KB A A OETFRA
FE4E no MST

2001~2006 % 328 2286
2006~2008 & 526 297

e 2006~2000

N
2001~2006%

O 20 40 80 80
analysis time {H)

5-FU
) /59 in 1994
¥ T ZFE L 00 2005
AR X7 T in 2007
B % v in 2008

FE

w3}

1.00 W\\

075 ~
(.80 -~

0.25 -

FlOIRBE

QOO’E ~2005 %« 343
2000’”2009 £ 434

W
= ~2( it
D001 ~2005 & =, 2006 2009 %

G'%Q ] i i

0 20 40 80 80
analysis time (B)

5FU" Lol
SATGFL 1990
A1) ;“7”/'1!‘)1994 ,
81 in 1999

Koz &40k in 2(}00 :
JNT R ERIL in 2001

R 2+ KD A EBHAILE T DEMFTEOEZ (2000 FLIE)

(BHEN AL~ hRERDTF 2 L1}

{=F 27, chitlETOexon THIZER
DB ALILFI80 % THRA SN T & 5
exon QIZAEMBHIEH0%THAL, A7
S =TT C U A T R L e
12, AT ofgiuiHEtsihCns. A
ZFZTEKIT & LN A 720 T
<L M P E A B B P2 6 R (vascular
endothelial growth factor receptor:
VEGEFR) &5 A=) & 4w fOIF- 1
Ty F P EHEEEETH D . exon 9B L UM
AN R I T R (platelet-derived
growth factor receptor : PDGFR) (228558

HAHEEETEICHEGEAN, Shed
RN H Bty B IR L Cexon L1 IZZERGDS
HAYEITIEIAAEIE L 5 5.

g~ @%%mpaf.%?é 7T
MG - VERE, P REE, Bk Ui - b
FPERIR A B EABIT B, A S TN
AN A e & AN, HERT 28 (0 (I

T BN TFARERERER BN A,

— 638 —

RN AILETS
}}%‘iw;{é;ﬁm f"*ﬁ

WA AV 2 BT
o PEBERINE, PR LSRR AL & 2
5 I WETEELT B, BRI bR
EIEIEPUYE % R 3 2 561 &#M@ =&
VR A A et - & Vvﬁﬁkmﬁtﬁ%
HAH BRI A3 T AT 5502 BUT 2 I 2 oA )
[ & 4zt {‘ﬁ Aok L, BUE, T2
AR %fmﬁ%é{,a&dwﬁm?@ﬁzﬁwx
%, fj:??;a::-‘:?% b/ ALA Y F
F—BCdHDHRaf 7 7 3 —12HT DB
W, MAP & —4 ¥ 7 F Vfzikith O MH
Vi % 4 L 2 s g il (e 00, EGFR-2/
PDGFR- § & 7 F Mo MEER 2 L
P A A SR eI 72 L o< VF 3 F—HIR
GHTH D, TS POREEE S L O
OHEFT A PRI H S LS TV D,
ST EEIEI & LT, FRAERREE T
el BT EAETes.

S 15Te0s



2002410 H 1511

Efficacy of Docetaxel in Patients with Paclitaxel-Resistant
Advanced Gastric Cancer
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' Akira Sawaki™ and Kei Muro
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Sumrmary

Background: Although there appears to be incomplete cross-resistance between docetaxel and padlitaxel In several types of
malignancies, to our best knowledge there have been no available data on this for advanced gastric cancer. Methods: We
retrospectively evaluated the efficacy and samy of docetaxel in patients with paclitaxel-resistant advanced gastric cancer.

Docetaxel was administered at 50-60 mg/m” every 3 weeks. Results: Twenty-one patients were evaluated. All patients had
received 2 or more previous chemgtherapy regimens. Amaong the 12 patients with measurable lesions, apparent tumar shrink-
age was seen in 1 patient for an overall response rate of 8, 3% and a disease control rate of 33. 3%. Median progression free
survival and overall survival of all patients were 2. 6months and 6. 7 months, respectively. There were no correlations betwsen
the progression free survival of docetaxel and the progression free survival of previous paclitaxel and between the progression
free survival of docetaxel and taxane-free interval (Spearman’s correlation coefficients of p= 0. 14 and p= 0. 02, respec-
tively). Grade 3/4 neutropenia developed in 8 patients {38%) arl Grade 3 febvile neutropenia in 1 patient (4. 8%}, Con-
clusions: Docetaxel showed modest activity in paclitaxel-resistant advanced gastric cancer patients, and no coreelations be-
tween previous efficacy of paclitaxel or taxane-free interval were seen. Key words: Gastric cancer, Paclitaxel, Docetaxel,
Taxane-{ree interval (Received Nov. 22, 2011/ Accepted Mar. 13, 2012)
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. Japanese AGC patients. However, the median progression-
Introduction . . g . :
free survivals of first-line regimens have been approximately

. o bk
410 6 months'

The prognosis of patients with advanced gastric cancer and therefore many patients need second~

{AGC) remains poor: commonly used combination chemo-
therapy regimens, consisting of a fluoropyrimidine plus a plat-
inum agent with or without docetaxel or anthracyclines, pro-
vide @ median survival of only 1 year’™ . Based on the results
of the phase 3 SPIRITS trial®, =1 plus cisplatin is considered
W be the standard first~line chemotherapy regimen for most

line chemotherapy.

The taxanes, including docetaxel and paclitaxel, have been
reported to be effective for gastric cancer. The reported re-
sponse rate for rtz@n@thuapg was approximately 20% in pre-
vious phase 1 studies” . Although docetaxel in combination

therapy showed a survival benefit for AGC", paclitaxel, espe-
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cially administered weekly, has been commonly used in Japan
as second-Hne or higher chemotherapy because of s feasi-
bility ™. Currently, there is an ongoing phase I study com-
paring weekly paclitaxel w irinotecan for second~line AGC
chemotherapy.

The principal mechanism of action of taxanes, including
docetaxe! and paclitaxel, i the induction of stable microtubule
polymerization by inhibiting microtubule disassembly ™. Be-
cause microtubules are essential for cell division, cells ex-
posed 10 taxanes are arrested in the premitotic Gy phase and
fail to divide. Although these mechanisms are similar in pacli-
taxel and docetaxel, 2 vivo data have indicated that there we
several differences between these 2 agents™ ™. Not only did
doceraxel show greater antitumor activity than paclitaxel

against several cell lines™ ™, but also docetaxel was repornted

10 induce Bel-2 phosphorylation and apoptotic cell death at

;&

100-fold lower concentrations than paclitaxel™ . Supporiing
these preclinical results, there have been several clinical stud-
ies Indicating the existence of incomplete cross-resistance be-
tween pachitaxel and docetaxel. In a phase 1T swdy of puch-
taxel~resistant patients with breast cancer, the overall response
rate to docetaxel was reported to be 18, 1% In 2 prospec-
tive studies using docetuxel monotherapy for ovarian cancer
patients refractory to a first-line regimen containing paclitax-
Y Fi

nally, second-line docetaxel bas shown a survival benefit for

¢l, the reported response rates were 22, 4% 10 23% 7

patients with non-small cell lung cancer regardless of previous
paclitaxel exposure’ . These results indicate incomplete
cross-resistance between docetaxel and pachitaxel, although to
our best knowledge, there have been no studies evaluating this
in AGC. In this study therefore, we evaluated the efficacy and
safety of docetaxel therapy for patients with paclituel-resist-
ant AGC.

[. Patients and methods

1. Patients

This was a retrospective cohort study of AGC patients who
received docetaxel every 3 weeks after their disease had pro-
gressed when they were receiving weekly paclitaxel, To be
included in the study, disease progression in subjects bad o
have been radiologically or elinically confirmed during the
timie they were receiving weekly paclitaxel or within 3 months
after the last dose of paclitaxel. Other principal inclusion crite-
ria included the following: histologically proven inoperable
gastric cancer, Eastern Cooperative Oncelogy Group performe
ance status (ECOG PS) of 0 to 2, sufficient bone marrow
funcron, and adequate liver and renal funetion,

A total of 132 patients with AGC were treated with doce-
taxel from Janvary 2005 to March 2010 in our institution. Of
these, 29 patients had received prior weekly paclivaxel therapy
before docetaxel, and of these, 21 patients met the inclusion
criteria and were included in the analysis. Written informed
consent was collected from all patients before treatment.
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2. Treatment delivery

After premedication using intravenous dexamethasone (8-
16 myg}, docetaxel was infused over a 1-hour period every 3
weeks, at a dose of 60 mg/m” in 17 patients and 30 mg/m” in
4 patients. In general, chemotherapy was delayed until recov.
ery for a neutrophil count << 1. $X 10%/L, platelet count <75
H 10"/, or any significant persisting nonhematologic toxici-
ty. The docetaxel dose was reduced by 20% for the ocenr-
rence of Grade 4 neatropenia, febrile neutropenia, or Grade 3/
4 thromboeytopenin. Other dose adjustments were made on an
individual basis. Treatment was repeated until there was evi-
dence of discase progression, unacceptable toxicity, or at the
patient’s request.

3. Evaluation of treatment and statistical analysis

Objective responses were evalpated every 8 weeks or earli-
er if there were indications of treatment {ailure due to disease
ssion or toxicity. Responses were graded according o

progr
response evaluation criteria in solid tumors (RECIST) as
complete response {CR), partial response (PR}, stable dis-
case (SDJ, or progressive disease (PD). Toxicity of doce-
taxel was evaluated according to National Cancer Institute
Common Toxicity Criteria (NCI-CTC) ver. 4. 0.
Progression free survival {PFS) was measured from the
first day of docctaxel administeation until disease progression,
or the date of death from any cause. PFS of previous paclitaxel
was also calealated. Overall survival (0S8) was measured
from the first day of treaunent 1o déath from any canse. Me-
dian PES and median OS were estimated by the Kaplan~Meier
method. The interval between the final infusion of weekly pu-
clitaxel and the first administration of docetaxel was defined
as the taxane~free interval (TFD. The correlations between
the PFS of docetaxel and the PFS of previous paclitaxel and
the PES of docetaxel and the TFL were evaluated using the
nonparametric Spearman’s rank correlation coefficient ().
Statistical analysis was performed using Graph-Pad Prism ver.
5. 0 software {Gmph*?a{l software, San Diego, CA), and the

significance level of the results was set a1 0. 05 {2-sided).
. Results

1. Patient characteristics

Patient characteristics are listed in Table 1. The median fol-
low=up time at the time of analysis was 34. 5 months (range,
7.3 to 60.9 months). The median age was 70 vears, The
dominant histology was poorly differentiated adenocarcinoma,
and 38% of patients had peritoncal dissemination. All patients
had previously received at Jeast 2 chemotherapy regimens pri-
or 1o docetaxel, Fourteen of 21 patients (67%) had been
treated with drinotecan, and three of 7 patients did not receive
irinotecan because of symptomatic peritoneal dissemination
leading to intestinal stenosis. The median number of previous
weekly paclitaxel administrations was 8 times (range, 4 10
483, The median TFI was 2. 6 months {range, 0.3 to 17.0
months), and the median PFS of patients receiving paclitaxel
before docetaxel was 3.7 moaths {range, 0.2 10 21.6
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Fig. 1 A 71-year-old famale with liver metastas

ard irinotecan chemotherapy
& CT scan acquired prior 1o doceta

1513

es fram AGC refractory fo 5-1, paclitaxel,

xel monotherapy showed large liver metastases.

b CT scan acquired after 8 n‘mﬂ“s of docstaxel chemotherapy. Apparent reduc-
tions in the size of multiple liver metastases are seen. TUMOr responses wers main-

tained for more than 1 year.

Table 1 Patient characteristics

Characteristics 1 %

Age (yr) Median o e

Range AT e

Ceepier Wale 15 71

Fernals ) 29

EIOG PS 0 3 38

i 11 52

2 2 10

Histological type” Weil 3 14

Muod 5 24

Por 13 62

Matastalc sites Liver g 43

Lymph nodes 8 38

Peritcneumn 8§ 38

Fripr chemotherapeutic regimens 2 7 i3

3 10 48

4 4 19

Frior irinotecan Yes 14 &7

Chemotherapy Mo 777 33

Prior paclitaxel pdedian 8 -
Adrvinistration (times) Range 4-48

ECOG PS: Eastern Cooperative Oncology Group performe-

ance status, wel/mod/por: well/moderately/poorly differ

entiated adenocarcinoma

" According to the Japanese classification

"7 3 of the 7 patients were unable © use nngtecan be-
cause of intestingl ohstruction

months),

2. Treatment results and objective response

The median number of docetaxel administrations was 4
times {range, | to 19). The dosage way reduced in 7 patients
because of the following toxicities: Grade 4 neutropenia in 3
Grade 3 anorexia in 2, and Grade 3 anemia and febrile neutro-
penia each in 1. All patients stopped docetaxel due {o progres-
sion except | patient lost of follow up during stable discase.

Among the 12 patients with measurable lesions evaluated
using the RECIST, no patient achieved CR, 1 patient experi-
enced PR (Fig, 1), and 3 had SD. Bight patients had PD. The

ey iy
I
’xvg"":
1
i Sedne L«m——l
£ i
L i 1.
—_— o g . H
ERR K e
& %
L3 Tes
[ :
s [
. - : - - - :
G & 4 & 8 1o 12
Time(manths)
Fig. 2

jon free survival was 2.6

The median progressior
months (85% CI, 2, 1-3. 3 months) and Lhe
median overall survival was 6 7 months {959
Cl, 2.2-9 8 months),

&,

overall response rate was 8. 3% [95% confidence ;ntew‘il
(CH), 2.0-48. 4% ] und the dise:
(93% CI, 10-63% ). The median pmwrem‘m free survival of

Y

e control rate was 33, 39

uil pitients was 2.6 months (95% CI, 2. 1-3. 3 months; Fig.

23, with 3 patients (23, 8% free E’mm ;}mgmﬁgiwn for nore
than 4 months, The median overall survival was 6. 7 months
(953% Cl, 2.2-9. § months; Fig. 2J.

3. Toxicdty

A total of 21 patents were assessable for toxicity. The tox-
ietty profiles are listed in Table 2. Although Grade 3 or 4 neu-
tropenia occurred in 8 patients (38%), febrile neutropenia
was observed in only 1 patient, Peripheral neuropathy of
Grade 1 or 2 was observed in 4 patients (19% ), which did
not necessitate stopping or reducing the dosage. Two patients
were admiitted to the hospital because of pneamonia without
neutropenia, and they hmproved after antibiotics. Grade 3
pueumenitis and rash each oceurred in 1 paticnt, and both con-
ditions improved after steroid administration.

4. PFS of docetaxel and PFS of previous paclitaxel

and TFI

Almost no correlations were observed between the PES of

dacetaxel and the PFS of previous paclitaxel (p== 0. 14; Fig.
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Table 2 Toxicities

teukoperia Y1 3 2 508
Neutropenia 01 3 5 83
Anarnia 4 3 2 2 409
Thrombocylopenia 0 1 1 0 1 (3]
Anorexia 5 2 2 0 200
Fatigue & 4 0 0 0
Nausea 6 0 0 0 0
Vomiting 10 a o 0
Diarrhisa 5 00 4 0 0
Mucositis 2 0 0 0 a
MNaurcpathy v 0 0 0
Rash 0 1 6 1 ()
Febrile neutropenia — — 1 0 1 (3)
Prigumonitis o 0 1 0 1M
infaction” o 0 3 0 30%

"1 pneumonia

3)and between the PES of docetaxel and TFI(p=—0. 02; Fig.
47, With the 20 patients who stopped docetaxel due to disease
progression, there were no correlations as well between the
PES of docetaxel and the PFS of previous paclitaxel (p=
~(. 19} and between the PFS of docetaxel and TFI {(p=
=0, 04).

lli. Discussion

To our knowledge, this is the first report to evaluate the
efficacy and safety of docetaxel monotherapy for patients with
paclitaxel-resistant AGC. Although the low response rate may
indicate that the activity of docetaxel against paclitaxel-resist-
ant AGC was modest, the median PEFS of 2, 6 months and
median OS of 6.7 months may not be inferior to previous
reports of decetaxe] monotherapy for patients with paclitaxel-
natve AGC™™ or to results of a newer agent in a similar
setting™

There may be several reasons for the low response rate in
our study of AGC patients compared with the rates seen i pd@i
studies of other cancers such as breast or ovarian cancer’
The dose of docetaxel used in those studies ranged from 80~
100 mg/m* o

which is the approved dose for AGC in Japan, based on previ-

. In our study. the dose was 50-60 mg/m”,

ous phase 11 studies™ ™. AGC is also relatively refractory to
chemotherapy, including docetaxel, compared with ovarian
and breast cancer™
the patients in this study did not have measurable lesions, the
response rate did not include these patients. Therefore, the
small sample used for response evaluation may not accurately
reflect the efficacy of docetaxel. We had 1 patient who ach-
ieved a PR for more than [ year, despite appirent tumor pro-
gression after 8§ weekly paclitaxel infusions without response.
Additionally, 4 other patients were progression free for more
than 4 months, which suggests that docetaxel may have had
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. In addition, since approximately half
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effects on disease stabilization. These cases demonstrate in-
complete cross~resistance between docetaxel and paclitaxe] in
AGC, Therefore, identifying the patients with pachitaxel-re-
sistant AGC who might achieve benefit from decetaxel may be
extremely important.

Results of 2 previous studies of other cancers suggest thut
patiehts with a long TF more often respond 1o a second taxans

therapy '™, However, in our study, the correlation between
the PES of docetaxel and TFI was quite low, as was the corre-
lation between the PFS of docetaxel and the PES of previaus
paclitaxel. Therefore additional study is needed to identify 2
predictive marker for docetaxel efficacy.

o the present study, there were no treatment-related deathis,
and the frequencies of Grade 3 or 4 adverse events during
treatment were similar to results of previous phase [ swudies
of docetaxel for AGC™”, Gastrointestinal toxicity was quite
low and no patient experienced Gradé 3 or higher nausen and
diarthea, even though there were 3 patients with symptomatic
peritoncal dissemination and intestinal stenosis. Although iri-
notecan is an effective agent for AGC treatment. it is associat-
ed with relatively high rates of gastrointestinal toxicity, espe-
cially in patients with severe peritoneal metastatic disease. Our
results suggest thar docetaxel may be-a treatment option for
these patients.
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in conclusion, although the small sample size and rerospee-

tive single-institution study design were major limitations of

. his study, the results suggest that docetaxel may have modest

sificacy in patienss with paclitasel-resistant advanced gastric

cuncer. Additional investigations o identify AGC patients

ost likely 1o benefit from taxane rechallenge appear to be
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TAS-102 monotherapy for pretreated metastatic colorectal
cancer: a double-blind, randomised, placebo-controlled
phase 2 trial

Takayuki Yoshino, Nobuyuki Mizunuma, Kentaro Yamazaki, Tomohiro Nishina, Yoshito Komatsu, Hideo Baba, Akihito Tsuji, Kensei Yamaguchi,
Kei Muro, Naotoshi Sugimoto, Yasushi Tsuji, Toshikazu Moriwaki, Taito Esaki, Chikuma Hamada, Takanori Tanase, Atsushi Ohtsu

Summary

Background Treatments that confer survival benefit are needed in patients with heavily pretreated metastatic colorectal
cancer. The aim of this trial was to investigate the efficacy and safety of TAS-102—a novel oral nucleoside antitumour
agent.

Methods Between August 25, 2009, and April 12, 2010, we undertook a multicentre, double-blind, randomised,
placebo-controlled phase 2 trial in Japan. Eligible patients were 20 years or older; had confirmed colorectal
adenocarcinoma; had a treatment history of two or more regimens of standard chemotherapy; and were refractory
or intolerant to fluoropyrimidine, irinotecan, and oxaliplatin. Patients had to be able to take oral drugs; have
measurable lesions; have an Eastern Cooperative Oncology Group performance status of between 0 and 2; and have
adequate bone-marrow, hepatic, and renal functions within 7 days of enrolment. Patients were randomly assigned
(2:1) to either TAS-102 (35 mg/m?2 given orally twice a day in a 28-day cycle [2-week cycle of 5 days of treatment
followed by a 2-day rest period, and then a 14-day rest period]) or placebo; all patients received best supportive care.
Randomisation was done with minimisation methods, with performance status as the allocation factor. The
randomisation sequence was generated with a validated computer system by an independent team from the trial
sponsor. Investigators, patients, data analysts, and the trial sponsor were masked to treatment assignment. The
primary endpoint was overall survival in the intention-to-treat population. Safety analyses were done in the per-
protocol population. The study is in progress and is registered with Japan Pharmaceutical Information Center,
number JapicCTI-090880.

Findings 112 patients allocated to TAS-102 and 57 allocated to placebo made up the intention-to-treat population.
Median follow-up was 11-3 months (IQR 10-7-14-0). Median overall survival was 9-0 months (95% CI 7-3-11-3) in
the TAS-102 group and 6-6 months (4-9-8-0) in the placebo group (hazard ratio for death 0-56, 80% CI 0-44-0-71,
95% CI 0-39-0-81; p=0-0011). 57 (50%) of 113 patients given TAS-102 in the safety population had neutropenia of
grade 3 or 4, 32 (28%) leucopenia, and 19 (17%) anaemia. No patient given placebo had grade 3 or worse neutropenia
or leucopenia; three (5%) of 57 had grade 3 or worse anaemia. Serious adverse events occurred in 21 (19%) patients in
the TAS-102 group and in five (9%) in the placebo group. No treatment-related deaths occurred.

Interpretation TAS-102 has promising efficacy and a manageable safety profile in patients with metastatic colorectal
cancer who are refractory or intolerant to standard chemotherapies.

Funding Taiho Pharmaceutical.

Introduction
Colorectal cancer accounts for about 10% of all cancer
cases and is the fourth leading cause of cancer-
related deaths worldwide.! Cytotoxic agents such as
a fluoropyrimidine, irinotecan, and oxaliplatin, and
antibodies such as bevacizumab (an anti-VEGF mono-
clonal antibody) and cetuximab and panitumumab (anti-
EGFR monoclonal antibodies) significantly improve the
survival of patients with unresectable metastatic colo-
rectal cancer*® Although many patients have a good
long-term performance status, a standard treatment for
those who are refractory to or unable to tolerate these
agents does not exist.

TAS-102 (Taiho Pharmaceutical, Tokyo, Japan) is a
novel oral nucleoside antitumour agent consisting
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of a,a,a-trifluorothymidine (FID) and 5-chloro-6-(2-
iminopyrrolidin-1-yl) methyl-2,4 (1H,3H)-pyrimidine-
dione hydrochloride (TPI) at a molar ratio of 1:0-5. FTD
is the active antitumour component of TAS-102: its
monophosphate form inhibits thymidylate synthase
and its triphosphate form is incorporated into DNA in
tumour cells. The incorporation into DNA is known to
have antitumour effects, because inhibition of
thymidylate synthase caused by oral FTD rapidly
disappears after the drug’s elimination.® TPI is a potent
inhibitor of thymidine phosphorylase, which is the
enzyme that degrades FTD. After intravenous injection
of FID alone, sufficient concentrations have been
recorded in plasma.’ However, when monkeys are given
oral FTD alone, it is rapidly degraded to its inactive
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form in the intestines and liver (first-pass effect).
Therefore, TPI is necessary to maintain adequate
plasma concentrations of FTD that has been taken
orally.®

Preclinical studies™ have shown that TAS-102 exerts
an antitumour effect against cancer cells irrespective
of their sensitivity to fluoropyrimidines. TAS-102 has a
mechanism of action different from that of other anti-
tumour agents such as a fluoropyrimidine, irinotecan,
and oxaliplatin. As a result, TAS-102 is expected to be
effective against tumours refractory to the various
antitumour agents available.

The results of several independent phase 1 clinical
trials"* of patients with solid tumours in the USA
showed that the optimum dosage of TAS-102 was a
28-day cycle: a 2-week cycle of 5 days of treatment
followed by a 2-day rest period, and then a 14-day rest
period. The maximum tolerated dose was 25 mg/m?2
given orally twice daily to patients with heavily pretreated
breast cancer.”

Subsequently, a phase 1 clinical trial® was done in
Japan; the recommended dose was 35 mg/m? twice daily
given orally, with the same treatment cycle. 21 patients
were enrolled in the Japanese phase 1 study,” 18 of whom
had colorectal cancer. Clinical benefit was achieved in
11 patients, including one with a partial response; eight
were able to continue treatment for 12 weeks. These
results suggested that TAS-102 could further improve the
outcomes of patients with unresectable metastatic
colorectal cancer who have already received conventional
chemotherapy with a fluoropyrimidine, irinotecan, and
oxaliplatin. Thus, we further investigated the efficacy and
safety of TAS-102.

I 172 patients eligible for randomisation |

v

v

' 114 assigned TAS-102

l ] 58 assigned placebo ’

A

'—P, 1did not receive treatment* l

-—b’ 1did not receive treatment™®

A

4

| 113 received TAS-102

I l 57 received placebo [

109 discontinued study treatment

57 discontinued study treatment
56 had disease progression
1 had adverse events

99 had disease progression
4 had adverse events
1 physician’s decision
1 had protocol violationt
4 other reasons

4 remained on TAS-102 at data cutoff l

| 0 remained on placebo at data cutoff

Figure 1: Trial profile

*One patient was randomly allocated to TAS-102 did not receive treatment because of aggravation of a rash
related to previous chemotherapy and one patient allocated to placebo did not receive treatment because of
occurrence of pulmonary thromboembolism; these patients were excluded from the efficacy and safety
populations. tOne patient received TAS-102 but was concomitantly taking a prohibited treatment, so was
excluded from the efficacy population, but included in the safety population.
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Methods

Study design and participants

Between Aug 25, 2009, and April 12, 2010, we under-
took a multicentre, double-blind, randomised, placebo-
controlled phase 2 trial of TAS-102 in Japan. Eligible
patients were 20 years or older; had histologically or
cytologically confirmed unresectable metastatic colo-
rectal adenocarcinoma; had a previous treatment history
of two or more regimens of standard chemotherapy; and
were refractory or intolerant to a fluoropyrimidine,
irinotecan, and oxaliplatin. Patients had to be able to take
oral drugs; and to have measurable lesions as per the
Response Evaluation Criteria In Solid Tumors (RECIST;
version 1.0)* and an Eastern Cooperative Oncology
Group (ECOG) performance status of between 0 and 2.
Adequate bone-marrow, hepatic, and renal functions
were established by tests within the 7 days before
enrolment. Patients could have no serious comorbidities.

Previous treatments were discussed by the investigators
in charge and study monitors before enrolment to confirm
eligibility—ie, whether progression of disease as docu-
mented in medical records could be reasonably interpreted
as refractory, and whether discontinuation due to
unacceptable toxic effects could be reasonably interpreted
as intolerance. Whether patients of doubtful eligibility
could be enrolled was assessed by the steering committee
(AO, TD, IH, and HB) at a central review meeting.

The study was done in accordance with the Declaration
of Helsinki and the Japanese Good Clinical Practice
guideline. The protocol was approved by the institutional
review boards of participating hospitals. Written in-
formed consent was obtained from all patients.

Randomisation and masking

Patients were randomly assigned in a 2:1 ratio to either
TAS-102 plus best supportive care or placebo plus best
supportive care through central registration. Random-
isation was done with minimisation methods, with
baseline ECOG performance status (0 vs 1 or 2) as the
allocation factor. The randomisation sequence was
generated by an independent team from the trial
sponsor who used a validated computer system.
Assignment of patients was initiated via fax. The
investigators, patients, data analysts, and the trial
sponsor were masked to the randomisation sequence
and treatment assignment.

Procedures

A dose of 35 mg/m?2 TAS-102 was taken orally twice a day
after meals (ie, 70 mg/m?2 per day). Two tablets (15 mg and
20 mg) were used to achieve the correct dose. TAS-102 or
placebo was taken in a 28-day cycle: a 2-week cycle of
5 days of treatment followed by a 2-day rest period, and
then a 14-day rest period. Placebo was matched to TAS-
102 tablets for taste, colour, and size, and contained
lactose, partly pregelatinised starch, stearic acid,
hydroxypropyl methyl cellulose, polyethylene glycol, and
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titanium oxide. In patients who had adverse events, the
dose could be reduced by 10 mg/day as judged necessary
on a course basis. Treatment continued until tumour
progression, unacceptable toxic effects, or withdrawal of
consent. Patients were not allowed to crossover between
groups after progression or toxic effects.

All patients were examined and tested every 2 weeks.
Diagnostic imaging was undertaken 4, 8, and 12 weeks
after treatment initiation, and every 8 weeks thereafter.
When treatment was discontinued for any reason other
than progressive disease, diagnostic imaging was done
according to the planned schedule until disease
progression.

The primary endpoint of this study was overall survival,
defined as the time between randomisation and death
from any cause or the date of last follow-up. Secondary
endpoints were progression-free survival (time between
randomisation and disease progression or death from
any cause), objective response, disease control (a
complete or partial response plus stable disease more
than 6 weeks from the initiation of study treatment),
duration of response (time between point when patient
first achieved complete or partial response and disease
progression), time to treatment failure (time between
randomisation and treatment discontinuation, disease
progression, or death from any cause), efficacy of TAS-
102 in patients with or without KRAS mutations, and
adverse events. Progression-free survival, type and
duration of response, and time to treatment failure were
assessed by an external independent radiological review
committee. KRAS mutational status was tested by the
ARMS-Scorpion method in a central laboratory.” Adverse
events were assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (version 3.0).® Adverse events were deemed to be
serious when they led to death, were life-threatening, led
to admission or extension of hospital stay, turned into
permanent or noticeable disabilities or dysfunctions,
triggered congenital abnormalities, or caused other
medically important disorders.

We measured dose intensity and relative dose intensity
at the cutoff date. Dose intensity was defined as
cumulative dose (mg/m?) divided by the number of
weeks from initial treatment to discontinuation. Relative
dose intensity was defined as dose intensity (mg/m?2 per
week) divided by initial dose (mg/m? per week).

Statistical analysis

A sample size of 162 patients with a one-sided significance
level of 10% was necessary to verify superiority in overall
survival with a power of 80%, with an expected hazard
ratio (HR) of 0- 67 Median overall survival was anticipated
to be 9-0 months in the TAS-102 group and 6-0 months
in the placebo group.” We judged a clinically relevant HR
to be about 0-70. Patients continued to receive the study
treatment (with group assignments remaining concealed)
until the primary analysis of overall survival was done
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when the number of deaths reached 121 in both groups.
The Kaplan-Meier method was used to estimate survival
distribution. We used a stratified log-rank test, adjusted
by the allocation factor, for comparisons between the two
groups, and a Cox proportional hazards model to
estimate HRs, the two-tailed 80% CIs corresponding to
the significance level, and 95% Cls. Additionally, we did
interaction tests to assess the treatment effects by the

TAS-102 " Placebo
(n=112) (n=57)
Men S 64 (57%) 28 (49%)
Women 48 (43%) 29 (51%)
Age (years) 63(28-80) © 62(39-79)
Eastern Cooperative Oncology Group pen‘orfnance status
0 72 (64%) 35 (61%)
1 37 (33%) 21(37%)
2 3(3%) 1(2%)
Diagnosfs . L
Colon cancer 63 (56%) 36 (63%)
Rectal cancer 49 (44%) 21 (37%)
Number of metastatic organs
1 25 (22%) 11 (19%)
2 43(38%)  20(35%)
3 27 (24%) 12 (21%)
z4 17 (15%) 14 (25%)
Metastatic organ : ' :
Liver S 65(58%)  38(67%)
lung ‘ L 87(78%) - 44(77%)
Lymph nodes ” 48 (43%) '23 (40%) ‘
Peritoneum 11 (10%) 17 (30%)
Previous treatment and reason for discbntinuatidn -
Surgical history 103 (92%) 50 (88%)
Adjuvant chemotherapy 54 (48%) 15 (26%)
Number of palliative chemotherapies
2 17 (15%) 13 (23%)
23 95 (85%) 44 (77%)
Fluoropyrimidine-based treatment 112 (100%) 57 (100%)
Refractory 109 (97%) 55(96%)
Intolerant 3(3%) 2(4%)
Oxaliplatin-based treatment 112 (100%) 57 (100%)
Refractory 95 (85%) 45(79%)
Intolerant 17 (15%) 12 (21%)
Irinotecan-based treatment 112 (100%) 57 (100%)
Refractory 106 (95%) 56 (98%)
Intolerant 6 (5%) 1(2%)
Bevacizumab 87 (78%) 47 (82%)
Cetuximab 71(63%) 36 (63%)
KRAS mutational status* i : o
wild-type S4(S5%)  24(48%)
Mutant 45 (45%) 26 (52%).
Data are n (%) or median (range). *KRAS mutatiohal ;tatl)s assessed for 99 (88%) :
patients in the TAS-102 group and for 50 (88%) patients in'the placebo group.
Table 1: Demographics and baselinekchayractekri‘stics of theefficacy -
population e
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See Online for appendix

allocation factor as well as baseline characteristics,
including KRAS mutational status.

We compared progression-free survival and time to
treatment failure with the log-rank test. We compared
objective response, disease control, and toxic effects with
Fisher's exact test. We also did interaction tests for
progression-free survival and disease control to assess
the differences between treatment effects by the
allocation factor as well as baseline characteristics,
including KRAS mutational status. Relative dose
intensity was calculated as the ratio of the actual dose
taken to the planned dose.

The efficacy analysis was done in the intention-to-treat
population, and the safety analysis in the per-protocol
population. We used SAS (version 8.2) for statistical
analyses.

50

40

Overall survival (%)

30

20

104

0

e TAS-102
- Placebo

0

Number at risk

TAS-102 112
Placebo 57

B

100 _'T_}

90+
80+
70+
60

50

40

Progression-free survival (%)

30
20 -

10+

104 77 55 23 6
46 31 18 4 1

Number at risk

TAS-102 112
Placebo 57

Time (months)

4 1
0

~ Figure 2: Kaplan-Meier curves of overall survival (A) and progression-free survival (B) as assessed by

independent review committee
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This study is registered with Japan Pharmaceutical
Information Center, number JapicCTI-090880.

Role of the funding source

The study sponsor contributed to study design, data
collection, and data analysis, but not to data inter
pretation. The corresponding author had full access to all
the data and had final responsibility for the decision to
submit for publication.

Results

Figure 1 shows the trial profile. Table 1 shows baseline
characteristics of patients in the efficacy analysis. Most
patients were judged to be refractory to all agents
available for colorectal cancer treatment. Tumour
tissues for central assessment of KRAS mutational
status were available from 149 patients (88%; table 1).
Baseline characteristics were much the same in the two
groups, with the exception that more patients in the
TAS-102 group received adjuvant chemotherapy than
did those in the placebo group. Baseline characteristics
in the KRAS population were similar to those in the
efficacy population (data not shown). 49 (91%) patients
with wild-type KRAS in the TAS-102 group and 23
(96%) in the placebo group had been given an anti-
EGFR monoclonal antibody. Median follow-up was
113 months (IQR 10-7-14-0).

The cutoff date for overall survival was Feb 4, 2011.
123 deaths (75 in the TAS-102 group, 48 in the placebo
group) had occurred by this point. Median overall
survival was 9-0 months (95% CI 7-3-11-3) in the
TAS-102 group and 6-6 months (4-9-8-0) in the
placebo group (hazard ratio [HR] for death 0.56,
80% CI 0-44-0-71, 95% CI 0-39-0-81; p=0-0011;
figure 2). In the prespecified subgroup analyses for
overall survival, the effect of TAS-102 was similar in all
categories, although not all improvements were
significant (figure 3).

Median progression-free survival assessed by the
independent review committee was 2-0 months (95% CI
1-9-2-8) in the TAS-102 group and 1-0 months (1-0-1-0)
in the placebo group (HR 0-41, 95% CI 0-28-0-59;
p<0-0001; figure 2). Median progression-free survival
assessed by the investigators was 2.7 months (1-9-3-2)
in the TAS-102 group and 1-0 months (1.0-1-0; HR 0-35,
95% CI 0-25-0-50; p<0-0001; appendix).

In both the assessment by the independent review
committee and by investigators, one patient (1%) in the
TAS-102 group achieved a partial response, with a
duration of more than 225 days (ie, response
continuing). No patients achieved an objective response
in the placebo group. In the assessment by the
independent review committee, 49 (43%) patients given
TAS-102 achieved disease control (one [1%] patienthad a
partial response and 48 [43%] patients had stable
disease), as did six (11%) given placebo (all six had stable
disease; p<0-0001). In the investigator assessment,
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61 (54%) patients given TAS-102 achieved disease
control (one [1%] had a partial response and 60 [54%)]
had stable disease), as did eight (14%) given placebo (all
eight had stable disease; p<0-0001). In the subgroup

analyses and interaction tests for progression-free
survival and disease control, the effect of TAS-102 was
largely consistent across all categories (although not
always significant; appendix).

TAS-102 Placebo Hazard ratio p for
{95% Cly interaction
Sex
Male 64 28 —— 068(0-41-1.13) 0328
Female 48 29 —a— 0-49 (0-29-0-83) -
Age (years) '
<65 60 34 —————— 0-64(039-1.03) 0427
265 52 23 — 0-51(0-29-0-90)
Performance status*
0 72 35 —— 0-55(0:34-0-89) 0775
1-2 40 22 — 054 (0:30-0-96)
Primary site
Colon 63 36 — 059(037-0-93) 0891
Rectum 49 21 B e— 0-54 (0-29-0-99)
Number of metastatic organs
1 25 11 ) 0-62(0-23-1-63) 0-510
2 43 20 —a 0-49 (0-26-0-94)
3 27 12 — 0-47 (0-22-0-98)
24 27 14 ] 0-81(0-38-1.71)
Liver metastasis
Yes 65 38 i 0-72 (0-46-1-11) 0-204
No 47 19 —— 0-44 (0-23-0-84)
Lung metastasis
Yes 87 44 —— 056 (037-0-85)  0-786
No 25 13 - 055 (0-25-1-18)
Lymph node metastasis
Yes 48 23 —a— 0-41(0-23-1-17) 0199
No 64 34 —— 068 (0-41-0-97)
Peritoneum metastasis
Yes 11 17 = 052(0-23-117)  0-807
No 101 40 —_— 0-63 (0-41-0-97)
Previous treatment
Surgical history
Yes 103 50 —— 0-57(0-38-0-84) 0582
No 9 7 B 074 (0-27-2-06)
Adjuvant chemotherapyt
Yes 54 15 —l 0-60(032-1-14)  0-822
No 58 42 —— 0-55(0:35-0-88)
Number of palliative chemotherapies
2 17 13 i 0-48(019-1.20)  0-962
23 95 44 —— 058 (0.39-0-87)
Bevacizumab
Yes 87 47 ——— 0-63(0:42-095)  0-207
No 25 10 —a8— 0-37 (0-16-0-86)
Cetuximab
Yes 71 36 — 0-69(0-44-1.09) 0294
No 41 21 —a— 0-41(0-22-0-76)
KRAS mutational status
Wild-type 54 24 PR S S— 070 (0-41-120)  0-296
Mutant 45 26 —— 0-44(0-25-0-80)
(I) 0!5 1.0 1-'5 2!0 2!5 3!0
d b
N Favours TAS-102 Favours placebo i’

Figure 3: Overall survival in prespecified subgroups
*Eastern Cooperative Oncology Group criteria. TMore patients received adjuvant chemotherapy in the TAS-102 group than in the placebo group, but this difference
had no effect on the assessment of overall survival with the Cox proportional hazards model with one variable (p=0-605); there was no interaction (p=0-822).
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Figure 4: Kaplan-Meier curves of overall survival and progression-free survival in patients with wild-type and mutant KRAS

(A) Overall survival of patients with wild-type KRAS. (B) Overall survival of patients with mutant KRAS. (C) Progression-free survival of patients with wild-type KRAS, as assessed by independent review
committee. (D) Progression-free survival of patients with mutant KRAS, as assessed by independent review committee.
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Median time to treatment failure assessed by the
independent review committee was 1-9 months (95% CI
1-3-2-1) in the TAS-102 group and 1-0 months (1-0-1-0)
in the placebo group (HR 0-40, 95% CI 0-28-0-56;
p<0-0001). Median time to treatment failure assessed
by the investigators was 2.7 months (95% CI 1-9-3-2) in
the TAS-102 group and 1-0 months (1.0-1.0) in the
placebo group (HR 0-34, 95% CI 0-24-0-49; p<0-0001).

In the TAS-102 group, 22 (20%) patients required at least
one dose reduction, mainly because of neutropenia or
thrombocytopenia, or both. 35 (31%) patients given TAS-102
required a treatment interruption, predominantly due to
neutropenia. The median length of treatment interruption
was 7 days (IQR 3-0-8-5). Toxic effects resolved sufficient
to reinitiate treattment in all cases. The dose intensity of
TAS-102 after the initial dose was 147 mg/m?2 per week and

— 649 —

its relative dose intensity was 85-7%. At the time of data
cutoff, 165 patients had discontinued treatment, 155 (94%;
99 TAS-102, 56 placebo) of whom did so because of disease
progression. Four patients continued to receive TAS-102
treatment at data cutoff.

TAS-102 could be effective irrespective of KRAS
mutational status (figure 3), although the drug seemed to
have more of an effect on overall survival in patients with
KRAS mutations. In patients with wild-type KRAS,
median overall survival was 7-2 months (95% CI
6-1-10-3) in those given TAS-102 and 7-0 months
(3-4-9-4) in those given placebo (p=0-191; figure 3). In
patients with mutant KRAS, median overall survival
was 13-0 months (8-6-14-3) in TAS-102 group and
6-9 months (5-2-8-6) in the placebo group (p=0-0056;
figures 3, 4).

www.thelancet.com/oncology Vol13 October 2012



Articles

Median progression-free survival was 1-9 months
(95% CI 1-1-2-8) in patients with wild-type KRAS given
TAS-102 and 1.0 months (1-0-1-1) in those given placebo
(HR 0-40, 95% CI 0-23-0-69; p=0-0004) as assessed by
the independent review committee. It was 2-8 months
(95% CI 1-9—4.7) in patients with mutant KRAS given
TAS-102 and 1-0 month (1-0-1.2) in those given placebo
(HR 0-34, 95% CI 0-19-0-61; p<0-000L, p for
interaction=0-772; figure 4; appendix). 22 (41%) patients
with wild-type KRAS in the TAS-102 group achieved
disease control (one [2%] had a partial response, 21{39%)
had stable disease), as did two (8%) in the placebo group
(both had stable disease; p=0-0038) as assessed by the
independent review committee. 21 (47%) patients with
mutant KRAS given TAS-102 achieved disease control (all
had stable disease), as did three (12%) given placebo (all
had stable disease; p=0-0037; p for interaction=0-835;
appendix).

Grade 3—4 neutropenia, leucopenia, anaemia, fatigue,
and diarrhoea were frequently recorded in the TAS-102
group (table 2). By contrast, grade 3 or worse adverse
events were uncommon in the placebo group (table 2).
No patients had hand-foot syndrome or peripheral
neuropathy of grade 3 or more. Serious adverse events
occurred in 21 (19%) patients in the TAS-102 group and
five (9%) in the placebo group. Febrile neutropenia was
the most common serious adverse event in the TAS-102
group, occurring in four (4%) patients. Eight (7%)
patients in the TAS-102 group and nine (16%) in the
placebo group died within 12 weeks of the start of
treatment; all deaths were caused by progressive disease.
Four (4%) patients in the TAS-102 group and one (2%) in
the placebo group discontinued the study because of
drug-related adverse events and one (1%) patient in the
TAS-102 group discontinued treatment because of a non-
related adverse event. No treatment-related deaths were
reported during this study. The proportion of patients
who received subsequent treatments in both groups was
similar (table 3).

Discussion
Compared with placebo, TAS-102 reduces the risk of
death in patients refractory or intolerant to two or
more regimens of standard chemotherapy containing a
fluoropyrimidine, irinotecan, and oxaliplatin. Addition-
ally, TAS-102 significantly improves progression-free
survival and increases the proportion of patients who
achieve disease control, relative to placebo. Although
only one patient achieved a partial response in the
TAS-102 group, the proportion who achieved disease
control in this group was significantly higher than in the
placebo group. The increase in disease control in the
TAS-102 group could have contributed to the improved
progression-free survival and overall survival in patients
treated with this agent.

KRAS mutations are generally thought to be a negative
predictive marker for the treatment effect of an
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- TAS-102 (n=113) Placebo (n=57) o pvalue®

Any grade Grade3or4 - Anygrade Grade3or4

- Haematological

Neutropenia 81 (72%) 57 (50%) 1(2%) 0 <0.0001
Leucopenia 86 (76%) 32 (28%) 2(4%) 0 <0-0001
Anaemia 82 (73%) 19 (17%) 9 (16%) 3(5%) <0-0001
Lymphopenia 39 (35%) 11 (10%) 7 (12%) 2 (4%) 00019
Thrombocytopenia 44 (39%) 5(4%) 1(2%) 0 <0-0001
" Non-haematological - .
Fatigue 66 (58%) 7 (6%) 24 (42%) 2 (4%) 0-052
Diarrhoea 43 (38%) 7 (6%) 12(21%) 0 0-037
Nausea 73 (65%) 5(4%) 16 (28%) 0 <0-0001
Anorexia 70 (62%) 5 (4%) 19 (33%) 2(4%) 0-0006
Febrile neutropenia 5 (4%) 5 (4%) 0 0 0-170
| Vomiting 38 (34%) 4(4%) 14 (25%) 0 0-290

Data aren (%). The safety population included all patients who received at least one dose of the study treatment.

*pvalues were calculated with Fisher's exact test for the difference in the incidence of adverse events of any grade:

Table 2: Adverse events with a frequency of at least 3% in the safety population

TAS-102 Placebo

: (n=108)* (n=57)*
Subsequent cancer treatment 46 (43%) 26 (46%)
- Fluoropyrimidine-based treatment 30 (28%) 21(37%)
Irinotecan-based treatmentt 8 (7%) - 12.(21%)
Oxaliplatin-based treatment 13 (12%) 10 (18%)
Bevacizumab. L 13(12%) 12 (21%)

 Anti-EGFR monoclonal antibody 12 (11%) 5(9%)

Data are n (%). *Number of pati‘ents‘whb discontinued the study treatment, -
TMore patients in the placebo group received irinotecan-based treatment than in
the TAS-102 group (p=0-022 by Fisher's exact test). . )

Table 3: Cancer treatment after discontin uati‘on';of study treatment

anti-EGFR  monoclonal antibody.®™ Because the
mechanism of action of TAS-102 involves direct
incorporation of FTD into DNA, it seems likely that
KRAS will not directly affect the activity of TAS-102. In an
in-vivo study with COL-1 cells harbouring wild-type
KRAS and HCT-116 cells harbouring mutant KRAS, TAS-
102 had an antitumour effect on both types of tumour
cell (unpublished data). We recorded no significant
interaction between KRAS mutational status and activity
of TAS-102. Moreover, when we did an adjusted analysis
for overall survival, progression-free survival, and disease
control as assessed by independent review committee,
including the interaction between KRAS mutational
status and effect of TAS-102, we obtained results similar
to those of the primary analysis (data not shown).
However, TAS-102 had greater efficacy in the patients
with mutant KRAS than in those with the wild-type allele.
Because this subgroup analysis was based on a small
number of patients, further investigation in future
clinical studies with large sample sizes are necessary.
The results of our pharmacogenomic study to assess the
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Panel: Research in context

Systematic review

In April, 2008, we searched PubMed, the database of the
American Society of Clinical Oncology, and National
Comprehensive Cancer Network clinical practice guidelines in
oncology (both colon and rectal cancers) for reports
published in English. We used the keywords “colorectal
cancer”, “standard chemotherapy and colorectal cancer”,
“fluoropyrimidine, irinotecan; oxaliplatin, and colorectal
cancer”, “cetuximab and colorectal cancer”, “panitumumab
and colorectal cancer”, “bevacizomab and colorectal cancer”,
"KRAS and colorectal cancer”, “KRAS and cetuximab”, "KRAS
and panitumumab”, and "salvage therapy”. Established
standard treatments for patients with metastatic colorectal
cancer are chemotherapy based on fluoropyrimidine, -
oxaliplatin, and irinotecan (in combination and sequentially),
and monoclonal antibodies targeting VEGF (bevacizumab)
and EGFR (cetuximab and panitumumab in patients with
KRAS wild-type tumours only). For patients who have disease
progression despite all available standard treatment,
additional options are needed; many could maintain good
performance status and be candidates for new treatment
options.

o

Interpretation

TAS-102 has promising efficacy with an easily manageable
safety profile in patients with metastatic colorectal cancer
who are refractory or intolerant to standard chemotherapies
with fluoropyrimidine, irinotecan, and oxaliplatin. The results
of our study could further improve the outcomes of patients
with unresectable colorectal cancer who have already
received standard chemotherapy regimens.

value of expression of thymidine kinase 1 and thymidine
phosphorylase as predictive factors of the treatment
effect of TAS-102 will be reported elsewhere.

The toxic effects of TAS-102 were generally mild and
the agent was well tolerated. Myelosuppression was the
main adverse event caused by TAS-102, but was man-
ageable with dose reductions or temporary interruptions
in treatment. Non-haematological adverse events such as
peripheral neuropathy, hand-foot syndrome, fatigue,
and diarrhoea—often recorded with other cytotoxic
agents™”—were uncommon. Subsequent treatments
that could be potential confounders of an overall survival
endpoint, such as cytotoxic and molecular targeting
agents, were given to similar or greater proportions of
patients in the placebo group than in the TAS-102 group.

No clear definitions of refractory disease or intolerance
were specified in the protocol, except that recurrence
during or within 6 months after completion of adjuvant
chemotherapy was defined as refractory. However,
previous treatments were discussed before enrolment to
ensure that all participants were eligible. Additionally,
the initial imaging diagnosis was done 4 weeks after
randomisation, which is earlier than is usual in similar
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studies (normally 8 weeks).* Because disease progression
had been identified in 38 (67%) patients in the placebo
group at initial imaging, median progression-free
survival in the placebo group was 1 month in assessments
by the independent review and the investigators, and
thus is unlikely to be excessively biased.

Our double-blind, randomised, placebo-controlled
phase 2 trial had a small sample size and only Japanese
patients were enrolled. In view of the differences in
haematological toxic effects, we believe that the
investigators in charge might have been aware of the
assignment for some patients, but that each patient was
not aware of his or her assignment, because no patient’s
withdrawal because of their assignment was recorded.
However, all secondary efficacy endpoints were assessed
by independent review.

The issue of the different recommended doses in Japan
and the USA (35 mg/m2 vs 25 mg/m?), despite similar
pharmacokinetic profiles in the two populations, needs
to be resolved. The recommended dose in patients from
the USA is low on the basis of the high incidence of
neutropenia of grade 3 or worse—one of the dose-
limiting toxic effects of TAS-102—in patients with heavily
pretreated metastatic breast cancer who had received
several lines of previous aggressive chemotherapies and
might have been particularly sensitive to TAS-102
because of poor bone-marrow reserves.” US investigators
have done an additional trial to investigate the tolerability
of the Japanese recommended dose of TAS-102 in US
patients for pretreated metastatic colorectal cancer, which
has been suggested to be tolerable and to have a safety
profile consistent with that in Japanese patients.”

In conclusion, TAS-102 has promising efficacy with a
manageable safety profile in patients with metastatic
colorectal cancer who are refractory or intolerant to
standard chemotherapy (panel). An international phase 3
trial to confirm the clinical benefits of TAS-102 in all
populations is in progress (RECOURSE; NCT01607957),
comparing TAS-102 monotherapy (with the same dosage
and dose schedule as in our study) plus best supportive
care with placebo plus best supportive care in patients
with metastatic colorectal cancer who are refractory or
intolerant to all approved agents including
fluoropyrimidine, irinotecan, oxaliplatin, bevacizumab,
and anti-EGFR monoclonal antibodies.
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Abstract

Purpose The highest rates of gastric cancer occur in
Eastern Asia. Fluoropyrimidine-based therapy is used ini-
tially in unresectable and metastatic disease, but no single
standard of care exists following disease progression. Ixab-
epilone, an epothilone B analog, is a non-taxane microtu-
bule-stabilizing agent with clinical activity across multiple
tumor types approved by the United States Food and Drug
Administration for treatment of metastatic breast cancer.
Methods Asian patients with unresectable or metastatic
gastric adenocarcinoma who had failed fluoropyrimidine-
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based chemotherapy received ixabepilone 40 mg/m? by 3-h
intravenous infusion every 3 weeks. The primary endpoint
was objective response rate (ORR).

Results  Fifty-two patients were treated (65.4 % men;
median age: 56.5 years). The ORR was 154 % (95 %
confidence interval [CI] 6.9-28.1); 8 patients achieved
partial responses for a median duration of 3.1 months
(95 % CI 2.64.1 months) and 26 patients (50.0 %) had
stable disease. Median progression-free survival was
2.8 months (95 % CI 2.1-3.5 months). The most common
grade 3 non-hematological toxicities were fatigue (9.6 %),
decreased appetite (7.7 %), sensory neuropathy (5.8 %),
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and diarrhea (5.8 %). Grade 3/4 neutropenia occurred in
46.2 % of patients.

Conclusions Ixabepilone is active in Asian patients with
advanced gastric cancer and shows a toxicity profile similar
to those previously reported in other tumor types.

Keywords Gastric cancer - Second-line therapy - Asian
patients - Ixabepilone

Introduction

Gastric cancer was newly diagnosed in an estimated
989,600 people and caused an estimated 738,000 deaths
worldwide in 2008 [1]; it was the third leading cause of
cancer deaths in men and fifth leading cause in women.
The highest rates of gastric cancer occur in Eastern Asia,
where the age-standardized incidence is 42.4 per 100,000
among men and 18.3 per 100,000 among women [I].
Surgery with curative intent is the mainstay of treatment in
localized disease, with perioperative chemotherapy or
adjuvant chemoradiation or chemotherapy for patients with
stage II or III disease depending on national standards
[2-4]. However, more than two-thirds of patients have
unresectable disease at the time of diagnosis and 60 % of
resectable cases eventually relapse [5, 6]. Non-curative
gastrectomy may be used in palliation, but it is associated
with high rates of procedure-related morbidity and mor-
tality as well as poor 1-year survival [7].

In the metastatic disease setting, combination chemo-
therapy with regimens containing a fluoropyrimidine and a
platinum agent is widely used initially, with a third cyto-
toxic agent often included for medically fit patients [2, 3].
Nevertheless, even with the most active regimens, pro-
gression-free survival (PFS) remains in the range of
5-7 months and median survival is only 9-11 months
[8-11]. In Japan, cisplatin plus the oral fluoropyrimidine
S—1 has emerged as a preferred first-line regimen producing
median survival of 13 months [12]. Following progression,
20-40 % of patients in Western countries subsequently
receive second-line chemotherapy [13], but the number is
higher (60-70 %) in Asian countries, particularly Japan and
Korea. There is no established second-line regimen; options
include paclitaxel, docetaxel, or irinotecan given alone or in
doublet regimens, which produced median survival of
4-8 months in prospective clinical trials [14—18]. These
survival data underscore the need for more effective therapy
in metastatic gastric cancer.

Ixabepilone is the first member of the epothilone class of
microtubule-stabilizing drugs to be approved for use in
cancer therapy, specifically monotherapy or in combination
with capecitabine for treatment of recurrent breast cancer
[19, 20]. Ixabepilone is structurally distinct from the

@ Springer

taxanes because it binds to a different site on S-tubulin and
has reduced susceptibility to common mechanisms that
confer resistance to taxanes and other anti-cancer drugs
[21, 22]. Phase II clinical studies have demonstrated that
ixabepilone has activity against a wide range of tumor
types besides breast cancer, including hormone-refractory
prostate cancer [23, 24], pancreatic cancer [25], non-small
cell lung cancer [26], endometrial carcinoma [27], ovarian
cancer [28], and renal cell carcinoma [29].

Ixabepilone administered every 3 weeks produced an
objective response rate (ORR) of 5 or 9 % in Western
patients with metastatic gastric cancer previously treated
with a fluoropyrimidine and/or a platinum [30] or a taxane
[31], respectively. Despite this modest activity in Western
patients, further evaluation of ixabepilone in Asian patients
with gastric cancer is warranted based on growing evi-
dence highlighting epidemiological and genetic differences
between Asian and Western populations [32]; gene expres-
sion profiling revealed differential expression of multiple
genes in Eastern versus Western gastric tumor libraries [33].
Moreover, several retrospective analyses have shown that
Asian patients are more likely to be diagnosed with localized
tumors and have tumors located in the gastric antrum,
whereas Western patients are more likely to have distant
metastases and a prognostically less favorable tumor loca-
tion in the cardia [34-36]. In these retrospective cohorts,
median survival was longer in Asian patients than in Western
patients, likely reflecting the differences in disease charac-
teristics at presentation.

The present phase II study was designed to evaluate the
efficacy and safety of single-agent ixabepilone in Asian
patients with advanced gastric adenocarcinomas in which
prior fluoropyrimidine-based therapy had failed. The primary
objective was to determine the ORR; secondary objectives
were to assess time to response, duration of response, disease
control rate (DCR), PFS, and safety and tolerability.

Methods
Patients

Men and women of Asian ethnicity aged >18 years with
histologically confirmed unresectable or metastatic gastric
adenocarcinoma originating in the stomach or gastro-
esophageal junction were eligible if a fluoropyrimidine-
based chemotherapy regimen had failed in an adjuvant,
locally advanced, or metastatic setting. Failure of fluoro-
pyrimidine-based chemotherapy was defined by disease
progression while receiving such therapy or by disease
recurrence within 12 months of the last dose. Eligibility
also required measurable disease by response evaluation
criteria in solid tumors (RECIST) guidelines (version 1.1)
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[37], Eastern Cooperative Oncology Group performance
status 0-1, adequate hematologic, hepatic, and renal
function, and life expectancy >12 weeks. Women of
childbearing potential required a negative pregnancy test
within 72 h before starting ixabepilone and agreed to use
an adequate method of contraception to avoid pregnancy
for up to 4 weeks after the last dose. All patients provided
written informed consent before participating in this study.

Patients were excluded if they had known central ner-
vous system metastasis or neurological signs and symptoms
suggestive of such metastasis, prior taxane or ixabepilone
therapy, peripheral neuropathy (>grade 2), or any signifi-
cant medical illness precluding systemic anticancer therapy.
Patients who had received >1 prior chemotherapy regimen
for metastatic disease or >2 prior chemotherapy regimens
overall were ineligible. Concurrent anti-cancer treatment
including investigational agents was not permitted during
this study. Strong CYP3A4 inhibitors (e.g., ketoconazole)
were discontinued within 1 week prior to starting study
treatment.

Study design

This phase II, single-arm, open-label study was conducted at
9 sites in Asia including 2 sites in Japan, 3 sites in Korea, 2
sites in Taiwan, and 1 site each in Hong Kong and Singapore
from November of 2009 to June of 2011. The study was run
in accordance with ethical principles originating in the 1964
Declaration of Helsinki and in compliance with Good Clin-
ical Practice and national regulatory guidelines. The study
protocol and informed consent form were approved by the
Institutional Review Board or Independent Ethics Commit-
tee at each study site before patient enrollment.
Ixabepilone was administered at a dose of 40 mg/m” as a
3-h infusion every 21 days. Premedication with H; and H,
antagonists was given to prevent hypersensitivity reactions.
Patients who experienced a hypersensitivity reaction were
required to receive additional premedication with intrave-
nous corticosteroids before subsequent ixabepilone doses.
Subsequent cycles of ixabepilone were administered
after all treatment-related toxicities had resolved to base-
line or grade 1 (or <grade 2 for alopecia and fatigue),
absolute neutrophil counts were >1,500 cells/uL, and
platelet counts were >100,000 cells/pL. Patients who did
not meet these criteria were re-evaluated weekly; those
who failed to recover within 3 weeks of a scheduled
re-treatment were discontinued from protocol treatment.
The duration of treatment was based on a tumor assessment
done every other cycle starting from the first dose of the
study treatment. Patients achieving a complete response
(CR) were treated for a maximum of 4 cycles after docu-
mentation of CR or up to a maximum of 8 cycles,
whichever came first. Patients with stable disease (SD) or a

partial response (PR) were treated until disease progres-
sion, unacceptable toxicity, or a maximum of 8 cycles.
Patients experiencing certain toxicities had the dose of
ixabepilone reduced in subsequent cycles to 32 mg/m?,
and if toxicity recurred, to 25 mg/m>. Toxicities mandating
dose reduction were grade 4 neutropenia lasting >7 days,
febrile neutropenia, grade 4 thrombocytopenia, grade 3
thrombocytopenia with bleeding, grade 2 neuropathy lasting
>7 days, or grade 3 neuropathy lasting <7 days. The
reduced dose was then administered in all subsequent cycles.
Ixabepilone was discontinued for toxicity requiring more
than 2 dose reductions or in the event of grade 3 neuropathy
lasting >7 days, disabling neuropathy, or any grade 4 non-
hematologic toxicity. Palliative and supportive care for
disease-related symptoms was allowed during the study.

Assessments

Clinical and radiological evaluation (abdominal and chest
computed tomography) of treatment response was conducted
every other cycle until disease progression was documented.
Treatment response was evaluated according to modified
RECIST guidelines (version 1.1) [37]. Patients with CRs
or PRs were to have repeat tumor assessments within
4-6 weeks to confirm the response. The ORR was the pro-
portion of patients who achieved either a CR or PR; the DCR
was the proportion of patients whose best response was CR,
PR, or SD. The time to response was defined as the time
interval from the first dose of ixabepilone until measurement
criteria for PR or CR were first met, whereas the duration of
response was defined as the time interval from when mea-
surement criteria for PR or CR were first met until docu-
mented progressive disease or death. PFS was defined as the
time interval from the first day of treatment until documented
progressive disease or death.

A focused physical examination, including neuropathy
assessment, was performed within 2 weeks before the first
dose of ixabepilone and then prior to each subsequent dose.
Serum chemistry and hematology were measured at the
same time, whereas blood counts and differentials were
ordered weekly during the first 3 cycles and then as clini-
cally indicated to monitor recovery from hematological
toxicity. Adverse events were monitored continuously and
graded according to the National Cancer Institute Common
Terminology Criteria of Adverse Events, version 3.0.

Statistics

This study used Simon’s 2-stage optimal design to determine
whether ixabepilone produces an ORR of clinical interest
(>8 %); an ORR <8 % was not of clinical interest and an
ORR >20 % was of strong clinical interest. The first stage
required 25 response-evaluable patients. Study termination
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Table 1 Patient characteristics

Table 2 Best overall response

Characteristic N =752 Parameter N=352
Age, years Best response, i (%)
Median (range) 56.5 (29.0-77.0) CR 0
>65 years, n (%) 12 (23.1) PR 8 (15.4)
Gender, n (%) SD 26 (50.0)
Male 34 (65.4) Progressive disease 15 (28.8)
Female 18 (34.6) Unable to determine 3 (5.8)
Ethnicity, n (%) ORR (95 % CI) 15.4 (6.9-28.1)
Chinese 23 (44.2) DCR (95 % CI) 65.4 (50.9-78.0)
Japanese 15 (28.9)
Korean 13 (25.0) patients (89.7 %) were enrolled and received ixabepilone.
Asian other 1(1.9) Of those treated, 4 patients (7.7 %) completed ixabepilone
ECOG performance status, n (%) therapy according to the study protocol, 38 patients
0 20 (38.5) (73.1 %) discontinued because of disease progression, 5
1 32 (61.5) patients (9.6 %) withdrew consent or requested study drug
Number of disease sites, n (%) discontinuation, 4 patients (7.7 %) discontinued because of
1 11 (21.2) adverse events, and 1 patient (1.9 %) died.
2 13 (25.0) The median age of the study cohort was 56.5 years
>3 28 (53.8) (range: 29.0-77.0 years); most were men (65.4 %) and all
Disease sites, (%) were of Asian ethnicity (Table 1). The majority of patients
Lymph node 37 (71.2) had 3 or more disease sites (53.8 %), most frequently in
Gastric 29 (55.8) the lymph nodes (71.2 %), stomach (55.8 %), and liver
Peritoneum (including ascites) 23 (44.2) (36.5 %).
Liver 19 (36.5)
Lung 8 (15.4) Exposure
Other 30 (57.7)

ECOG Eastern Cooperative Oncology Group

was planned if <2 of the 25 patients responded to treatment;
otherwise, an additional 27 response-evaluable patients
would be treated. The study required at least 8 responders
among the 52 evaluable patients at the end of the second
stage to reject the null hypothesis of ORR <8 %. The test had
80 % power to reject the null hypothesis at a significance
level of 5 % if the true ORR is 20 %.

The ORR and DCR were calculated for all treated
patients. For each, a 2-sided 95 % exact confidence interval
(CI) was computed using the Clopper—Pearson method.
Duration of response and PFS were analyzed by Kaplan—
Meier methodology, with computation of median values and
their 2-sided 95 % Cls. All other parameters, including time
to response, demographic and baseline characteristics, and
safety variables, were analyzed with descriptive statistics.

Results
Patient disposition and characteristics

Fifty-eight patients were screened, 6 (10.3 %) were not
treated because of screening failure, and the remaining 52

@ Springer

Ixabepilone was administered for a median of 3.5 courses
(range: 1-10). Of the 45 patients who received at least 2
courses, 18 (40 %) required at least 1 dose reduction of
ixabepilone. The reasons for the first dose reduction
included hematologic toxicity in 6 patients (13.3 %), neu-
ropathy in 4 patients (8.9 %), and other non-hematologic
toxicity in 8 patients (17.8 %).

Efficacy

The ORR with ixabepilone therapy was 15.4 % (95 % CI
6.9-28.1); all objective responses were PR (Table 2).
Twenty-six additional patients (50.0 %) had SD and,
therefore, the DCR was 65.4 % (95 % CI 50.9-78.0). For
patients achieving PR, the median time to response was
8.9 weeks (range: 5.1-12.1 weeks) and the median duration
of response was 3.1 months (95 % CI 2.6-4.1 months).
Median PFS was 2.8 months (95 % CI 2.1-3.5 months)

(Fig. 1).
Safety
The adverse events reported were consistent with the

known safety profile of ixabepilone. Fifty patients (96.2 %)
had at least 1 adverse event, most commonly alopecia,
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decreased appetite, neutropenia, peripheral sensory neu-
ropathy, and fatigue (Table 3). Most non-hematologic
toxicity was grade 1 or 2; the most common grade 3 events
were fatigue (9.6 %), decreased appetite (7.7 %), periph-
eral sensory neuropathy (5.8 %), and diarrhea (5.8 %).
Overall, peripheral neuropathies were reported by 33
patients (63.5 %), with the most common forms being
peripheral sensory neuropathy (48.1 %) and hypoesthesia
(11.5 %). Peripheral motor neuropathy occurred in 1
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Fig. 1 Kaplan-Meier plot of progression-free survival

patient (1.9 %; grade 2). In terms of hematological toxic-
ity, grade 3/4 neutropenia and leukopenia occurred in 24
(46.2 %) and 11 (21.1 %) patients, respectively, with feb-
rile neutropenia in 4 patients (7.7 %). Grade 3 anemia and
thrombocytopenia occurred in 3 (5.8 %) and 2 (3.8 %)
patients, respectively.

Four patients (7.7 %) discontinued treatment because of
drug-related adverse events, including 3 patients with
peripheral neuropathy and 1 patient with febrile neutrope-
nia. There was 1 death because of drug-related toxicity: a
69-year-old male patient died of pneumonia and neutro-
penic sepsis during course 6 of ixabepilone therapy. The
patient started course 6 with a reduced dose of 32 mg/m?
because the investigator had considered the patient too
weak to continue at the initial dose. The death occurred
18 days after the last treatment. Three other patients died
within 30 days of their last dose of ixabepilone, all of
which were assessed by the investigator as due to disease
progression.

Discussion

The results of this phase II study demonstrate that ixab-
epilone has activity of clinical interest when administered

Table 3 Treatment-related

AE Grade 1 Grade 2 Grade 3 Grade 4 Total
adverse events (AEs) reported
at an incidence 210 % Any AE 73135 11212 1223.1)  19(365) 50 (96.2)
Hematologic AEs
Neutropenia 0(0) 2 (3.8) 8 (15.4) 16 (30.8) 26 (50.0)
Leukopenia 0 (0) 1(1.9) 9 (17.3) 2 (3.8) 12 (23.1)
Non-hematologic AEs
Alopecia 26 (50.0) 9 (17.3) 0 (0) 00 35 (67.3)
Decreased appetite 14 (26.9) 11 (21.2) 4 (7.7) 0 (0) 29 (55.8)
Peripheral sensory neuropathy 12 (23.1) 10 (19.2) 3 (5.8) 0 () 25 (48.1)
Fatigue 5(9.6) 12 (23.1) 5(9.6) 0 (0) 22 (42.3)
Rash 11 (21.2) 5(9.6) 1 (1.9) 0 (0) 17 (32.7)
Diarrhea 10 (19.2) 1 (1.9) 3 (5.8) 0 (0) 14 (26.9)
Constipation 9(17.3) 4 (71.7) 0 (0) 0 (0) 13 (25.0)
Nausea 8 (15.4) 4(1.7) 1(1.9) 0 (0) 13 (25.0)
Myalgia 9 (17.3) 2 (3.8) 1(1.9) 00 12 (23.1)
Arthralgia 7 (13.5) 4 (7.7) 0 (0) 0 (0) 11 (21.2)
Weight decreased 2(3.8) 9 (17.3) 0 (0) 0 (0) 11(21.2)
Pruritus 6 (11.5) 3(5.8) 0 (0) 0 () 9 (17.3)
Pyrexia 8 (15.4) 0 (0) 0 (0) 0 () 8 (15.4)
Vomiting 5(9.6) 3(5.8) 0 (0) 0 (0) 8 (15.4)
Stomatitis 2 (3.8) 3(5.8) 2 (3.8) 0 (0) 7 (13.5)
Asthenia 1(1.9) 5(9.6) 0 (0) 0 () 6 (11.5)
Dysgeusia 5(9.6) 1(1.9) 0 () 00 6 (11.5)
2 Includes 1 patient with grade Hypoesthesia 2 (3.8) 3(5.8) 1(1.9) 0 (0) 6 (11.5)
geg‘;if;“m"“ia and neutropenic Nail disorder 5(9.6) 0 (0) 1 (1.9) 0 (0) 6 (11.5)
@_ Springer
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