patient was discontinued.

Baseline and treatment assessments

Baseline evaluations included medical history, physical exam-
ination, electrocardiogram, tumor status, ECOG performance
status, clinical laboratory test, and EGFR mutation status.
Testing for EGFR mutations was outsourced from each insti-
tution to commercial clinical laboratories in Japan, Computed
" tomography was performed for tumor assessment within
21 days of initiation of study treatment and was repeated every
6 weeks thereafter. All responses were defined according to
Response Evaluation Criteria in Solid Tumors (RECIST)
criteria, version 1.0, If a patient was documented as having a
CR ora PR, a confirmatory evaluation was performed after an
interval of at least 4 weeks. The patient was considered to have
SD if it was confirmed and sustained for 6 weeks or longer
after the start of study treatment. PFS was defined as the time

from enroliment to the date of confirmation of progressive
disease (PD) or the date of death from any cause (whichever
occurs earlier), Patients who received any subsequent system-
ic anticancer therapy prior to objective PD or death would be
censored at the date of the last objective progression-free
disease assegsment prior to starting the subsequent systemic
anticancer therapy. Overall survival was defined as the time
from enrollment until death from any cause. For patients with
unknown death status, OS would be censored at the last date
the patient was known to still be alive.

Toxicities were graded according to the National Cancer
Institate Common Terminology Criteria for Adverse Events,
version 3.0,

Statistical methods

The sample size of 100 patients had a power of 90 % at
a one-sided type I error rate of 0,05 to compare PFS of
this study regimen versus the first-line platinum-based
combination therapy as a constant value under the fol-
lowing assumptions: the expected PFS of the first-line
therapy of platinum-based combination regimen was 5 months,
the expected PES of this stady treatment was 7 months, the
enrollment period was 8 months, and the follow-up period was
12 months.

Efficacy and safety analyses were planned to be performed
on patients who received at least one dose of the treatment,
Since some patients had significant protocol violations during
the study, they were excluded from the efficacy analysis prior
to the database lock. In this manuscript, the efficacy was
assessed on the latter data set.

Time-to-event variables were analyzed using Kaplan-
Meier estimation technigues, including Kaplan-Meler curves,
quartiles, and interval estimation using 90 % and 95 % con-
fidence intervals (Cls). For DCR and ORR, 95 % ClIs were
caloulated using the exact test. Prespecified subgroup analyses
for PFS and ORR based on EGFR mutation status were also
included.

Results
Patient characteristics

Patient disposition is shown in Fig, 1. Between December 2009
and July 2010, 111 patients with recurrent or newly diagnosed,
advanced nonsquamous NSCLC were enrolied at 25 clinical
sites in Japan. Two patients were subsequently discontinued
from the study for not meeting entry criteria, and 109 patients
received the study treatment. Baseline characteristics are sum-
marized in Table 1. The median age for the treated population
was 63 years (range: 38-78 years), and 40 patients (36.7 %)
were female. Other key characteristics at baseline included
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Fig. 1 Patient disposition

adenocarcinoma histology (97.2 %) and stage 1V disease
(66.1 %).

Treatment delivery

Patients received a median of 5 cycles (range: 1-30) of treat-
ment in the entire study period, with 75 patients (68.8 %)

Table 1 Patient characteristics

Characteristics N=10% %
Age (1)
Median 63 -
Range (min, max) 18-78 -
Gender (1)
Male 69 63.3
Female 40 36.7
Performance status ()
0 37 33.%
1 72 66.1
Disease stage (1)
HIB 33 303
v 72 66,1
Recurrence 4 3.7
Histology (n)
Adenocarcinoma’® 106 97.2
Large cell lung carcinoma 3 2.8
EGFR mutation status ()
Positive 24 22,0
Negative 63 57.8
Unkuown 3 2.8
Not done i9 174

“ One patient’s fumor was reclassified as squamous cell carcinoma afler
study entry, and the examination of EGFR gene type was not done
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completing at least 4 cycles. After completion of 4 cycles of
carboplatin and pemetrexed combination therapy, 60 patients
(55.0 %) continued pemetrexed monotherapy with a median
of 4 cycles (range: 1-26) in the maintenance period. The
remaining 15 patients did not receive pemetrexed mainte-
nance therapy due to disease progression (8 cases), adverse
events (4 cases), investigator decision (2 cases), or patient
decision (1 case).

Overall, 30 patients (27.5 %) out of 109 experienced dose
reductions, and 66 patients (60.6 %) experienced dose delay
due to adverse events, mainly due to myelosuppression.
Among the 60 patients in the maintenance period, 10 patients
(16.7 %) had a dose reduction, and 33 patients (55.0 %) had a
dose delay due to toxicities.

Efficacy

Out of 109 patients, 106 were evaluable for efficacy analy-
sis, Three patients were excluded for the following reasons:
revised diagnosis of squamous cell carcinoma during- the
study (1 patient), diagnosis of another active malignancy
(1 patient), and delivery of pemetrexed and carboplatin in
the wrong sequence during the initial combination period
(1 patient). There were 38 partial responses and no complete
responses, yielding an ORR of 35.8 % (95 % CI: 26.8 %
45.7 %} (Table 2). Forty-one patients (38.7 %} bad stable
disease, yielding an overall DCR (CR + PR + SD) of 74.5 %
(95 % CI: 65.1 %—82.5 %) (Table 2). At the median follow-
up period of 18.5 months (range: 2.1-24.4 months), the
median PFS and OS were 5.7 months (95 % CI: 44—
7.3 months) and 20.2 months (95 % CI: 16,7 months—not
calculable), respectively (Table 2 and Fig. 2).

Among 60 patients who received continuation mainte-
nance with pemetrexed, the median PES from the beginning
of induction treatment was 7.5 months (95 % CI: 6.5-
8.3 months); median OS was not calenlable, with a 1-year
survival rate of 89.7 %. In the 46 patients who discontinued
study treatment before receiving pemetrexed maintenance,
on the other hand, the median PFS was 2.8 months (95 %
CIL: 2.2-3.0 months), median OS was 8.6 months (95 % CI:
5.7-14.3 months) and 1-year survival rate was 46.8 %.

Sub-group analysis: EGFR mutation status

In the present study, EGFR mutation status was evaluated in
85 (80 %) of 106 patients evaluable for efficacy; 24 patients
harbored an activating EGFR gene mutation, whereas 61
patients were EGFR wild-type. We prospectively performed
subgroup analysis of efficacy according to EGFR mutation
status. The ORR in the patients with and without EGFR
mutations were 37.5 % (95 % CI: 18.8 %-59.4 %) and
36.1 % (95 % CI: 24.2 %—49.4 %), respectively (Table 2).
The median PFS was 5.7 months (95 % CI: 5.2-7.2 months)
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Table 2 Treatrent outcome

EGFR mutation

Entire period Total (¥=106) Positive (NV<=24) Negative (N=61)
Median PFS, mo 5.7 57 6.9

95 %Cl 4.4-1.3 5.2-~72 4.3-7.8

Median 08, mo . 202 Mot calculable 20.2

95 % Cl 16.7-Not calcnlable 20.2-Not calculable 14.2-Not calculable
Overall best response, 7 (%) .

Complete response 0(0.0) 0 (8.9) 0 (0.0}

Partial response 38(35.8) 9 (37.5) 22 (36.1)

Stable disease 41 (38.7) 8(33.3) 27 (44.3)
Progressive discase 20 (18.9) 3(12.5) 10 (164)

Not evaluable 7 (6.6} 4(16.7) 2 (3.3}
Ovemall response rate, n (%) 38 (35.8) 9 (31.5) 22 (36.1)

95 %Cl 26.8-45.7 18.8-59.4 24.2-494
Disease control sate, n (%) 79 (14.5) 17 {70.8) 49 (80.3)

95 % CI 65.1-82.5 48.9-87.4 68.2-89.4

€7 confidence interval, PFS progression-fiee survival, mo month(s), O overail survival

for EGFR mutation-positive patients and 6.9 months (95 %
ClI+4.3-7.8 months) for EGFR wild-type patients (Table 2).
At the time of analysis, the median OS was not calculable
for EGFR mutation-positive patients, but 1-year survival
rate was 95.7 %; the median OS of patients with EGFR
wild-type tumors was 20.2 months (95 %CL 14.2 months-
not calculable) with a 1-year survival rate of 68.1 % (Table 2
and Fig. 3a). In EGFR wild-type patients, the median O8 of
tliose who were treated with pemetrexed continugtion main-
tenance (n=37} was notably longer compared with that of
24 patients who did not continue pemetrexed meintenance,
whereas OS resulis in the patients who harbored EGFR
activating mutation were similar among those with (n=14)
or without (7=10) maintenance therapy using pemetrexed
(Fig. 3b).

Safety

All 109 patients who received the initial combination therapy
were assessable for safety analysis. The major adverse events
for each treatment period (entire, initial combination, and
miintenance periods) are shown in Table 3. Hematologic
toxicities reaching > grade 3 were neutropenia (56.0 %),
thrombocytopenia (41.3 %), anemia (29.4 %), and leukopenia
{22.0 %). Northematologic foxicities observed in more than
half of patients included appetite loss (75.2 %), nansea
(74.3 %), fatigue (67.9 %), and ALT increased (514 %), but
the incidence of toxicities of grade 3 or higher was less than
10 %. The majority of adverse events were observed during
the initial 4 cycles of pemetrexed-and carboplatin combination
therapy. Common toxicities > grade 3 observed in the

maintenance period were similar to those observed during
the initial combination treatment period, including nentrope-
nia (38.3 %), thrombocytopenia (16.7 %), leukopenia
{11.7 %), and anemia {10.0 %). Newly emerged or dete-
riorated toxicities during maintenance periods were rare-
ly observed. No treatment-related deaths were reported
in this study,

Discussion

This was a prospective, multicenter clinical study of first-line
combination therapy with pemetrexed and carboplatin
followed by maintenance therapy with pemetrexed in
chemo-naive patients with advanced nonsquamous NSCLC,
This regimen achieved a response rate of 35.8 %, median PFS
of 5.7 months, and median OS of 20.2 months. Although the
fower limit of one-sided 95 % CI of PES seen in this trial
{4.4 months} did not exceed the prior assumption of a median
PES of 5.0 months, the survival results were striking. Since
patients with EGFR-mutation positive advanced NSCLC had
dramatically improved survival outcomes following treatment
with EGFR tyrosine kinase inhibitors, the proportion of such
patients in this tsial may have had an impact on this favorable
survival outcome [10-14]. However, the median OS of
20.2 months in 61 EGFR wild-type patients was much longer
than expected [13], which was still encouraging.

Our study also confirmed findings from an earlier
phase II study which showed excellent tolerability of
the pemetrexed/carboplatin combination as a first-fine chemo-
therapy [20], Similarly, our stady supported both the safety of
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Fip, 2 a. Kaplan-Meier curves for progression-free survival curve
(solid line) with 95 % confidence band {dashed lines). b, Kaplan-Meier
curves for overall survival curve (solid ling) with 95 % confidence
band (dashed lines)

pemetrexed and carboplatin as an initial therapy for advanced
nonsquamous non-smatl-cell lung cancer, and also the feasi-
bility of pemetrexed as a maintenance therapy in these pa-
tients. The most common hematologic toxicity reaching
grades 3 or 4 was neutropenia, but febrile neutropenia oc-
cusred in only 1 ease, Grade 3 or4 thrombocytopenia was also
frequently observed and 7.3 % of patients received platelet
transfusion. However, this condition was considered manage-~
able without any severe bleeding events. There was also no
increase in the incidence of hematologic toxicities associated
with continuation maintenance with pemetrexed, With regard
to nonhematologic toxicity, there were no grade 3 or 4 toxic-
ities encountered in >10 % of patients throughout the study
treatment. No unexpected toxicities were observed.
Pemetrexed is used in the maintenance setting for advanced
nonsquamous NSCLC, following the results of the
PARAMOUNT study, in which continuation maintenance
therapy with pemetrexed following induction therapy with
pemetrexed/cisplatin resulted in significantly improved PFS
and OS [18, 21]. In the present study, the favorable tolerability
profile of pemetrexed maintenance after induction of
pemetrexed/carboplatin is reflected in the observation that
55 % of patients were able to continue on pemetrexed
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monotherapy with a median of 4 cycles, The median PES of
7.5 months from the beginning of induction treatment in 60
patients who received maintenance therapy with pemetrexed
is consistent with the finding of the PARAMOUNT study
where a median PFS of 6.9 months was achieved by contin-
uation maintenance with pemetrexed [18]. Although there are
limitations when comparing results from different studies,
these data suggest that pemetrexed continuation maintenance
therapy is effective whether cisplatin or carboplatin is used for
the induction chemotherapy. In our ad-hoc exploratory analy-
ses, FGFR wild-type patients who continued with pemetrexed

- as a maintenance therapy demonstrated marked OS compared

with those who did not receive maintenance therapy, whereas
there was no obvious difference in OS of 24 EGFR-mutation
positive patiets, regardless of maintenance treatment. Given
that most these patients (10 of 14 patients with pemetrexed
maintenance, 9 of 10 patients without maintenance) received
gefitinib or erlotinib as poststudy treatment, a good outcome
could have been achieved in patients harboring the targetable
oncogenic gene alterstions by subsequent treatment with these
active therapies, even though they did not continue
pemetrexed maintenance. Although this stady was not a
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Fig, 3 a. Overall survival by EGFR mutation status. b. Overall sur-
vival by EGFR mutation status and maintenance-treated status
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Table3 Toxicity by treatment period

Enlire period Initia) combination period Meaintenance period
N=109) (N=309) =60}
Any Grade Grade 3 Grade 4 Any Grade Grade 3 Grade 4 Any Grade Grado 3 Grade 4
Hematologic (%) (%) # (%) a(%) 1 (%) n (%) n (%) n(%) 1 {%)
Leukopenia 83 (76.1} 24 (220) - 82(75.2) 23 201) - 43 (71D 7017 -
Neutropenia 86 (78.9) 47(43.1) 15 (13.8) 84 (7.1} 45 (41.3) 4128 44 (73.3) 2) 35.0) 31590
“Thrombocytopenia 94 (86.2) 30 27.5) 15 (13.8) 94 (86.2) 10 (27.5) 15(13.8) 40 (66.7 0167} _
Anenia 98 (89.9) 32 29.4) 2018 98 (89.9) 3184y 2(18) 52 (86.7) 2(13.3) "
Any Grade Grade 23 Any Grade Grade 23 Any Grade Cmde >3
‘Non-hematologic " (%) n (%) u (%) 2 (%) %) %)
Appelito loss 82 (752} 6(5.5) 81 (74.3) 6(5.5) 21 (35.0) -
Nausea 81 (743) 1 {09} 80 (73.4) 1(6.9) 21 (35.0) -
Vomiling 42 (38.5) 3(28) 42 (38.5) 3.8 467 -
Fatigue 74 (67.9) 2(1.8) 69 (63.3) 2(L8) 33 (55.0) -
Rash 32(294) 189 29{26.6) 1(0.9) 6 (10.0) -
Fever 22(20.2) 1(8.9) 204{183) 1(0.9) 350 -
Alopecia 3(7.3) - 873 - 3(5.0) -
Neuropathy 10 9.2 - 764 - 5@83) -
ALT increased 56 (51.4) 7{64) 49 @50 5 (4.6 30 (50.0) 350
AST increased 55 (50.5} 2.8 43 (39.4) £(0.9) 34(56.1) Hn
ALTslanine ASTasp
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