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Abstract

Objective: S-1is effective in sequential combination with iri-
notecan (IRIS) in treating metastatic colorectal cancer. We
conducted a randomized phase Il trial of modified leucovo-
rin, fluorouracil and irinotecan (mFOLFIRI) + bevacizumab
and sequential IRIS + bevacizumab as first- or second-line
therapies. Methods: Sixty metastatic colorectal cancer pa-
tients were randomly assigned to receive mFOLFIRI + beva-
cizumab or sequential IRIS + bevacizumab (7.5 mg/kg of be-
vacizumab and 150 mg/m? of irinitecan, and 80 mg/m?/day
of S-1 orally from day 3 until day 16 as a 3-week course). The
primary endpoint was the safety of each method until week
12, with the secondary endpoint being the comparison of
the safety and efficacy of the two methods. Results: The

safety of the two treatments was comparable, except that G3
anorexia and diarrhoea were less frequent with sequential
IRIS + bevacizumab. The overall response rate was 62% [95%
confidence interval (Cl) 40.1-79.8] versus 72% (95% Cl 50.6—~
86.2), and progression-free survival was 324 days (95% Cl
247-475) versus 345 days (95% Cl 312-594) with mFOLFIRI +
bevacizumab versus IRIS + bevacizumab, respectively. Con-
clusion: Sequential {RIS + bevacizumab is a safe and effec-
tive method of systemic chemotherapy against metastatic
colorectal cancer and is compatible with mFOLFIRI + bevaci-
zumab. Copyright © 2012 S. Karger AG, Basel

Introduction

Over the past 10 years, as a result of multidisciplinary
therapies including systemic chemotherapy, there has
been a dramatic improvement in the success of treat-

KARG E R © 2012 S. Karger AG, Basel
0030-2414/12/0832-01018$38.00/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

Accessible online at:
www.karger.com/ocl

Chikashi Ishioka

4-1 Seiryo-machi

Aoba-ku, Sendai 980-8575 (Japan)
E-Mail chikashi @idac.tohoku.ac.jp

_37_



ments against unresectable and/or recurrent colorectal
cancer [1]. Particularly, based on the results of several
clinical trials, bevacizumab was shown to extend pro-
gression-free survival (PFS) when used in combination
with other chemotherapies including irinotecan, fluoro-
uracil and leucovorin [2], leucovorin, fluorouracil and
oxaliplatin (FOLFOX) (3], leucovorin, fluorouracil and
irinotecan (FOLFIRI) [4], and 5-fluorouracil and leucov-
orin (5-FU/LV) [5]. These results are further supported
by large-scale observational studies [6, 7]; however, in
standard chemotherapy treatments, as often represented
by either FOLFOX or FOLFIR], placement of a peripher-
ally inserted central venous port (CV port) is required for
continuous 5-FU infusion. The usage of CV ports can
cause complications, including infections and throm-
bosis, resulting in decreasing the patient’s quality of life
(8,9].

In consideration of these factors, chemotherapy regi-
mens using oral fluoropyrimidines rather than continu-
ous 5-FU infusion must be developed. The CapeOX regi-
men, which uses capecitabine, an oral fluoropyrimidine
pro-drug of 5-FU rather than 5-FU/LV, plus oxaliplatin,
has identical therapeutic effects to FOLFOX. Favourable
results were also observed when used in combination
with bevacizumab [10]. However, because of severe gas-
trointestinal toxicity associated with capecitabine in
combination with irinotecan (CapelRI or XELIRI), an
effective alternative treatment to FOLFIRI has yet to be
developed [4].

S-1 is a combination of tegafur, a pro-drug of 5-FU
that consists of oral fluoropyrimidines, gimeracil (5-chlo-
ro-2,4-dihydoroxypyridine) and oteracil (potassium ox-
onate) at a molar ratio of 1:0.4:1 [11]. Gimeracil has a re-
versible competitive inhibitory effect on dihydropyrimi-
dine dehydrogenase, a rate-limiting enzyme involved in
the metabolic degradation of 5-FU. Oteracil reduces gas-
trointestinal toxicity and is effective against a wide range
of carcinomas. Against metastatic colorectal cancer, S-1
showed a response rate of 39.5%, a PFS of 5.4 months and
an overall survival time of 11.9 months when used as a
monotherapy [12]. Because S-1 is expected to replace
5-FU/LV, there have been several prospective clinical tri-
als in Japan using S-1 in combination with oxaliplatin
(L-OHP or SOX) [13]. Clinical trials of S-1 combined with
irinotecan (IRIS) were also conducted with various
schedules or dosage regimens [14-16]. Among these, Yo-
shioka et al. [15] conducted phase I/1I trials of sequential
IRIS and the combined treatment of staggered irinotecan
and S-1. These clinical trials were performed in order to
avoid decreased therapeutic effects and increased toxici-
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ties caused by the inhibitory effect of 5-FU and its me-
tabolites on the bioactivation of SN-38 from irinotecan
[17, 18]. The authors reported on how this treatment reg-
imen effectively avoided toxicity and rivaled the efficacy
of previous FOLFIRI treatments; however, because the
introduction of molecular targeted drugs in Japan was
delayed, no studies were performed on the safety and ef-
ficacy of sequential IRIS in combination with bevaci-
zumab. Thus, we report on the respective safety of se-
quential IRIS + bevacizumab and modified FOLFIRI
(mFOLFIRI) + bevacizumab therapies against unresect-
able colorectal cancer. A secondary comparative study on
the safety and efficacy of both therapies was also per-
formed.

Patients and Methods

Patient Eligibility. .

The eligibility criteria were as follows: (1) patients histologi-
cally diagnosed with colorectal cancer; (2) patients with either an
unresectable primary tumour or distal metastatic tumours; (3) an
Eastern Cooperative Oncology Group performance status of 0 or
1; (4) the previous chemotherapy regimen had to be <I; (5) pa-
tients of post-operative adjuvant chemotherapy >6 months since
lastadministration of drugs; (6) in the case of second-line therapy,
first-line therapy had to be FOLFOX treatment; (7) internal organ
function maintained, i.e. white blood cell count of 3,500-
12,000/ul, platelet count =100,000/p1, aspartate aminotransfer-
ase (AST) <1001U/l, alanine aminotransferase (ALT) <100 1U/,
total bilirubin < 1.5 mg/dl, serum creatinine <1.2 mg/dl, serum
creatinine clearance as estimated by Cockcroft-Gault equation
=50 ml/min; (8) survival expected to be at least =3 months; and
(9) written informed consent obtained from the patient for trial
participation.

Exclusion criteria were as follows: (1) a history of abdominal
irradiation; (2) any complications, such as intestinal paralysis, in-
testinal obstruction, poorly controlled diabetes, poorly controlled
hypertension, unstable angina, hepatic’ cirrhosis, interstitial
pneumonia, pulmonary fibrosis or severe pulmonary emphyse-
ma; (3) body cavity fluid retention requiring treatment; (4) poor-
ly controlled peptic ulcerations; (5) concomitant gastrointestinal
perforation or a history of perforation within 1 year prior to reg-
istration; (6) brain tumours or cerebral metastases confirmed on
imaging; (7) concomitant symptoms of cerebrovascular nerve
damage or any type of cardiac disease requiring treatment; (8)
surgical treatment within 4 weeks prior to registration; (9) a
bleeding tendency, coagulation disorder or excessive clotting fac-
tors; (10) awaiting or on treatment for chronic inflammatory dis-
ease such as rheumatoid arthritis, with any drugs that inhibit
platelet function (aspirin or non-steroidal anti-inflammatory
drugs); (11) women who are pregnant, may be pregnant, wish to
become pregnant or are lactating; (12) men who wish their part-
ner to become pregnant; (13) patients using irinotecan as post-
operative adjuvant chemotherapy.
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Treatment Methods

In the sequential IRIS + bevacizumab treatment regimen, on
day 1, 7.5 mg/kg of bevacizumab was administered for >30 min,
and 150 mg/m? of irinotecan was administered continuously for
>90 min. Then, for the 2-week period from days 3 to 16, divided
doses of S-1 were administered twice daily. The dosage of 5-1 was
as follows: body surface area (BSA) <1.25 m?, 80 mg/day; BSA
1.25-1.5 m?, 100 mg/day, and BSA >1.5 m? 120 mg/day as a
3-week course. Dosage for the mFOLFIRI + bevacizumab treat-
ment regimen was as follows: 5 mg/kg of bevacizumab, 150 mg/
m? of irinotecan, 200 mg/m? of L-leucovorin, 400 mg/m? of 5-FU
by rapid intravenous infusion on day 1, and 2,400 mg/m? of 5-FU
for 46 h by continuous intravenous infusion as a 2-week course.
The treatment protocol period was set at 12 weeks in both groups,
and treatment was continued until the criteria for discontinuation
of the trial were met.

The criterja for commencement of treatment in each course
were as follows: white blood cell count =3,000/pl, platelet count
=75,000/p] (mFOLFIRI + bevacizumab) or =100,000/pl (IRIS +
bevacizumab), AST <100 IU/l, ALT =100 IU/], total bilirubin
=<1.5 mg/dl, and serum creatinine <1.2 mg/dl. In addition, diar-
rhoea of grade 0 and improvement in any other non-haematolog-
ic toxicity (excluding constipation, loss of appetite, loss of hair,
chromatosis and dysgeusia) of grade <1 was required. In patients
where the criteria for commencement of treatment were not met,
treatment was delayed until all necessary requirements were com-
pletely satisfied. Treatment was discontinued in those patients
where the criteria for commencement of treatment were not met
even after a delay of =3 weeks.

The criteria common to both groups for discontinuation of
bevacizumab treatment were as follows: (1) any grade of haemop-
tysis, gastrointestinal perforation, reversible leucoencephalopa-
thy syndrome; (2) grade =3 thromboembolism, haemorrhage or
hypersensitivity reaction, and (3) grade 4 proteinuria or hyperten-
sion. In patients with grade 2 haemorrhage, treatment was with-
drawn until improvement to grade 0, and treatment was discon-
tinued in patients where grade 2 haemorrhage recurred. Treat-
ment was discontinued in patients with grade 3 hypertension that
could not be controlled by medication. Treatment was withdrawn
in the following situation: patients with grade 2 or 3 proteinuria
until proteinuria was <2 g as determined by 24-hour urine col-
lection analyses, with grade 3 or 4 liver dysfunction until im-
provement to either grade 1 or baseline, and in instances of recur-
rence.

In the IRIS group, S-1 administration was stopped if any of
the following adverse effects occurred during the course: (1)
grade =3 leucopenia or neutropenia in addition to other grade
=3 non-haematological toxicity, until patient recovery; (2) grade
=2 thrombocytopenia, diarrhoea, stomatitis, nausea or vomit-
ing; (3) serum creatinine =1.5X the upper limit of normal, and
(4) AST or ALT =100 IU/L. Any patients exhibiting grade =4
leucopenia or neutropenia, grade =3 thrombocytopenia, diar-
rhoea, stomatitis, nausea or vomiting, non-haematological toxic-
ity, or AST or ALT =200 IU/] during the study were adminis-
tered a lower dosage of IRIS in the next course of treatment. The
low dosage of S-1 (level 1) was 50 mg/day for BSA <1.25 m?, 80
mg/day for BSA 1.25-1.50 m?, and 100 mg/day for BSA >1.5 m>.
For irinotecan, level 1 was 120 mg/m? and level 2 was 100 mg/m?
no increase was made once dosage decreased. Also, in the mFOL-
FIRI + bevacizumab regimen, dosage was reduced in patients
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with grade =4 leucopenia or neutropenia, grade =3 thrombo-
cytopenia, diarrhoea, stomatitis, nausea or vomiting or non-hae-
matological toxicity as follows: 120 mg/m? of irinotecan and 200
mg/m? of 5-FU (bolus) for level 1, and 100 mg/m? of irinotecan,
200 mg/m* of 5-FU (bolus) and 2,000 mg/m? of 5-FU (infusion)
for level 2.

With regard to safety data, the patients’ health status was ob-
served and blood samples were tested during weekly medical ex-
aminations by the attending physician until 4 weeks after com-
mencing treatment and repeated after the fifth week at the start
of each new course of treatment. Adverse events were evaluated
according to the Common Terminology Criteria for Adverse
Events version 3.0, and effectiveness was observed according to
the Response Evaluation Criteria in Solid Tumors 1.0. Computed
tomographic scans were performed every 6 weeks. Effectiveness
was judged comprehensively using blinded tests on the treatment
methods by 3 or more physicians not including primary physi-
cians.

Interim Analysis about Safety

After 3 cases have been registered in each group, registration
was stopped to evaluate the safety of the two treatments (step 1).
After the confirmation of the safety of the two treatments by the
efficacy and safety evaluation committee, registration was re-
opened with 60 patients enrolled (30 per group; step 2).

Statistical Analysis

While attempting to detect a frequency of 210% with 95%
probability for the occurrence of adverse events, we determined
that the sample size would include 30 patients in each experimen-
tal group or 60 patients overall in the two experimental groups
[19]. Patients’ background, safety and efficacy data were summa-
rized as frequencies and percentages. The X test was used to com-
pare between groups, while the Kaplan-Meier method was used
to analyse PFS.

Results

Patient Background

From November 2007 to February 2010, 60 patients
were registered from the 12 institutes of the Tohoku
Clinical Oncology Research and Education Society.
These patients were randomly assigned to either the
mFOLFIRI + bevacizumab or sequential IRIS + bevaci-
zumab groups, with 30 patients in each group. Patient
backgrounds are presented in table 1; the median age was
62.5 (range 46-77) and 62 years (range 31-73) in the
mFOLFIRI + bevacizumab and sequential IRIS + beva-
cizumab group, respectively. Many patients were receiv-
ing first-line treatment (24 patients in the mFOLFIRI +
bevacizumab group and 23 patients in the IRIS + beva-
cizumab group). No significant bias was seen between
the two groups.
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Safety Verification Test (Step 1)

Step 1 of this trial was to register 3 patients at a time
into the two experimental chemotherapy regimen groups
and evaluate the initial safety for 12 weeks. The last pa-
tient was registered in April 2008 when patient registra-
tion was temporarily suspended and initial safety was as-
sessed. Except for 1 patient in the mFOLFIRI + bevaci-
zumab group with gastrointestinal perforation (G3), no
other severe adverse events occurred. Because interna-
tional phase III and verification trials in combination
with FOLFOX treatment in a Japanese population cite
gastrointestinal perforation as an expected adverse event,
the efficacy and safety evaluation committee recom-
mended proceeding to step 2 while maintaining utmost
vigilance with regard to patient safety.

Safety Verification Trial (Step 2)

By February 2010, 60 patients had been registered in
the study, including the 6 patients from step 1 and were
randomly allocated to the two experimental groups (ta-
ble 1). Although one adverse event of gastrointestinal per-
foration (G5) was observed in the mFOLFIRI + bevaci-
zumab group, this was determined to be due to progres-
sion of an underlying disease (table 2) and not due to the
experimental treatment. With regard to G3/4 haemato-
logical toxicities in the mFOLFIRI + bevacizumab and
sequential IRIS + bevacizumab treatment groups, neu-
tropenia was seen at a rate of 48 and 38%, respectively.
Although statistical differences were not observed, G3/4
gastrointestinal toxicities were more frequent in the
mFOLFIRI + bevacizumab group than in the sequential
IRIS + bevacizumab group (anorexia 17.9 and 3.4%, nau-
sea 7.1 and 0%, diarrhoea 14.3 and 6.9%, respectively).
(G3/4 severity in hypertension, which is the representative
adverse event of bevacizumab, was confirmed as 3.6% in
the mFOLFIRI + bevacizumab group, whereas it was not
observed in the sequential IRIS + bevacizumab group. No
patient experienced severe proteinurea, thrombosis or
haemorrhage in either group.

Comparison of Efficacy

The treatment methods were blind, and efficacy was
compared by judging the response rate with a 3-person
decision committee. The overall response rate (ORR) in
the mFOLFIRI + bevacizumab group versus the sequen-
tial IRIS + bevacizumab group was 61.5% [95% confi-
dence interval (CI) 40-80] and 72.0% (95% CI 51-86),
respectively (table 3). Two patients showed complete re-
sponse in the sequential IRIS + bevacizumab group. The
median PFS was 324 days (95% CI 247-475) in the mFOL-
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Table 1. Characteristics of patients

 mFOLFIRI+ IRIS+ =

- bevacizumab = bevacizumab -

) (n=30) T @@=30)
Age, years

Median 62.5 62

Range 46-77 31-73
Males/females 18/12 17/13
ECOG performance status

0 24 27

1 6 3
Primary legion

Colon 17 17

Rectum 12 13

Both 1 0
Cancer

Advanced 22 20

Recurrent 8 10
Histology

Well 7 7

Moderately 20 22

Poor 2 0

Other 1 1
Primary site

Yes 5 6

No 25 24
Number of metastases

1 17 16

2 9 10

3 4 4
Adjuvant chemotherapy

Yes 5 7

No 25 23
Prior chemotherapy

Yes 24 25

No 6 5

ECOG = Eastern Cooperative Oncology Group.

FIRI + bevacizumab group and 345 days (95% CI 312-
594) in the sequential IRIS + bevacizumab group (fig. 1).
Statistical significance was not observed between the two
groups (p = 0.71).

Discussion

Systemic chemotherapy against unresectable or recur-
rent colorectal cancer was developed on the basis of the
successful combination therapy of 5-FU and L-leucovo-
rin. Continuous 5-FU infusion and cytotoxic drugs (e.g.
irinotecan and L-OHP, as well as other molecular target-
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Table 2. Adverse events of the two treatments

' mFOLPIRI+bev iz

: IRIS + bevacxzumab

Adverseevent o > . ) . : P va]ue
R G Gl Gz G G4.GS grade 3% Gq G G2 G Gt G5 grade 53,9% 2‘3 fgsf

Non-haematological
Anorexia 10 5 8 5 17.9 13 10 5 1 3.4 0.076
Nausea 10 7 9 2 7.1 16 11 2 0.0 0.143
Vomiting 20 6 1 1 3.6 28 1 3.4 0.980
Diarrhoea 12 12 4 14.3 15 11 1 2 6.9 0.364
Mucositis 17 10 1 0.0 23 6 0.0 (=)
Fatigue 14 8 4 2 7.1 17 9 3 0.0 0.143
GI perforation 26 1 1 7.1 29 0.0 0.143
Bleeding 20 7 1 0.0 21 8 0.0 =)
Hypertension 20 3 2 1 3.6 24 2 1 0.0 0.304
Proteinuria 20 3 2 0.0 22 2 3 0.0 (=)

Haematological
Leucopenia 5 6 12 4 14.3 12 3 9 5 17.2 0.409
Neutropenia 3 11 8 5 48.1 12! 6 7 4 37.9 0.598
Thrombopenia 23 4 0.0 22 6 1 3.4 0.286

Gl = Gastrointestinal. ! Frequency of GO and Gl.

Table 3. Overall response of the two treatments

RIS+

mFOLFIRI +
bevacizumab . bevacizumab -
CR 0 _ 2
PR 16 16
SD 8 5
PD 2 2
NE . 4 5
Total 30 30

RR, % 61.5 (40.1-79.8) 72.0 (C1 50.6-86.2)

Figures in parentheses are 95% Cls.
CR = Complete response; PR = partial response; SD = stable
disease; PD = progressive disease; NE = not evaluated.

PFS (%)
W
(=]
1

25

T T T ¥ T T - 1
300 400 500 600 700 800 900
Time (days)

T T
0 100 200

ed drugs, such as bevacizumab, cetuximab and panitu-
mumab) are used concomitantly or sequentially to yield
a median survival time that exceeds 2 years; however,
continuous 5-FU infusion necessitates the insertion of a
peripherally inserted central catheter or CV port, which
can increase infection and thromboembolism risks. In
order to circumvent these drawbacks, novel treatment
options with oral fluoropyrimidines are being developed
to replace the need for 5-FU infusions. The oral fluoro-

Safety Verification Trials of mFOLFIRI
and IRIS + Bevacizumab

Fig. 1. Kaplan-Meier PFS curves of patients with metastatic
colorectal cancer treated with mFOLFIRI + bevacizumab (dotted
line) and IRIS + bevacizumab (solid line).

pyrimidine S-1 exhibits a lower frequency of diarrhoea
and hand-foot syndrome when compared with capecitabi-
ne, and S-1 has a higher tolerance level among Japanese
people. Therefore, treatments such as SOX and IRIS are
being developed in Japan to replace FOLFOX and FOL-
FIRI therapies, and it has been suggested that S-1 may be

Oncology 2012;83:101-107 105
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able to replace 5-FU/LV [12-14]. Furthermore, because
molecular targeted drugs, such as bevacizumab, cetuxi-
mab and panitumumab, have been introduced into rou-
tine clinical use in Japan, it has become important to eval-
uate the safety and efficacy of combined therapies on the
basis of these drugs and on the new oral fluoropyrimi-
dines.

Prior to this study, we tested the safety and efficacy of
sequential IRIS therapy, which we found to have a low
toxicity and high efficacy [13]. In this study, among pa-
tients with G3 or higher haematological toxicities, no sig-
nificant differences between the two groups were ob-
served with regard to neutropenia and/or leucopenia, al-
though a lower trend was observed in the sequentjal IRIS
+ bevacizumab group. Muro et al. [16] performed a phase
II/III trial comparing mFOLFIRI with irinotecan + S-1
therapy as a second line of treatment for patients with
unresectable recurrent colorectal cancer. Although their
administration method differed from our sequential IRIS
therapy, as Muro et al. [16] did not use bevacizumab in
their study, the frequency of G3/4 neutropenia in the
mFOLFIRI (150 mg/m?/2 weeks of irinotecan) and IRIS
groups showed a similar trend to our data (52.1 and
36.2%, respectively), indicating that IRIS exhibits less
neutropenic toxicity.

The incidence of gastrointestinal toxicity observed in
this study in the mFOLFIRI + bevacizumab group was
nearly identical to that in the FOLFIRI group (43.2-
53.6%) as reported by a BICC-C study [4]. As with hae-
matological toxicities, the frequency of non-haematolog-
ical toxicity was lower in the sequential IRIS + bevaci-
zumab group than in the mFOLFIRI + bevacizumab
group. Furthermore, the frequency of reported gastroin-
testinal toxicities, such as loss of appetite (11%) and diar-
rhoea (20.5%), in the sequential IRIS + bevacizumab
group of our study tended to be lower than that in the
IRIS group in the study of Muro et al. [16]. This difference
may be due to the following reasons: (1) all patients in the
study of Muro et al. [16] were undergoing second-line
treatment, and (2) the different administration method
used placed a greater emphasis on irinotecan dose inten-
sity than our sequential IRIS method. Muro etal. [16] also
mentioned that raising the dose intensity of irinotecan
was among the effective strategies for patients resistant to
oxaliplatin-based chemotherapy; however, with regard to
these adverse events, we believe that raising the dose in-
tensity of S-1 rather than that of irinotecan is the better
strategy for first-line treatment with regard to safety. Fi-
nally, as regards efficacy, the median PFS in both groups
was about nearly a year. Although the number of patients
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in the current study was small, the leve] of efficacy seems
to be higher than that in previous studies. The data on
overall survival time are currently being analysed in a
follow-up study.

Recently, Yamada et al. [20] reported the results of a
phase II study on IRIS combined with bevacizumab
(SIRB study). In the SIRB regimen, S-1 is administered on
days 1-14 of a 21-day cycle, but the dose intensity of S-1,
irinotecan and bevacizumab was equivalent to that of the
sequential IRIS + bevacizumab regimen. Toxicity in the
SIRB regimen was low and manageable (G3/4 neutrope-
nia 26%, G3/4 anorexia 12%, G3/4 diarrhoea 8%). The
ORR was 67% (95% CI 52.1-79.1) and the median PFS was
373 days (95% CI 299-440), which is comparable with our
sequential IRIS + bevacizumab therapy.

From these results, we concluded that the combination
of S-1, irinotecan and bevacizumab could be an effective
primary therapy in Japanese patients, compared with
mFOLFIRI + bevacizumab. Moreover, this regimen’
could reduce the risk of infection because it does not re-
quirea CV port. Therefore, sequential IRIS + bevacizum-
ab therapy, a very promising treatment method, should
be developed further in alarger randomized clinical trial.
We are currently in the process of planning a phase III
clinical trial in Japan comparing IRIS + bevacizumab
with CapOX/FOLFOX + bevacizumab.
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Abstract

Variance Analysis of Regional Cooperation Critical Pathway for Prostate Cancer

Tomomi Tannai™', Takeshi Ueda*? Masaaki Hamano™', Fang-Ting Lee, Takeshi Namekawa,
Yusuke Imamura, Yoshitaka Saito*?, Masayuki Kobayashi*?, Yukari Yanagisawa™',
Mineko Takase ™!, Atsushi Komaru*? and Satoshi Fukasawa*?

Division of Regional Medical Cooperation, Chiba Cancer Center™' :
Prostate Center and Division of Urology, Chiba Cancer Center*?

Beginning in November 2007, we at the Department of Urology of the Chiba Cancer Center developed critical path-
ways for urological cancer in association with regional private clinics of urologists, and we commenced regional
medical cooperation. As of October 2011, we have employed 5 prostate cancer-related critical pathways on 1460 cas-
es. We analyzed variance for 248 cases in which the three regional cooperation critical pathways about prostate can-
cer were used for 1 year until October 2008. We performed the analysis by surveying urologists at the cooperating
medical institutions. The paths were followed on 213 cases (86%), but they were dropped with 35 cases (14%)
“variance of the critical pathways.” Based on these results, considering the outcome setting conditions, we thought
that the current level of use of regional cooperation critical pathways was appropriate. However, since 9% of the
cases “veered away from the paths,” we thought that it would be necessary to add “continuous cooperative medical
treatment” to future critical pathways outcomes.

key words : regional cooperation critical pathway, prostate cancer, variance

Jpn J Urol Surg 26(1) :77 ~ 81, 2013
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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 tiuro, Naotoshi Sugimote, 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? 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.

Ihterpretation 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 of a,a,0-trifluorothymidine (FTD) and 5-chloro-6-{2-

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’s 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

www.thelancet.com/oncology Vol13 October2012

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 FID. Afier intravenous injection
of FTD 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 FID 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.

l 172 patients eligible for randomisation |

v

¥

' 114 assigned TAS-102

‘ [ 58 assigned placebo l

——b{ 1did not receive treatment™ I

—P{ 1 did not receive treatment*

y

y

I?B received TAS-102 l [ 57 received placebo l
109 discontinued study treatment 57 discontinued study treatment
99 had disease progression 56 had disease progression
4 had adverse events 1 had adverse events
> 1 physician's decision >
1 had protocol violationt
4 other reasons

A 4

h 4

P 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. +One 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 maiched 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 64 (57%) 28 (49%)
Women 48 (43%) 29 (51%)
Age (years) 63(28-80)  62(39-79)
Eastern Cooperative Oncology Group performance status
0 72(64%) 35 (61%)
1 37 (33%) 21(37%)
2 3(3%) 1(2%)
Diaghosis
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%)
24 17 (15%) 14 (25%)
Metastatic organ
Liver 65 (58%) 38(67%)
Lung 87 (78%) 44 (77%)
tymph nodes 48(43%) . 23(40%)
Peritoneum 11 (10%) 17 (30%)
Previous treatment and reason for discontinvation
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*
Wild-type’ 54(55%) 24 (48%)
Mutant 45(45%)  26(52%)

Data are n (%) or median {range). *KRAS mutational status assessed for 99 (88%)
patients in the TAS-102 group and for 50 (88%) patients in the placebo group.

Table 1: Demographics and baseline characteristics of the efficacy

population
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See Onfine 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-ireat
population, and the safety analysis in the per-protocol
population. We used SAS (version 8.2) for statistical
analyses.

A
100

90+
80~
70
60
50

20

Overall survival (%)

30

20

10+

]

— TAS-102
~— Placebo

1]

Number at risk
TAS-102 112
Placebo 57

B
100+

50+
80+
70
60
50+

40+

Progression-free survival (%)

30+
20+
10

0

18

Number at risk
TAS-102 112
Placebo 57

Time (months)

7 4 1
0 0

Figure 2: Kaplan-Meier curves of
independent review committee
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overall survival (A) and progression-free survival (B) as assessed by
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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 ireatment. 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
11-3 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 [19%] patient had a
partial response and 48 [439%] patienis had stable
disease), as did six (1196) 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 analyses and interaction tests for progression-free
control (one [1%] had a partial response and 60 [54%] survival and disease control, the effect of TAS-102 was
had stable disease), as did eight (14%) given placebo (all largely consistent across all categories (although not
eight had stable disease; p<0-0001). In the subgroup always significant; appendix).

TAS-102 Placebo Hazard ratio pfor
{95% C1) interaction

Sex
Male 64 28 B e meet B 0-68 (0-41-113) 0-328
Ferale 48 29 i 0-49(0-29-0-83) -
Age (years)

<65 60 34 — 1 064(039-1:03) 0427
265 52 23 —— 051(0-29-0-90) -
Performance status*
] 72 35 e 0-55(0-34-0-89) 0775
1-2 40 22 —— 0.54(030-0.96) -
Primary site

Colon 63 36 e Rl 0-59(037-0-93)  0-891
Rectum 49 21 B e —— 054 (0-29-0-99) -
Number of metastatic organs
1 25 11 5 ] 0-62 (0-23-1.63) 0-510
2 43 20 — 0-49(0:26-0-94)
3 27 2 — 0-47 (0-22-0-98)
24 27 14 —i 0-81(0-38-1-71)
Liver metastasis
Yes 65 38 e 0-72 (0-46-1-21) 0204
No 47 19 — 044 (0-23-084) -
Lung metastasis

Yes 87 44 — 056 (0:37-0-85)  0-786
No 25 13 B - S pusmad 0-55(025-1:18) -
Lymph node metastasis
Yes 48 23 e 041(023-117) 0199
No 64 34 —a— 0-68 (0-41-0.97) -
Peritoneum metastasis
Yes 1 17 — 0-52 (0.23-1-17) 0-807
No 101 40 —_—— 063(041-097) -
Previous treatment
Surgical history

Yes 103 50 —_—— 0-57(0-38-0-84) 0582

No 9 7 - 074(027-2:06) -
Adjuvant chemotherapyt

Yes 54 15 —_—— 0-60(0-32-114) 0-822

No 58 42 — 88— 0-55{0-35-0-88) -~
Number of palliative chemotherapies

2 17 13 B 0-48(019-1.20)  0.962

23 95 44 ——t— 058(039-087) -
Bevacizumab

Yes 87 47 —— 0-63(0-42-0-.95)  0-207

No 25 10 — 037 (016-086) -
Cetuximab

Yes 71 36 [ T 0-69(0-44-1.09) 0294

No 41 21 — 0-41{022-076) -
KRAS mutational status
Wild-type 54 24 B 0-70(0-41-120) 0296
Mutant 45 26 —_—— . 0-44(025-0-80) -

s P 10 15 20 25 30
b Favours TAS-102 Favours placebo o

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).

www.thelancet.com/oncology Vol13 October2012 997

_53_



Articles

100 -
90
80+
70
60
50

40

Overall survival (%)

30

204

10 4

—— TAS-102 b
——— Placebo

Number at risk
TAS-102 54
Placebo 24

C
100

90
80
70
60 -
50
40 -
304

Progression-free survival (%)

20

10

1]

w
o
o
)
N
s
v
=
oo
o

48 34 23
19 14 S

N O
-
&

35 26 14
15 8 2

NS
on

o

Number at risk
TAS-102 54
Placebo 24

T T T ]
] 12 15 8 o

Time (months)

w
v

13 4 2 1 45
1 o 0o ] 26

T
3 6 9 12 15 18
Time (months)

2 4}

14
2 0 0

oW

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 034, 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 treatment in all cases. The dose intensity of
TAS-102 after the initial dose was 147 mg/m? per week and

_54_

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).
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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 (49) 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) pvalue”

Any grade Grade3or4  Anygrade. Grade3or4
Haematological
Neutropenia 81(72%) 57 (50%) 1(2%) 0 <0-0001
Leucopenia 86 (76%) 32(28%) 2 (4%) [¢] <0-0001
Anaemia 82(73%) 19 (17%) 5 (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%) o 0-037
Nausea 73(65%) 5 (4%) 16 (28%) 0 <0-0001
Anorexia 70 (62%) 5(4%) 19 (33%) 2(4%) 0-0006
Febrile nevtropenia 5(4%) 5(4%) [} [ 0-170
Vomiting 38(34%) 4(4%) 14 (25%) 4] 0-250

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

*p values 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 feast 3% in the safety population

TAS-102 Placebo
(n=108)* {n=57)*

Subsequent cancer t 46 (43%) 26 (46%) '
Fluoropyrimidine-based treatment 30 (28%) 21(37%)
frinotecan-based treatment? 8 (7%) 12 (21%)
Oxaliplatin-based treatment 13 (12%) 10 (18%)
Bevacizumab 13 (12%) 12 (21%)
Anti-EGFR monocional antibody 12 (11%) 5(9%)

Data are 1 (%). *Number of patients who 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: Cancert after discontinuation of study treatment

anti-EGFR  monoclonal antibody®® Because the
mechanism of action of TAS-102 involves direct
incorporation of FID 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 guidelinesin
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
cancet”, “cetuximab and colorectal cancer”, “panitumumab
and colorectal cancer”, “bevacizumab 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.

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 partidpants were eligible. Additionally,
the initial imaging diagnosis was done 4 weeks after
randomisation, which is earlier than is usual in similar

_56_

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/m?2 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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