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1. Introduction

Abstract Background: Fluorouracil (5-FU), leucovorin (LV) and oxaliplatin (FOLFOX)
plus panitumumab therapy is a commonly used first-line chemotherapy for metastatic colo-
rectal cancer (mCRC). However, the long-term administration of oxaliplatin is associated with
peripheral neuropathy (PN). We investigated whether the planned discontinuation of oxalipla-
tin after FOLFOX plus panitumumab therapy can maintain efficacy and reduce PN incidence.
Patients and methods: Chemotherapy-naive patients with R4S wild-type mCRC, aged >20
years, were enrolled and received six cycles of modified FOLFOX6 (mFOLFOX®6) plus pani-
tumumab as induction therapy. Patients who completed induction therapy without progres-
sion were randomised to mFOLFOX6 plus panitumumab (group A) or to 5-FU/LV plus
panitumumab (group B). The primary end-point was the progression-free survival (PFS) rate
at 9 months after randomisation. The secondary end-points were PFS, overall survival (OS),
time to treatment failure (TTF), response rate (RR) and safety.

Results: In total, 164 patients were enrolled; of whom, 113 patients were then randomised
(group A, n = 56; group B, n = 57). The median follow-up after randomisation was 19.6
months. The PFS rates at 9 months and median PFS were 46.4% (80% confidence interval
[CI], 38.1—54.9) and 9.1 months (95% CI, 8.6—11.1) in group A, compared with 47.4%
(80% CI, 39.1—-55.8) and 9.3 months (95% CI, 6.0—13.0) in group B, respectively. RR,
OS and TTF were also similar in both groups. Grade >2 PN incidence was lower in group
B (9.3%) than in group A (35.7%).

Conclusion: Planned discontinuation of oxaliplatin after six cycles of mFOLFOX6 plus pani-
tumumab is a potential treatment option in patients with mCRC, achieving similar efficacy
while reducing oxaliplatin-associated PN compared with mFOLFOX6 plus panitumumab.
Trial registration number: NCT02337946

© 2019 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

treatment in most patients owing to deteriorating
quality of life. To minimise oxaliplatin-related PN, the

Panitumumab is a complete human monoclonal anti-
body, targeting the epidermal growth factor receptor
(EGFR) [1-3]. Its efficacy has been demonstrated as
monotherapy or in combined chemotherapy, such as
fluorouracil (5-FU), leucovorin (LV) and irinotecan or
oxaliplatin (FOLFOX), in patients with metastatic
colorectal cancer (mCRC) [1-3].

In the randomised phase III PRIME study, pan-
itumumab plus FOLFOX4 improved progression-free
survival (PFS) and overall survival (OS) in patients
with wild-type KRAS mCRC [1]. However, oxaliplatin
administration is often limited because of cumulative
peripheral neuropathy (PN) [4,5]. PN persists during
and after oxaliplatin treatment, with the estimated
incidence of severe PN (grade 2 or 3) reaching 25%
after eight and 12 cycles, respectively [4]. In addition, it
takes approximately 13 weeks to resolve PN after

OPTIMOXI1 trial proposed strategies of stopping or
interrupting oxaliplatin [6]. Results showed that a stop-
and-go approach, interrupting
oxaliplatin administration, reduced PN without
affecting the OS of patients who received six cycles (3
months) of FOLFOX7 (cumulative oxaliplatin dose:
780 mg/m?). Several studies have reported the efficacy
of maintenance therapy with first-line treatment for
mCRC [7]. These approaches involve intensive first-line
therapy, followed by moderate maintenance therapy
until progression. For example, intermittent discon-
tinuation of oxaliplatin from FOLFOX plus bev-
acizumab exhibited superior efficacy and safety, with
reduced PN compared with continuous oxaliplatin
administration [8]. However, reports of maintenance
therapy following oxaliplatin-containing chemotherapy
plus an anti-EGFR monoclonal antibody are scarce.
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We implemented SAPPHIRE (NCT02337946), a
randomised phase II study, to evaluate the planned
discontinuation of oxaliplatin treatment after modified
FOLFOX6 (mFOLFOX6) plus panitumumab in pa-
tients with RAS wild-type mCRC. To reduce the inci-
dence of severe PN, six cycles (3 months) of
mFOLFOX6 plus panitumumab (cumulative oxaliplatin
dose: 510 mg/m?) was scheduled as induction therapy.

2. Patients and methods
2.1. Patients

Eligible patients had histologically confirmed RAS
(KRASINRAS ) wild-type adenocarcinoma of the colon
or rectum with >1 measurable lesion according to
Response Evaluation Criteria in Solid Tumours
(RECIST) version 1.1 [9]; were aged >20 years; had
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (PS) <1; had adequate hepatic,
haematological and renal function; had estimated life
expectancy >6 months and had no previous chemo-
therapy for mCRC, except adjuvant/neoadjuvant
chemotherapy completed >6 months before treatment
initiation.

Patients were ineligible if they had received radio-
therapy for a measurable or non-measurable lesion 28
days before enrolment, had brain metastasis, synchro-
nous or metachronous cancers other than CRC with a
disease-free  period of <5 years or severe
hypersensitivity or were pregnant or lactating. This
study was conducted in accordance with the Declaration
of Helsinki, International Conference on Harmo-
nisation Good Clinical Practice and all applicable reg-
ulations. All patients provided written informed
consent. Other details are described in a protocol paper
[10].

2.2. Study design and treatment

SAPPHIRE was an open-label, multicentre, parallel-
group, non-comparative, randomised, controlled, phase
IT screening trial conducted in academic and primary
care centres in Japan. Enrolled patients received induc-
tion therapy mFOLFOXG6 plus panitumumab (6 mg/kg)
once every 2 weeks for six cycles (oxaliplatin 85 mg/m?,
LV 200 mg/m?, bolus 5-FU 400 mg/m?, continuous 5-
FU infusion at 2400 mg/m?). Induction therapy was
stopped if the patient had experienced PN grade >2,
ECOG PS > 2, progressive disease (PD), withdrawn
informed consent, radiation therapy for a measurable
lesion or conversion surgery for curative resection. Pa-
tients who completed induction therapy without
discontinuation in all cycles, except for bolus 5-FU and
panitumumab, were randomised 1:1 to continue
mFOLFOX6 plus panitumumab (group A) or to receive

5-FU/LV plus panitumumab (group B) using the mini-
misation method (Fig. 1A). Randomisation was strati-
fied by the study site, age (>20 and < 69 years or >70
years) and the number of metastasised organs (0, 1 or
>2) at enrolment and response as per RECIST 1.1
(complete response [CR], partial response [PR] or stable
disease) at randomisation. The statistical analysis man-
ager (or designees) prepared the allocation procedures
and managed patients’ allocation information (acces-
sible only to personnel with independent authorisation
from the statistical analysis manager). The patients
received the protocol treatment until any of the
following occurred: PD, unacceptable toxicity, patient
decision or scheduled conversion surgery for curative
resection. Dose reduction, interruption and discontinu-
ation of oxaliplatin, 5-FU or panitumumab were
allowed in both groups.

2.3. End-points and assessments

The primary end-point was the PFS rate at 9 months
after randomisation. The secondary end-points included
PES, OS, response rate (RR), time to treatment failure
(TTF) and safety. PFS was defined as time from ran-
domisation to progression or death from any cause,
censoring patients without progression on the date of
last disease assessment. OS was defined as time from
randomisation to death from any cause, censoring pa-
tients who had not died on the date last known alive.
TTF was defined as time from randomisation to
discontinuation of protocol treatment, progression or
death from any cause, censoring at the final dosing date
of protocol treatment, if patients were on protocol
treatment.

Progression was defined as PD based on diagnostic
imaging as per RECIST 1.1 or clinical progression that
could not be confirmed by diagnostic imaging. RR was
defined as the proportion of patients with CR or PR as
the best overall response after randomisation as per
RECIST 1.1.

Additional end-points were duration of oxaliplatin
continuation in group A and duration of panitumumab
continuation in both groups. Duration of oxaliplatin
treatment (group A only) or panitumumab (both
groups) was evaluated from randomisation until oxali-
platin/panitumumab discontinuation, progression or
death from any cause, whichever came earliest. Early
tumour shrinkage was defined as the percent change in
the sum of all target lesion diameters within 8§ weeks of
cycle 1 to <20% of the baseline at enrolment.

Safety was assessed as per the Common Terminology
Criteria for Adverse Events (Japanese edition Japan
Clinical Oncology Group 4.03). Adverse events (AEs)
after enrolment were evaluated, renamed as per Med-
DRA (20.0) and summarised by System Organ Class
and Preferred Term. PN was defined as events classified
under the preferred terms of peripheral neuropathy,
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A
Discontinuation of
Enrolment?® Randomisation® protocol treatment
| | |
| [ I |
1 2 3 4 5 6 7
‘ Protocol treatment [1] ‘ ‘ Protocol treatment [2] ‘
mFOLFOX6 + panitumumab combination therapy
(Group A)
mFOLFOX6 + panitumumab combination therapy
6 cycles
5-FU/LV + panitumumab combination therapy
(Group B)
B

Enrolled to protocol treatment 1
(six cycles of MFOLFOX + panitumumab)
(n=164)

Not eligible for randomisation (n = 50)
Lack of efficacy (n = 15)
Surgery scheduled (n=9)
Adverse event (n=7)

‘ Eligible for randomisation (n = 114) ‘

Voluntary withdrawal (n = 6)

Death during treatment (n = 3)
Major protocol deviation (n= 1)
Conflict with inclusion criteria (n = 1)
Other (n=8)

Excluded from FAS (n=1)

Lack of consent signature (n=1)

‘ Patients randomised (FAS) (n = 113) ‘

mFOLFOX + panitumumab
(Group A) (n=56)

Excluded from SAS (n=0)

Received allocated intervention
(SAS) (n=56)

5-FU/LV + panitumumab
(Group B) (n=57)

Excluded from SAS (n = 3)
Did not receive
treatment (n = 3)

Received allocated intervention
(SAS) (n=54)

Fig. 1. (A) SAPPHIRE study schema and (B) patient disposition. *First administration within 14 days of enrolment. "When possible,
conducted immediately before administration of cycle 7. 5-FU, fluorouracil; FAS, full analysis set; LV, leucovorin; mFOLFOX6, modified
FOLFOX (fluorouracil, leucovorin and oxaliplatin); SAS, safety analysis set.

peripheral motor neuropathy and peripheral sensory
neuropathy as per MedDRA.

2.4. Statistical analyses

The PFS rate at 9 months was expected to be 50% in
group A, with a similar rate in group B [1,10,11]. Using
a threshold PFS rate at 9 months for futility of 30%, a
true PFS rate at 9 months of 50%, one-sided significance
level of 10% and 90% power, 44 patients were required
for each group, assuming the one-stage binomial test.

Considering ineligible patients and censoring cases, the
target patient number for randomisation was 50 per
group (total = 100).

The full analysis set (FAS) was defined as all rando-
mised patients, and the safety analysis set as all patients
who received at least one dose of protocol treatment
after randomisation.

A binomial test was conducted separately for each
group under the null hypothesis of ‘the true PFS rate at
9 months will be less than the threshold 30% PFS rate at
9 months and the treatment judged as ineffective’ at the
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one-sided 10% significance level. The PFS rate at 9
months was estimated as the crude proportion of pa-
tients alive and without progression at 9 months after
randomisation with two-sided 80% confidence intervals
(CIs) calculated using the method used by Agresti and
Coull [12].

Efficacy analyses of PFS, OS, TTF and oxaliplatin or
panitumumab treatment duration were estimated in the
FAS using the Kaplan—Meier method, with two-sided
95% ClIs calculated for each group. The 95% CI of the
quartile was calculated using log-log transformation as
per the method used by Brookmeyer and Crowley [13].
For reference, the hazard ratio (HR) for each variable in
group B versus group A and its 95% CI (two-sided) were
calculated based on a multivariable Cox regression
model using stratification factors (except study sites),
and a log-rank test was performed for comparison. RR
was evaluated for the FAS, and two-sided 95% CIs were
calculated for each group as per the method used by
Agresti and Coull [12]. For reference, the difference in
RR between groups (group B—group A) with associated
two-sided 95% CI as per the method used by Agresti and
Caffo [14] was calculated.

Exploratory subgroup analyses, including impact of
early tumour shrinkage or primary tumour location on
PFS, were performed. For sidedness analysis, splenic
flexure, descending and sigmoid colon and rectosigmoid
junction were defined as left-sided tumours and ascen-
dant colon, hepatic flexure and traverse colon were
defined as right-sided tumours.

AEs after enrolment were evaluated using descriptive
statistics in the safety analysis set. Statistical analyses
were performed using SAS software (version 9.4; SAS
Institute, Cary, NC).

3. Results
3.1. Patients

Between October 2014 and April 2016, 164 patients were
enrolled at 53 sites in Japan (Fig. 1B). Data cut-off was
31st August 2017. Of the 114 patients eligible for ran-
domisation, the FAS consisted of 56 patients in group A
and 57 in group B. The median follow-up was 19.6
months (95% CI, 18.3—20.9). Twelve patients were
ongoing treatment at the time of analysis (group A, 5;
group B, 7), and 80 of 113 patients were alive (group A,
40/56; group B, 40/57).

Baseline patient demographics and clinical charac-
teristics are shown in Table 1. No marked differences
were observed between groups. In total, 55 patients in
group A and 53 in group B had confirmed RAS (KRAS/
NRAS ') wild-type disease. Three patients (5.3%) in
group B, who were enrolled before availability of the
expanded KRAS/NRAS testing, were found to be mu-
tation positive.

Table 1
Baseline demographics and clinical information (FAS).
Characteristics Group A Group B
(n = 56) (n = 57)
Age, median (range), years 69 (25—80) 68 (27—84)
Age >70 years, n (%) 25 (44.6) 27 (47.4)
Male, n (%) 41 (73.2) 34 (59.6)
ECOG PS at the start of therapy, n (%)
0 49 (87.5) 41 (71.9)
1 7 (12.5) 16 (28.1)
ECOG PS at randomisation (cycle 7), n (%)
0 37 (66.1) 34 (59.6)
1 18 (32.1) 19 (33.3)
2 1(1.8) 1(1.8)
Unknown 0 (0) 3(5.3)
Primary tumour type,” n (%)
Colon 36 (64.3) 37 (64.9)
Rectal 23 (41.1) 27 (47.4)
Primary tumour location, 1 (%)
Left” 47 (83.9) 42 (73.7)
Right® 9 (16.1) 14 (24.6)
Left and right 0 (0) 1(1.8)
Number of metastatic organs, n (%)
0 0 (0) 1(1.8)
1 25 (44.6) 28 (49.1)
>2 31 (55.4) 28 (49.1)
Site of metastatic disease.,’ n (%)
Liver 45 (80.4) 38 (66.7)
Lungs 20 (35.7) 19 (33.3)
Peritoneum 7 (12.5) 10 (17.5)
Lymph nodes 18 (32.1) 22 (38.6)
Other 10 (17.8) 7 (12.3)
RAS status,” n (%)
Wild-type 55(98.2) 53 (93.0)
Mutant 0 (0) 3(5.3)
Unknown 1(1.8) 1(1.8)
Prior adjuvant chemotherapy, n 3 (5.4) 5(8.8)
(7o)
Prior surgery, n (%) 42 (75.0) 39 (68.4)
RECIST evaluation at randomisation, n (%)
CR 1(1.8) 0 (0)
PR 45 (80.4) 51 (89.5)
SD 10 (17.9) 6 (10.5)
Unknown 0 (0) 0 (0)
ETS during protocol treatment 1 (within 8 weeks of cycle 1), n (%)
Patients with ETS 35 (62.5) 38 (66.7)
Patients without ETS 18 (32.1) 14 (24.6)
Unknown 3(54) 5(8.8)

The data shown are for all patients randomised to treatment. Unless
otherwise stated, all values are as reported at enrolment.
CR, complete response; ECOG PS, Eastern Cooperative Oncology
Group performance status; ETS, early tumour shrinkage; FAS, full
analysis set; PR, partial response; RECIST, Response Evaluation
Criteria in Solid Tumours; SD, stable disease.

# Including duplication.

® Includes distant one-third of the transverse colon, descending
colon, sigmoid colon, rectosigmoid and rectum.

¢ Includes proximal two-thirds of the transverse colon, caecum and
ascending colon.

9 Including patients with multiple metastatic organs.

¢ All patients were confirmed as not having mutations in KRAS exon
2. Mutations also include those in KRAS exon 3 or 4 or in NRAS exon
2,3 or 4.
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3.2. Treatment duration and exposure

The median duration of oxaliplatin treatment after
randomisation was 3.8 months (95% CI, 3.1-4.9) in
group A. The median duration of panitumumab treat-
ment after randomisation was 7.2 months (95% CI,
5.8—9.0) in group A and 5.8 months (95% CI, 4.5-9.2)
in group B (Supplementary Fig. 1).

Relative dose intensity for each agent, including
panitumumab, LV, 5-FU and oxaliplatin, after ran-
domisation (cycles 7—12) was maintained from induc-
tion therapy (cycles 1—6) (Supplementary Table 1). The
median cumulative dose of oxaliplatin was 813 mg/m?
(range, 390—1020 mg/m?) in group A and 510 mg/m’
(range, 345—680 mg/m?) in group B.

3.3. Efficacy

At final analysis, 28 patients (50.0%) in group A and 29
in group B (50.9%) had PFS events. The PFS rate at 9
months after randomisation was 46.4% (80% CI,
38.1—54.9) in group A and 47.4% (80% CI, 39.1—-55.8)
in group B, and the null hypothesis of the 9-month PFS
rate <30% was rejected in both groups (p = 0.0037 in
group A; p = 0.0021 in group B) (Table 2). The median
PFS in group A was 9.1 months (95% CI, 8.6—11.1) and
in group B was 9.3 months (95% CI, 6.0—13.0)
(Fig. 2A). The estimated HR for PFS, based on multiple
Cox regression analysis using stratification factors, was
0.93 (95% CI, 0.60—1.43).

The estimated median TTF in group A was 8.1
months (95% CI, 5.9-9.5) and in group B was 6.1
months (95% CI, 4.5—9.3) (Fig. 2B). The estimated HR
for TTF was 0.90 (95% CI, 0.60—1.33). The median OS
was not reached in both groups, with 16 events in group
A and 17 in group B (Fig. 2C). The estimated HR for
OS was 1.41 (95% CI, 0.69—2.88). The overall RR after
randomisation in group A was 80.4% (95% CI,
68.0—88.8) and in group B was 87.7% (95% CI,
76.4—94.2) (Table 2).

Table 2
Summary of PFS rates and RRs (FAS).

Group A (n = 56)
46.4 (38.1-54.9)

PFS and tumour response

PFS rate, % (80% CI)

Group B (n = 57)
47.4 (39.1-55.8)

Hy: PES rate <30% p = 0.0037 p = 0.0021
Best response, n (%)
CR 8 (14.3) 2 (3.5
PR 37 (66.1) 48 (84.2)
SD 4(7.1) 3(5.3)
PD 6 (10.7) 4 (7.0)
NE 1(1.8) 0 (0.0)

RR, % (95% CI) 80.4 (68.0—88.8) 87.7 (76.4—94.2)

CI, confidence interval; CR, complete response; FAS, full analysis set;
Hyj, null hypothesis; NE, not evaluable; PD, progressive disease; PFS,
progression-free survival; PR, partial response; RR, response rate; SD,
stable disease.

Subgroup analysis revealed no clear heterogeneity
regarding HR for PFS and OS (Fig. 3). Efficacy by
primary tumour location is shown in Supplementary
Table 2. The median PFS for patients with right-sided
tumours was 3.8 months (95% CI, 0.8—10.5) in group
A (n = 9) and 8.0 months (95% CI, 4.3—13.0) in group
B (n = 14), and for those with left-sided tumours, it was
10.5 months (95% CI, 8.8—13.4) in group A (n = 47)

A 100 1 Median, months (95% Cl)
§', Group A 9.1 (8.6-11.1)
[
g 80 4 Group B 9.3 (6.0-13.0)
3 HR, 0.93; 95% Cl, 0.60-1.43
8
60 -
2
]
e
5 40
o
20 1
—— mFOLFOX6 + panitumumab (Group A; n = 56)
o —— 5-FU/LV + panitumumab (Group B; n = 57)
0 6 12 18 24
No. at risk Time (months)
GroupA 56 43 18 4 2
GroupB 57 37 26 12 0
B Median, months (95% Cl)
100 7 s o
= Group A 8.1 (5.9-9.5)
>
d Group B 6.1 (4.5-9.3
2 80| P ( )
2 HR, 0.90; 95% Cl, 0.60-1.33
g
S 60 A
c
S
£
g
S 404
o
20 1
—— mFOLFOX6 + panitumumab (Group A; n = 56)
o —— 5-FU/LV + panitumumab (Group B; n = 57)
0 6 12 18 24
No. at risk Time (months)
GroupA 56 35 " 3 2
GroupB 57 30 19 5 0
c 100 T
80 1
S
T 60
2
<
?
T 40 1
o
2
o
20 1 —— mMFOLFOX6 + panitumumab (Group A; n = 56)
—— 5-FU/LV + panitumumab (Group B; n=57)
Median OS was not reached. HR, 1.41; 95% Cl, 0.69-2.88
0
0 6 12 18 24 30 36
No. at risk Time (months)
GroupA 56 51 48 26 9 2 0
GroupB 57 56 48 28 9 2 0

Fig. 2. Kaplan—Meier plots of (A) PFS, (B) TTF and (C) OS in
patients receiving mFOLFOXG6 plus panitumumab or 5-FU/LV
plus panitumumab after six cycles of front-line mFOLFOXG6 plus
panitumumab therapy (day 0: time of randomisation; FAS). 5-
FU, fluorouracil; CI, confidence interval; FAS, full analysis set;
HR, hazard ratio; LV, leucovorin; mFOLFOX6, modified FOL-
FOX (fluorouracil, leucovorin and oxaliplatin); OS, overall sur-
vival; PFS, progression-free survival; TTF, time to treatment
failure.
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A
Group A
Subgroup Analysis for PFS /Group B, n HR 95% ClI
All 56/57 —— 0.93 0.60-1.43
ETS With ETS 35/38 —e— 0.97 0.56-1.68
Without ETS 18/14 —_—— 0.63 0.27-1.47
PTL Left 47/42 —— 0.89 0.54-1.47
Right 9/14 —_—— 0.75 0.27-2.07
NRAS? NRAS wild-type 55/53 —ef— 0.87 0.56-1.36
Age <69 years 31/30 —t— 1.41 0.74-2.68
=70 25/27 —— 0.70 0.38-1.32
No. of metastatic organs <1 25/29 —— 0.90 0.46-1.75
>2 31/28 — 1.04 0.57-1.89
RRa® PR 45/51 —o— 0.86 0.54-1.37
SD 10/6 —_— 2.46 0.58-10.45
0.‘10 1.00 10.I00 1O(I).00
Favours 5-FU/LV Favours mFOLFOX6
B + panitumumab + panitumumab
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Fig. 3. Subgroup analysis for (A) PFS and (B) OS. One patient with CR was not included. “Patients with NRAS mutant status not shown
owing to low numbers. RECIST evaluation at randomisation. CI, confidence interval; CR, complete response; ETS, early tumour
shrinkage; HR, hazard ratio; PFS, progression-free survival; PR, partial response; PTL, primary tumour location; RECIST, Response
Evaluation Criteria in Solid Tumours; RR, response rate; SD, stable disease.

and 11.5 months (95% CI, 6.0—20.8) in group B  without grade >2 PN. As patients who experienced
(n = 42) (Supplementary Fig. 2).

3.4. Safety

Frequencies of AEs after enrolment are shown in Table

grade >2 PN during induction therapy were not rand-
omised, the observed incidence of grade >2 PN
occurred after randomisation. Grade >2 PN was re-
ported in 20 patients (35.7%) in group A and 5 patients
(9.3%) in group B (Supplementary Fig. 3).

3. There were no appreciable differences between groups
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Table 3
AE:s after enrolment in >10% of patients in either group (safety analysis set).

Group A (n = 56)

Group B (n = 54)

Adverse event, n (%) All grades Gl G2 G3 G4 All grades Gl G2 G3 G4

Peripheral neuropathy 40 (71.4) 20 35.7) 19339 1(1.8) 0(0.0) 36 (66.7) 31(574) 5(9.3) 0 (0.0) 0 (0.0)
Paronychia 29 (51.8) 13(232) 12(21.4) 4(7.1) 0(0.0) 25(46.3) 7 (13.0) 13(24.1) 5(9.3) 0 (0.0)
Dermatitis acneiform 25 (44.6) 9 (16.1) 14 (25.0) 2 (3.6) 0(0.0) 19(35.2) 7 (13.0) 10 (18.5) 2 (3.7) 0 (0.0)
Stomatitis 24 (42.9) 8 (14.3) 11 (19.6) 5(8.9) 0(0.0) 29(53.7) 15(27.8) 10 (18.5) 4(7.4) 0 (0.0)
Neutropenia 27 (48.2) 1(1.8) 8 (14.3) 13(23.2) 5(8.9) 27(50.0) 1(1.9) 5(9.3) 17 31.5) 4(74)
Loss of appetite 21 (37.5) 9 (16.1) 8(143) 4(7.1) 0(0.0) 13(24.1) 6(11.1) 474 3 (5.6) 0 (0.0)
Malaise 20 (35.7) 8 (14.3) 12 (21.4) 0(0.0) 0(0.0) 13(24.1) 8 (14.8) 5(9.3) 0 (0.0) 0 (0.0)
Diarrhoea 16 (28.6) 6(10.7)  6(10.7) 4(7.1) 0(0.0) 7(13.0) 5(9.3) 0 (0.0) 237 0 (0.0)
Skin dryness 15 (26.8) 11 (19.6) 4 (7.1) 0 (0.0) 0(0.0) 16(29.6) 13 (24.1) 2(3.7) 1 (1.9 0 (0.0)
Hypomagnesemia 15 (26.8) 5(8.9) 1(1.8) 8 (14.3) 1(1.8) 19(35.2) 5(9.3) 509.3) 7(13.00 237
Dysgeusia 14 (25.0) 11 (19.6) 3 (54) 0 (0.0) 0(0.0) 10 (18.5) 8(148) 237 0 (0.0) 0 (0.0)
Nausea 14 (25.0) 10 (17.9) 4 (7.1) 0 (0.0 0(0.0) 14259 11 (20.4) 3 (5.6) 0 (0.0) 0 (0.0)
Rash 13 (23.2) 8 (14.3) 354 2 (3.6) 0(0.0) 14(259 4(7.4) 6(11.1) 474 0 (0.0)
Skin toxicity 12 (21.4) 2 (3.6) 4(7.1) 6(10.7)  0(0.0) 9(16.7) 23.7) 5(9.3) 237 0 (0.0)
Leukocytopenia 14 (25.0) 0 (0.0 10 (17.9) 3 (54) 1(1.8) 20(37.0) 0 (0.0) 11 (204) 9(16.7)  0(0.0)
Palmar/plantar dysesthesia 8 (14.3) 4(7.1) 4(7.1) 0 (0.0 0(0.0) 13(24.1) 3 (5.6) 8(148) 2@3.7) 0 (0.0)
Vomiting 8 (14.3) 4(7.1) 3(54) 1(1.8) 0(0.00 474 3 (5.6) 0 (0.0) 1(1.9 0 (0.0)
Fatigue 8 (14.3) 5(8.9) 0 (0.0 3(5.4) 0(0.00 6(1.1) 4(7.4) 237 0 (0.0) 0 (0.0)
Fever 7 (12.5) 5(8.9) 2 (3.6) 0 (0.0) 0(0.0) 6(11.1) 5(9.3) 1(1.9) 0 (0.0) 0 (0.0)
Thrombocytopenia 7 (12.5) 2 (3.6) 4(7.1) 1(1.8) 0(0.00 5(09.3) 3 (5.6) 237 0 (0.0) 0 (0.0)
Hypersensitivity 6 (10.7) 2 (3.6) 3(54) 1(1.8) 0(0.00 1(1.9 1(1.9) 0 (0.0) 0 (0.0) 0 (0.0)
Anaemia 1(1.8) 0 (0.0 1(1.8) 0 (0.0 0(0.0) 6(1.1) 1(1.9) 237 3 (5.6) 0 (0.0)

AE, adverse event; G, grade.

4. Discussion

SAPPHIRE is the first randomised trial to evaluate the
planned discontinuation of oxaliplatin treatment after
mFOLFOX plus anti-EGFR antibody. The results of
this study indicate that the planned discontinuation of
oxaliplatin treatment reduced PN without any reduction
in efficacy.

Several studies have evaluated cetuximab or pan-
itumumab as monotherapy or combined with 5-FU/LV
as maintenance therapy after oxaliplatin-based chemo-
therapy plus anti-EGFR antibody as induction therapy.
The MACRO-2 study showed that cetuximab mono-
therapy as maintenance after induction with eight cycles
of mFOLFOX6 plus cetuximab resulted in similar effi-
cacy, yet reduced incidence of neuropathy compared
with continued mFOLFOX6 plus cetuximab [I15].
However, the VALENTINO study, comparing pan-
itumumab monotherapy or 5-FU/LV plus pan-
itumumab after eight cycles of induction therapy with
FOLFOX plus panitumumab, showed that mono-
therapy was inferior in terms of 10-month PFS rates
[16]. Similarly, a recent retrospective analysis of the
PEAK and PRIME studies showed that maintenance
with panitumumab plus 5-FU/LV after 11—12 cycles of
an oxaliplatin-containing regimen was well tolerated
and may be associated with better outcomes than stra-
tegies not containing panitumumab [17]. Thus, anti-
EGFR antibody monotherapy may not be a suitable
treatment option after oxaliplatin-based induction
chemotherapy regarding efficacy. Our results suggest

that maintenance therapy with 5-FU/LV plus pan-
itumumab could be a more useful option regarding ef-
ficacy and safety than continued oxaliplatin treatment
after six cycles of FOLFOX plus panitumumab, despite
a relatively shorter induction duration and lower cu-
mulative oxaliplatin dose than previous studies. The
median duration of oxaliplatin treatment in the present
study was 6.8 months, including the 3-month induction
period, and the median cumulative dose of oxaliplatin
was 813 mg/m” in group A, which was similar to other
studies [1,15].

In patients receiving chemotherapy plus an EGFR
antibody, those with left-sided tumours are reported to
have superior OS, PFS and RR than those with right-
sided tumours [18,19]. Although a limited number of
patients were evaluated in our study, patients with left-
sided tumours also had superior PFS and RR. In
addition, subgroup analysis in our study suggested that
the planned discontinuation of oxaliplatin did not affect
efficacy in patients with left- or right-sided tumours.

There are several limitations in the present study that
warrant mention. First, the present study was designed
to be a non-definitive screening comparison of an
experimental treatment regimen against a randomised
standard-treatment control arm [20]. It was not designed
to show non-inferiority of group B to group A as the
primary end-point. For primary end-point analysis, the
threshold PFS rate at 9 months for futility of 30% was
based on a phase II single-stage design [4,21]. However,
both groups A and B exceeded the 30% threshold and
exploratory statistical analysis suggested a similar level
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of efficacy in both groups A and B, as shown in the
equivalent HR for PFS. We therefore consider 5-FU/LV
plus panitumumab to be a promising regimen. Second,
the follow-up period was not long, and the OS data were
immature. In addition, patients with BRAF mutations
were not examined in this study. However, as the pop-
ulation of patients with mCRC and BRAF mutations in
Japan has been reported as 5.4% [22], the proportion of
these patients was also low in the present study. Given
that the present study was randomised, we consider the
impact of patients with mCRC and BRAF mutations on
the outcome of each group to be equivalent.

In conclusion, the SAPPHIRE study showed that the
planned discontinuation of oxaliplatin treatment after
six cycles of mFOLFOX6 plus panitumumab is a po-
tential treatment option in patients with mCRC. Further
investigation should help validate the non-inferiority of
oxaliplatin discontinuation after mFOLFOXG6 plus anti-
EGFR antibody as induction therapy for patients with
mCRC. A phase II study of maintenance therapy with 5-
FU/LV plus panitumumab versus 5-FU/LV alone after
FOLFOX plus panitumumab in patients with mCRC
(PanaMa; NCT01991873) is underway, which will help
inform the results of the present study.
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