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ORIGINAL ARTICLE

Dose-Escalation Study of Thoracic Radiotherapy in
Combination With Pemetrexed Plus Cisplatin in Japanese
Patients With Locally Advanced Nonsquamous Non-Small

Cell Lung Cancer

A Post Hoc Analysis of Survival and Recurrent Sites

Seiji Niho, MD, PhD,* Hiroshi Nokihara, MD, PhD,{ Keiji Nihei MD, PhD,}

Tetsuo Akimoto, MD, PhD,} Minako Sumi MD, PhD,§ Yoshinori Ito, MD,§ Kiyotaka Yoh MD,*
Koichi Goto, MD, PhD,* Hironobu Ohmatsu, MD,* Hidehito Horinouchi MD,+
Noboru Yamamoto, MD, PhD, T Ikuo Sekine, MD, PhD, T Kaoru Kubota, MD, PhD, T
Yuichiro Ohe, MD, PhD,* and Tomohide Tamura MDT

Objectives: We performed a post hoc analysis of progression-free
survival (PFS), overall survival (OS), and recurrent sites in patients with
locally advanced nonsquamous non-small cell lung cancer who were
enrolled in a phase I trial of combination chemotherapy consisting of
pemetrexed plus cisplatin with concurrent thoracic radiotherapy.

Methods: Patients received pemetrexed (500mg/m?) plus cisplatin
(75mg/m?) on day 1 every 3 weeks for 3 cycles plus concurrent
thoracic radiotherapy consisting of 60 Gy (n=6) or 66 Gy (n=12); 4 to
6 weeks thereafter, patients received consolidation treatment with
pemetrexed (500mg/m?) every 3 weeks for up to 3 cycles. We
reviewed the medial records to collect data on progression, recurrent
sites, late toxicity, and survival.

Results: No late radiation morbidity was observed. Thirteen patients
(72%) exhibited disease progression: 8 patients had distant metastases,
8 patients had local recurrence (within the radiation field [n=6], outside
the radiation field [n=2], and both [n=1]), and 3 patients had local
recurrence plus distant metastases. The median PFS was 10.5 months
(95% confidence interval [CI], 8.8-12.3), and the 3-year PFS rate was
28% (95% CI, 7.0-48.6). Ten of the 18 patients died of lung cancer. The
median follow-up time for the censored cases was 42.8 months (range,
38.1 to 52.9 mo). The median OS was 27.3 months (95% CI, 13.1-41.6),
and the 3-year OS rate was 50% (95% CI, 26.9-73.1).

Conclusions: The median PFS and OS in our study were comparable
to those of historical chemoradiotherapy controls.

Key Words: cisplatin, pemetrexed, thoracic radiotherapy, overall
survival, progression-free survival
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latinum-based chemotherapy and concomitant thoracic
radiotherapy (TRT) are the standard of care for patients
with unresectable locally advanced non—small cell lung cancer
(NSCLC). Third-generation anticancer agents, such as pacli-
taxel, docetaxel, gemcitabine (GEM), and irinotecan cause
intolerable esophagitis and/or pneumonitis, if they are con-
currently administered with TRT. Therefore, these agents are
usually administered weekly at a low dose when used for
chemoradiotherapy.! ™
Pemetrexed (PEM) is an inhibitor of thymidylate synthase
and other folate-dependent enzymes, including dihydrofolate
reductase and glycinamide ribonucleotide formyl transferase.
PEM plus cisplatin (CDDP) has enabled a statistically superior
overall survival (OS) period in chemonaive patients with
advanced nonsquamous NSCLC compared with GEM plus
CDDP.>5 Nowadays, combination chemotherapy consisting of
CDDP plus PEM is a standard regimen for patients with
advanced nonsquamous NSCLC. In addition, PEM reportedly
has a radiosensitizing potential when evaluated in vitro.” The
tolerability of full-dose chemotherapy consisting of CDDP plus
PEM combined with TRT has been confirmed in several phase
/11 studies conducted in western countries.®~!> We conducted a
dose-escalation study of TRT used in combination with PEM
plus CDDP followed by PEM consolidation therapy in Japanese
patients with locally advanced nonsquamous NSCLC. The
dose-escalation study was funded by Eli Lilly Japan (K.K.).
Concurrent TRT at a total dose of 66 Gy combined with PEM
plus CDDP was found to be feasible in the Japanese pop-
ulation.!* The objectives of the dose-escalation study included
the determination of the recommended TRT dose, safety, and
response. Here, we report the results of a post hoc analysis of
progression-free survival (PFS), OS, recurrent sites, late tox-
icity, and poststudy treatment in those patients who were
enrolled in the above-mentioned dose-escalation study.

PATIENTS AND METHODS

Patient Population and Study Treatment
The design and results of the dose-escalation study have
been published previously.'* Briefly, eligible patients had
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Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Niho et al

American Journal of Clinical Oncology * Volume 00, Number 00, Il 2014

100 -

75 4

50 4

Overall survival (%)

25 4

0

MST: 27.3 months (95% ClI, 13.1 to 41.6)
3-year survival rate: 50% (95% Cl, 26.9 to 73.1)

0 12 24

36 48 60

Time (months)

No. at risk 18 17 13

9 2

FIGURE 1. Overall survival curve for 18 eligible patients. Cl indicates confidence interval; MST, median survival time.

nonsquamous NSCLC with unresectable stage IIIA or IIIB
disease. The clinical stage was diagnosed according to the 6th
edition of the TNM Classification of Malignant Tumors.
Patients received PEM (500 mg/m?) plus CDDP (75 mg/m?) on
day 1 every 3 weeks for 3 cycles. The first 6 patients were
given TRT at a total dose of 60 Gy concurrently, and the next
12 patients were given TRT at a total dose of 66 Gy con-
currently. TRT was initiated by anteroposterior opposed fields
up to 40 Gy/20 fractions, including elective nodal irradiation to
the mediastinum. A booster dose was added to the primary
lesion and metastatic lymph nodes by oblique fields at a total
dose of 60 or 66 Gy. Treatment planning was based on com-
puted tomography (CT) simulation. The primary lesion and
metastatic lymph nodes were defined as gross tumor volume.
Subclinical lymph node regions were included as clinical tar-
get volume for elective nodal irradiation. The planning target
volume was defined as clinical target volume plus appropriate
margins (horizontal 0.1 to lcm; vertical 1 to 2cm) in
expectation of some setup errors and respiratory motion. Four
to 6 weeks after the completion of the chemoradiotherapy,
PEM (500 mg/m?) was administered on day 1 every 3 weeks

100

50 o

for up to 3 cycles as a consolidation chemotherapy. Safety was
assessed until 30 days after the completion of the protocol
treatment in the dose-escalation study. After the 30-day fol-
low-up period, physical examinations, toxicity assessments,
chest x-rays, and blood tests were conducted every 1 to 3
months, as necessary, as part of our standard clinical practice.
For instance, if tumor progression was clinically suspected
based on the patient’s symptoms, physical examination, chest
x-ray, and/or elevation of serum tumor markers, a CT scan of
the chest and abdomen, magnetic resonance imaging or CT
scan of the brain, bone scan, and/or positron emission
tomography were performed.

Study Design and Statistical Analysis

The endpoint of the dose-escalation study did not include
the PFS or OS. Response and safety were assessed until 30
days after the completion of the protocol treatment. We ret-
rospectively reviewed the medical records of patients who
were enrolled in the dose-escalation study to collect data on
progression, recurrent sites, late toxicity, poststudy treatment,
and survival.

Median PFS: 10.5 months (95% Cl, 8.8 to 12.3)
75 | 3-year PFS rate: 27.8% (95% Cl, 7.0 to 48.6)

Progression-free survival (%)

25

0 v v

0 12 24

No. at risk 18 8 5

36 48 60

Time {months)

5 : 1

FIGURE 2. Progression-free survival (PFS) curve for 18 eligible patients. Cl indicates confidence interval.
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The OS was defined as the interval between the start of

> - o~ =
chemoradiotherapy and death or the final follow-up visit. The s £ $ 2 ;
PFS was defined as the interval between the start of chemo- S 5 5 < © <
radiotherapy and the first documented evidence of disease £ =2 Z g oy
progression or death, whichever occurred first. The time-to- = :fn <, N
event distributions were estimated using the Kaplan-Meier £ < a &
method. The present study was approved by an institutional % - — <
review board. = |85 ‘Z"‘ =
> |E=8S & =
RESULTS § |8~ g =
2 =% g g
Recurrent Sites and Late Toxicity s « ~
Between November 2008 and December 2010, a total of 20 2 n
patients were enrolled in the dose-escalation study, and 18 < = S < < 0
patients received the protocol treatment. Thirteen patients (72%) g -S| = z &
had disease progression and recurrence: 8 patients had distant 9 -
metastases, 8 patients had local recurrence (within the radiation : 2 ~ .
field [n=6], outside the radiation field [n=2], and both [n=17), = L ! < <
and 3 patients had local recurrence plus distant metastases. Dis- % ‘: E_‘: S f >
tant metastases included the brain (n=3), adrenal gland (n=2), 5 SOl o ® ©,
bone (n=2), liver (n=2), and lung (n=2). The sites of distant 3 3 °\.: % = pi
metastasis overlapped in some cases. ‘ £ = | — — =
As we reported previously, 8 patients developed grade 2 U -
or 3 pneumonitis (1 patient developed grade 3 and 7 patients T ? s
developed grade 2). Five patients required steroid therapy, g £3 £
leading to an improvement in the radiation pneumonitis.!4 E’ 3 = s
None of the patients experienced a recurrence of pneumonitis g €288 I i b
after the follow-up period of the dose-escalation study. No late g |8 g~ 2
radiation morbidity was observed. = |8 § g
£ = )
PFS and OS s | @ o
The median PFS was 10.5 months (95% confidence 5 o= E
interval [CI], 8.8-12.3mo), and the 2- and 3-year PFS rates 5 £ K
were both 27.8% (95% CI, 7.0%-48.6%). Ten of the 18 2 E 2l o w . g
patients died of lung cancer. The median follow-up time for the o = ° b E
censored cases was 42.8 months (range, 38.1 to 52.9mo). The § s % g 3 3 5
median OS was 27.3 months (95% CI, 13.1-41.6 mo), and the g § ;-3 %
3-year OS rate was 50% (95% CI, 26.9%-73.1%) (Figs. 1, 2). é’ A g =
>
Poststudy Treatment 5 w8 . 5
Of the 13 patients who progressed after the protocol § £z E’ E\Eo %5, % 3
treatment, 8 patients received cytotoxic chemotherapy, 5 3 28y Ex = o g
patients received epidermal growth factor receptor tyrosine g :g 2 §D§ 5“\5 ;i -
kinase inhibitor, and 3 patients received both treatments. Two % K] g Es o g E . ©
patients received only best supportive care including whole £ £3 <@ =83 =] 5
brain irradiation. One patient underwent salvage surgery. This S CO|BLE s =8 |3
patient was a 54-year-old man who had a 4.6 cm mass invading S 8 I I ,‘;
the mediastinum, in the right upper lobe of the lung. The " X =
mediastinal (#4R) and hilar (#10R and 11s) lymph nodes were 8 > B .8 .8 z
swollen. A transbronchial biopsy revealed NSCLC, not oth- = g' T PESRETS|
erwise specified, and transbronchial aspiration cytology S . E = ?é‘ ;3 g ;3 £ | 5
revealed an adenocarcinoma, because many malignant cell £8 tS|ERBES FES x| =
clusters with papillary structure were observed. We diagnosed ©5 B3| PELElGPng)
. . . . . =] £ meEs Y Es 9§
this patient as having an adenocarcinoma of the lung with Sal § E S agHIR go) &
clinical T4N2MO and stage IIIB. He entered this clinical trial w5 S f,?};: B+ RAx+E|S
and received 3 cycles of CDDP plus PEM and concurrent TRT £ o 8 =R A
of 66 Gy followed by 2 cycles of consolidation chemotherapy S 5 © © £
with PEM. A partial response was achieved; however, 1 year 8 = . :g =,
and 2 months after the start of the chemoradiotherapy, the right >\L§ 2 213 > ® 8
hilar mass had increased in size. No other recurrent lesions gl £ g
were observed. He underwent salvage surgery consisting of a £ S " £
right pneumonectomy. The pathologic diagnosis was moder- =3 3 4 Z f
ately to poorly differentiated squamous cell carcinoma of the w g § 0273 2 g a
lung. One year and 5 months after the salvage surgery, he 2 _‘g %l % é‘ 2 ©
developed a right supraclavicular lymph node metastasis =< #l s O =
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without any other recurrent lesions. The initial TRT field did
not include this region. To date, the patient has received
radiotherapy to the right supraclavicular lymph node.

DISCUSSION

Combination chemotherapy consisting of CDDP plus
PEM is one of the standard chemotherapy regimens for
advanced nonsquamous NSCLC.® Our study and previous
clinical trials demonstrated that full-dose chemotherapy con-
sisting of CDDP plus PEM could be administered concurrently
with TRT.®!! Therefore, combination chemotherapy consist-
ing of CDDP plus PEM and concurrent TRT has been con-
sidered promising. However, the median PFS was 10.5 months
in our study, which is comparable to historical controls for
chemoradiotherapy in patients with advanced NSCLC.!2 Other
phase II studies of CDDP plus PEM and concurrent TRT
revealed a median PFS of 12 to 13 months (Table 1).%1° These
studies included patients with a squamous cell histology (21%
to 26%). In contrast, the 2-year OS rate was 72% in our study,
which is numerically better than that in the previous studies.
Patient accrual for a global phase III study comparing CDDP
plus PEM versus CDDP plus etoposide in combination with
TRT for locally advanced nonsquamous NSCLC has been
completed. However, an official announcement of the results
of the global study has not yet been made.

A subset analysis of 3 large-scale randomized studies
demonstrated that nonsquamous patients treated with PEM-based
therapy experienced a longer survival period than squamous
patients. %515 Since then, PEM has not been recommended for the
treatment of squamous cell carcinoma of the lung. In contrast, an
exploratory analysis of OS in a randomized phase II study of
PEM, carboplatin, and TRT with or without cetuximab revealed
no significant difference in OS between the squamous and non-
squamous patients.'® The eligibility criteria for our study were
restricted to a nonsquamous histology; however, pathologic
examination of the salvage surgery specimen revealed a squ-
amous cell carcinoma of the lung in 1 patient. Thus, a completely
accurate pathologic diagnosis is difficult based only on cytology
or small biopsy samples.

No late radiation morbidity was observed in this study;
however, 8 of the 18 patients (44%) experienced grade 2 or 3
radiation pneumonitis. Five patients required steroid therapy. In
general, pneumonitis sometimes recurs during the tapering of
steroids. Fortunately, the recurrence of pneumonitis was not
observed in this study. At least, a phase II study on CDDP,
PEM, and TRT is warranted to evaluate the safety of this reg-
imen in Japanese patients, as drug-induced pneumonitis, such as
that caused by gefitinib and erlotinib, is more frequently
observed in Japanese patients than in non-Japanese patients. A
randomized phase II study comparing CDDP plus PEM and
CDDP plus S-1 in combination with TRT for locally advanced
nonsquamous NSCLC is ongoing in Japan (UMIN000009914).

In conclusion, the PFS and OS in our study were com-
parable to those in historical controls for chemoradiotherapy in
patients with locally advanced NSCLC. No late radiation
morbidity was observed.
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Progression-free survival at 2 years is a reliable
surrogate marker for the 5-year survival rate in
patients with locally advanced non-small cell lung
cancer treated with chemoradiotherapy
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Abstract

Background: In locally advanced Non-Small-Cell Lung Cancer (LA-NSCLC) patients treated with chemoradiotherapy
(CRT), optimal surrogate endpoint for cure has not been fully investigated.

Methods: The clinical records of LA-NSCLC patients treated with concurrent CRT at Shizuoka Cancer Center
between Sep. 2002 and Dec. 2009 were reviewed. The primary outcome of this study was to evaluate the surrogacy
of overall response rate (ORR) and progression-free survival (PFS) rate at 3-month intervals (from 9 to 30 months
after the initiation of treatment) for the 5-year survival rate. Landmark analyses were performed to assess the
association of these outcomes with the 5-year survival rate.

Results: One hundred and fifty-nine patients were eligible for this study. The median follow-up time for censored
patients was 57 months. The ORR was 72%, median PFS was 12 months, and median survival time was 39 months.
Kaplan-Meier curve of progression-free survival and hazard ratio of landmark analysis at each time point suggest
that most progression occurred within 2 years. With regard to 5-year survival rate, patients with complete response,
or partial response had a rate of 45%. Five-year survival rates of patients who were progression free at each time
point (3-months intervals from 9 to 30 months) were 53%, 69%, 75%, 82%, 84%, 89%, 90%, and 90%, respectively.
The rate gradually increased in accordance with progression-free interval extended, and finally reached a plateau at
24 months.

Conclusions: Progression-free survival at 2 years could be a reliable surrogate marker for the 5-year survival rate in
LA-NSCLC patients treated with concurrent CRT.

Keywords: Locally advanced non-small cell lung cancer, Chemoradiotherapy, Surrogate endpaint, Overall response
rate, Progression-free survival

* Correspondence: h-akamat@wakayama-med.ac,jp

'Division of Thoracic Oncology, Shizuoka Cancer Center, Shimonagakubo,
1007 Shimonagakubo, Nagaizumi-cho Sunto-gun, Shizuoka 411-8777, Japan
Full list of author information is available at the end of the article

g . © 2014 Akamatsu et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
C B[OMed Central Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any mediurn, provided the original work is properly cited.



