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1.4-43.5 months. All patients were Japanese women. The
demographic characteristics of the present study population
are presented in Table 2. Regarding hormonal status, 59%
of patients were both estrogen and progesterone receptors
negative, With regard to HER2 status, 86% of the patients
were HER2 protein 3+ in immunchistochemistry and 14%
were HER2-gene amplified in FISH.

The patients in the present study ailed from advanced dis-
ease. More than half of the patients (57%) had three or more
meltastatic organs. Approximately half of the patients had
visceral metastasis of either the lung (49%) or liver (39%).

Table 2 Baseline patient and disease characteristics (n = 49)

Characteristics No. of patients %
Mean age (range) 54.3(33-72)
Performunce status
0 42 86
| 5 10
2 2 4
Estrog; ptor/progesterone receptor stalus
4 9 18
+— 9 1%
~/+ 2 4
- 29 59
HER2 status
IHC 3+ 42 86
FISH positive 7 14
No. of melastases
Mean (range) 2.6(1-5)
| B 16
2 13 27
k] 28 57
Sites of metastases
Lymph node 33 67
Lung 24 49
Bone 20 41
Liver 19 39
Chest wall/skin 19 39
Chemotherapeutic pretreatment 49 100
Adjuvant or neoadjuvant selting 24 49
Anthracyclines 20 41
Taxanes 12 24
Metustatic setting 47 96
| prior regimen 8 16
2 prior regimens 17 35
Mean number of regimens (range) 2.7 (0-8)
Anthracyclines 26 53
Taxnnes 42 86
Trastuzumah 43 88
IHC 1 hi istry, FISH 01 e i situ hybridi

Moreover, they had been heavily pretreated. Approxi-
mately 90% of the patients were pretreated with anthracy-
clines (42 of 49; 86%) and taxanes (43 of 49; 88%) in the
adjuvant, neoadjuvant, and/or metastatic settings, and 88%
(43 of 49) of the patients were pretreated with trastuzumab-
containing regimens in the metastatic setting. The mean
number of chemotherapeutic pretreatment regimens was
2.7 (range 0-8, median 2) in the metastatic setting.

Efficacy

Of the 49 patients, response was assessable in 44 patients,
One patient achieved CR (2%), and seven patients achieved
PR (14%). Therefore, ORR for capecitabine was 16% (95%
CI: 7-30%). Moreover, 16 patients achieved SD, and of
these, 15 achieved long SD (31%); hence, CBR for capecit-
abine was 47% (95% CI: 32-62%) (Table 3). Median TTF
was 5.4 months (Fig. 1). Median overall survival (OS) has
not been reached.

Safety (Table 4)

Grade 3 adverse cvents were observed in nine patients
(18%). No grade 4 event was observed. Treatment interrup-
tion and/or individual dose adjustment of capecitabine was

required in 15 patients (31%).

Table 3 Response to trastuzumab plus capecitabine (n = 49)

No. of patienis %
Response
Complete response 1 2
Partial response 7 14
Suable disease 16 i3
{Long stable disease) (15) (31)
Progressive disease 21 43
Not evaluable 4 B
Objective response rate 8 16
Clinical benefit rate 23 47
100
%
80
£ %
]
0
4“0
B
3 0
10
0

¢ S 10 15 20 15
Timve (months)

Fig. 1 Time-to-treatment failure (n = 49)
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Table 4 Summary of ndverse

events worst by patient (n = 49) bon O 1 Vo2 Swie 4

No. L No, L No. % No. L
Hand-foot syndrome 12 65 IS k1| 13 27 4 B
Fangue 1B n 18 37
Nausea 12 24 1 22 | 2
Diarrhea 10 20 B 16 I 2 I 2
Anorexia 4 ] 3 6 I 2
Vomiting 4 ) 4 8
Interstitial pneumonia | 2 1 2
Chronic heart failure | 2 i
Leukopenia ) 55 20 41 7 14
Neutropenia 13 i 7 4 6 12
Ancmia 4 29 R 16 4 8 2 4
Thrombocytepenia 1 2 I 2
AST elevation n 55 25 51 1 2 1 2
ALT elevation IS 3 10 20 4 8 | 2
Total bilirubin elevation 17 s [} 22 6 12
Crealinine elevation 1 2 1 2
All events 47 96 12 24 26 53 9 I8

No gmde 4 evenl was observed

Common adverse effects of the combination therapy
were hand-foot syndrome, liver dysfunction, and bone
marrow suppression. First, 32 patients had hand-foot syn-
drome (65%). This was classified as grade 3 in four patients
(8%). Second, elevation of AST, ALT, and total bilirubin
were noted in 27 (55%), 15 (31%), and 17 patients (35%),
respectively. Grade 3 liver dysfunction occurred in one
patient (2%). Third, effects of bone marrow suppression as
leukopenia, anemia, and neutropenia were seen in 27
(55%). 14 (29%), and 13 patients (27%) at all grades; how-
ever grade 3 occumred in 2 patients (4%).

One patient suffered from grade 3 interstitial pneumonia,
which improved after discontinuation of trastuzumab plus
capecitabine,

Another patient without past medical history of cardiac
dysfunction suffered symptomatic chronic heart failure
(CHF), which improved after discontinuation of trast-
uzumab, She had been given doxorubicin in the neoadju-
vant setting (total dose 300 mg/m?). And also, she had been
given trastuzumab in the metastatic setting for | year and
7 months, The interval between anthracycline and trast-
uzumab/capecitabine therapy was 2 year and 11 months.

Discussion
‘This retrospective study showed that the combination ther-

apy of trastuzumab plus capecitabine is effective and safe
for heavily pretreated patients with HER2-positive MBC,

€) Springer

ORR was 16% and CBR was 47% (Table 3), Median TTF
was 5.4 months (Fig. 1). Grade 3 adverse events were
observed in 18% of the patients, but symptoms were
improved after discontinuation of the therapy (Table 4).

Preclinical data investigating the combination of trast-
uzumab with SFU showed that this combination was less
effective than either drug alone, suggesting antagonism in
vitro, whereas it may be synergic (cisplatin, thiopeta, etopo-
side) or additive (doxombicin, paclitaxel, methotrexate,
vinblastin) [20). However, further studies indicated that
trastuzumab and 5FU prodrug capecitabine had at least
additive antitumor activity in in vivo models [21]. The rea-
son for the discrepancy between the in vivo and in vitro
resulls has not been clarified [21).

In the clinical setting, the combination therapy of trast-
uzumab plus capecitabine is effective for patiens with
HER2-positive MBC. In German multicenter phase II study
of weekly trastuzumab with capecitabine (1,250 mg/m2
twice daily on days 1-14, ti weekly) in patients with pre-
treated MBC (1=27), ORR was 45%, CBR was 68%,
median progression-free survival time was 6.7 months, and
median OS was 28 months [22], Using the same treatment
regimen as the German trial, this high ORR was mirrored in
Chinese phase 11 study of the first-line therapy (n =43), in
which an ORR of 63% was recorded [23]. In Japanese phase
Il trial (n = 27), using the same regimen as the present study,
ORR was 4%, median time to progression was 5.2 months,
and median OS was 16.1 months [24]. In the present study,
although ORR was inferior to these studies, tumor was
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controlled for a relatively long time, considering the poor
prognosis of the patients in the study population who had
been heavily pretreated for the multiple metastases.

Furthermore, the combination therapy of trastuzumab
plus capecitabine is well tolerated, The German trial
showed that grade 3/4 adverse events were general pain
(28%), motor dysfunction (16%), hand-foot-syndrome
(16%), nausca (12%), anemia (8%), and leucopenia (4%)
[22]. The Chinese trial showed that grade 3 hand-foot syn-
drome occurred in 9% and myelosupression oceurred in 1%
of patients [23]. The Japanese trial, same regimen as the
present study showed no reports of grade 3/4 evems [24],
Our results of adverse events are in the range of these prior
studies.

The most clinically significant adverse event of trast-
uzumab was cardiac dysfunction. Patients ranging 2-5%
who were treated with trastuzumab alone developed CHF
[6, 7] and 0-2% of patients who were treated with trast-
uvzumab plus non-anthracycline containing combination
regimens developed CHF [9-11]. In the present study,
grade 3 CHF was observed in one patient (2% Table 4),
although approximately 90% of the patients pretreated with
anthracycline (Table 2). Therefore, capecitabine added to
trastuzumab does not increase CHF. Moreover, the
clinically significant adverse events of capecitabine were
hand-foot syndrome, liver dysfunction, and bone marrow
suppression [14-18, 25, 26]. In the present study, the safety
profile is not inferior to that seen in previous studies of
capecitabine alone [14-18, 25, 26]. Therefore, trastuzumab
added to capecitabine does not increase the adverse events
of capecitabine.

In conclusion, the results of the present single-institute
retrospective study confirm that the combination therapy of
trastuzumab plus capecitabine is effective and tolerable in
heavily pretreated patients with HER2-positive MBC.
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Cancer Therapy: Clinical

Efficacy and Safety of Two Doses of Pemetrexed Supplemented
with Folic Acid and Vitamin B,; in Previously Treated Patients

with Non-Small Cell Lung Cancer

Yuichiro Ohe,’ Yukito Ichinose,? Kazuhiko Nakagawa,® Tomohide Tamura,' Kaoru Kubota,*
Nobuyuki Yamamoto,® Susumu Adachi,® Yoshihiro Nambu,” Toshio Fujimoto,”

Yutaka Nishiwaki,* Nagahiro Saijo,* and Masahiro Fukuoka®

Abstract Purpose: The objective of this study was to evaluate the efficacy and safety of two doses of

pemetrexed supplemented with folic acid and vitamin By in pretreated Japanese patients with
advanced non-small cell lung cancer (NSCLC).

Experimental Design: Patients with an Eastern Cooperative Oncology Group performance
status O to 2, stage lll or IV, and who received previously one or two chemotherapy regimens
were randomized to receive 500 mg/m® pemetrexad (P500) or 1,000 mg/m? pemetrexed
{P1000) on day 1every 3 weeks. The primary endpoint was response rate.

Results: Of the 216 patients evaluable for efficacy (108 in each arm), response rates were
18.5% (90% confidence interval, 12.6-25.8%) and 14.8% (90% confidence interval,
9.6-21.6%), median survival times were 18.0 and 12.8 manths, 1-year survival rates were 59.2%
and 63.7%, and median progression-free survival were 3.0 and 2.6 manths for the PS00 and
P1000, respectively. Cox multiple regression analysis indicated that pemetrexed dose was not
a significant prognostic factor. Drug-related toxicity was generally tolerable for both doses:;
however, the safety profile of PS00 showed generally milder toxicity. Main adverse drug reactions
of severity grade 3 or 4 were neutrophil count decreased (20.2%) and alanine aminotransferase
(glutamine pyruvic transaminase) increased (15.8%) in PS00 and neutraphil count decreased
(24.3%), WBC count decreased (20.7%), and lymphocyte count decreased (18.0%) in P1000.
One drug-related death from interstitial lung disease occurred in the P500,

Conclusion: PS00 and P1000 are similarly active with promising efficacy and acceptable
safety outcomes in pretreated patients with NSCLC., These results support the use of PS00
as a second- and third-line treatment of NSCLC.

Pemetrexed (LY231514; Alimta), a multitargeted antifolate,
has shown antitumor activity as a single agent or in combi-
nation with other anticancer agents (1, 2). Pemetrexed at doses
of 500 or 600 mg/m’ has been evaluated in various clinical
settings in a broad range of tumors including lung (non-small
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cell and mesothelioma), colorectal, gastric, pancreatic, head
and neck, bladder, cervical, and breast cancers (3-13). In a
randomized phase III trial that compared 3-week regimens of
single-agent 500 mg/m’ pemetrexed versus 75 mg/m?® docetaxel
in pretreated patients with non-small cell lung cancer (NSCLC),
respective response rtates (9,19 versus 8.8%) and median
survival times (MST; 8.3 versus 7.9 months) did not differ
between pemetrexed and docetaxel. However, fewer hemato-
logic adverse effects, such as grade 3 or 4 neutropenia, febrile
neutropenia, and neutropenic fever, were observed in patients
treated with pemetrexed (3).

Myelosuppression is the predominant dose-limiting toxicity
of pemetrexed as reported in phase | studies (14-16). A
multivariate analysis identified the correlation between poor
folate status (as indicated by elevated plasma homocysteine
levels) and increased toxicity to pemetrexed, which led to the
requirement that patients in all pemetrexed studies receive folic
acid and vitamin B, supplementation (2, 17). This has been
shown to decrease toxicity to pemetrexed without compromis-
ing efficacy (18). Without supplementation, the maximum
tolerated dose of pemetrexed, given every 3 weeks, has been
shown to be 600 mg/m?* in heavily pretreated patients (14);
however, with supplementation, higher pemetrexed doses have
been given without limiting side effects. In a Japanese phase |

www. aacrjournals.org
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d Phase lf Study of Pemetrexed for NSCLC

study of pemetrexed that included folic acid and vitamin B,
:upplummauon. the maximum tolerated dose of pemc(mnd
was 1,200 mg/m’ and recommended dmwu IDOO mg/m?

before day | of course 1 until 22 days afier the last administration of
pemetrexed. Vitamin By, (1000 ug) was injected Lm. 1| week before day
Iofcmm:imdrtpmniﬂuy?wtdnumﬂndmn‘mth:lnt

given every 3 weeks (19). Pemetrexed ics in
lapanese patients was not overtly different ‘from those observed
in Caucasian patients.

In view of these data, we conducted a randomized, phase 11
study that confirmed the efficacy and safety of a standard
dose of (500 mg/m*; P500) with that of a higher
dose (1,000 mg/m?; P1000), including folic acid and vitamin
Byy suppl i in previously d NSCLC patients.
The primary endpoint was evaluation of response rate.
Secondary endpoints were assessments of response duration,
progression-free survival (PFS), l-year survival rate, MST,
quality of life (QolL), and adverse events.

Materials and Methods

Patient selection. Men and women, between 20 and 75 years old,
with a life expectancy of a1 least 12 weeks and histologically and/or
cytologically confirmed advanced NSCLC were eligible for the swudy. In
addition, all patients met the following inclusion criteria: stage Il or IV
disease, al least one target lesion, one or two prior chemotherapeutic
regimens, an Eastern Cooperative Oncology Group performance
status (P$) of 0 to 2, adequate bone mamow function (neutrophils
22,000/mm’, platelets 2100,000/mm", and hemoglobin 29.0 g/dL),
hepatic function [total bilirubin within 1.5 times the upper normal
limit, aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) within 2.5 times the upper normal limit, and serum albumin
2.5 g/dL}, renal function (serum creatinine 1.2 mg/dL and creatinine
clearance 245 ml/min), and pulmonary function (functional oxygen
saturation =92%).

Patients were excluded from the study for radlnpiphic signs of
interstitial pneumonitis or pulmonary fibrosis, serious or u lled

p ‘Mummdhmmnudfmmlhe

study for disease progression, unacceptable events, inady
enrollment, use of excluded concomitant therapy, atyd:dlhyol

following criteria: phil
platelets <100,000/mm’, AST/ALT >2.5 times the upper normal limit,
total bilinubin >1.5 times the upper normal limit, serum creatinine
>1.2 mg/dL, P5 3 or 4, or grade =3 nonhematologic toxicity (except for
anorexia, nausea, vomiting, and fatigue). The dose of pemetrexed was
deaeased to 400 mg/m” in the P500 arm and to 800 mg/m® in the
P1000 arm, if any of the following events occurred in the previous
course: grade 4 leukopenia or penia, grade =3 febrile neutrope-
nia, thromb ia, or plateler transfusion, grade 23 nonhemato-
hg(lmdty{m:p(!myﬂeammmlﬂn&m
fatigue), or AST/ALT increased. The pemetrexed dose was similarly
reduced if initiation of the next course was postponed afier day 29 due
to drug-related adverse events. Patients who continued to show
evidence of toxicity after reducing the pemetrexed dose were discon-
tinued from the study.

Baseline and treatment assessments. Pretreatment assessments in-
cluded chest X-ray, tlu.‘tmuldwgﬂm hlond rhe:l'liiuy urinalysis,
pregnancy test, ¢ ygen saturation,
vital signs, PS, body weight, and use of prior therapies. Tumor size
was examined using X-ray, computer tomography, or magnetic reso-
nance imaging done within 28 days before the planned day of the
first treatment. This was repeated about every 4 weeks after the
first examination.

Tumor response rate was assessed as the percentage of patients in
whom complete response (CR) and partial response (PR) were
mnﬂ:mdbmdonlhehmmdlmpmxo{mmmmmpnm

concomitant systemnic disorders, active infu:uam. the need for chronic
administeation of ic cortic active double cancer and/or
brain metastases, tresment with third-space fluid collections within
2 weeks of signing the informed consent or the need of such treatment,

grade 3 or 4 toxicity, peripheral sensory pathy, previous
P d therap ble or unwilling to take folic acid or vitamin
By supp ation, or pregr or breast-feeding,

"This study was conducted in compliance with the guidelines of good

clinical practice and the principles of the Declaration of Helsinki, and it
was approved by the local institutional review boards. All patients gave
written informed consent before study entry.

Study design and sample size, This open-label multicenter study had
response rate as the primary objective, and 244 patients were enrolled
and 226 were allocated to either 500 mg/m® (P500) or 1,000 mg/m?
(P1000) randomly.

The sample size was calculated 1o ensure that the response rate in
each group exceeded 5%. Based on the results from previous study.
assuming a 13% true response rate, 5% one-sided significance level for
the test with exact probability based on binomial distribution, and 90%
power. at least 107 patients in each treatment arm (total of 214) were
necessary. Assuming a 10% dropout rate, 240 patients were planned for
the study (actual: 244 patients).

The randomization was done by an mdependem rtymauon m:m
and was dynamically balanced for PS, previ

was according to the Resy
Evaluati Cﬁmiamsdidwmm(zn]. Objective tumor responses
in all responding patients were evaluated by an external review
o iee given no infe jion on the

Duration of overall tw[CR»PR}mmnm:d&umlhedlu
of the first objective assessment of CR or PR until the date of progressive
di PFS was d from the date of registration (for the
initiation of course 1) until the date of progressive disease or death.
One-year survival rate was defined as the percentage of patients who
survived for 1 year from the registration date. Survival was measured
from the registration date to the date of death (regardless of cause).

QoL was assessed by the Qol. Questionnaire for Cancer Patients
‘Treawed with Anticancer Drugs and the Functional Assessment of Cancer
Therapy for Lung Cancer (Japanese version; refs. 21 -23).

Assessments of QoL were done before treatment, before the second
and third courses of cf herapy, and 3 ths after the start of
treatrment.

Adverse events were recorded throughout the study and afier the
last drug administration until signs of recovery were evident. All such
events were evaluated according to the Common Terminology Criteria
for Adverse Events version 3.0.

Statistical analysis. Efficacy measurements were done according to
the guidelines for clinical evaluation methods of anticancer drugs.
Efficacy analysis was done on patients who met all selection criteria

apy, disease stage, gender, time mepd—cn:h:m&m‘lpymm
enrollment, and hospital. Patients were balanced with respect to the
study drug in each stratum for each prognostic factor using the min-
imization method.

T plan. D d was as an Lv, 10-min
infusion on day | of a 21-day cycle. Patients were instructed 1o take
omally 1 g/d of a multivitamin containing 500 pg folic acid from 1 week

Semind 4

www.aacrjournals.org

and received a1 least one dose of p d. Safery analysis was done
an pati whnmmfrdnlmnnedmufpmdrwd
Statistical tests were dane to establish a | P rate of

>5%; 90% confidence intervals (CI) for the ubioatvt response rale were
constructed for each arm. All survival curves for time-to-event variables
were created using the Kaplan-Meier method; 95% Cls were calculated
for each arm. Response rate, response duration, and PFS were compared
between the two arms using the x* test. Cox multiple regression
analysis was done on all evaluable patients from two combined arms to

Clin Cancer Res 2008:14(13) July1, 2008
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identify significant prognostic factors for survival. Covariates evaluated
were pemeirexed dose, gender, age, PS5, discase siage, histology, interval
from prior ck herapy to registration for the first treatment course,
the ber of prior ch herapeutic regi and use of prior
platinum chemotherapy. For the QoL analysis, distributions of
subscales were summarized for each arm using descriptive statistics
(mean, SD, minimum, median, and maximum). As a retrospective
analysis for safety, major grade 3 10 4 drug-related adverse events were
compared between the two arms using the % test.

Results

Patient disposition and characteristics. From October 2004
to October 2005, a total of 244 Japanese patients with advanced
NSCLC were enrolled at 28 centers. Of the 244 patients
enrolled, 226 were randomly assigned (114 to the PS00 arm
and 112 to the P1000 arm) at least 1 week before treatment
after receiving folic acid and vitamin B,; supplementation.
A total of 225 patients (114 in the P500 arm and 111 in P1000
arm) were evaluable for safety. Of these patients, 216 (108 in
each arm) were evaluable for efficacy. Gender, age, IS, his-
tology, stage, and prior platinum chemotherapy were well
balanced across the two arms (Table 1).

Efficacy evaluation. Objective tumor response rates and
durations of overall response are shown in Table 2, Of the
108 patients evaluable for efficacy in the P500 arm, 20 achieved
PR for an objective response rate of 18.5% (90% CI, 12.6-
25.8%); the median duration of response was 4.9 months
(95% CI, 3.8-8.7 months). Of the 108 patients evaluable for
efficacy in the P1000 arm, 16 achieved PR for an objective
response rate of 14.8% (90% CI, 9.5-21.6%); the median dura-
tion of response was 3.0 months (95% CI, 2.8-6.1 months).
As seen above, the lower limits of the 90% CI in both arms

were >5%, showing a statistically significant objective response
rate >5% in each of the arms. The differences between arms in
response rate and response duration were not statistically
significant (P = 0.5839 and 0.1740).

By October 2006, 125 of the 216 evaluable patients had died.
The MST and 1-year survival rate were 16.0 months and 59.2%
in the P500 arm and 12.6 months and 53.7% in the P1000 arm
(P = 0.1463, log-rank test for survival; Fig. 1). Median PFS
was 3.0 months (95% CI, 2.0-3.5 months) in the P500 arm
and 2.5 months (95% CI, 1.8-3.2 months) in the P1000 arm
(P = 0.7139, log-rank test),

Cox multiple regression analysis indicated that pemetrexed
dose was not a significant prognostic factor; however, gender
(female), PS (0), disease stage (I11), histologic type (non-
squamous cell carcinoma), and longer intervals from prior
chemotherapy were shown to be good prognostic factors
(Fig. 2). Of note, patients with non-squamous cell carcinoma
had a longer MST compared with those with other histologic
types (16.0 versus 9.3 months; P = 0.00264, Cox regression
analysis). Pretreatment Qol. assessments in both arms were
relatively high and showed neither worsening nor improve-
ment following pemetrexed weatment (Table 3).

Safety evaluation. A total of 225 patients (114 for P500 and
111 for P1000) were evaluable for safety. Leukopenia,
neutropenia, lymphopenia, anemia, elevation of AST/ALT,
lactate dehydrogenase, and rash were commonly reported;
however, no grade 4 leukopenia or febrile neutropenia was
observed (Table 4). Other grade 4 toxicities were uncommon.
Gastrointestinal toxicities such as nausea, vomiting, and
anorexia were mostly mild and more frequently reported in
the P1000 arm. As a retrospective analysis for safety, major
grade 3 to 4 drug-related adverse events were compared

Table 1. Patient characteristics

Variable P500 P1000
Patients who were glven at least one dose of pemetrexed 114 111
Gender

Male 72 71

Female 42 40
Age, median (range) 61.0 (37-74) 62.0 (26-74)
Eastern Cooperative Oncology Group PS

0 45 37

1 63 68

2 6 6
Histology

Adenocarcinoma 79 B2

Squamous cell carcinoma 25 26

Others 10 3
Disease stage

i 22 22

v 92 88
No. prior chemotherapies

1 44 53

2 67 57

3 3 1
Prior platinum chemotherapy

Yes 108 104

No 6 7
Interval from prior chemotherapy to registration for the first course starts {(ma)

<3 ” 66

3 42 a5
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Table 2. Objective tumor response and median response duration

Variable PS00 (n = 108) P1000 (n = 108)
Objective tumor response

CR ] o

PR 20 16

Statle disease 40 34

disense 48 58

Response rate (0% CI), % 18.50 (12.6-25.8) 14,80 (9.5-21.6)
Median response duration (95% CI), mo 4.9 (3.8-8.7) 3.0(2.8-6.1)

between the two arms using the x” test. Grade 3 or 4 anorexia
was reported more frequently in the P1000 arm (10.8% versus
2.6%; P = 0.0284). Drug-related rash was observed in 67.5%
and 80.29% of the patients treated with PS00 and P1000,
respectively, However, all severities were grade 1 or 2. Five of the
P500 patients and 3 of the P1000 patients developed interstitial
lung disease related to pemetrexed treatment that resulted in the
death of one patient (P500 arm). The other 7 patients recovered
from their illness after discontinuing the study drug. A total 16
(14.0%) patients in the P500 arm and 26 (23.4%) patients in the
P1000 arm discontinued the treatment because of drug-related
adverse events.

Dose administration. The median number of treatment
courses completed in both arms was 3 (range, 1-24+), Eleven
percent of patients in the PS00 arm and 8% in the P1000 arm
completed at least 10 courses. Dose reduction occurred in 20
(17.5%) patients in the PS00 arm and 27 (24.3%) patients

in the P1000 arm. The most frequent cause of dose reduction
was ALT elevation. Relative dose intensities were 89.6% in the
P500 group and 89.8% in the P1000 group.

Discussion

This phase 1l, randomized study is the first report on the
efficacy and safety of a higher dose of pemetrexed ( 1,000 mg/m?)
in pretreated Japanese patients with NSCLC. Most patients
(>50%) received two courses of prior chemotherapy, and the vast
majority or patients (>90%) received prior platinum-based
chemotherapy. The response data indicate promising tumor
reduction activity and are noteworthy in pretreated patients.
The survival data are also promising and better than those
reported in second- and third-line settings and comparable with
those reported in first-line settings (3, 24, 25). In the phase 111
study (3) comparing pemetrexed with docetaxel, the response

Survival Rate(%)
1004
Median Survival Time({ 85%Cl )} One-Year Survival Rate
90 PS00 16.0(109- * ) 58.2%
P1000 126(96-151) 537 %
704
8ol e P500
e
Yoy,
501 P1000 \"—\
404 T
u\..l.t-,
304 A e ]
0 1 2 3 4 8 B 7 8 9 10 11 12 13 14 15 18 17 18 19 20 21 22 23 24 25
Time(months)
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rate and median survival in the pemetrexed arm were 9.1% and
8.3 months, respectively.

Both P500 and P1000 with folic acid and vitamin B,,
supplementation were similarly active in previously treated
patients with NSCLC. All efficacy measures were similar in
both arms as shown by the response rate, survival, and PFS,
suggesting that doubling the standard dose of pemetrexed
does not show superior efficacy. In addition, Cox multiple
regression analysis showed that the difference of pemetrexed
dose did not influence survival. Overall, toxicity was more
frequent at the higher dose, although toxicity in both arms
was mild.

Cullen et al. reported a randomized irial of 500 versus
900 mg/m’ pemetrexed in patients with advanced NSCLC
treated previously with platinum-based chemotherapy (26).
The response rate, median PFS, and median survival were
7.1%, 2.6 months, and 6.7 months in patients treated with

dose, gendar, age. PS, disesse stage, histology, interval from prior ch

course, the

500 mg/m* and 4.3%, 2.8 months, and 6.9 months in patients
treated with 900 mg/m’ pemetrexed, respectively. The higher
dose did not improve survival more than the lower dose.

Dose intensification is not always accompanied by higher
efficacy, such as in the case of docetaxel and cisplatin. One
possible explanation for this in pemetrexed is that either the
intracellular transport of pemetrexed is maximal at 500 mg/m”
or the inhibition of target enzymes is saturated above this dose;
however, there are as yet no in vitro data to support either
mechanism. Although the mechanism still needs to be
elucidated, the wide therapeutic window of pemetrexed makes
it unique and safe for patients.

Of interest, our subgroup analysis identified some prognostic
factors. The subgroups that were identified as good prognostic
factors, gender (female), good PS, early-stage disease, and
longer intervals from prior chemotherapy are well known as
good prognostic factors for NSCLC. Of particular note, the MST

Table 3. Summary for Functional Assessment of Cancer Therapy for Lung Cancer Lung Cancer Subscale

L] Mean (SD) Min Med Max
P500 (n = 108)

Before course 1 107 71.5(18.81) 321 71.4 100
Before course 2 101 74.3 (16.68) 39.3 75 100
Before course 3 B4 74.3 (1B.08) 5.7 78.6 100
of course 1 + 3 mo* 59 76,3 (18.1) 32.1 78.6 100

P1000 (n = 108)
Before course 1 107 69.6 (18.52) 25 67.9 100
Before course 2 a8 73.5 (172.21) 32.1 75 100
Before course 3 72 71.4 (18.4) 8.6 71.4 100
Registration of course 1 + 3 mo* 61 74,3 (18.62) 8.6 71.4 100

“Three months +2 weeks after the day of registration for one course.
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Table 4. Hematologic and nonhematologic toxicity evaluated by Common Terminology Criteria for Adverse
Events version 3.0
P500 (n = 114) P1000 (n = 111) P
Grade (%) Grade (%)
2 3 4 3/4/5 2 3 4 3/4/5
Leukapenis 32.5 14.9 0 149 8.7 21.6 0 216 0.2582
Neutropenia 25.4 17.5 is 214 278 19.8 4.5 24,3 0.6695
Lymphopenia 28.9 9.6 2.6 123 30.6 16.2 1.8 18 0.31
Anemia 19.3 7 0.9 7.9 342 9 0.8 9.9 0.7667
Thrombocytopenia 0 0 ] o0 8.1 0.9 o 0.9 NA
Febrile neutropenia - 0 ] 0 . 0 0 ] NA
Nausea 14 0 0 0 14.4 2.7 0 2.7 NA
Vomiting 7 0 o 0 1.7 1.8 0 1.8 NA
Anorexia 16.7 26 a 2.6 153 10.8 0 10.8 0.0284
Fatigue 35 (1] o o 1.8 0.9 0 0.9 NA
Diarrhea 2.6 0.9 0 0.9 1.8 1.8 o 1.8 0.9815
Constipation 1.8 0.9 o 0.9 54 ] a o NA
Rash 49.1 26 0 2.6 63.1 4.5 i} 4.5 0.6903
‘w (1] - - - (i) - - . NA
Prieumonitis 1.8 1.8 0 267 0 27 [} 27 1
AST 21.9 7.9 0 79 25.2 4.5 0 4.5 0.4375
ALT 17.5 16.7 o 16.7 324 7.2 0.9 8.1 0.8143
No‘rE Majar grade 3 to 4 drug-related adverse events were compared between two arms using »” test,
“Not indicated in Common Terminalogy Criteria for Adverse Events version 3.0.
"One patient died of drug-induced pneumnonitis,

of patients with non-squamous cell carcinoma was significantly
longer compared with that in patients with squamous cell
carcinoma (16.0 versus 9.3 months; P = 0.00264). Pemetrexed
induces its antitumor activity by inhibiting key enzymes
related to the folate metabolism, such as thymidylate synthase.
Studies of the tumor histology of adenocarcinoma progressive
disease have reported lower-level expression of thymidylate
synthase than squamous cell carcinoma (27). Good survival
benefit in patients with non-squamous cell carcinoma by
pemetrexed may be explained by lower levels of thymidylate
synthase. Because MST was the subject of a subgroup analysis
and survival was not a primary endpoint of this study, this
finding should be considered exploratory requiring indepen-
dent confirmation. However, if this finding of superior
effectiveness in non-squamous cell carcinoma could be
substantiated in future studies, it would be very useful. Indeed,
histology could be a simple means of tailoring chemotherapy
treatment.

In conclusion, although the recommended dose is P1000
with folic acid and vitamin B,; supplementation for Japanese
patients, it has similar efficacy and safety with P500, the
recommend dosage in rest of the world. These results support
the use of PSOD as a second- or third-line treatment of NSCLC.
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Efficacy and Safety of Two Doses of Pemetrexed Supplemented
with Folic Acid and Vitamin By, in Previously Treated Patients

with Non-Small Cell Lung Cancer

Yuichiro Ohe,’ Yukito Ichinose,? Kazuhiko Nakagawa,® Tomohide Tamura,' Kaoru Kubota,*
Nobuyuki Yamamoto,® Susumu Adachi,® Yoshihiro Nambu,” Toshio Fujimoto,”

Yutaka Nishiwaki,* Nagahiro Saijo,* and Masahiro Fukuoka®

Abstract Purpose: The objective of this study was to evaluate the elficacy and safety of two doses of

pemetrexed supplamented with folic acid and vi

1 Japanese patients with

advanced non-small cell lung cancer (NSCLC).

in By inp

Expearimental Design: Patients with an Eastern Cooperative Oncology Group performance
status 0 to 2, stage Il or IV, and who received previously one or two chemotherapy regimens
were randomized to receive 500 mg/m® pemetrexed (P500) or 1,000 mg/m? pemetrexed
(P1000) on day 1every 3 weeks. The primary endpoinl was response rate.

Results: Of the 216 patients evaluable for efficacy (108 in each arm), response rates were
18.5% (90% confidence interval, 12.6-25.8%) and 14.8% (90% confidence interval,
9.5-21.6%), median survival times were 16.0 and 12.6 months, 1-year survival rates were 59.2%
and 53.7%, and median progression-free survival were 3.0 and 2.5 months for the P500 and
P1000, respectively. Cox multiple regression analysis indicated that pemetrexed dose was not
a significant prognostic factor. Drug-related toxicity was generally tolerable for both doses;
however, the safety profile of P500 showed generally milder toxicity. Main adverse drug reactions
of severity grade 3 or 4 were neutrophil count decreased (20.2%) and alanine aminotransferase
(glutamine pyruvic transaminase) increased (15.8%) in PS00 and neutrophil count decreased
(24.3%), WBC count decreased (20.7%), and lymphocyte count decreased (18.0%) in P1000.
One drug-related death from interstitial lung disease occurred in the P5S00.

Conclusion: P500 and P1000 are similarly active with promising efficacy and acceptable
salely oulcomes in pretreated patients with NSCLC. These results support the use of PS00

as a second- and third-line treatment of NSCLC.,

Pemetrexed (LY231514; Alimta), a multitargeted antifolate,
has shown antitumor activity as a single agent or in combi-
nation with other anticancer agents (1, 2). Pemetrexed at doses
of 500 or 600 mg/m’ has been evaluated in various clinical
settings in a broad range of tumors including lung (non-small
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cell and mesothelioma), colorectal, gastric, pancreatic, head
and neck, bladder, cervical, and breast cancers (3-13). In a
randomized phase 11 trial that compared 3-week regimens of
single-agent 500 mg/m? pemetrexed versus 75 mg/m? docetaxel
in pretreated patients with non-small cell lung cancer (NSCLC),
respective response rates (9.1% versus 8.8%) and median
survival times (MST; 8.3 versus 7.9 months) did not differ
between pemetrexed and docetaxel. However, fewer hemato-
logic adverse effects, such as grade 3 or 4 neutropenia, febrile
neutropenia, and neutropenic fever, were observed in patients
wreated with pemetrexed (3).

Myelosuppression is the predominant dose-limiting toxicity
of pemetrexed as reported in phase | studies (14-16). A
multivariate analysis identified the correlation between poor
folate staws (as indicated by elevated plasma homocysteine
levels) and increased roxicity to pemetrexed. which led to the
requirement that patients in all pemetrexed studies receive lalic
acid and vitamin By, supplementation (2, 17). This has been
shown 1o decrease toxicity to pemetrexed without compromis-
ing efficacy (18). Without supplementation, the maximum
tolerated dose of pemetrexed, given every 3 weeks, has been
shown to be 600 mg/m? in heavily pretreated patients (14);
however, with supplementation, higher pemetrexed doses have
been given without limiting side effects. In a Japanese phase |

www.aacrjournals.org
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study of pemetrexed that included folic acid and vitamin 8,
supplementation, the maximum tolerated dose ol pemetrexed
was 1,200 mg/m’ and recommended dose was 1,000 mg/m?
given every 3 weeks (19). Pemetrexed pharmacokinetics in
lapanese patients was not ovenly different from those observed
in Caucasian patients.

In view of these data, we conducted a randomized, phase I
study that confirmed the efficocy and safety of a standard
dose of pemetrexed (500 mg/m’; P500) with that of a higher
dose (1,000 mg/m”; P1000), including folic acid and vitamin
By, supplementation, in previously treated NSCLC patients
The primary endpoint was evaluation of response rate.
Secondary endpoinis were assessments of response duration,
progression-free survival (PFS), 1-year survival rate, MST,
quality of life {(QoL), and adverse events

Materials and Methods

Patient selection.  Men and women, benveen 20 and 75 years old,
with a life expeciancy of al least 12 weeks and histologically and/or
ayvtologically conflirmed advanced NSCLC were ehigible for the study. Tn
addition, all patients met the following inclusion criteria: stage 1 or IV
disease, a1 least one targer lesion, one or two prior chemotherapeutic
regimens. an Eastern Cooperative Oncology Group  performance
status (I'S) of 0 1o 2, adeguate bone marrow function (neutrophils
22,000/mm’, platelets = 100,000/mm”, and hemoglobin 9.0 g/dL),
hepatic function Jtotal bilirubin within 1.5 times the upper normal
limiy, aspaniate aminotransferase (AST) and alanine aminotrmnsfense
(ALT) within 2.5 times the upper normal limit, and serum albumin
22.5 ghdL], renal function (serum creatinine <1.2 mg/dL and creatinine
clearance 245 mifmin), and pulmonary function (functional oxygen
saturation =92%).

Patients were excluded from the siudy for radiographic signs of

before day 1 of course 1 umil 22 days afier the last administration of
pemetrexed. Vitamin B, (1000 pg) was injected im. 1 week before day
I of course | and repeated every 2 weeks umil 22 days after the last
administration of pemerrexed. Paienis were discontinued from the
study for disease progression, unacceptable adverse events, inadvertent
entoliment, use of excluded concomitam therapy. a cycle delay of
>42 days, or if the patient requested 1o discontinue the sudy.

Administration of pemetrexed was delayed if patieots met any of the
following eriteria: neutrophils <2,000fmin’, hemoglobin <9.0 g/dl.
platelers <100,000/mm”, AST/ALT 2.5 times the upper normal limit,
1oial bilimbin >1.5 times the upper normal limi, serum creatinine
>1.2 mgfdl, 'S 3 or 4, or grade 23 nonhematologic toxicity (except for
anorexia, nausea, vomiting and faigue). The dose of pemetrexed was
decreased 10 400 mg/m” in the PSO0 anm and 10 BOO mg/m” in the
000 ann, if any of the following events occurred in the previous
course: grade 4 leukopenia or neutropenia, grade =3 lebrile neutrope-
nia, thrombocytopenia, or plaweler fusion, grade =3 nonl
logle toxicity (except for grade 3 anorexa, nausea, vomiting, and
fatigue), or AST/ALT increased. The pemetrexed dose was similarly
reduced il inftiation of the next course was postponed after day 29 due
to drug-related adverse events, Patienis who continued 1o show
evidence of woxicity after reducing the pemetrexed dose were discon-
tinued from the study.

Baseline amd I Pretreatiment assessmenis in-
cluded chest X-my, electre blood chemisuy, urinalysis,
pregiancy test, creatinine clearance, funciional oxygen saturation,
vital signs, PS5, hody weight, and use of prior theraples. Tumor size
was examined using X-ray, computer womography, or magnelic reso-
nance imaging done within 28 days before the planned day of the
first eatment. This was repeated about every 4 weeks after the
first examinalion

Tumor response rate was assessed as (he percentage of patients in
whom complete response (CRR) and panial response (PR} were
confirmed based on the best overall response of the lumor fesponse

| It was | according 10 the Response
Cvaluation Criterin in Solid Tumors (20). Objective wmor responses

lan

interstitial preumonitis or pulmonary fibrosis, serious or unc Hed
concomitant systemic disorders, active infections, the need for chronic

i ration of sy i€ cortic ids, active double cancer and/or
bin metastases, (reatment with third-space Muld callections within
2 weeks of signing the informed consent or the need of such treatment,
grade 3 or 4 wxicity, peripheral sensory neuropathy, previous
pemetrexed therapy, unable or unwilling 1o take folic acid or vilamin
B, ; suppl inn, or preg or breast-feedi

‘This study was conducted in compliance with the guidelines of good
clinical practice and the principles of the Declarmion of Helsinki, and it
was approved by the local institutional review boards, All patients gave
written informed consent before siudy entry,

Study design and sample size.  This open-label multicenter study had
response rate as the primary objective, and 244 patients were enrolled
and 226 were allocated 10 either 500 mg/m® (P500) or 1,000 mg/m’
(P1000) randomly.

The sample size was calculated 10 ensure that the response rate in
each group exceeded 5%. Based on the results from previous swudy,
assuming a 13% true response rate, 5% one-sided significance level for
1he test with exact probability based on binomial disiribution, and 90%
power, at least 107 patients in each treatment arm (total of 214) were
necessary. Assuming a 108 dropout rate, 240 patients were planned for
the swudy (actual: 244 patients).

The randomization was done by an independent registration center
and was dynamically balanced for IS, previous platinum chemother-
apy. disease stage, gender, time from prior chemotherapy to the
enrollment, and hospital. Patients were balanced with respect 1o the
study drug in each stram for each prognostic facor using the min
imization method.

Treatment plan,  Pemetrexed was administered as an v, 10-min
infusion on day 1 of a 21-day cycle. Patients were instiucted 10 ake
onlly 1| g/d of a multivitamin comtaining 500 pg folic acid from | week
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in all responding patients were evalumed by an exiernal review
commitee given no information on the treatment groups.

Duration of overall response (CR + PR) was ineasured from the dae
of the first objective assessment of CR or PR uniil the date of progressive
i PFS was I from the date of registration (for the
initiation of course 1) until the date of progressive disease or death,
One-year survival rate was defined as the percentage of patients who
survived for 1 year from the registration date. Survival was measured
from the registration date to the date of death (regardless of cause).

Qol. was assessed by the Qol. Questionnaire for Cancer Patients
Treawed with Anticancer Dirugs and the Functional Assessment of Cancer
Therapy for Lung Cancer (Japanese version; refs. 21 -23),

Assessments of ol were done before vemment. before the second
and third courses of chemotherapy, and 3 months after the start of
treatment

Adverse events were recorded throughoul the study and afier the
last diug administeation until signs of recovery were evident. All such
events were evaluated according 1o the Common Terminology Criteria
for Adverse Events version 3.0,

Statistical analysis.  Efficacy measurements were done according to
the guidelines for clinical evaluation methods of amicancer drugs,
Efficacy analysis was done on patients who met all selection criteria
and received at least one dose of pemetrexed. Safety analysis was done
on patients who received at least one dose of pemerrexed.

Statistical tests were done 1o establish a pemetrexed response rate of
>5%; 20% confidence intervals (CI) for the objective response rale were
constructed for each arm. All survival curves for time-to-event variables
were created using the Kaplan-Meier method; 95% Cls were calculated
for each arm, Response rate, response duration, and PFS were compared
between the two arms using the x* test. Cox multiple regression
analysis was done an all evaluable patients from two combined arms 1o
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identify significant prognostic faciors for survival, Covariaies evalualed
were pemetrexed dose, gender. age, PS, disease stage, hiswology, ierval
from prior I'htlﬂ(llhrup\" o lq,mrauon for the fimt treatment course,
the number of prior chemott ic regi and use of prior
platinum chematherapy. For |hc QoL analysis, distributions of
subscales were summarized lor each arm using descriptive statistics
(mean, SD), mumimom, median, and maximum). As o retrospeciive
analysis for safety, major grade 3 10 4 drug-related acdverse events were
compared between the (wo arms using the x” test,

Results

Patient disposition aud characteristics. I'rom October 2004
10 October 2005, a 1otal of 244 Japanese patients with advanced
NSCLC were enrolled at 28 centers. Of the 244 patients
enrolled, 226 were randomly assigned (114 o the PSOD arm
and 112 to the P10D0 arm) at least 1 week before treatment
after receiving folic acid and vitamin B, supplementation,
A toial of 225 patients (114 in the PS00 arm and 111 in P1000
arm) were evaluable for safety. Of these patients, 216 (108 in
each arm) were evaluable for efficacy. Gender, age. S, his-
tology, stage, and prior plati ch herapy were well
balanced across the two arms (Table 1).

Efficaicy evaluation. Objeciive wimor response rates and
durations of overall response are shown in Table 2. OF the
108 patients evaluable for efficacy in the P500 arm, 20 achieved
PR for an objective response rate of 185% (90% CI, 12.6-
25.8%); the median duration of response was 4.9 months
(95% CI, 3.8-8.7 months). Of the 108 patients evaluable for
efficacy in the P1000 arm, 16 achieved PR for an objective
response rate of 14.8% (90% CI, 9.5-21.6%); the median dura-
tion of response was 3.0 months (95% CI, 2.8-6.1 months).
As seen above, the lower limits of the 90% Cl in both arms

were >5%, showing a siatistically significant objective response
rate >5% in each of the arms. The differences between arms in
response rate and response duration were not statistically
significant (P = 0.5839 and 0.1740).

By October 2006, 125 of the 216 evaluable patients had died.
The MST and 1-year survival rate were 16.0 months and 59.2%
in the P500 arm and 12.6 months and 53.7% in the P1000 arm
(P = 0.1463, log-rank test for survivali Fig. 1). Median PFS
was 3.0 months (95% Cl, 2.0-3.5 months) in the P500 arm
and 2.5 months (95% CI, 1.8-3.2 months) in the P1000 arm
(P = 0:7139, log-rank test).

Cox multiple regression analysis indicated that pemetrexed
dose was not a significant prognostic factor; however, gender
(female), PS (0). disease stage (11}, hiswologic type (non-

il wus cell carci ). and longer intervals from prior
chemoiherapy were shown to be good prognosiic factors
(Fig. 2). OF note, patients with non-squamous cell carcinoma
hnd a longer MST compared with those with other histologic
types (16.0 versus 9.3 months; P = 0.00264, Cox regression
analysis), Pretreatment QoL assessments In both arms were
relatively high and showed neither worsening nar improve
ment following pemetrexed treatment (Table 3),

Safety evaluation. A total of 225 patienis (114 for P500 and
111 for P1000) were evaluable for safety. Leukopenia,
neutropenia, lymphopenia, anemia, elevation of AST/ALT,
lactate dehydrogenase, and rash were commonly reported;
however, no grade 4 leukopenia or febrile neutropenia was
observed (Table 4). Other grade 4 toxicities were uncommon.
Gaslrointestinal toxicities such as nausea, vomiting, and
anorexia were mostly mild and more frequently reported in
the P10D0 arm. As a retrospective analysis for safety, major
grade 3 1o 4 drug-related adverse events were compared

Table 1. Patient characteristics
Variable PS00 P1000
Patients who were given at least one dose of pemetrexed 114 111
Gender

Male 72 71

Fermale 42 40
Age, median (range) 61.0 (37-74) 62.0 (26-74)
Eastern Cooperative Oncology Group PS

0 45 37

H 63 68

2 ] ]
Histology

Adenocarcinoma 79 B2

Squamous cell carcinoma 25 26

Others 10 3
Disease stage

m 22 22

v 92 B8
No. prior chemotherapies

1 44 53

2 &7 57

: | 3 1
Prior platinum chemotherapy

Yes 108 104

No & 7
Interval from prior chem ipy to reg ion for the first course starts (mo)

<3 72 66

3 42 45
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Variable

Table 2. Objective tumor response and median response duration

P500 (n = 108) P1000 (n = 108)

Objective tumor response
CR
PR
Stable discase
Progressive disease
Response rate (90% CI), %
Median response duration (95% CI), mo

o 0
20 16
40 34
48 58
18.50 (12.6-25.8) 14.80 (9.5-21.6)
4.9 (3.8-8.7) 3.0 (2.8-6.1)

between the two arms using the x” test. Grade 3 or 4 anorexia
was reported more frequently in the P1000 arm (10.8% versus
2.6%; P = 0.0284), Drug-related rash was observed in 67.5%
and 80.2% of the patients treated with P500 and P1000,
respectively. However, all severities were grade | or 2, Five of the
P500 patients and 3 of the P1000 patients developed interstitial
lung disease related to pemetrexed treatment that resulted in the
death of one patient (’500 arm). The other 7 patients recovered
from their illness after discontinuing the study drug. A ol 16
(14.0%) patients in the P500 arm and 26 (23.4%) patients in the
P1000 arm discontinued the treatment because of drug-refated
adverse events.

Dose administration. The median number of treatment
courses completed in both arms was 3 (range, 1-24+). Eleven
percent of patients in the P500 arm and 8% in the P1000 arm
completed at least 10 courses, Dose reduction occurred in 20
(17.5%) patients in the P500 arm and 27 (24.3%) patients

in the P1000 arm. The most frequent cause of dose reduction
was ALT elevation. Relative dose intensities were 89.6% in the
PS00 group and 89.8% in the P1000 group.

Discussion

This phase 11, randomized study is the first report on the
efficacy and safety of a higher dose of pemetrexed (1,000 mg/m?)
in preweated Japanese patients with NSCLC. Most patients
(>50%) received two courses of prior chemotherapy, and the vast
majority or patients (>90%) received prior platinum-based
chemotherapy. The response data indicate promising tumor
reduction activity and are noteworthy in pretreated patienis.
The survival data are also promising and better than those
reported in second- and third-line settings and comparable with
those reported in first-line settings (3, 24, 25). In the phase 1]
study (3) comparing pemetrexed with docetaxel, the response

J

‘ L . Y CELOE
Survival Rate(%)
100
Median Survival Time( 95%Cl ) One-Year Survival Rate
9 P500  16.0(108- * ) £92%
P1000 126 (9.6-15.1) 537 %
70+
60
50
40-
3+ Uikidobdon b o) o o sn bl d e od i
|
O 1 2 3 4 5 B 7 B8 9 10 11 12 13 14 16 16 17 18 19 20 21 22 23 24 25
Time(months)

Fig.1. Kaplan-Meoier curve showing the overall survival for sach arm. Astensk, upper imit could not be
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(pvalus) __Hazard Ratio

Age(65<=/<65 | 0.56644 r— 112

Histologic type{Sg./Non-Sq.)| 0.00264 — > 1.90

Gender(Malefemalz) 0.00053 —— 215
| Time from pre-ch oy i<3months) 0.003558 —@—— 0.56 |

I Dosage(1000/500)| 0.33804 —1 - 1.20
i Platinum Use (Yes/No)| 0.82329 e — 092 _
| PS(1,2/0)| 0,00000 —— 279 |
| Regimen No(2/1){ 014214 — 076 '

|
: Stage(IV/IN| 0.02582 il 173
0.50 1.00 200 4.00 8.00
Hazard Ratio{95% Cl)
shuabl Hrom two arms 1o idenify significant prognostic Iacions lor survival

Fig. 2. Forest plot. Cox mulipls regrassion analysis was done on gl
[ huted were

numiber of prior chemotherapeutic reginens, and usa of pror platmum

rate and median survival in the pemetsexed arm were 9.1% and
8.3 months, respectively.

Both P500 and P1000 with folic acid and vilamin B,
supplementation were similarly active in previously treated
patients with NSCLC. All efficacy measures were similar in
both arms as shown by the response rate, survival, and PFS,
suggesting that doubling the standard dose of pemetrexed
does not show superior efficacy. In addition, Cox multiple
regression analysis showed thai the difference of pemetrexed
dose did not influence survival, Ovenall, 1oxicily was more
frequent at the higher dose, although toxicity in both arms
was mild

Cullen e1 al. reported a randomized trial of 500 versus
900 mg/m’ pemetrexed in patients with advanced NSCLC
treated previously with platinum-based chemotherapy (26),
The respanse rate, median PFS, and median survival were
7.1%, 2.6 months, and 6.7 months in patients treated with

d dose, gender. age. PS. dsease stage, histology. interval from prior chemoiberapy to registration fos the frst treaiment coursa. the
chematherapy.

500 mg/m~ and 4.3%, 2.8 months, and 6.9 months in patients
reated with 900 mg/m? pemetrexed, respectively. The higher
dose did not improve survival more than the lower dose.

Dose intensification Is not always accompanied by higher
efficacy, such as in the case of docetaxel and cisplating One
possible explanation for this in pemetrexed is that either the
intracellular transport of pemerrexed is maximal at 500 mg/m”’
or the inhibition of target enzymes is saturated above this dose;
however, there are as yel no in vitre data to support either
mechanism. Although the mechanism still needs 1o be
elucidated, the wide therapeutic window of pemetrexed makes
it unigue and safe for patients.

OF interest, our subgroup analysis identified some prognostic
factors, The subgroups that were identified as good prognostic
factors, gender (female), good IS, early-stage disease, and
longer intervals from prior chemotherapy are well known as
good prognostic factors for NSCLC. Of particular note, the MST

Table 3. Summary for Functional Assessment of Cancer Therapy for Lung Cancer Lung Cancer Subscale
n Mean (SD) Min Med Max
PS00 (n = 108)
Before course 1 107 71.5 (18.81) 321 71.4 100
Before course 2 101 74.3 (16.68) 39.3 75 100
Before course 3 84 74.3 (18.08) 35.7 7B.6 100
Registration of course 1 + 3 mo* 59 76.3 (18.1) 321 78.6 100
P1000 (n = 108)
Before course 1 107 69.6 (18.52) 25 67.9 100
Before course 2 98 73.5 (17.21) 3zl 75 100
Before course 3 72 71.4 (18.4) 28,6 714 100
Registration of course 1 + 3 mo* 61 74.3 (18.62) 286 71.4 100
*Three months +2 weeks after the day of registration for one course.
Clin Cancer Res 2008;14(13) July 1, 2008 4210 www.aacrjournals,org
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Table 4, Hematologic and nonhematologic toxicity evaluated by Commeon Terminology Criteria for Adverse
Events version 3.0
P500 (n = 114) P1000 (n = 111) P
Grade (%) Grade (%)
2 3 4 3/4/5 2 3 L) 3/4/5
Leukopenia 325 14.9 0 14.9 38.7 216 0 21.6 0.2582
Neutropenia 25.4 17.5 35 21.1 279 19.8 4.5 243 0.6695
Lymphopenia 28.9 9.6 26 12.3 30.6 16.2 1.8 18 0.31
Anemia 19.3 7 0.9 7.9 34.2 9 0.9 9.9 0.7667
Thrombocytopenia 0 0 0 1] 8.1 0.9 0 0.9 NA
Febrile neutropenia " (] o 0 =~ [1] (1] 1] NA
Nausea 14 o 0 0 14.4 2.7 0 2.7 NA
Vomiting 7 0 0 0 11.7 1.8 0 1.8 NA
Anarexia 16.7 2.6 0 2.6 15.3 10.8 0 10.8 0.0284
Fatigue 3.5 0 0 0 18 0.9 0 0.9 NA
Diarrhea 26 0.9 o 0.9 1.8 1.8 0 1.8 0.96815
Constipation 1.8 0.9 0 0.9 5.4 [} 0 0 NA
Rash 49.1 2.6 0 26 63.1 4.5 0 4.5 0.6903
Alopecia 0 * . 0 & . - NA
Preumonitis 1.8 1.8 '] 6" [} 2.7 [ 2.7 1
AST 210 7.9 0 7.9 25.2 4.5 0 4.5 0.4375
ALT 17.5 16.7 0 16.7 32.4 7.2 0.9 B.1 0.8143
NOTE: Major grade 3 to 4 drug-relaled adverse events were compared between two arms using x” test.
“Not indicated in Common Terminology Criteria for Adverse Events version 3.0.
! One patient died of drug-induced pneumonitis.

of patients with non-squamous cell carcinoma was significantly
longer compared with that in patients with squamous cell
carcinoma (16.0 versus 9.3 months; P = 0,00264). Pemetrexed
induces its antitumor activity by inhibiting key enzymes
related to the folate metabolism, such as thymidylate synllum.-
Studies of the tumor histology of adenocarcinoma progres:wt
disease have reported lower-level expression of thymidy
synthase than squamous cell carcinoma (27). Cood survival
benefit in patients with non-squamous cell carcinoma by
pemetrexed may be explained by lower levels of thymidylate
synthase. Because MST was the subject of a subgroup analysis
and survival was not a primary endpoint of this study, this
finding should be considered exploratory requiring indepen-
dent confirmation. However, if this finding of superior
effectiveness in non-squamous cell carcinoma could be
substantiated in future studies, it would be very useful. Indeed,
histology could be a simple means of tailoring chemotherapy
reatment.
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Efficacy of Amrubicin for Non-small Cell Lung Cancer after
Failure of Two or More Prior Chemotherapy Regimens

SATOSHI IGAWA!, TOSHIAKI TAKAHASHI!, YUKIKO NAKAMURA',
ASUKA TSUYA!, AKIRA ONO!, TAKEHIRO SHUKUYA!, HARUYASU MURAKAMI',
MASAHIRO ENDO? and NOBUYUKI YAMAMOTO!

Divisions of 'Thoracic Oncology, and *Diagnostic Radiology,
Shizuoka Cancer Center, Shizuoka 411-8777, Japan

Abstract. Background: No investigation of amrubicin
monaotherapy in pre-treated advanced non-small cell lung
cancer (NSCLC) patients has yet been reported. Patients and
Methods: The records were reviewed of NSCLC patients who
had received amrubicin monotherapy berween 2003 and 2007
with the following eligibility criteria: previously treated with
at least two regimens including platinum and docetaxel for
non-adenocarcinoma patients and platinum, docetaxel and
epidermal growth factor receptor-tyrosine kinase inhibitors
(EGFR-TKI) for adenocarcinoma patients, Amrubicin was
administered to both groups at 35 mg/m® or 40 mgim? for 3
consecutive days, every 3 weeks. Results: Thirty-nine patients
were registered. The median number of prior chemotherapy
regimens was three (range: 2 to 7). The median number of
courses per patient was three (range one 1o 9), The toxicity
profile was acceptable with no grade 3 or higher non-
hematological toxicity. The overall response rate was 102% .
The median survival time was 4.8 months. Conclusion:
Amrubicin exhibits activity and acceptable toxicity as third
or subsequent line of chemotherapy for advanced NSCLC.

Combinations of platinum and the new agents developed in
the 1990s are more useful against advanced non-small cell
lung cancer (NSCLC) than old-generation combination
chemotherapy and doublets of platinum and new-generation
anticancer agents are now considered as standard
chemotherapy regimens for advanced NSCLC (1, 2).
However, among the patients receiving these as first-line
chemotherapy, most present either NSCLC refractory to the
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chemotherapy or relapse after having been sensitive to the
chemotherapy. Docetaxel has been considered a more
reasonable standard therapy for NSCLC patients who
experienced first-line failure compared with best supportive
care (BSC) (3, 4). Equally importantly, two recent stuadies
concerning the epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitors (TKI) reported that erlotinib
exhibited significant overall survival benefit in a second- or
third-line setting compared to placebo for unselected
patients (5) and that gefitinib was not inferior to docetaxel
in clinical efficacy for pre-treated patients with advanced
NSCLC (6). Additionally, previous studies reported that
adenocarcinoma histology was one of the predictive factors
for response and survival in NSCLC patients treated with
gefitinib (7, 8).

On the other hand, we have inevitably encountered
difficulties in the treatment of patients with advanced
NSCLC relapsed to second-line regimens such as docetaxel
and EGFR-TKI, Whereas it is recognized that this patient
population has been increasing, the insufficiency of a
consistent approach to treatment for patients who have failed
second-line therapy is apparent.

Amrubicin hydrochloride is a totally synthetic 9-
aminoanthracycline and is metabolically activated to
amrubicinol by a liver enzyme. Two phase II studies of
amrubicin in patients with previously untreated advanced
NSCLC successively demonstrated an overall response rate
of 279% and 18.3% and median survival time of 9.8
months and 8.2 months (9, 10). Thus amrubicin was
equivalent to newer agents such as taxanes, gemcitabine,
vinorelbine and irinotecan in single-agent activity for
NSCLC. These findings suggested that amrubicin might be
a promising anti-tumor agent for the treatment of NSCLC.
To our knowledge, no evaluation of such single-agent
treatment in pre-treated advanced NSCLC patients has yet
been reported. In the present study, the clinical efficacy of
amrubicin for pre-treated patients with advanced NSCLC
was investigated.
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Patients and Methods

Patient selection. This retrospective cohort study enrolled 39 patients
previously treated for NSCLC between March 2003 and October 2007
at Shizuoks Cancer Center. Study participants were consecutively
registered according to the following criteria: measurable disease target
lesions on physical examination by chest X-ray, computed tomography
(CT) of the chest and abdomen, or other procedures as indicated,
including MRI of the head, positron-emission tomography (PET), or
combined PET/CT; histologically confirmed advanced NSCLC and
relapsed or progressive disease sfter first-line platinum-based
chemotherapy; histologically confirmed adenocarcinoma and receiving
each of BGFR-TKI and docetaxel following the first-line therapy;
other histological sublypes of NSCLC and previously receiving
docetaxel following the first-line therapy: age less than 80 years;
Eastern Cooperative Oncology Group Performance Scale status
(ECOG PS) of 2 or less; adequate bone marrow, hepatic, and renal
function; no other serious discase and written informed consent.

Treatment methods, In a previous study amrubicin at a dose of
40 mg/m? showed efficacy and tolerability in previously treated
small cell lung cancer (SCLC) patients (11). Furthermore,
amrubicin at a dose of 35 mg/m? also exhibited significant activity
a5 third-line chemotherapy against SCLC (12). Thus, a reduced
dose of 35 1o 40 mg/m? per day x 3 days was chosen for the
present study in view of the history of previous chemotherapy in
the patients. The treatment schedule comprised intravenous infusion
of amrubicin in 50 mi normal saline over 5 minutes on days 1 to 3
every three weeks.

Before the start of treatment, the patients were required to have an
absolute neutrophil count (ANC) of 1,500/mm? or more, & platelet
count of 100,000/mm? or more, asparatate aminotransferase (AST)
and alanine aminotransferase (ALT) values less than 3 times the
maximum values of the pormal range, and total bilirubin and
creatinine values less than 1.5 times the maximum values of the
normal range. The administration of granulocyte colony-stimulating
factor (G-CSF) was permitted as a therapeatic intervention but was
not mandatory as a prophylactic agent against the hematological
toxicity of neutropenia. Subsequent doses were modified on the basis
of the hematological and non-hematological toxicities at the
discretion of the physician in charge. Peripheral blood and
biochemistry examinations were repeated at least once a week after

Evaluation aof response and toxicity. Tumor response was classified in
accordance with the Response Evaluation Criteria for Solid Tumors.
The patients were evaluated to determine the stage of their discase
before the start of treatment and at the time of determination of
disease progression or relapse, by complete medical history and
physical examination, chest X-ray, CT of the chest and abdomen, and
other staging procedures, such as MRI of the head and PET. The
adverse events were recorded and graded using the National Cancer
Institute Common Toxicity Criteria, Version 3.0 grading system (13).

of amrubicin treatment to the day of death or last follow-up.
Progression-free survival was defined as the time between the
initiation of treatment and failure (i.e. death or disease progression) or
1ast follow-up. The time-to-event outcomes were compared using the
log-rank test.
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Table 1. Patient characteristics.

No. of patients £l
Gender: female/male 15124
Age (years): median (range) 60 (41-77)
Smoking history: +/- 24Nns
EBCOG PS: 0nn2 14/1778
Stage: NIBAV 633
Brain metastasis: +/— 1029
Histology: Ad/SQ/Other 2211473
Number of prior regimens

2i>=4 372016

Ad: Adenpcarcinoma, 5Q: squamous cell carcinoma.

Table [1. Hematological toxicity by dose. -
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ANC: Absolute neutrophil count, Hb: hemoglobin, PLT: platelets, FN:
fibrile neutropenia.

Results

Patient characteristics. The characteristics of the patients with
recurrent or refractory NSCLC enrolled in this study are
listed in Table I. The majority (31 patients, 79%) had an
ECOG PS of 1 or 0. The histological subtypes of NSCLC in
the patients were: adenocarcinoma in 22 patients (56% ),
squamous cell carcinoma in 14 (36% ), and other histological
subtypes in 3 (8% ). Amrubicin was administered at 35
mg/m? to 28 patients and at 40 mg/m? to 11 patients. For the
whole study population, the best responses to prior therapy
were: no complete response (CR); two (5% ) partial response
(PR); 15 (39%) stable discase (SD) and 22 (56%)
progressive disease (PD).

Toxicity. In total 102 courses were given (median courses per
patient, 3: range 1 to 9). All of these courses were included
in the toxicity analysis. The principal toxicity of amrubicin
monotherapy was neutropenia. The hematological toxicities
in the 39 patients are summarized in Table II, which shows
the highest level of toxicities in each patient. Grade 3 or
higher neutropenia, grade 3 decrease in hemoglobin, and
grade 3 or higher thrombocytopenia were observed in 22
patients (56% ), 5 patients (13%) and 5 patients (13%),
respectively. The incidence of grade 4 neutropenia was less
frequent in patients receiving 35 mg/m? (21% ) than in those
receiving 40 mg/m? (36%). Febrile neutropenia was




