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reported (5-7). Thus, the risks for the occurrence of adverse
events should be assessed. BRITE, a prospective,
observational cohort study of BV-based chemotherapy for
mCRC, showed the possible risk factors for GI perforation
and ATE: age above 65 years, intact primary tumors, and
prior adjuvant radiotherapy were related to GI perforation,
and performance status greater than I, hypertension, and past
history of arterial disease were related to ATE (9).

Little information regarding the effects and adverse events
of BV-containing chemotherapies in Japanese mCRC
patients is available, because few prospective, large-scale,
clinical studies using BV-containing regimens for mCRC
have been performed in Japan. Therefore, predictive factors
of BV-related adverse events and precise guidelines for
administration of BV to Japanese mCRC patients are not
well-established. In order to clarify the relationship between
predictive factors and adverse events of BV-containing
chemotherapy in Japanese patients, patients’ background
characteristics and frequencies of adverse events with
systemic chemotherapy for mCRC were retrospectively
investigated.

Patients and Methods

Patients. The present study retrospectively investigated 178 patients
with  unresectable, recurrent, or metastatic colorectal
adenocarcinoma who started systemic chemotherapy during the
period from June 11,2007 to August 31, 2008 in three Institutions:
the Department of Hematology and Oncology of Kyushu University
Hospital, the Gastrointestinal and Medical Oncology Division of
National Kyushu Cancer Center, and the Department of Medical
Oncology in Hamanomachi Hospital, Fukuoka, Japan. Patients who
were administered BV prior to this period were excluded.

Information of all cases was obtained from the participating
Hospitals’ medical records. Patients’ background characteristics
included age, sex, Eastern Cooperative Oncology Group (ECOG)
performance status (PS), primary site of the tumor, and possible risk
factors for serious adverse events of BV including remaining primary
tumor, current bleeding, past and present history of arterial
thromboembolism (ATE), hypertension, and proteinuria. In patients
who were treated with BV-containing regimens during this survey
period (BV group), chemotherapy regimens and their duration, best
therapeutic effects, adverse events, and reasons for withdrawal of BV
administration were investigated. In patients who were treated with
chemotherapy without BV (CT group), the reasons for the primary
decision to not use BV-containing regimens when chemotherapy was
started were examined. Adverse events that occurred in the CT group
were also observed in the above period. The present study was
carried out according to the regulations of local Ethics committee in
each Hospital and the Declaration of Helsinki.

Treatment. Patients received fluoropyrimidine-based chemotherapy
with or without BV until disease progression, occurrence of
intolerable adverse events, or patient’s refusal. The combined
chemotherapy regimens were selected by the physicians with the
patients’ consent. The dose of BV was 5 mg/kg or 10 mg/kg every
2 weeks. BV was administered intravenously in 100 m! of saline for
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30-90 min. In cases of adverse events, the BV dose was not reduced,
but administration of BV was suspended until recovery from the
adverse events.

Assessments. At every bi-weekly visit, patients were assessed for
adverse events by physical examination, urinalysis, blood cell
counts, and serum chemistry. All adverse events were evaluated
according to the Common Terminology Criteria for Adverse Events
(CTC-AE) version 3.0. The most severe grades of adverse events
during chemotherapy were recorded.

Statistics. Analyses of correlations between the occurrence of BV-
specific adverse events and their possible risk factors were
performed using the Fisher’s exact test.

Results

Patients’ background characteristics and treatments. Overall,
87 of 178 patients were treated with BV-containing
chemotherapy (BV group) during the observation period, and
91 patients were treated with non-BV-containing chemotherapy
(CT group). No significant differences in sex, age, and primary
site were identified between the two groups (Table I). Patients
who had primary tumors tended to be treated with
chemotherapy without BV. Bleeding risks were significantly
more frequently observed in the CT group. No significant
differences between the two patient groups were observed in
the other factors.

In the BV group, BV-containing regimens were used in
the first (17%), second (35%), and third line (29%) of
chemotherapy (Table II). Combined chemotherapy regimens
were oxaliplatin-based FOLFOX (48%) and irinotecan-based
FOLFIRI or IFL (44%). The median number of BV
administrations was 7, and the median duration of BV-
containing chemotherapy was 8.1 months. In 71 regimens of
BV-containing chemotherapy in which the therapeutic effect
was confirmed until August 31, 2008, the response rate and
the disease control rate were 18% and 78% in all lines of
treatment, respectively, and 27% and 82% in first-line
treatment, respectively (Table III). There were 15 patients
who were treated with two BV-containing chemotherapy
regimens. In 10 of these 15 patients, BV was administered
after disease progression in their prior chemotherapy with
BV. The other 5 patients stopped chemotherapy because of
oxaliplatin-induced allergies (3 patients), diarrhea (1 patient),
and patient’s refusal (1 patient), but BV was continued for
the subsequent chemotherapies including irinotecan-based or
oxaliplatin-based regimens, which were not used in the prior
therapy. The confirmed responses of the second BYV-
containing chemotherapy in 5 patients were 3 stable diseases
and 2 progressive diseases.

Safety. Therapy-related toxicities in the BV group were
assessed according to the Common Terminology Criteria of
Adverse Events version 3.0 (CTC-AE ver.3.0) (Table IV). In
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Table 1. Baseline characteristics of all patients.

BV-containing Non-BV-containing

Regimen regimen
(BV group) (CT group)
Characteristic No. % No. %  p-Value
Gender
Male 47 54 44 48 045
Female 40 46 47 52
Age
Median (range), year 63 (36-82) 65 (21-84) 0.76
74 and younger 76 8 74 81 031
75 and older 11 4 17 19
Primary tumor
Colon 45 52 51 56 0.65
Rectum 42 48 40 44
Resected 69 78 60 66 0.06
Remaining 18 22 31 34
Bleeding risk
None 85 98 75 82 <0.01
Any risk 2 2 16 18
Primary tumor 0 9
Invading tumor 1 3
Genital organ 1 2
Surgical wound 0 1
Thrombocytopenia 0 1
Thromboembolic risk
None 81 93 79 87 022
Any risk 6 7 11 13
Cerebral infarction 4 4
ASO 1 2
Ischemic heart disease 1 1
Severe Arteriosclerosis 0 2
Atrial fibrillation 0 1
DIC 0 1
Blood pressure
Normotension 73 84 70 77  0.26
Hypertension 14 16 21 23
Proteinuria
Negative 80 92 82 90 0.0
Positive 7 8 9 10

BV; Bevacizumab, ASO; arteriosclerosis obliterans, DIC; disseminated
intravascular coagulation.

terms of hematological toxicities, neutropenia was observed
in 87% of patients (grade 3/4; 41%), anemia in 79% (grade
3/4; 5%) and thrombocytopenia in 17% (grade 3/4; 2%).
Febrile neutropenia occurred in 8%. Concerning non-
hematological toxicities, general fatigue was observed in
71%, anorexia in 76%, nausea and vomiting in 61%, and
peripheral neuropathy in 64%. All grades of diarrhea
occurred in 54% of patients, and more than grade 3 was seen
in 5%. In BV-related toxicities, bleeding was observed in
23% of patients (10 cases of nasal bleeding, 1 case of
gingival bleeding, 9 cases of gastrointestinal bleeding),

Table IL. Characteristics of the systemic chemotherapy regimens of the
BV group.

Characteristics Number of patients %
Regimen 102 (Total)
FOLFOX 49 48
FOLFIRI/IFL 45 ' 44
S-1 + Irinotecan 4 4
5-FU + LV 4 4

Administration of BV
median (range) 7 (1-28)
Treatment with BV
Continuation 48 55
Cessation 39 45
Duration of therapy
median in months (range) 8.1 (0.5-14.0)
Treatment line
Ist 17 17
2nd 36 35
3rd 30 29
4th or later 19 19

FOLFOX; 5-FU/leucovorin plus oxaliplatin, FOLFIRVIFL; 5-FU/
leucovorin plus irinotecan, LV; leucovorin.

Table I Efficacy of chemotherapy in the BV group.

Response

Treatment line CR PR SD PD NE RR DCR

(%) (%)
Ist 0 3 6 1 1 27 82
2nd 0 5 14 5 1 20 76
3rd 0 4 14 6 0 17 75
4th or later 0 1 10 2 0 3 85
All 0 13 44 14 2 18 78

RR; Response rate, DCR; disease control rate.

hypertension in 22%, proteinuria in 15%, and delayed wound
healing in 4%. There were no treatment-related deaths.

Risk factors for BV-related adverse events. The relationships
between BV-related adverse events and possible risk factors
were analyzed. Gastrointestinal perforation did not occur in
patients with or without primary tumor lesions. As
mentioned above, 9 patients had gastrointestinal bleeding,
including 4 with melena, 4 with bleeding from the stoma,
and 1 proctorrhagia, and no correlation was observed
between remaining primary tumors and bleeding (Table V).
No arterial thrombosis events occurred in the patients with
or without a present or past history of thrombotic events. On
the other hand, patients with hypertension before starting
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Table IV. Adverse events in the BV group.

Adverse event Grade (CTC-AE ver 3.0) Total Grade 3/4

1 2 3 4 (%) (%)

Neutropenia 22 18 24 12 87 41
Anemia 44 21 4 0 79 5
Thrombocytopenia 9 4 f 1 17 2
Febrile Neutropenia - - 6 1 8 8
Fatigue 42 19 1 0 71 1
Anorexia 46 19 1 0 76 1
Nausea/vomiting 42 10 1 0 6l 1
Stomatitis 14 3 2 0 22 2
Diarrhea 35 8 3 1 54 5
Stomach ache 1 1 0 15 1
Peripheral neuropathy 3118 7 0 64 8
Allergy 5 3 | 0 10 1
Nasal/gingival bleeding 11 0 0 0 I 0

Table V. BV-containing regimen-related gastrointestinal bleeding in
patients with or without primary tumor.

Primary tumor Gastrointestinal bleedings

No Yes* p-Value
Resected 63 6 0.39
Remained 15 3

*These 9 cases with gastrointestinal bleedings include 4 melenas, 4
bleedings of stoma and I proctorrhagia.

BV-containing chemotherapy had significant deterioration of
hypertension  (p=0.02) (Table VI). Therapy-related
deterioration of proteinuria was not correlated with presence
of proteinuria before chemotherapy (Table VII).

Forty-eight patients in the BV group continued to the end
of this surveillance period in August 2008, and 39 patients
had stopped BV-containing chemotherapy because of
progressive disease (20 patients) and toxicity (11 patients).

Reasons for non-BV chemotherapy in the CT group. The
reasons why BV was not administered in the CT group were
also determined (Table VIII). The most frequent reason for
this was the risk of bleeding (11 patients, 12%); in detail, 5
patients in the CT group had active bleeding from the
primary site, 3 had bleeding from sites of tumor invasion,
and 2 had bleeding from invasion of genital organs and other
sites. Eleven patients (12%) were not administered BV
because due to patients’ refusal. BV was not used in 10
patients with a current or past history of arterial thrombotic
events and in 8 patients with severe peritoneal dissemination.
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Table VI. BV-containing regimen-related hypertension in patients with
or without hypertension before therapy.

BP grade (CTC-AE v3.0)

Blood pressure

before therapy 0 1 2 3 4 p-Value
Normotension 60 8 5 0 0 0.02
Hypertension 8 i 4 1 0

Since 7 patients had surgery immediately prior to
chemotherapy, the use of BV was reduced.

Discussion

BV has been widely used in systemic chemotherapy for
mCRC. Various large-scale, phase 1II clinical studies, mainly
conducted in Western countries, have shown the efficacy and
safety profiles of BV-containing chemotherapy regimens (5-
8). Tamiya et al. (10) reported on a retrospective review of
adverse events in 65 Japanese patients with mCRC treated
with BV-containing regimens and showed similar safety
profiles to those of previous prospective trials. Although
these reports encouraged the use of BV as one of the
standard chemotherapeutic agents for mCRC, selection of
patients who could be safely treated with BV-containing
therapy is required in the clinical setting. It is, thus,
important to identify the risk factors for predicting adverse
events specifically caused by BV in Japanese patients.

The present study analyzed clinical data from patients with
mCRC who had been treated with systemic chemotherapy
during the period of 15 months from the approval of BV in
Japan. The efficacy and safety of BV-containing
chemotherapies and the possible risk factors related to BV-
specific adverse events were identified. Since it had been
known that bleeding occurred in around 3% of patients with
BV-containing chemotherapies (5-8), mCRC patients with
possible bleeding risks were excluded from BV administration
in the CT group. Two patients, one with a history of
hemorrhage from a gynecological organ and another with a
remaining primary tumor, were treated with a BV-containing
regimen and had no bleeding episodes during the treatment
period. The significant risk factors for bleeding could not be
identified because no hemorrhagic events occurred in either
the BV group or the CT group. These facts suggested that
active bleeding or highly hemorrhagic lesions might be
appropriate risk factors for BV-related severe bleeding, and
avoidance of BV administration in this population might be
appropriate. It may be important to assess the bleeding risk in
advance to prevent severe bleeding, and BV might be
administered safely to patients with a low bleeding risk.
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Table VII. BV-containing regimen-related deterioration of proteinuria in patients with proteinuria before therapy.

reported that the sensitivity to sodium differs between
Asians and Caucasians or Africans, suggesting that
molecular mechanisms of BV-induced hypertension may
differ among races (12).

Identification of risk factors has two roles: prevention of
severe toxicities induced by chemotherapy, and avoidance
of losing the chance for patients to be treated with
appropriate chemotherapy. Because patients harboring
possible risks were often excluded from enrollment in
clinical trials, prospective trials focusing on that population
might be important. In addition, retrospective analysis might
be helpful to reveal the safety and effectiveness of BV in

Proteinuria Proteinuria grade Deterioration p-Value
before
therapy 0 1 2 3 4 No Yes
(CTC-AE v3.0) (Number of patients) (Number of patients)
0 73 6 1 0 0 73 7 0.15
1 1 2 2 0 0 3 2
2 0 0 2 0 0 2 0
The incidence of arterial thrombosis has been reported t0  paple VIII. Reasons for choosing non-BV chemotherapy.
be 1.7% in a cytotoxic chemotherapy-alone group and 3.8%
in a BV-containing chemotherapy group, in a meta-analysis ~ Reason No. %
including clinical trials for mCRC, non-small cell lung ] ] -
cancer, and breast cancer (11). The multivariate analysis glem:?njdﬁtm?ry sie 1? 4
revealed that age over 65 years (p=0.01) and a history of ;?i;i;;l;t: 5 12
arterial thrombosis (p<0.001) were independent risk factors Invaded site of tumor 3
for ATE (11). In the present study, BV was not given to 10 Genital organs 2
patients with any risk of thrombosis. Given the risk factors Thrombocytopenia 1
demonstrated in the previous report, 339 cases were >65  Thromboembolic risk 10 11
years of age, and 89 cases had a history of thrombosis. In Cerebral infarction 4
contrast, 6 patients who had had possible risks for i‘i:ie;;eﬁa;;;r;;ilems'S ?
thrombosis, such as a history of brain infarction in 4 patients, Ischemic heart disease )
arteriosclerosis obliterans in 1, and ischemic heart disease in Thrombocytosis 1
1, were successfully treated in the present study. Importantly, DIC* 1
the disease activities of thrombosis in all 6 patients were  Hypertension 1 1
diagnosed as minimal prior to chemotherapy, and no severe ~ Patient’s refusal H 12
thrombotic events occurred in these patients. Establishment ~ Severe peritoneal dissemination 8 9
of precise criteria for administering BV in patients with a g;:::::tgle};ii;ir {0 operation ; Z
history of thrombotic events is also required. Poor performance status 5 5
In the present study, hypertension prior to BV-containing  Agyanced age 4 4
therapy was identified as a significant risk factor for the  Combined radiotherapy 3 3
“induction of worse hypertension by BV. On the other hand,  Preceding operation 2 2
in the BRIiTE study, de novo hypertension appeared in 22%  Changing hospital 1 1
of BV-treated patients without baseline hypertension, and ~ Others 8 2
deterioration of hypertension in BV-treated patients with g?ib]e ‘me;l:s ‘ 3
baseline hypertension was similarly observed in 22% (9). AE@?;;?Z;;??W therapy ;
Ethnic differences might explain for the difference between Neuroendcrine component 1
present findings and those of the previous study. It has been Renal dysfunction 1

*Disseminated intravascular coagulation.

such patient populations. The present study demonstrated
that BV-containing therapy in Japanese mCRC patients
showed a similar toxicity profile to the one previously
reported. It was suggested that suitable assessment of
possible risk factors could lead to safe treatment with BV.
Since Japanese mCRC patients with hypertension had a
higher possibility of worse hypertension with BV, careful
follow-up is needed.
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Abstract

Purpose The FIRIS study previously demonstrated non-
inferiority of IRIS (irinotecan plus S-1) to FOLFIRI (5-fluoro-
uracil/leucovorin with irinotecan) for progression-free survival
as the second-line chemotherapy for metastatic colorectal
cancer (mCRC) as the primary endpoint. The overall survival
(OS) data were immature at the time of the primary analysis.
Methods Between 30 January 2006 and 29 January 2008,
426 patients with mCRC who failed in first-line chemotherapy
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were randomly assigned to receive either FOLFIRI or IRIS.
After the primary analysis, the follow-up survey was cut off on
29 July 2010, and the final OS data were analysed.

Results  With a median follow-up of 39.2 months, the
median OS was 17.4 months in the FOLFIRI group and
17.8 months in the IRIS group [hazard ratio (HR) 0.900;
95 % confidence interval (CI) 0.728-1.112]. In the pre-
planned subgroup of patients who received prior chem-
otherapy containing oxaliplatin, the median OS was
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12.7 months in the FOLFIRI group and 15.3 months in the
IRIS group (HR 0.755; 95 % CI 0.580-0.983).
Conclusions IRIS is non-inferior to FOLFIRI for OS
as second-line chemotherapy for mCRC. IRIS can be an
option for second-line chemotherapy of mCRC. (Clinical-
Trials.gov Number: NCT00284258).

Keywords Colorectal cancer - FIRIS - Irinotecan -
IRIS - S-1

Introduction

At present, the combination of 5-fluorouracil (5-FU)/leu-
covorin (LV) with either oxaliplatin (FOLFOX) or irinote-
can (FOLFIRI) is the mainstream chemotherapy for meta-
static colorectal cancer (mCRC) worldwide (O’Neil and
Goldberg 2008; National Comprehensive Cancer Network
2014a, b; Tournigand et al. 2004).

In Japan, FOLFOX or FOLFIRI is widely used as the
first-line or second-line chemotherapy for mCRC. How-
ever, infusional 5-FU-based regimens such as FOLFOX or
FOLFIRI are inconvenient because continuous infusion and
implantation of an intravenous port system are required.
In addition, their use is sometimes complicated by cath-
eter-related infections and thrombosis. Replacement of
infusional 5-FU with an oral anticancer drug may be con-
venient and reduce the burden on patients and healthcare
professionals.

In Japan, oral S-1 has been widely used for the treat-
ment of gastrointestinal cancers. In phase 2 studies
of IRIS combining S-1 and irinotecan for mCRC, the
response rates ranged from 52.5 to 62.5 %, and the median
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progression-free survival (PES) was 7.8-8.6 months, sug-
gesting that IRIS may have comparable efficacy to FOL-
FIRI as a first-line therapy (Goto et al. 2006; Komatsu et al.
2011; Tsunoda et al. 2009; Komatsu et al. 2010: Shiozawa
et al. 2010).

The FIRIS study is a phase 3 randomised study to inves-
tigate the non-inferiority of IRIS to FOLFIRI, which is a
standard second-line chemotherapy for mCRC after fail-
ure of fluoropyrimidine chemotherapy with or without
oxaliplatin. In the primary analysis, the median PFS was
5.1 months in the FOLFIRI group and 5.8 months in the
IRIS group [hazard ratio (HR) 1.077; 95 % confidence
interval (CI) 0.879-1.319], demonstrating the non-inferi-
ority of IRIS to FOLFIRI (Muro et al. 2010). Thereafter,
in the ESMO Consensus Guidelines for management of
patients with colon and rectal cancer, IRIS is listed in the
table of the treatment options (Schmoll et al. 2012). How-
ever, the survival data of the FIRIS study were immature.
In this paper, an updated analysis focusing on overall sur-
vival (OS) is reported.

Patients and methods
Study design and treatment

This randomised, open-label, phase 3 study of second-line
chemotherapy for patients with mCRC was conducted at 40
institutions in Japan (see “Appendix”). The eligibility crite-
ria and design were described in detail in a previous report
(Muro et al. 2010).

The patients were centrally randomised to receive either
FOLFIRI or IRIS using the minimisation method with
stratification by institution, prior therapy (with oxalipl-
atin vs. without oxaliplatin), and performance status (PS;
0 vs. 1). In the FOLFIRI group, the patients received [-LV
(200 mg/mz) and irinotecan (150 mg/mz) followed by a
bolus injection of 5-FU (400 mg/m?) on day 1, and then
continuous infusion of 5-FU (2,400 mg/m?®) over 46 h,
repeated every 2 weeks (4 weeks counted as one course).
The dose of irinotecan (150 mg/m?) given to the FOLFIRI
group is the upper limit of the approved dose in Japan (Fuse
et al. 2008). The IRIS group received irinotecan (125 mg/
m?) on days 1 and 15 and S-1 [40-60 mg/body, based on
the body surface area (BSA): BSA < 1.25 m?, 40 mg/body;
1.25 m®> < BSA < 1.5 m?, 50 mg/body; BSA > 1.5 m>?,
60 mg/body] twice daily for 2 weeks followed by 2 weeks
of rest, based on the results of the phase 2 study (Goto et al.
2006). The treatment was continued until one of the follow-
ing events occurred: disease progression (PD); unaccepta-
ble toxicity; or patient’s refusal to continue treatment.

The primary objective of the study was to demon-
strate the non-inferiority of IRIS to FOLFIRI for PFS.
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The secondary endpoints included OS, response rate, and
safety. In addition, pre-planned subgroup analyses were
performed. e e

The protocol of the study was approved by the institu-
tional review board or ethics committee and was conducted
in compliance with the Declaration of Helsinki and Japa-
nese ethical guideline for clinical studies. Written informed
consent was obtained from all patients participating in the
study.

Study assessments

Physical examinations and laboratory tests were performed
at baseline and repeated at least every 2 weeks during the
treatment, Tumours were assessed at baseline (within
1 month before enrolment), 2, 3, and 4 months after enrol-
ment, and every 2 months thereafter until progression.
Progression was defined when any of the following three
events occurred: (1) PD based on the response evaluation
criteria in solid tumours (RECIST) version 1.0; (2) clini-
cal progression judged by the investigator; or (3) death
from any cause without progression. PFS was calculated
from the date of randomisation to the date of the events
described above.

OS was calculated from the date of randomisation to the
date of death from any cause. Surviving patients, including
those lost to follow-up, were censored at the date of last
confirmation of survival. Toxicity was evaluated based on
the Common Terminology Criteria for Adverse Events ver-
sion 3.0 (CTCAE v3.0).

Statistical analysis

The intent-to-treat (ITT) population consisted of all ran-
domised patients, and the per-protocol set (PPS) population
was defined as the ITT population excluding patients who
violated protocols to a considerable extent, including major
protocol inclusion/exclusion criteria or treatment protocols.

The primary endpoint of PFS was assumed to be
4 months in both groups. By defining a 1-month shorter
PES with IRIS than with FOLFIRI as the acceptance limit
for non-inferiority, which was also the minimum difference
detected by monthly image examinations, a non-inferiority
margin of 1.333 was selected. After the required number
of events was calculated with a one-sided « of 0.025 and
a power of 80 %, a target sample size of 400 patients was
selected.

For the primary endpoint of PFS and the secondary end-
point of OS, the HR for IRIS to FOLFIRI and its 95 % CI
were calculated to show the non-inferiority of IRIS to FOL-
FIRI, respectively. Furthermore, Bayesian analyses were
carried out to assess the robustness of these preliminary
results. Post hoc analyses for posterior probabilities with

log HR within the range of 1.333-1.15 (a stricter threshold)
were performed (Spiegelhalter et al. 1994).

... For the primary analysis, the collection of the primary
endpoint PFS data was cut off on 31 December 2008 and
the number of confirmed events was 389 (Muro et al.
2010). The final analysis was performed on 29 July 2010
(2.5 years after the last patient was enrolled, as pre-speci-
fied in the protocol).

Subgroup analyses were pre-planned to determine
whether therapeutic efficacy interacted with sex, age, his-
tological type, PS, and prior chemotherapy with or with-
out oxaliplatin. PFS and OS were estimated using the
Kaplan—-Meier method. The 95 % CI for the median PFS
and OS was calculated using the method of Brookmeyer
and Crowley (Brookmeyer and Crowley 1982). All p val-
ues were two-sided. All statistical analyses were performed
using SAS version 8.2 (SAS Institute, Cary, NC, USA).
This study is registered with ClinicalTrials.gov (Number:
NCT00284258).

Results
Patient populations

A total of 426 patients from 40 institutions in Japan were
enrolled from January 2006 to January 2008, and ran-
domised to receive either FOLFIRI or IRIS (n = 213 in
each group; Fig. 1). The PPS population consisted of 203
patients in the FOLFIRI group and 198 in the IRIS group.
All patients who received a study treatment [FOLFIRI
(n = 211) and IRIS (n = 210)] were included in the safety
evaluation. The baseline characteristics were well balanced
between the two groups, as previously reported (Muro et al.
2010).

Treatment

The median number of courses of the protocol treatment
was 4.0 (range 1-27) and 4.0 (range 1-23) in the FOLFIRI
and IRIS groups, respectively. The median dose inten-
sity relative to the planned dose intensity was irinotecan
78.3 %, bolus 5-FU 76.9 %, and infusional 5-FU 81.5 %
in the FOLFIRI group, and irinotecan 78.3 % and S-1
88.9 % in the IRIS group. Treatments were discontinued
because of PD in 71.8 % of the FOLFIRI group (n = 153)
and 67.1 % of the IRIS group (n = 143). Treatment dis-
continuation owing to adverse events was more frequently
observed in the IRIS group (n = 49, 23.0 %) than in the
FOLFIRI group (n = 28, 13.1 %). Overall, 179 (84.8 %)
patients in the FOLFIRI group and 184 (87.6 %) patients
in the IRIS group required at least one dose delay or
dose reduction at some point during the treatment course.
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Fig.1 Consort diagram. IRIS
irinotecan plus S-1, FOLFIRI
infusional 5-fluorouracil, folinic
acid, and irinotecan
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Third-line chemotherapy after failure of the protocol treat-
ment in the second-line therapy was given to 168 (78.9 %)
patients in the FOLFIRI group and 153 (71.8 %) patients
in the IRIS group. In these patients, molecularly targeted
agents were concomitantly used in 58 (27.2 %) patients
(bevacizumab, 45; cetuximab, 17) in the FOLFIRI group
and 52 (24.4 %) patients (bevacizumab, 38; cetuximab, 16)
in the IRIS group, and no marked difference in the use of
these agents was evident between the two groups (Table 1).

Overall survival

As of 29 July 2010 when the data collection was finally
cut off, 352 deaths (FOLFIRI, 178; IRIS, 174) were con-
firmed with a median follow-up of 39.2 months. A total of
125 censored cases resolved from the last cut-off that we
reported. The median OS was 17.4 months in the FOLFIRL
group and 17.8 months in the IRIS group (HR 0.900; 95 %
CI 0.728-1.112; p = 0.003 for a non-inferiority margin of
1.333; Fig. 2a). In the PPS population, the median OS was
17.4 months in the FOLFIRI group and 17.4 months in the
IRIS group (HR 0.905; 95 % CI 0.728-1.126). The Bayes-
ian posterior probabilities that the HR of IRIS relative to
FOLFIRI would be <1.333 and <1.15 were calculated to be
>99.9 % and >98.7 %, respectively.

Progression-free survival

When the data collection was finally cut off, 412 events
including an increase of 23 events from the primary

@ Springer

Table 1 Cancer treatment after discontinuation of the study treatment

Treatment FOLFIRI IRIS
n (%) n (%)
No 45 (21.1) 60 (28.2)
Yes 168 (78.9) 153 (71.8)
Bevacizumab
FOLFOX + bevacizumab 33 (15.5) 29 (13.6)
FOLFIRI + bevacizumab 19 (8.9) 12 (5.6)
5-FU/LV + bevacizumab 8 (3.8) 6(2.8)
Cetuximab
FOLFIRI + cetuximab 0(0) 1(0.5)
Irinotecan 4 cetuximab 16 (7.5) 13 (6.1)
FOLFOX 60 (28.2) 61 (28.6)
FOLFIRI 9(4.2) 25 (11.7)
5-FU/LV 7(3.3) 10 4.7)
Irinotecan 8 (3.8) 20 (9.4)
S-1 35(16.4) 7(3.3)
Irinotecan + S-1 16 (7.5) 3(1.4)
Operation 12 (5.6) 11(5.2)
Radiation therapy 29 (13.6) 18 (8.5)
Other 48 (22.5) 45 (21.1)

FOLFIRI infusional 5-fluorouracil, folinic acid, and irinotecan, IRIS
irinotecan plus S-1, FOLFOX S-fluorouracil, LV, and oxaliplatin, 5-
FU 5-fluorouracil, LV leucovorin

analysis were confirmed. The median PFS was 5.1 months
in the FOLFIRI group and 5.8 months in the IRIS group.
In the ITT population, the HR for IRIS to FOLFIRI was

~324 -



J Cancer Res Clin Oncol (2015) 141:153-160

157

a FOLFIRI  IRIS
14 (N=213)  (N=213)
Events, N 178 174
— IFROI;FIRI Median, months  17.4 17.8
. ﬂ . R ) Adjusted HR B 2: 111

5 0751 (s5% CY (0:728-1.112)

'(.% P=0.0003 (Non-inferiority)

5

e 05

o

=

[=]

£ 0.251

e

o,

0 6 12 18 24 30 36 42 48 54
.Survival time (months)
No. of patients at risk

FOLFIRI 213 178 135 102 68 54 33 14
IRIS 213 182 135 106 76 62 36 12 5 0

ES
=

b 1 FOLFIRI RIS
1 (N=213) _ (N=213)

® Events, N 207 205
st Median, months 5.1 5.8
S 075 Adjusted HR 1.058
= (95% CI) (0.869-1.289)
o P=0.022 (Non-inferiority)
K
= 05 K]
A=)
=
=3 | ~ FOLFIRI
o

o 3 6 9 12 15 18 21 24
Progression-free survival (months)

No. of patients at risk
FOLFIRI 213 147 86 54 39 25 16 " ]
IRIS 213 148 80 44 24 13 9 9 6

Fig.2 OS (a) and PES (b) in the intention-to-treat population. IRIS
irinotecan plus S-1, FOLFIRI infusional 5-fluorouracil, folinic acid,
and irinotecan, HR hazard ratio, CI confidence interval

1.058 (95 % CI 0.869-1.289; p = 0.022) and consistent
with the primary analysis (Fig. 2b). In the PPS population,
the median PFS was 5.1 months in the FOLFIRI group and
5.7 months in the IRIS group (HR 1.035; 95 % CI 0.843—
1.271), being consistent with the primary analysis.

Subgroup analyses

Figure 3 shows the results of the subgroup analyses for OS.
Except for the interaction of prior chemotherapy containing
oxaliplatin (yes vs. no) and therapeutic effect, no interac-
tion was observed between sex (male vs. female), age (<65
vs. 65-75 years), histological type (adenocarcinoma, well
differentiated vs. moderately differentiated vs. poorly dif-
ferentiated), or PS (0 vs. 1), and the therapeutic effect of
IRIS was comparable to that of FOLFIRI.

In the subgroups of patients treated with FOLFIRI
(n = 128) or IRIS (n = 129) who had received prior
chemotherapy containing oxaliplatin, the median OS was
15.3 months in the IRIS group and 12.7 months in the FOL-
FIRI group (adjusted HR 0.755; 95 % CI 0.580-0.983),

showing better survival in the IRIS group than in the FOL-
FIRI group (Fig. 4a). On the other hand, in the subgroups
of patients treated with FOLFIRI (n = 85) or IRIS (1 = 84)
who had received prior chemotherapy without oxaliplatin,
the median OS was more favourable in the FOLFIRI group
than in the IRIS group (26.9 vs. 23.6 months; adjusted HR
1.229; 95 % CI 0.866-1.745) (Fig. 4b).

Safety

The results of the updated safety analysis were very simi-
lar to those previously reported (Muro et al. 2010). Briefly,
specific adverse events were haematological toxicity (grade
3 or 4 neutropenia), which was observed in 52.1 % of the
FOLFIRI group and 36.2 % of the IRIS group, and non-
haematological toxicity (grade 3 diarrhoea), which was
observed in 4.7 % of the FOLFIRI group and 20.5 % of the
IRIS group. One treatment-related death from hypotension
caused by shock was reported in the FOLFIRI group within
28 days after the end of the protocol treatment, while no
treatment-related deaths were reported in the IRIS group.

Discussion

We conducted a phase 3 randomised study to compare
FOLFIRI and IRIS as second-line chemotherapies for
patients with mCRC. The primary analysis demonstrated
the non-inferiority of IRIS to FOLFIRI for PES as the
primary endpoint. The secondary endpoints of OS and
response rate were also equivalent between the two groups
(Muro et al. 2010), but the data were immature with many
cases censored at the primary analysis. In this updated anal-
ysis, data obtained 2.5 years after the end of the enrolment
period (as pre-specified in the protocol) were included.
The non-inferiority of IRIS to FOLFIRI for PES as the
primary endpoint was re-confirmed, and non-inferiority
for OS was also demonstrated. In addition, the probabili-
ties of HR < 1.333 and HR < 1.15, which are stricter non-
inferiority margins for OS, were estimated to be >99.9 and
>98.7 %, respectively, using Bayesian analyses. Our study
results are highly robust.

When our study was started, FOLFOX was already one
of the standard treatments worldwide, but oxaliplatin had
just been launched and was rarely used in an adjuvant set-
ting in Japan. Actually, 85 (39.9 %) patients in the FOL-
FIRI group and 84 (39.4 %) patients in the IRIS group had
received prior chemotherapy without oxaliplatin. Most of
these patients received prior chemotherapy in an adjuvant
setting including tegafur-uracil with or without LV (27
patients in the FOLFIRI group and 32 in the IRIS group)
or 5-FU/LV (11 patients in the FOLFIRI group and 7 in the
IRIS group).
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Fig. 3 Subgroup analyses of OS and PES in the intention-to-treat (ITT) population. /RIS irinotecan plus S-1, FOLFIRI infusional 5-fluorouracil,

folinic acid, and irinotecan

In the subgroup of patients who had received prior oxali-
platin, the adjusted HR for OS of IRIS to FOLFIRI was
0.755 (95 % CI 0.580-0.983), suggesting that IRIS might
prolong the survival of patients who failed in first-line
chemotherapy with oxaliplatin-containing regimens, com-
pared with FOLFIRL On the other hand, in the subgroup
of patients who had received prior chemotherapy without
oxaliplatin, the median OS was longer in the FOLFIRI group
than in the IRIS group (adjusted HR 1.229; 95 % CI 0.866-
1.745). Interactions between prior chemotherapy and thera-
peutic effects in the two groups may need to be considered.

There are some possible reasons for the interactions.
Resistance to 5-FU/LV shared by patients receiving first-
line FOLFOX and second-line FOLFIRI may be overcome
to some extent by the dihydropyrimidine dehydrogenase
(DPD) inhibitor contained in S-1. On the other hand, it
is also speculated that cross-resistance to DPD inhibi-
tory agents may be partly overcome by bolus 5-FU/LV in
patients receiving FOLFIRI (Baba et al. 2012), considering
the fact that many patients in the subset without prior oxali-
platin received adjuvant chemotherapy with DPD inhibi-
tory agents as a prior therapy. However, further studies,
including basic studies, are needed to clarify this finding.

@ Springer

In recent phase 3 trials of molecularly targeted agents
used in second-line chemotherapy regimens, the median
OS was reported to be 10.7-14.5 months in groups treated
with anti-EGFR antibodies. The survival data in the pre-
sent study seemed to be consistent with the survival data in
these recent studies of molecularly targeted agents (Sobrero
et al. 2008; Peeters et al. 2010).

In conclusion, this study has demonstrated that IRIS is
non-inferior to FOLFIRI not only for PFS, but also for OS
as second-line chemotherapy for mCRC. Thus, IRIS should
be considered as a treatment option. In particular, IRIS may
be a favourable regimen for patients previously treated with
chemotherapy containing oxaliplatin. To further improve
the outcome, future studies of both first-line and second-
line therapies are warranted to evaluate IRIS in combina-
tion with molecularly targeted agents such as bevacizumab,
cetuximab, and panitumumab.
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Cancer Center (Chiba, Japan); Nagoya Memorial Hospital
(Nagoya, Japan); National Hospital Organization Shikoku
Cancer Center (Matsuyama, Japan); Saitama Cancer Center
(Saitama, Japan); Osaka Medical College Hospital (Takat-
suki, Japan); National Kyushu Cancer Center (Fukuoka,
Japan); Osaka City General Hospital (Osaka, Japan);
Gunma University Graduate School of Medicine (Mae-
bashi, Japan); Hokkaido University Hospital Cancer Center
(Sapporo, Japan); National Hospital Organization Kyoto
Medical Center (Kyoto, Japan); Keio University Hospi-
tal (Tokyo, Japan); Kansai Rosai Hospital (Hyogo, Japan);
Tokyo Medical and Dental University (Tokyo, Japan);
Osaka Medical Center for Cancer and Cardiovascular Dis-
eases (Osaka, Japan); Aomori Prefectural Central Hospital
(Aomori, Japan); Showa University Toyosu Hospital (Tokyo,
Japan); Minoh City Hospital (Osaka, Japan); Saiseikai
Kumamoto Hospital (Kumamoto, Japan); Toyama Univer-
sity Hospital (Toyama, Japan); National Hospital Organiza-
tion Kagoshima Medical Center (Kagoshima, Japan); Tonan
Hospital (Sapporo, Japan); Kanagawa Cancer Center (Yoko-
hama, Japan); Niigata Cancer Center Hospital (Niigata,
Japan); Saku Central Hospital (Nagano, Japan); Hyogo Can-
cer Center (Hyogo, Japan); Hiroshima University Hospital
(Hiroshima, Japan); Tomakomai Nissho Hospital (Hokkaido,
Japan); Aichi Cancer Center Aichi Hospital (Aichi, Japan);
National Hospital Organization Nagoya Medical Center
(Nagoya, Japan); Kobe University Hospital (Kobe, Japan);
Yamagata Prefectural Central Hospital (Yamagata, Japan);
Yokohama City University Hospital (Yokohama, Japan); and
Kitasato University East Hospital (Kanagawa, Japan).
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Reduced Dose of Salvage-line Regorafenib Monotherapy
for Metastatic Colorectal Cancer in Japan
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Abstract.  Background:  Salvage-line  regorafenib
monotherapy exhibited a marked survival benefit for
metastatic colorectal cancer (mCRC). However, the toxicity
of this regimen has resulted in the clinical use of a reduced
dose of regorafenib. Patients and Methods: Thirty-two
Japanese mCRC patients (median age=61 years) who had
been treated with regorafenib were retrospectively examined.
Results: Best objective response rate was 0% and stable
disease (SD) was 31%. Median progression-free survival was
81 days and median overall survival was 233 days. Adverse
events of any grade were observed in all patients: 17 (53%)
patients suffered grade 3 or 4 adverse events including
fatigue (13%), anorexia (13%), hand-foot skin reaction
(22%) and elevations of alanine aminotransferaselaspartate
aminotransferase (19%/16%). One patient with grade 5 liver
dysfunction was identified (3%). Twenty-nine (91 %) patients
required treatment dose reduction or a delay in treatment.
The relative dose intensity was 59%. Regorafenib treatments
were terminated because of disease progression (59%) or
adverse events (34%). Conclusion: Despite a decrease in the
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intensity of regorafenib treatment, because of severe adverse
events, a fairly favorable efficacy was achieved in Japanese
patients.

Colorectal cancer (CRC) is the third most common cancer
and the fourth most common cause of death in the world (1).
In Japan, CRC is the third most common cause of death and
the number of annual deaths continues to increase (2). While
surgical treatments are performed for patients with localized
disease, at least 50% of CRC patients will develop distant
metastases and are, therefore, inoperable (3). Systemic
chemotherapy has been developed as a standard therapy
against metastatic CRC (mCRC), and therapeutic outcomes
have since improved. Combination chemotherapy regimens
with cytotoxic drugs, such as oxaliplatin, irinotecan and
fluoropyrimidine, and with molecular-targeting drugs, such
as anti-vascular endothelial growth factor (VEGF) and anti-
epidermal growth factor receptor (EGFR) antibodies, can
extend survival time in mCRC patients. Recent clinical
studies showed that a median overall survival of 30 months
was achieved in mCRC patients (4). However, tumors often
become resistant to these agents and show disease
progression despite chemotherapies. Therefore, further
therapeutic options are required.

Regorafenib is an oral multi-kinase inhibitor that interferes
with multiple signaling pathways that participate in the
proliferation and survival of CRC cells, including those
mediating angiogenesis, oncogenesis and maintenance of
tumor microenvironment (5). The global phase 3 CORRECT
study (Regorafenib Monotherapy for Previously Treated
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Metastatic Colorectal Cancer) assessed the efficacy and safety
of regorafenib monotherapy vs. placebo for mCRC patients
after failure of standard chemotherapy that included
oxaliplatin, irinotecan, fluoropyrimidine, bevacizumab and
anti-EGFR antibodies in case of KRAS wild-type status (6). A
total of 760 patients (83% from Weslern countries in 83%,
14% from Asian countries, 3% from Eastern Europe countries)
were randomly assigned to a regorafenib arm or a placebo arm
at the rate of 2 to 1. The CORRECT study demonstrated that
overall survival (OS) was significantly better in the
regorafenib group than in the placebo group and, thus,
regorafenib monotherapy was subsequently approved as an
agent for salvage-line chemotherapy of mCRC in 2012 in the
United States and the European Union and in 2013 in Japan.
Additionally, regorafenib was proven to be effective for
patients with metastatic gastrointestinal stromal tumors, as
demonstrated in a phase III clinical study (GRID study) (7).

In the CORRECT study, Common Terminology Criteria
for Adverse Events (CTC-AE) grade 3 and higher toxicity
occurred in 14% of the placebo group and in 54% in the
regorafenib group. Hand-foot skin reaction, fatigue, diarrhea,
hypertension and rash or desquamation was frequently
observed and, thus, intensive maintenance for these adverse
events was required. In terms of adverse events related to
anti-angiogenic activity, grade 5 cerebrovascular events and
bleeding from the lung, rectum and vagina were reported.
One death also occurred due to liver dysfunction. While the
toxicity of this regimen has resulted in the clinical use of a
reduced dose of regorafenib, the actual efficacy and safety
profiles of this reduced-dose regimen has not yet been
studied. Therefore, the goal of the present study was to
investigate the efficacy and safety of reduced-dose
regorafenib for treatment of mCRC in Japan.

Patients and Methods

Patients. The present study retrospectively investigated 32 patients
with pathohistologically-proven unresectable, recurrent or metastatic
colorectal adenocarcinoma. All patients received regorafenib
monotherapy from February [, 2011 to January 8,2014 at one of the
following six Institutions: Department of Hematology and Oncology,
Japan Community Health Care Organization Kyushu Hospital;
Department of Gastrointestinal and Medical Oncology of National
Kyushu Cancer Center; Department of Medical Oncology in
Hamanomachi Hospital; Department of Medical Oncology, National
Hospital Organization Kyushu Medical Center; Department of
Chemotherapy, Miyazaki Prefectural Miyazaki Hospital; Department
of Hematology and Oncology of Kyushu University Hospital,
Fukuoka, Japan. Information regarding all cases was obtained from
medical records from each institution. Patient background
characteristics were recorded and included age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status (PS),
primary site of the tumor, KRAS mutational status and history of
prior chemotherapies. In patients who were treated with regorafenib
during this survey period, administration doses and schedule, best

therapeutic effects and adverse events were investigated. Progression-
free survival (PFS) was defined as the period from the initiation of
the therapy to the day of tumor progression or the day of any caused
death. OS was defined as the period from initiation of the therapy to
the day of any caused death. Each reason for therapeutic dose
reduction before and during regorafenib administration was also
examined. The present study was carried out according to the
regulations of local ethics committee of each institution and
according to the Declaration of Helsinki.

Treatment. All patients had been treated with one or more regimens
of systemic chemotherapy and found non-responsive or did not
tolerate the regimen. The study treatment of regorafenib was
administered until disease progression, unacceptable toxicity or the
decision to discontinue by the patient or the investigator. The
treatment dose of regorafenib was 160 mg/day per os (p.o.) for the
first 21 days of each 28-day cycle. In cases of adverse events, the
dose was reduced to 120 mg/day or 80 mg/day; otherwise,
administration of regorafenib was suspended until recovery from the
adverse events. Therapeutic dose reduction and treatment delay were
performed according to the dose modification/interruption protocol
of the CORRECT study (6). Additional modification of therapy was
carried-out based on the investigators® decisions considering
symptoms and laboratory data of patients.

Assessments. In the first treatment cycle, patients were hospitalized
or visited the outpatient office weekly. Patients were assessed for
adverse events by physical examination, urinalysis, blood cell
counts and serum chemistry at every visit. All adverse events were
evaluated according to National Cancer Institute (NCI) Common
Terminology Criteria for Adverse Events (CTC-AE) version 4.0.
The most severe grades of adverse events during chemotherapy were
recorded. Assessment of tumor regions was performed by computed
tomography (CT) scan, gastrointestinal endoscopy and magnetic
resonance imaging (MRI) every 4-12 weeks.

Statistics. Sub-groups based on the patients characteristics or the
relative dose-intensity of regorafenib in terms of OS were separately
analyzed by the log-rank test.

Results

Patients’ background and treatments. Thirty-two patients
were treated with regorafenib monotherapy during the
observation period. Their median age was 61 years
(range=30-78 years) and the population included 18 (56%)
males (Table I). ECOG PS was 0 in eight cases (25%), 1 in
21 cases (66%) and 2 in three cases (9%). The primary
affected organ was the colon in 19 cases (59%) and the
rectum in 13 cases (41%). The primary site was resected in
21 cases. All cases were histologically diagnosed as
adenocarcinoma. Wild-type KRAS exon 2 was identified in
22 cases (69%) and mutated KRAS type was identified in
nine cases (28%). One case had uncertain KRAS exon 2
status, whereas other kinds of gene alterations of the tumors
were not examined. Two regimens of prior chemotherapy
were performed in 15 cases (47%), three regimens of prior
chemotherapy were performed in 10 cases (31%) and more
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Table 1. Baseline patients’ characteristics.

Table L. Characteristics of regorafenib monotherapy.

Characteristic No. K Characteristics No. Yo
Gender Duration of therapy
Male 18 56 Median weeks (range) 109 (0.6-51.9)
Female 14 44 Relative dose intensity (%) 59  (24-100)
Age Dose reduction or interrupt dose
Median (range), years 61 (30-78) Total 29 91
Performance status Dose reduction prior to the therapy 7 22
0 8 25 Dose reduction during therapy 22 69
1 21 66 Reasons for the dose reduction prior to the therapy
2 3 9 Complication other than liver disease 1
Primary tumor Complication of liver disease 1
Colon 19 59 Poor performance status 1
Rectum 13 41 Predicted adverse events 2
Resected 21 66 Reasons for the dose reduction during therapy
Remaining 11 34 Adverse events 22
Histology Reasons for the termination of therapy
Adenocarcinoma 32 100 Progressive disease 19 59
Others . 0 0 Adverse events 11 34
KRAS mutational status Others 2 6
Wild-type 22 69
Mutant-type 9 28
Not tested 1 3
Prior chemotherapy (regimens)
2 15 47
3 10 31 . . . .
4 or more 7 22 administered in 22 cases (69%) with wild-type KRAS exon
Prior bevacizumab therapy 25 78 2 and in one case (3%) with unknown KRAS status.
Prior EGFR antibody 23 72

EGFR, Epithelial growth factor receptor.

Table 1. Efficacy of regorafenib monotherapy.

Best objective response No. %
CR 0 0
PR : 0 0
SD 10 31
non-CR/mon-PD i 3
PD 17 53
NE 4 13
Response rate 0 0
Disease control rate 11 34

CR, Complete response; PR, partial response; SD, stable disease; PD,
progressive disease; NE, not evaluable.

than four regimens of prior chemotherapy were performed in
seven cases (22%). Twenty-five cases (78%) had prior
bevacizumab therapy and the other seven cases had no
history of bevacizumab treatment even though they did not
have any complications, which were contraindicated to anti-
angiogenesis inhibitors. Anti-EGFR antibodies were

Treatment. The median regorafenib treatment period was
10.9 weeks (range=0.6-51.9 weeks) and the median relative
dose intensity was 59% (range=24-100%) (Table 1II). In this
study, patients were followed until July 8, 2014. At that
point, administration of regorafenib was terminated in all
cases. Twenty-two patients had died, six patients remained
alive and four patients were lost to follow-up. In the present
study, dose modification and treatment delay of regorafenib
were performed in 29 cases (91%). Reduced-dose
administration of regorafenib in the initial cycle of the
therhpy was observed in seven cases (22%) (120 mg/day in
five cases, and 80 mg/day in two cases). The reasons for the
initial dose reduction included liver dysfunction in three
cases, complications other than liver dysfunction in one, poor
PS in one case and suspected severe adverse events in two
cases. On the other hand, dose reduction and treatment delay
in 22 cases were caused by adverse events. Regorafenib
treatment was terminated because of tumor progression in 19
cases (59%), adverse events in 11 cases (34%) and other
reasons in two cases (6%).

Efficacy. None of the cases achieved complete response (CR)
or partial response (PR). Ten cases (31%) showed stable
disease (SD), ome case (3%) showed non-CR/non-
progressive disease (PD), 17 cases (53%) showed PD and
four cases (13%) were not evaluable (NE) (Table 1I). The
objective response rate was 0% and the disease control rate
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Figure 1. Overall survival and progression free survivals. Kaplan-Meier estimates for overall survival (A) and progression free survival (B) in the

whole examined population (n=32).

(CR+PR+SD+non-CR/non-PD) was 34%. Median PFS was
81 days (4-363) and median OS was 233 days (32-375)
(Figure 1A, B).

Safety. Therapy-related toxicities in the patients were assessed
according to CTC-AE version 4.0 and the worst grade is
shown in Table IV. Concerning hematological toxicities,
thrombocytopenia was observed in 44% (grade 3/4; 6%),
anemia in 56% (grade 3/4; 3%) and leukocytopenia in 19%
(grade 3/4; 0%). No febrile neutropenia was recorded.

In terms of non-hematological toxicities, fatigue was
observed in 47% of patients (grade 3/4; 13%), hand-foot skin

374

reaction in 72% (grade 3/4; 22%), anorexia in 41% (grade
3/4; 13%), stomatitis in 25% (grade 3/4; 3%) and diarrhea in
6% (grade 3/4; 3%). Serum chemistry examination revealed
that increments of aspartate aminotransferase (AST), alanine
aminotransferase (ALT) and total bilirubin were found in
81%, 59% and 50% of all the patients, respectively (grade
3/4; 19%, 16%, 9%). Unfortunately, grade 5 liver dysfunction
occurred in one female patient in her 30s who had sigmoid
colon cancer with multiple liver metastases. Her prior
chemotherapies consisted of the combination of oxaliplatin
and 5-FU (FOLFOX) plus bevacizumab and the combination
of irinotecan and 5-FU (FOLFIRI) plus panitumumab. A
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Table IV. Adverse events.

Grade 3

Grade 5

Adverse event All grades Grade 4
N % N % N %o N %
Fatigue 15 47 4 13 0 0 0 0
Hand-foot skin reaction 23 72 7 22 0 0 0 0
Hypertension 15 47 3 9 0 0 0 0
Anorexia 13 41 4 13 0 0 0 0
Skin eruption 9 28 2 6 0 0 0 0
Nausea/Vomiting 1 3 1 3 0 0 0 0
Stomatitis 8 25 1 3 0 0 0 0
Diarrhea 2 6 1 3 0 0 0 0
Proteinuria 1 3 1 3 0 0 0 0
Pneumonia 1 3 | 3 0 0 0 0
Stevens-Johnson syndrome 1 3 1 3 0 0 0 0
Hepatic failure 1 3 0 0 0 0 1 3
Leukocytopenia 6 19 0 0 0 0 0 0
Anemia i 18 56 1 3 0 0 0 0
Thrombocytopenia 14 44 2 6 0 0 0 0
Albumin decreased 22 69 0 0 0 0 0 0
AST increase 26 81 3 9 3 9 0 0
ALT increase 19 59 2 6 3 9 0 0
LDH increase 22 69 2 6 0 0 0 0
Total bilirubin increase 16 50 1 3 2 6 0 0
AST, Aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase.
slight increase in serum AST and fotal bilirubin occurred at  Table V. Sub-group analysis of overall survival.
22 days after the initiation of standard-dose regorafenib and :
liver dysfunction progressed even after termination of  Factors Valuables No. p-Value
regorafe‘nib ad'minisfration on da‘y 22.The Apatient died on day Age <65 years 2 0.95
35 despite various liver supporting therapies. >66 years 10
Gender Male 18 0.94
Subgroup analysis. Patients were stratified with respect to a Female 14
broad range of background characteristics and OS was S 071 29 <0.001
compared betw‘een these . groups using the log-ran]_( t'est Primary site C0210n ]39 021
(Table V). No differences in OS were seen when stratifying Rectum 13
patients according to age, sex, primary disease site or prior  KRAS Wild-type 22 0.025
chemotherapies (including a history of bevacizumab therapy Mutant-type 9
and number of regimens). Patients with PS of 2 showed  Frior regimens 12 16 0.17
.. . 3 or more 16
significantly worse outcomes when compared to those with - . L
X K Prior bevacizumab Yes 25 0.17
PS 0 or 1, suggesting that PS 0 or 1 before regorafenib No 7
therapy could be a valuable indication to start therapy. Also,  Relative dose intensity >59% 16 022
patients with KRAS wild-type status showed a tendency <59% 16

towards favorable OS when compared with patients with
KRAS exon 2 mutation (Table V).

Discussion

The relative dose intensity of regorafenib monotherapy in the
present study was 59% when compared to a 78.9% relative
dose intensity reported in a previous phase III ftrial
(CORRECT study). The CORRECT study demonstrated a

PS, Performance status.

significant survival benefit of salvage-line regorafenib
monotherapy over best supportive care for patients with
advanced colorectal cancer (6). The decreased relative dose
intensity is reflected by dose reduction and treatment delay
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