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abstract

PURPOSE In the multicenter, open-label, phase III FOWARC trial, modified infusional fluorouracil, leucovorin, and
oxaliplatin (mFOLFOX6) plus radiotherapy resulted in a higher pathologic complete response rate than fluorouracil
plus radiotherapy in Chinese patients with locally advanced rectal cancer. Here, we report the final results.

METHODS Adults ages 18 to 75 years with stage II/III rectal cancer were randomly assigned (1:1:1) to five cycles
of infusional fluorouracil (leucovorin 400 mg/m2, fluorouracil 400 mg/m2, and fluorouracil 2.4 g/m2 over
48 hours) plus radiotherapy (46.0 to 50.4 Gy delivered in 23 to 25 fractions during cycles 2 to 4) followed by
surgery and seven cycles of infusional fluorouracil, the same treatment plus intravenous oxaliplatin 85 mg/m2 on
day 1 of each cycle (mFOLFOX6), or four to six cycles of mFOLFOX6 followed by surgery and six to eight cycles of
mFOLFOX6. The primary end point was 3-year disease-free survival (DFS).

RESULTS In total, 495 patients were randomly assigned to treatment. After a median follow-up of 45.2 months,
DFS events were reported in 46, 39, and 46 patients in the fluorouracil plus radiotherapy, mFOLFOX6 plus
radiotherapy, and mFOLFOX6 arms. In each arm, the probability of 3-year DFS was 72.9%, 77.2%, and 73.5%
(P = .709 by the log-rank test), the 3-year probability of local recurrence after R0/1 resection was 8.0%, 7.0%,
and 8.3% (P = .873 by the log-rank test), and the 3-year overall survival rate was 91.3%, 89.1%, and 90.7%
(P = .971 by log-rank test), respectively.

CONCLUSIONmFOLFOX6, with or without radiation, did not significantly improve 3-year DFS versus fluorouracil
with radiation in patients with locally advanced rectal cancer. No significant difference in outcomes was found
between mFOLFOX6 without radiotherapy and fluorouracil with radiotherapy, which requires additional in-
vestigation of the role of radiotherapy in these regimens.

J Clin Oncol 37:3223-3233. © 2019 by American Society of Clinical Oncology

Creative Commons Attribution Non-Commercial No Derivatives 4.0 License

INTRODUCTION

Multimodal treatment of stage II or III rectal cancer
typically involves total mesorectal excision (TME),
preoperative concurrent fluoropyrimidine-based che-
motherapy with ionizing radiation directed at the pelvis,
and postoperative chemotherapy.1 Preoperative che-
moradiotherapy has been shown to increase rates of
pathologic complete response (pCR) and improve
local disease recurrence rates relative to radiotherapy
alone2-4; however, neither neoadjuvant radiotherapy
nor chemoradiotherapy has been shown to improve
disease-free survival (DFS) or overall survival (OS) in
patients with locally advanced rectal cancer.5 There-
fore, identification of early chemotherapy or total

neoadjuvant therapy approaches that can improve
survival outcomes is an important current research
topic.

Several randomized controlled studies have evaluated
the addition of oxaliplatin to a fluoropyridine for neo-
adjuvant treatment of stage II or III rectal cancer;
however, the evidence is inconclusive. An interim
analysis of the STAR-01 study showed that the ad-
dition of oxaliplatin to fluorouracil-based preoperative
chemoradiotherapy significantly increased toxicity
without improving the primary tumor response.6

Likewise, the National Surgical Adjuvant Breast and
Bowel Project R-04 study found that the addition
of oxaliplatin to fluorouracil- or capecitabine-based
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radiotherapy did not improve locoregional failure rates,
DFS, or OS but did increase toxicity.7 In a 5-year follow-up
of the ACCORD 12/0405-Prodige 2 study performed in
patients with intermediate-risk rectal cancer, local re-
currence rates, DFS, and OS were not improved with
oxaliplatin, capecitabine, and radiotherapy compared with
capecitabine and radiotherapy.8 In contrast, in the German
CAO/ARO/AIO-04 trial, the addition of oxaliplatin to a fluo-
rouracil plus radiotherapy regimen increased pCR rates
and 3-year DFS rates, although it should be noted that
oxaliplatin also was added to the post-surgery chemo-
therapy regimen in this study.9,10

In addition to evaluating neoadjuvant chemotherapy regi-
mens, consideration of the role of radiotherapy as part of
the neoadjuvant treatment of locally advanced rectal
cancer is important, particularly given the associated
toxicities.11-13 A review of one randomized phase III trial,
six single-arm phase II trials, and one retrospective case
series study performed in patients with operable locally
advanced rectal cancer suggested that neoadjuvant che-
motherapy could provide comparable outcomes to
chemoradiotherapy.14

The randomized Neoadjuvant FOLFOX6 Chemotherapy
With or Without Radiation in Rectal Cancer (FOWARC)
study was designed to compare the efficacy and safety of
modified infusional fluorouracil, leucovorin, and oxaliplatin
(mFOLFOX6) with or without radiation and fluorouracil and
leucovorin with radiation for the neoadjuvant treatment of
locally advanced rectal cancer. Initial results demonstrated
that mFOLFOX6-based preoperative chemoradiotherapy
produced a higher pCR rate than fluorouracil-based che-
moradiotherapy and that perioperative mFOLFOX6 alone
produced a lower rate of pCR than either of the chemo-
radiotherapy regimens evaluated but led to a similar
downstaging rate as fluorouracil plus radiotherapy.15 Here,
we report the primary end point of the FOWARC study,
3-year DFS, as well as secondary end points, including
3-year local recurrence and OS.

METHODS

Study Design and Patients

TheFOWARCstudy (ClinicalTrials.gov identifier:NCT01211210)
was a multicenter, randomized, phase III study con-
ducted at 15 hospitals in China in accordance with the
principles of the Declaration of Helsinki and Good Clini-
cal Practice guidelines. The protocol was registered
at ClinicalTrials.gov and approved by the central ethics
committee of The Sixth Affiliated Hospital, Sun Yat-sen
University, and local ethics committees of all participat-
ing hospitals.

Details of the study design and methods have been pub-
lished previously.15 Eligible patients were ages 18 to 75
years with a confirmed histopathologic diagnosis of ade-
nocarcinoma of the rectum and were considered suitable

for curative resection. Tumors were clinically confirmed
as stage II (T3 to 4N0) or stage III (T1 to 4N1 to 2) with
a positive node defined as 1.0 cm or larger in diameter on
imaging and with a distal border located less than 12 cm
from the anal verge. Patients also were required to have an
Eastern Cooperative Oncology Group performance status
of 1 or less and adequate hematologic, liver, and renal
function. Key exclusion criteria were metastatic disease,
prior radiotherapy or chemotherapy, the presence of other
cancers, clinically significant cardiac disease, and known
peripheral neuropathy. All participants provided written
informed consent.

Randomization and Masking

Patients were enrolled by the study investigators, and
random assignment to treatment groups was performed
using computer-generated randomization codes (sequen-
tial permuted blocks). Patients were randomly assigned
(1:1:1) to receive neoadjuvant therapy with fluorouracil
plus radiotherapy, mFOLFOX6 plus radiotherapy, or
mFOLFOX6 without radiotherapy (mFOLFOX6 group). This
was followed by TME and postoperative chemotherapy
(fluorouracil or mFOLFOX6 in keeping with neoadjuvant
treatment). Random assignment was conducted centrally,
and patient assignment was implemented through a fax
or Internet interface hosted by the Department of Medical
Statistics at Sun Yat-sen University. This was an open-
label study.

Study Treatments

Radiotherapy. Radiotherapy was delivered at 1.8 to 2.0 Gy
per day from Monday to Friday for a total of 23 to 25
fractions over 5 to 6 weeks (total dose, 46.0 to 50.4 Gy).
Radiation was delivered with a minimum energy of 6-MV
photons through a three-field or four-field box technique to
the primary tumor and to mesorectal, presacral, and in-
ternal iliac lymph nodes.

Chemotherapy. Patients randomly assigned to the fluoro-
uracil plus radiotherapy group received preoperative
treatment with five cycles of fluorouracil (leucovorin
400mg/m2 intravenously followed by fluorouracil 400mg/m2

intravenously and fluorouracil 2.4 g/m2 by 48-hour
continuous intravenous infusion) with concurrent radio-
therapy during cycles 2 to 4 and postoperative chemo-
therapy with seven cycles of fluorouracil. Patients in the
mFOLFOX6 plus radiotherapy group received the same
treatment schedule as the fluorouracil plus radiother-
apy group with the addition of oxaliplatin 85 mg/m2 in-
travenously on day 1 of each chemotherapy treatment
cycle. Patients randomly assigned to the mFOLFOX6
group received preoperative treatment with four to six
cycles of mFOLFOX6 and postoperative chemotherapy
with six to eight cycles of mFOLFOX6, with the addition
of radiation before or after surgery at the physicians’
discretion.
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Study Measurements and End Points

The primary end point was 3-year DFS, defined as the time
between random assignment and the occurrence of mac-
roscopically nonradical surgery, locoregional recurrence or
metastasis, or death as a result of any cause. Secondary end
points were locoregional recurrence, OS, relapse-free sur-
vival, and quality of life. Quality-of-life data will be reported in
another article. All resection specimens were examined
using a standardized protocol that included TNM classifi-
cation according to the American Joint Committee on
Cancer/International Union for Cancer Control (seventh
edition). Tumor regression grade after preoperative treat-
ment was evaluated semiquantitatively according to Na-
tional Comprehensive Cancer Network guidelines.16

Statistical Analysis

Because two hypotheses were tested (mFOLFOX6 or
mFOLFOX6 plus radiotherapy v fluorouracil plus radio-
therapy), we applied the Bonferroni method for multiple
comparisons to adjust the type I error to 2.5% and to control
the overall type I error at 5%. A sample size of 165 patients
per treatment group was calculated to provide a power of
81% with a type I error of 2.5% (two sided) to detect an
estimated improvement in 3-year DFS from 60% in the
fluorouracil plus radiotherapy group to 75% in either the
mFOLFOX6 or the mFOLFOX6 plus radiotherapy group by
log-rank test. This sample size estimation accounted for
a 13% dropout rate, a 4-year accrual period, and a mini-
mum follow-up of 3 years. According to the study protocol,
the difference in DFS was the only hypothesis to be tested
formally, and no formal equivalence margins were speci-
fied for secondary end points. The null hypothesis of equal
DFS times in each treatment group was tested by a log-rank
test. The hazard ratio (HR) and the corresponding 95% CI
were estimated with a mixed-effects Cox model using study
center as the random effect. The same procedures were
used to compare local recurrence and OS. All analyses with
regard to survival and local recurrence followed the in-
tention-to-treat (ITT) principle. Prognostic factors for 3-year
DFS and local recurrence were investigated in a multivari-
able analysis that included the variables chemotherapy
regimen, patient age, patient sex, cT (cT4 v cT2 to 3), cN
(cN1 to 2 v cN0), mesorectal facia, tumor length, distance
from anal verge, pretreatment carcinoembryonic antigen
(CEA), ypTNM stage, tumor regression grade, tumor de-
posits, vascular penetration, perineural invasion, and cir-
cumferential resection margin. All data for other end points
were descriptive and presented as mean (standard de-
viation [SD]) or median (minimum to maximum). All sta-
tistical analyses were conducted using SPSS version 23.0
software (IBM Corporation, Chicago, IL).

RESULTS

The FOWARC trial profile is shown in Figure 1. Between
June 9, 2010, and February 15, 2015, 495 patients were

recruited and randomly assigned to treatment (165 patients
in each treatment group; ITT population). Baseline de-
mographics and clinical characteristics were well matched
among the three treatment groups (Table 1).

Twelve patients withdrew consent after enrollment, which
left 158 patients eligible for preoperative fluorouracil plus
radiotherapy, 162 patients eligible for mFOLFOX6 plus
radiotherapy, and 163 patients eligible for mFOLFOX6
(modified ITT population). Surgery was performed in 141,
149, and 152 patients in each group, respectively. As
previously reported,15 a higher pCR rate was observed in
the mFOLFOX6 plus radiotherapy group (27.5%) com-
pared with the fluorouracil plus radiotherapy group
(14.0%) or mFOLFOX6 group (6.5%).

Median follow-up was 45.2 months (range, 1 to 83 months).
In the ITT population, macroscopically nonradical surgery,
locoregional recurrence or metastasis, or death as a result of
any cause was observed in 131 patients (46 events in the
fluorouracil plus radiotherapy group, 39 in the mFOLFOX6
plus radiotherapy group, and 46 in the mFOLFOX6 group).
No significant between-group differences were found in
terms of liver or lung metastases. At 3 years, the probability
of DFS was 72.9% (SD, 3.6%), 77.2% (SD, 3.4%), and
73.5% (SD, 3.6%) in the fluorouracil plus radiotherapy,
mFOLFOX6 plus radiotherapy, and mFOLFOX6 groups,
respectively (P = .709 by log-rank test; Fig 2A). Relative
to the fluorouracil plus radiotherapy group, the HR for DFS
was 0.838 (95% CI, 0.547 to 1.284; P = .415) for the
mFOLFOX6 plus radiotherapy group and 0.942 (95% CI,
0.626 to 1.418; P = .774) for the mFOLFOX6 group, and
median DFS was not reached. In a multivariable analysis,
factors associated with worse DFS were ypTNM stage II or
III, tumor regression grade 2 or 3, presence of tumor de-
posits, and presence of perineural invasion (Fig 3A).

At 3 years, the probability of local recurrence after R0/1
resection was 8.0% (SD, 2.4%), 7.0% (SD, 2.1%), and
8.3% (SD, 2.3%) in the fluorouracil plus radiotherapy,
mFOLFOX6 plus radiotherapy, and mFOLFOX6 groups,
respectively (log-rank P = .873; Fig 2B). Relative to the
fluorouracil plus radiotherapy group, the HR for local re-
currence was 0.806 (95% CI, 0.348 to 1.866; P = .614) for
the mFOLFOX6 plus radiotherapy group and 0.952 (95%
CI, 0.428 to 2.120; P = .905) for the mFOLFOX6 group. In
a univariable analysis, mesorectal facial involvement, ele-
vated pretreatment CEA, ypTNM stage II or III, tumor re-
gression grade 2 or 3, presence of tumor deposits, and
presence of perineural invasion were prognostic factors for
worse DFS (data not shown). However, in multivariable
analysis, only clinical mesorectal facial involvement and
presence of perineural invasion were significantly associ-
ated with worse DFS (Fig 3B).

Overall, 61 patients died during the study: 19, 20, and 22
in the fluorouracil plus radiotherapy, mFOLFOX6 plus
radiotherapy, and mFOLFOX6 groups, respectively. The
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Eligible for preoperative
   chemoradiotherapy with
   fluorouracil
   Received as randomly
      assigned
   Refused radiation and
      received mFOLFOX6 alone*
   Requested and received
      mFOLFOX6 plus radiotherapy*

(n = 158)

(n = 155)

(n = 2)

(n = 1)

Eligible for preoperative
   chemoradiotherapy with
   mFOLFOX6
   Received as randomly
      assigned
   Had surgery directly
   Had surgery after one cycle
      of chemotherapy
   Refused radiation and
      received mFOLFOX6 alone*

(n = 162)

(n = 157)

(n = 1)
(n = 1)

(n = 3)

Eligible for preoperative
   chemotherapy with mFOLFOX6
   Received as randomly
      assigned

(n = 163)

(n = 163)

Not enrolled
   Early stage
   Tumors > 12 cm from anal verge
   Age > 75 years
   Liver metastases
   Intestinal obstruction
   Declined enrollment

(n = 106)
(n = 20)
(n = 4)
(n = 3)
(n = 6)
(n = 2)

(n = 71)

Assigned to mFOLFOX6 plus
radiotherapy group

(n = 165)

Assigned to fluorouracil plus
radiotherapy group

 (n = 165)

Assigned to mFOLFOX6 group
(n = 165) 

Withdrew consent
(n = 7)

Withdrew consent
(n = 3)

Withdrew consent
(n = 2)

Did not have surgery
   Refused surgery
   Had toxic effects
   Had disease progression

(n = 14)
(n = 11)
(n = 1)
(n = 2)

Did not have
   surgery
   Refused surgery

(n = 8)

 (n = 8)

Did not have
   surgery
   Refused surgery

(n = 11)

(n = 11)

Had surgery
(n = 144)

Had surgery
(n = 149)

Had surgery
(n = 152)†

Included in PP analysis with
follow-up
(n = 130)

Included in PP analysis with
follow-up
(n = 141)

Included in PP analysis with
follow-up
(n = 147)

Lost to follow-up
(n = 14)

Lost to follow-up
(n = 8)

Lost to follow-up
(n = 7)

Assessed for eligibility
(N = 601)

Enrolled
(n = 495)

Randomly assigned
(n = 495)

FIG 1. Trial profile. mFOLFOX6, modified infusional fluorouracil, leucovorin, and oxaliplatin; PP, per protocol. (*) excluded from PP analysis. (†) 8 patients
received radiation.
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probability of OS at 3 years was 91.3% (SD, 2.3%), 89.1%
(SD, 2.6%), and 90.7% (SD, 2.4%) in each group, re-
spectively (intergroup P = .971 by the log-rank test; Fig 2C).
Relative to the fluorouracil plus radiotherapy group, the HR
for OS was 1.106 (95% CI, 0.542 to 1.905; P = .960) for the
mFOLFOX6 plus radiotherapy group and 1.057 (95% CI,
0.572 to 1.955; P = .859) for the mFOLFOX6 group. Similar
results were observed for the per-protocol population,
which included 445 patients who underwent surgery
(Appendix Figs A1, A2, and A3, online only).

Anal function data were collected for patients with no stoma
and no local recurrence who had available data at the most
recent follow-up: 60, 67, and 88 patients in the fluorouracil
plus radiotherapy, mFOLFOX6 plus radiotherapy, and
mFOLFOX6 groups, respectively. Although not represen-
tative of the entire patient cohort, in this subpopulation of
patients, those who had not received radiotherapy had
better anal function in terms of the number of defecations
per day, Wexner score, and liquid and nocturnal in-
continence (Table 2).

DISCUSSION

Final results from the FOWARC study show that the
addition of oxaliplatin to neoadjuvant fluorouracil-based

chemoradiotherapy and to adjuvant chemotherapy after
TME surgery resulted in a higher pCR rate and a higher
proportion of good responses among patients with stage II
to III rectal cancer but failed to improve 3-year DFS or
reduce local recurrence. The results also show no signif-
icant difference in DFS or local recurrence rate with peri-
operative mFOLFOX6 without radiotherapy and standard
fluorouracil-based chemoradiotherapy, which warrants
additional investigation to clarify the role of radiotherapy in
this treatment setting.

Preliminary results from the current study showed a higher
pCR rate associated with neoadjuvant FOLFOX6 plus ra-
diotherapy versus fluorouracil plus radiotherapy,15 and
this finding is supported by a 2017 meta-analysis in
which pooled data from eight clinical trials (including the
FOWARC study) showed an improvement in pCR with the
addition of oxaliplatin to neoadjuvant chemoradiotherapy
(risk ratio, 1.208; 95% CI, 1.070 to 1.364; P = .002).17

Long-term follow-up data, however, revealed no significant
difference in 3-year DFS between patients who received
FOLFOX6 plus radiotherapy or fluorouracil plus radio-
therapy (probability of 3-year DFS, 77.2% v 72.9%, re-
spectively; P = .709). Despite this, the 3-year DFS rates in
this study were similar to those reported by the positive

TABLE 1. Baseline Demographic and Clinical Characteristics (intention-to-treat population)

Characteristic

Fluorouracil Plus
Radiotherapy

No. (%)

mFOLFOX6 Plus
Radiotherapy

No. (%)
mFOLFOX6
No. (%)

No. of patients 165 165 165

Mean age, years (SD) 54.0 (11.9) 52.2 (11.8) 54.1 (12.1)

Male sex 103 (62.4) 114 (69.1) 108 (65.5)

Clinical T category

cT4b 14 (8.5) 14 (8.5) 5 (3.0)

cT4a 43 (26.1) 42 (25.5) 45 (27.3)

cT3 100 (60.6) 106 (64.2) 114 (69.1)

cT2 8 (4.8) 3 (1.8) 1 (0.6)

Clinical N category

cN2a 36 (21.8) 33 (20.0) 35 (21.2)

cN2b 8 (4.8) 14 (8.5) 8 (4.8)

cN1 84 (50.9) 88 (53.3) 76 (46.1)

Clinical stage III 128 (77.6) 135 (81.8) 119 (72.1)

Mean tumor length, cm (SD) 4.3 (1.8) 4.3 (1.5) 4.3 (1.6)

Distance from anal verge, cm

. 10 5 (3.0) 7 (4.2) 9 (5.5)

5-10 70 (42.4) 75 (45.5) 86 (52.1)

, 5 90 (54.5) 83 (50.3) 70 (42.4)

Mean distance, cm (SD) 5.3 (2.3) 5.4 (2.5) 6.0 (2.6)

Mesorectal fascia involvement 32 of 101 (31.7) 38 of 107 (35.5) 33 of 105 (31.4)

NOTE. From Allegra et al7.
Abbreviations: mFOLFOX6, modified infusional fluorouracil, leucovorin, and oxaliplatin; SD, standard deviation.
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A10-04 study (75.9% and 71.2% for neoadjuvant che-
moradiotherapy with and without oxaliplatin, respectively).9

In addition, the 3-year DFS rates in the current study are
similar to those reported for adjuvant chemotherapy with
oxaliplatin plus fluorouracil and leucovorin or fluorouracil
and leucovorin in colon cancer (78.2% and 72.9%, re-
spectively).18 Furthermore, after long-term follow-up, we
found no difference in rates of 3-year locoregional re-
currence among the three treatment groups, and the
values observed were within the range of previous reports
(7.0% to 8.2% in the current study v 3.0% to 11.8% in
previous reports).17,19

The ACCORD 12,20 A10-04,9 and PETACC-0621 trials
and a study conducted in China by Jiao et al22 all

investigated the addition of oxaliplatin to neoadjuvant
chemoradiotherapy, using DFS as the primary end point.
In contrast to the findings of the current study, A10-04
and the study by Jiao et al22 reported a longer DFS with
the addition of oxaliplatin. Furthermore, a 2017 meta-
analysis that combined DFS results from ACCORD 12,
A10-04, and PETACC-06 found a significant DFS benefit
associated with the addition of oxaliplatin to neoadjuvant
chemotherapy (HR, 0.867; 95% CI, 0.741 to 0.992; P =
.000), although the authors conceded that additional evi-
dence is required.17 Therefore, combined with the results of
the current study, current evidence suggests that the ad-
dition of oxaliplatin to neoadjuvant chemoradiotherapy may
not be necessary. However, despite the lack of DFS benefit
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FIG 2. Kaplan-Meier estimates of (A) disease-free survival (DFS), (B) locoregional recurrence after R0/1 resection, and (C) overall survival (OS) in the
intention-to-treat population. FU, fluorouracil; HR, hazard ratio; mFOLFOX6, modified infusional fluorouracil, leucovorin, and oxaliplatin; RT, radiotherapy.
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given the higher pCR rate achieved with the addition of
oxaliplatin to neoadjuvant chemotherapy, this approach
may enable more patients to adopt a watch-and-wait
strategy. Under a watch-and-wait strategy, carefully selected
patients who achieve a pCR after chemoradiotherapy avoid
immediate surgery and are monitored carefully for re-
currence, which enables organ preservation, although not
enough evidence exists for this to be considered standard
practice.23 Finally, it should be noted that the drawing of
conclusions about neoadjuvant use of oxaliplatin in rectal
cancer is complicated by the wide variety of chemotherapy
regimens and doses of oxaliplatin used across published
studies. For example, most previous studies, with the ex-
ception of A10-04, used only fluorouracil preoperatively in
all treatment groups, whereas in the current study, patients

who received mFOLFOX6 as neoadjuvant therapy also
received mFOLFOX6 after surgery. In addition, there was
wide variability in reported safety profiles and treatment
compliance among previous studies, which adds difficulty
when trying to draw conclusions from the current body of
evidence for adding oxaliplatin to neoadjuvant therapy for
rectal cancer.

To our knowledge, this randomized controlled study is the
first to report a comparison between chemoradiotherapy
and chemotherapy alone in the neoadjuvant setting for
locally advanced rectal cancer. Although our trial design
did not allow for a noninferiority comparison between
mFOLFOX6 without radiation and standard chemo-
radiation, the results showed no significant difference in

.01 0.1 1 10

OR (95% CI)

Chemotherapy (mFOLFOX6 + RT v FU + RT)

A

Chemotherapy (mFOLFOX6 + RT v mFOLFOX6)

Chemotherapy (mFOLFOX6 v FU + RT)

Age (≥60 v < 60 years)

Sex (female v male)

cT (cT4 v cT2-3)

cN (cN1-2 v cN0)

Mesorectal facia (positive v negative)

Tumor length (≥4 v < 4 cm)

Distance from anal verge (≥5 v < 5 cm)

Pretreatment CEA

ypTNM stage (II-III v 0-I)

Tumor regression grade (2-3 v 0-1)

Tumor deposits (with v without)

Vascular penetration (with v without)

Perineural invasion (with v without)

Circumferential resection margin
(positive v negative)

1.175

1.162 0.627 to 2.156

1.011 0.559 to 1.828

0.854 0.562 to 1.298

1.301 0.784 to 2.159

0.739 0.39 to 1.401

1.14 0.622 to 2.091

1.362 0.764 to 2.425

0.827 0.506 to 1.353

0.904 0.539 to 1.514

1.004 0.994 to 1.014

2.509 1.319 to 4.771

2.068 1.16 to 3.687

1.924 1.094 to 3.381

1.185 0.474 to 2.959

1.185 0.474 to 2.959

0.638 0.133 to 3.051

OR 95% CI

.849

.849

.71

.461

.309

.354

.671

.295

.449

.662

.463

.005

.014

.023

.023

.717

.573

P

0.64 to 2.157

FIG 3. Multivariable analysis of the effects of prognostic factors on (A) 3-year disease-free survival and (B) locoregional recurrence. CEA, carcinoembryonic
antigen; FU, fluorouracil; mFOLFOX6, modified infusional fluorouracil, leucovorin, and oxaliplatin; OR, odds ratio; RT, radiotherapy.

Journal of Clinical Oncology 3229

Neoadjuvant Modified FOLFOX for Locally Advanced Rectal Cancer



DFS or locoregional recurrence for patients who received
mFOLFOX6 without routine use of radiation and those
who received fluorouracil plus radiotherapy. Given these
findings, additional investigation of mFOLFOX6 chemo-
therapy without radiotherapy is required to determine
whether this approach can be used as upfront treatment,
with perhaps reserving radiation for patients who do not
respond to chemotherapy, have mesorectal fascia inva-
sion threatened after chemotherapy, or have lateral lymph
node metastasis. Several ongoing studies will provide ad-
ditional insight into the utility of this strategy, including
a single-arm phase II trial that is assessing intensified
neoadjuvant chemotherapy with the triplet regimen fluo-
rouracil, oxaliplatin, and irinotecan (ClinicalTrials.gov
identifier: NCT02217020) and the randomized phase III

PROSPECT trial (Chemotherapy Alone or Chemotherapy
Plus Radiation Therapy in Treating Patients With Locally
Advanced Rectal Cancer; ClinicalTrials.gov identifier:
NCT01515787).

Also to our knowledge, this report is the first in patients with
locally advanced rectal cancer to show that perineural
invasion is a significant independent predictor for local
recurrence and DFS. This emphasizes the importance of
perineural invasion and suggests that a need may exist for
greater surveillance and a more intensive treatment strat-
egy in patients with this risk factor. Pathologic staging after
treatment remains the strongest prognostic factor for DFS,
with higher staging being an important prognostic factor for
poor response to neoadjuvant therapy, especially in pa-
tients who receive chemoradiotherapy. This suggests that

B
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use of alternative adjuvant chemotherapy in patients with
stage III disease after chemoradiotherapy may be worth
investigating. Of note, the multivariable analysis found no
association between pretreatment CEA level and 3-year

DFS or local recurrence. CEA as a prognostic tool in rectal
cancer remains controversial, with some studies showing
an association between elevated pretreatment CEA and
survival and others showing no association.24-26 However,
the equivocal findings are likely a result of inconsistent use
of CEA level cutoffs among published studies. In addition,
more recent studies suggest that the combination of both
pre- and post-treatment CEA levels is a more accurate
prognostic tool.27

As noted previously,15 several limitations of our trial deserve
mention, including a lack of stratification, which may have
introduced a staging or center bias, and the proportion of
enrolled patients with a protocol violation (approximately
10%) or who were lost to follow-up (approximately 8%).
However, it should be noted that the sample size calcu-
lation accounted for a dropout rate of 13%.

In summary, the final results from the FOWARC study show
that mFOLFOX6 with or without radiation did not signifi-
cantly improve 3-year DFS relative to fluorouracil plus ra-
diation in patients with locally advanced rectal cancer.
However, although the study was not set up to detect
noninferiority among treatment arms, no difference in
outcomes was found between patients who received
mFOLFOX6 without radiotherapy and those who received
standard fluorouracil plus radiotherapy, which warrants
additional investigation to clarify the role of radiotherapy in
neoadjuvant treatment of locally advanced rectal cancer.
Long-term follow-up also is required to establish any dif-
ferences in OS.
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TABLE 2. Anal Function Findings in Patients With No Stoma at Last Follow-Up

Finding
Fluorouracil Plus
Radiotherapy

mFOLFOX Plus
Radiotherapy mFOLFOX P*

No. of patients 61 70 89

Stool frequency,
per day

.000

0-3 24 (39.3) 26 (37.1) 64 (71.9)

4-5 17 (27.9) 20 (58.6) 10 (11.2)

6-9 12 (19.7) 21 (30.0) 14 (15.7)

$ 10 8 (13.1) 3 (4.3) 1 (1.1)

Wexner score . 8 25 (41) 25 (35.7) 16 (18) .005

Solid incontinence 18 (29.5) 14 (20.0) 6 (6.7) .001

Liquid
incontinence

20 (32.8) 11 (15.7) 7 (7.9) .000

Gas incontinence 10 (16.4) 5 (7.1) 2 (2.2) .006

Day incontinence 24 (39.3) 24 (34.3) 20 (22.5) .068

Night incontinence 20 (32.8) 19 (27.1) 8 (9.0) .001

Anal blood loss 2 (3.3) 6 (8.6) 3 (3.4) .252

Use of pads 19 (31.1) 18 (25.7) 8 (9.0) .002

NOTE: Data is presented as No. (%) or P value.
Abbreviation: mFOLFOX6, modified infusional fluorouracil, leucovorin, and oxaliplatin.
*Intergroup comparison using the Cochran-Mantel-Haenszel x2 test.
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FIG A1. Kaplan-Meier estimates of disease-free survival (DFS) in the
per-protocol population, which included 445 patients who underwent
surgery. FU, fluorouracil; HR, hazard ratio; mFOLFOX6, modified
infusional fluorouracil, leucovorin, and oxaliplatin; RT, radiotherapy;
SD, standard deviation.
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SD, standard deviation.
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