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Abstract

Purpose Adjuvant FOLFOX therapy is an established standard-of-care for resected colon cancer. Peripheral sensory neu-
ropathy (PSN) is regarded as the major toxicity issue related to FOLFOX therapy. There have been a few reports on the
recovery status from PSN thereafter. JOIN trial investigated the tolerability and efficacy of adjuvant modified FOLFOX6
(mFOLFOXG6) in Japanese patients with stage II/III colon cancer.

Methods Twelve cycles of mFOLFOXG6 were given to patients with stage II/III curatively resected colon cancer. Treatment
outcomes, including disease-free survival (DFS), relapse-free survival (RFS), overall survival (OS), and recovery status of
PSN during 3-year follow-up, were investigated.

Results Of the 882 patients enrolled from 2010 to 2012, 864 were eligible for the efficacy analyses. Three-year DFS, RFS,
and OS were favorable in 92.1, 92.8, and 97.4% of stage II patients; 76.4, 77.9, and 93.8% of stage IIIA/B; and 61.6, 62.7,
and 85.9% of stage IIIC, respectively. The cumulative incidence of PSN during treatment was 47.8% in grade 1 (G1), 30.3%
in G2, and 5.8% in G3. For those with G3 PSN during treatment, there was gradual recovery in 1.1% of patients at 12 months
after enrollment, 0.5% at 24 months, and 0.2% at 36 months. However, G1 or G2 residual PSN after 3 years was observed
in 21.0% (18.7%, G1; 2.3%, G2).

Conclusions Adjuvant mFOLFOXG6 therapy was effective and well tolerated in patients with stage II/III colon cancer. Most
patients recovered from G3 PSN related to oxaliplatin, but approximately 20% of patients had G1 or G2 PSN at 3-year
follow-up.

Keywords Modified FOLFOX6 - Long-term peripheral sensory neuropathy - Oxaliplatin - Colon cancer - Efficacy

Introduction

Six months of adjuvant oxaliplatin-based 5-fluorouracil
(5-FU), leucovorin and oxaliplatin (FOLFOX) chemother-
apy following surgery is the standard care for patients with
stage III colon cancer as well as for patients with high-risk
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stage II colon cancer who have risk factors for recurrence
that are associated with a relatively poor prognosis, such as
T4 status, poorly differentiated histology, vascular invasion,
ileus, < 12 lymph nodes examined, and neural invasion, as
recommended by several treatment guidelines [1-3].
FOLFOX4 regimen has proven efficacy in the adjuvant
treatment of resected stage II and stage III colon cancers,
as demonstrated by the pivotal MOSAIC [4, 5] and MAS-
COT [6] trials conducted in Western and Asian patient
populations, respectively. More recently, FOLFOX4 has
frequently been substituted by the modified FOLFOX6
(mFOLFOX6) regimen in the adjuvant setting [7, 8],
which is easier to administer, and mFOLFOX6 has been
shown to be tolerable in the adjuvant treatment of Japanese
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patients with resected stage II and stage III colon cancer
in the JOIN (JFMC41-1001-C2) trial [9].

Many patients, however, develop peripheral sensory
neuropathy (PSN) by the standard 6 months, 12 cycles
of mFOLFOX6 administration, leading to treatment dis-
continuations [10—14]. PSN can be troublesome in daily
life and problems usually persist long after treatment has
finished. In the key trials of adjuvant oxaliplatin-based
therapy, the incidences of grade >3 PSN due to FOLFOX4
therapy during treatment were 12.4% and 5.7% for the
MOSAIC and Asian MASCOT trials, respectively [4—6].
In the adjuvant US NSABP C-08 trial [7] and Japanese
JOIN trial [9] in which patients received the mFOLFOX6
regimen, the incidences of grade >3 PSN at the end of
the studies were 14.4% and 5.8%, respectively. Dur-
ing a 3-year follow-up in patients receiving FOLFOX4
in the MOSAIC trial [5], the recovery status of PSN for
any grade and grade 3 PSNs was reported as having a
frequency of 18.1 and 0.6%, respectively. No trial has
revealed the PSN recovery rate from mFOLFOX®6, par-
ticularly in Asian patients. In addition, 6 months of FOL-
FOX treatment even in the post-IDEA collaboration era is
a standard adjuvant treatment in patients with curatively
resected stage II/III colon cancer [3]. The results of the
JOIN trial for safety during the treatment course and the
treatment compliance have been reported elsewhere [9].
Here, we report the treatment outcomes including disease-
free survival (DFS), relapse-free survival (RFS), overall
survival (OS), and recovery rate from PSN during a 3-year
follow-up.

Patients and methods
Study design

The study design of the JOIN study has been reported pre-
viously [9]. Briefly, the JOIN trial is a single-arm, multi-
center, large-scale clinical trial across Japan to confirm
the tolerability of adjuvant mFOLFOX®6 in patients with
curatively resected stage II/III colon cancer (UMIN ID:
UMINO000004443).

Treatments

The study treatment was mFOLFOX6 therapy (L-OHP,
85 mg/m?; 1-LV, 200 mg/m?; 5-FU bolus, 400 mg/m?; and
5-FU infusion, 2400 mg/m?), with a total of 12 courses being
administered at 2-week intervals. Further chemotherapy was
not given until recurrence after completion of the scheduled
therapy.

@ Springer

Endpoints

The primary endpoints were the incidence of PSN persist-
ing for > 8 days that interfered with activities of daily living
and with an incidence of > grade 3 allergic reactions/anaphy-
laxis (AR). Secondary endpoints were DFS, RFS, OS, time
to treatment failure, adverse events (AEs), comparison of
PSN between patients with or without receiving prophylactic
therapy, recovery status of PSN during the 3-year follow-
up period, the treatment completion rate, the relative dose
intensity (RDI), and the number of lymph-node metasta-
ses and number of dissected lymph nodes in relation to the
prognosis. DFS was defined as the time from enrollment
to relapse, secondary primary colorectal cancer, or death,
whichever occurred first. RFS was defined as the time from
enrollment to relapse, or death, whichever occurred first.
OS was measured from the time of enrollment until death
from any cause.

AEs were evaluated according to the Common Termi-
nology Criteria for Adverse Events (CTCAE) Version 4.0.
However, PSN was evaluated by following the NCI-CTC
Version 1.0, 2.0 and CTCAE Version 3.0.

Statistical analysis

Descriptive statistics were calculated as the number of
patients and percentage for categorical baseline character-
istics and mean with a range for continuous baseline charac-
teristics. Three-year DFS, RFS, and OS rates were estimated
using the Kaplan—Meier method. Greenwood’s formula was
applied for calculation of the 95% confidence interval (95%
CI) of the 3-year DFS, RFS, and OS. The multivariate Cox
proportional hazard model was applied to evaluate the prog-
nostic value of patient baseline characteristics for DFS, RFS,
and OS. Covariates were selected using the stepwise method
with an inclusion criterion of p <0.20. The proportion of
recovery status of PSN during the 3-year follow-up period
was calculated by the number of PSN in the total efficacy
population at each follow-up. All statistical analyses were
performed using SAS Version 9.3 (SAS Institute, Cary, NC,
USA).

Results
Patient population and baseline characteristics

Between November 2010 and March 2012, 882 patients were
enrolled at 198 institutions. Among these 882 patients, 11
were ineligible, as previously reported [9]. Of the remain-
ing 871 eligible patients, 864 patients (98.0%) for whom
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the treatment status was fixed with a median follow-up
of 3 years as of October 30, 2015 via an electronic data
capture system (Viedoc®, PCG Solutions, Uppsala, Swe-
den) with central monitoring were included in the efficacy
analysis (Fig. 1). The characteristics of these patients are
shown in Table 1. Baseline patient characteristics were as
follows: median age, 64 years; male, 53.8%; PS 0, 93.8%;
stage II/IITA/IIB/IIIC by TNM Classification, 7th edition,
18.5/7.3/52.5/21.6%; and lymph nodes examined, < 12/> 12/
unknown: 17.2/82.5/0.2%, respectively.

Treatment outcome

Three-year DFS, RFS, and OS in the overall efficacy pop-
ulation were 76.1% (95% CI 73.0-78.8), 77.3% (95% CI
74.3-80.0), and 92.7% (95% CI 90.7-94.3), respectively
(Fig. 2). Favorable 3-year DFS, RFS, and OS were 92.1,
92.8, and 97.4% in stage II patients, while these were 76.4,
77.9, and 93.8% in stage IITA/B; and 61.6, 62.7, and 85.9%
in stage IIIC, respectively (Fig. 3). The main recurrent sites
were liver (7.6%), lung (7.3%), and lymph nodes (5.2%).
In multivariate Cox regression analysis, tumor histology,
venous invasion, and lymph-node metastatic ratio were sta-
tistically significant prognostic factors for DFS, RFS, and
OS (Table 2), while the tumor location was not significant,
although OS in left-sided primary tumors was better than
that in right-sided ones with statistical non-significance
(Supplementary Fig. 1).

Fig.1 CONSORT diagram.
Between November 2010 and
March 2012, 882 patients were
enrolled at 198 institutions.
Among these 882 patients, 11

1271
Table 1 Patient characteristics
n (%) 864
Male/female 465/399 (53.8/46.2)
Median age (range) 64 (21-83)
PS: 810/54
0/1 (93.8/6.2)
Stage (TNM 7th)*: 100/34/26/63/454/187
ITA/IIB/IIC/TIA/IIB/IIC (11.6/3.9/3.0/7.3/52.5/21.6)
Number of lymph nodes examined 2/149/713
Unknown/1-11/>12 (0.2/17.2/82.5)
Number of positive lymph nodes 160/424/280

0/1-3/>4 (18.5/49.1/32.4)

*TNM classification of malignant tumors, 7th edition

Recovery status of PSN

The cumulative incidence of PSN during treatment was
47.8% grade 1, 30.3% grade 2, and 5.8% grade 3, respec-
tively (Fig. 4). Grade 3 PSN appeared to gradually
recover from 5.8% to 1.1%, 0.5%, and 0.2% at 12 months,
24 months, and 36 months after enrollment, respectively.
However, grade 1 or grade 2 PSNs after 3-year follow-up
were observed in 21.0% of patients (18.7% in grade 1 and
2.3% in grade 2). The transition from each grade of PSN
during study treatment (from grade 1, grade 2, and grade 3)
is shown in Supplementary Fig. 2.

Consort Flow Diagram

Enroliment Period from Nov 2010 to Mar 2012

were ineligible, as previously
reported. Of the remaining 871
eligible patients, 864 patients

Assigned patient population

(98.0%) for whom the treatment
status was fixed were included
in the efficacy analysis

(n = 882)
Ineligible (n = 11)
-Histological stage not adequate (n = 2)
-Uncontrolled diabetes (n = 1)
EIigibIe -Inappropriate registration (n = 2)
( =871) -PSN (n=1)
-Past history of malignancy (n = 5)

Data not collected (n = 7)

Efficacy Population (n = 864, 98.0%)

12 cycles of mFOLFOX6
3-year follow-up from the time of enroliment
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Fig.2 Kaplan—Meier curves for a DFS, b RFS, and ¢ OS in the overall population. DFS disease-free survival, RFS relapse-free survival, OS

overall survival, 95% CI 95% confidence interval

Discussion

The JOIN trial results confirm the efficacy and safety of
adjuvant mFOLFOXG6 in over 800 patients with stage 11/
III curatively resected colon cancer among approximately
200 community hospitals in Japan. Approximately 6% of
Asian patients only showed grade 3 or higher PSN in the
JOIN and MASCOT, while 12-14% patients did in the
Western trials such as MOSAIC and NSABP C-08 [5-9].

The PSN during treatment was the highest and gradu-
ally recovered during the 3-year follow-up period. In addi-
tion, it was confirmed that approximately 20% of patients
had grade 1 or grade 2 PSN from the 3-year PSN follow-
up, which is consistent with that of FOLFOX4 [5]. PSN
caused by oxaliplatin, either FOLFOX4 or mFOLFOXG®6, is
a common issue worldwide. However, the remaining PSN
may be influenced by factors other than oxaliplatin. In the
NSABP C-07 trial [15] comparing weekly bolus fluoro-
uracil and leucovorin (FL) therapy with or without oxali-
platin, the PSN for some patients (less than 5%) remained
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in the FL group at 12 months of follow-up, suggesting that
the PSN may occur due to factors other than oxaliplatin.
Three-year DFS and OS in the JOIN trial were 76.1 and
92.7%, respectively. Stratified by stage, 3-year DFS and OS
were 92.1 and 97.4% in stage II, 76.4 and 93.8% in stage
IIIA/B, 61.6, and 85.9% in stage IIIC, respectively. Three-
year DFS in other recent clinical trials conducted in Japan
for stage II/III or stage III colon cancer were reported to
range from 70.0 to 86.2%, while those in 3-year OS were
reported to range from 92.7 to 98.0%, which is consistent
with those in the JOIN trial (Supplementary Table) [16-22].
Based on the results of Japanese clinical trials including
the JOIN trial, the survival rate of patients with stage II/III
colon cancer appeared to be relatively higher in Japan than
in Western countries (Supplementary Table) [16-22]. This
difference might be largely due to the lower percentage of
patients with < 12 nodes examined as well as the Japanese
D3 lymph-node dissection procedure, given that the num-
ber of lymph nodes examined after surgical resection was
shown to correlate with survival [23]. In fact, the percent-
age of patients with < 12 nodes examined in Japanese trials
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Fig.3 Kaplan—Meier curves for a DFS, b RFS and ¢ OS in the overall population stratified by stage in the TNM Classification of Malignant
Tumors, 7th edition. DF'S disease-free survival, RF'S relapse-free survival, OS overall survival, 95% CI 95% confidence interval

in patients with stage II and III colon cancer such as JOIN,
SACURA, and ACTS-CC trials was substantially lower than
that in the NSABP C-07 trial, which enrolled subjects during
the same period (17-26% vs. 41%, respectively). However,
recently, a comparison of Japanese D3 lymph-node dissec-
tion and European complete mesocolic excision (CME) with
central vascular ligation has been reported [24], and favora-
ble outcomes of CME compared with conventional Western-
style colon resection have also been reported from Western
countries [25]. These findings imply that the gap in the sur-
vival of patients with stage II/III colon cancer between Japan
and Western countries is closing, suggesting that Japanese
outcomes might be applicable to the West. Considering the
recent improved survival rate of patients with stage II/III
colon cancer worldwide, we should reconsider the relatively
high oxaliplatin-associated toxicity which could be weighed
against the expectation of lower absolute treatment benefit
in patients with a low risk of recurrence.

Recent IDEA collaboration reported 3 months adjuvant
chemotherapy significantly reduced the rate of any grade
PSN, compared with 6 months, without compromising

efficacy in patients with low-risk stage III colon cancer
[26, 27]. In addition, the ACHIEVE trial, the part of IDEA
collaboration, reported the incidence of any grade PSN
lasting for 3 years was significantly lower for CAPOX
(capecitabine plus oxaliplatin) than mFOLFOX®6, sug-
gesting that 3 months of CAPOX therapy may be the most
appropriate option in low-risk patients [28], although
ACHIEVE results need to be interpreted within the IDEA
combined analysis as well as in terms of the reproducibil-
ity of the results across all trials. Therefore, 6 months of
FOLFOX treatment even in the post-IDEA collaboration
era is a standard adjuvant treatment in patients with cura-
tively resected stage II/III colon cancer [3]. As the efficacy
and safety of 6-month adjuvant mFOLFOX6 in Japanese
patients with stage II/III colon cancer was confirmed in
the JOIN trial, we moved forward to conduct two-phase
three trials called the ACHIEVE trial for stage III and the
ACHIEVE-2 trial for high-risk stage II [29, 30], which led
to the first Japanese participation in the IDEA Collabora-
tion [26, 27].
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Table 2 Multivariate analysis of risk factors for DFS, RFS and OS

DFS RFS oS

Risk factor HR*? 95% CIP P HR 95% C1 P HR 95% C1 P
T

SM, MP, SS, A 1.000 1.000 1.000

SE, SI, Al 1.386 1.041-1.845 0.0255 1.441 1.073-1.937 0.0152 1.406 0.878-2.251 0.1556
Histology

Pap, tub 1.000 1.000 1.000

Por, muc, sig 1.570 1.028-2.398 0.0367 1.569 1.017-2.419 0.0416 2.860 1.619-5.051 0.0003
N¢

NO 1.000 1.000 1.000

N1 1.793 0.784-4.100 0.1663 1.375 0.522-3.618 0.5194 1.395 0.348-5.592 0.6380

N2, N3 1.624 0.658-4.008 0.2924 1.309 0.464-3.693 0.6104 1.412 0.306-6.525 0.6587
v

v0 1.000 1.000 1.000

vl, v2,v3 1.347 0.954-1.903 0.0907 1.472 1.017-2.129 0.0402 1.957 1.032-3.777 0.0398
LN ratio (%)

1-4 1.000 1.000 1.000

5-11 1.469 0.719-3.001 0.2918 2.011 0.855-4.732 0.1094 1.326 0.382-4.607 0.6572

12-22 1.920 0.938-3.930 0.0742 2.741 1.165-6.444 0.0208 1.563 0.446-5.483 0.4854

22< 2.924 1.380-6.198 0.0051 3.930 1.619-9.539 0.0025 2.838 0.762-10.56 0.1199
Tumor location

Right-sided 1.000

Left-sided 0.633 0.398-1.006 0.0530

2Hazard ratio
®Confidence interval

Japanese classification of colorectal carcinoma 7th ed

Fig.4 Recovery status of PSN
during follow-up periods. PSN
peripheral sensory neuropathy,
trt treatment

Recovery of PSN during follow-up periods
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Conclusion

Six-month adjuvant mFOLFOXG6 in patients with stage II/
III colon cancer is effective and safe. Most patients success-
fully recovered from grade 3 PSN related to oxaliplatin, but
approximately 20% of patients had grade 1 or grade 2 PSN
at the 3-year follow-up.
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