
Abstract. Background/Aim: The combination of oxaliplatin,
leucovorin and fluorouracil (FOLFOX) has been established
as postoperative adjuvant chemotherapy for stage III colon
cancer. However, the safety and efficacy of neoadjuvant
FOLFOX in patients with rectal cancer are still controversial.
This prospective pilot study aimed to evaluate the feasibility
of neoadjuvant FOLFOX therapy without radiation for
baseline resectable rectal cancer (RC). Patients and Methods:
The study included 30 patients with clinical stage II/III RC
between February 2012 and December 2015. The patients
were treated with six cycles of FOLFOX followed by elective
surgery. The primary endpoint was the R0 resection rate. The
secondary endpoints were the scheduled treatment completion
rate, adverse events, pathological response and the disease-
free survival (DFS) rate. Results: All the patients underwent
elective R0 resection after neoadjuvant FOLFOX therapy.
The completion rate of the 6-cycle regimen was 93.3% (28/30
patients). Grade 3-4 adverse events occurred in seven
patients (23.3%). Pathological complete response was noted
in two patients (6.7%). The 3-year DFS rate was 77.5% (95%
confidence interval, 61.4%-93.7%). Conclusion: Neoadjuvant
FOLFOX therapy without radiation is a feasible therapeutic
strategy for baseline resectable RC.

Surgery is the standard treatment for rectal cancer (RC).
Total mesorectal excision (TME) is a widely accepted
surgical procedure for RC, and it can reduce the local
recurrence rate dramatically (1). Research over the past two
decades has shown perioperative radiotherapy with or

without chemotherapy followed by TME can reduce the
incidence of local recurrence in patients with locally
advanced RC further. However, perioperative radiotherapy
was not found to improve overall survival (OS) (2-5). To
improve oncological outcomes, distant metastasis should be
prevented, since distant metastasis is the most important
prognostic factor for colorectal cancer.

Postoperative adjuvant chemotherapy can improve the
prognosis of patients with stage II/III colon cancer
undergoing curative surgery. This improvement is associated
with the inhibitive action of these adjuvant chemotherapeutic
agents on distant micrometastases that are present at the time
of elective surgery. Some cytotoxic agents are used in
adjuvant chemotherapy regimens. Among them, oxaliplatin-
based regimens are considered the most effective for
improving the rates of disease-free survival (DFS) and OS
(6-8). Therefore, neoadjuvant chemotherapy (NAC) using
oxaliplatin-based regimens for RC is a promising therapeutic
strategy for preventing local recurrence through shrinkage of
the primary tumour, but also systemic relapse through the
action of diminishing latent micrometastases.

However, the efficacy and safety of NAC for the treatment
of RC have not been adequately established. Therefore, this
single-institution, pilot study aimed to determine the efficacy
and safety of NAC involving FOLFOX therapy (5-fluorouracil
+ L-leucovorin + oxaliplatin).

Patients and Methods

Patient selection. The protocol of this single-arm, single-institution,
phase II study was approved by the institutional review board of
Nippon Medical School (Tokyo, Japan) and was conducted in
accordance with the tenets of the Declaration of Helsinki. Informed
consent was obtained from all the participants prior to their
inclusion in this study.

Baseline clinical staging was assessed by colonoscopy, chest and
abdominopelvic computed tomography (CT) and pelvic magnetic
resonance imaging. Tumours were staged according to the American
Joint Committee on Cancer International Union Against Cancer
(seventh edition). The presence of a lymph node with a short axis
≥5 mm was considered as confirmation of metastasis (9).
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The inclusion criteria were as follows: (i) histologically proven
rectal adenocarcinoma, (ii) location of the centre of the primary
tumour under the lower edge of the second sacrum, (iii) RC
confirmed as cT3-4,anyN,M0, (iv) no distant metastasis on chest,
abdominal and pelvic CT, (v) good physical fitness for elective
surgery, (vi) Eastern Cooperative Oncology Group (ECOG)
performance status of 0-1, (vii) age 20-80 years and (viii) adequate
hematologic, hepatic and renal functions (i.e. neutrophil count
>1500/ml; platelet count >100,000/μl; estimated glomerular filtration
rate >40 ml/min/1.73 m2; total bilirubin concentration less than twice
the upper limit of normal and liver transaminase or alkaline
phosphatase levels less than thrice the upper limit of normal).

The exclusion criteria were as follows: (i) intestinal obstruction
despite ileostomy or colostomy construction; (ii) T4 tumour invasion
of an adjacent organ or the pelvic wall, which was deemed
unresectable before administration of any preoperative therapy on the
basis of imaging examination; (iii) history of prior chemotherapy
and/or radiotherapy of the pelvis; (iv) presence of any other active
malignant disease or severe co-morbidity and (v) pregnancy.

Neoadjuvant chemotherapy. Six courses of FOLFOX (day 1,
intravenous bolus of oxaliplatin at 85 mg/m2, L-leucovorin at
400 mg/m2 and fluorouracil at 400 mg/m2, followed by
continuous infusion at 2,400 mg/m2 for 46 h) were administered
before surgery. Adverse events of chemotherapy were evaluated
according to the National Cancer Institute Common Terminology
for Adverse Events, version 4.0.

Surgical procedure. Surgery was performed 2-6 weeks after
completion of neoadjuvant FOLFOX therapy. Total or tumour-
specific mesorectal excision was performed, with preservation of the
bilateral autonomic nerves. Lateral pelvic lymphadenectomy was
performed when the tumour was located below the peritoneal
reflection and the lateral lymph node was judged as metastatic before
neoadjuvant FOLFOX therapy, regardless of the response to therapy.

Pathological evaluation. The extent of the tumour response to
neoadjuvant FOLFOX therapy was categorised according to the
number of viable carcinoma cells within the tumour as described by
the Japanese Classification of Colorectal Carcinoma Version 2 (10)
as follows: grade 0, no regression; grade 1a, minimal effect
(necrosis of less than one-third of the lesion); grade 1b, mild effect
(necrosis of less than two-thirds but one-third or more of the lesion);
grade 2, moderate effect (necrosis of more than two-thirds of the
lesion) and grade 3, no tumour cells (pathological complete
response [pCR]). Patients with a tumour response of grades 2 to 1b
were considered to have a partial response.

Statistical analysis. The primary endpoint of this study was the R0
resection rate. The secondary endpoints were the scheduled treatment
completion rate, adverse events, pathological response, downstaging
rate and 3-year DFS rate. The Kaplan–Meier method was used to
calculate the event rates. SPSS v21 software (IBM Corp., Armonk,
NY, USA) was used to perform all statistical analyses.

Results
Patient characteristics. This study enrolled 30 patients
between February 2012 and December 2015. Table I shows
the patient characteristics. The majority of patients (90%)

had cT3 tumours. Three patients had cT4b tumours, and of
these patients, two showed invasion of the levator ani
muscle and one showed invasion of the seminal vesicles. All
cT4b tumours were considered resectable at baseline
assessment.

Treatment exposure and adverse events. The completion rate
of the scheduled 6-cycle treatment regimen was 93.3%
(28/30). Two patients received five cycles. One patient with
an adverse event of peripheral neuropathy and another with
nausea refused the last cycle. The relative dose intensities of
oxaliplatin, bolus 5-FU and infused 5-FU were 95.8%,
98.9% and 98.9%, respectively.

Table II shows the adverse events. The overall rate of
any grade of adverse events during the scheduled treatment
regimen was 80.0% (24/30). The most common adverse
event was peripheral neuropathy (53.3%, 16/30). Grade 3-
4 adverse events developed in 23.3% (7/30) of patients, and
all patients had neutropenia. No patients had febrile
neutropenia.
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Table I. Baseline characteristics of patients.

Age, years
  Median                                                                         63
  Range                                                                           39-77
Gender, n (%)
  Male                                                                            24 (80.0)
  Female                                                                          6 (20.0)
ECOG performance status, n (%) 
  0                                                                                  28 (93.3)
  1                                                                                    2 (6.7)
Body mass index, kg/m2
  Median                                                                         22.1
  Range                                                                           17.0-32.2
Tumour size, mm
  Median                                                                         40.1
  Range                                                                           20.0-56.7
Distance from the AV, mm
  Median                                                                         50
  Range                                                                             0-100
Carcinoembryonic antigen level, ng/mL
  Median                                                                           4.3
  Range                                                                             1.6-46.0
Histological type, n (%)
  Well-differentiated adenocarcinoma                        15 (50.0)
  Moderately differentiated adenocarcinoma              15 (50.0)
Clinical T-stage, n (%)
  T3                                                                                27 (90.0)
  T4b                                                                               3 (10.0)
Clinical N-stage, n (%)
  N0                                                                                 2 (20.0)
  N1                                                                               12 (40.0)
  N2                                                                               12 (40.0)

AV: Anal verge; ECOG: Eastern Cooperative Oncology Group.



Surgery. All the 30 patients scheduled for elective surgery
underwent R0 resection. The median duration from the last
cycle of neoadjuvant FOLFOX therapy to tumour resection
was 32 days (range=16-46 days). One patient requested to
undergo surgery beyond the planned interval at day 46. Table

III shows the surgical outcomes. Three patients with cT4
tumours underwent radical resection combined with total
mesorectal excision involving adjacent organs (the levator
ani in two patients and the seminal vesicle in one patient).
Sphincter-sparing resection was performed in 73.3% (22/30)
of the patients. Postoperative complications (grade≥2) were
noted in 20% (6/30) of the patients. Reoperation was needed
in patients with stomal necrosis. Three patients with
anastomotic leakage were treated with tubal drainage, and no
further surgery was performed.

Pathological outcomes. Table III shows the pathological
results. pCR was observed in two patients (6.7%), and partial
response was observed in 15 patients (50.0%). Although 13
patients (43.3%) had a poor response, including two patients
(6.7%) with no response, planned surgery was performed and
all patients underwent R0 resection.

Among the 30 patients, 18 (60%) showed clinical
downstaging (cStage II to ypStage 0-I and cStage III to
ypStage 0-III) after NAC when compared with the clinical
stage before NAC. Table IV shows T and N-factor
downstaging. T-factor downstaging was observed in 10
(33.3%) patients. Among 27 patients with cT3 tumours, ypT0
was noted in two patients, ypTis in 1, ypT2 in 5 and ypT3 in
19. Among 3 patients with cT4b tumours, ypT2, ypT3 and
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Table II. Adverse events of neoadjuvant FOLFOX.

                                                                                n (%)

                                                         Any grade                     Grade 3-4

Leukopenia                                       11 (36.7)                         7 (23.3)
Thrombopenia                                    1 (3.3)                            0
Anaemia                                             2 (6.6)                            0
ALT                                                    4 (13.3)                          0
AST                                                    4 (13.3)                          0
Total bilirubin                                    1 (3.3)                            0
Peripheral neuropathy                      16 (53.3)                          0
Nausea                                                9 (33.3)                          0
Hand-foot syndrome                          3 (10.0)                          0
Pneumonia                                          1 (3.3)                            0
Stomatitis                                           1 (3.3)                            0

ALT: Alanine aminotransferase; AST: aspartate aminotransferase.

Table III. Surgical outcomes.

                                                                                   n (%)

R0 resection                                                            30 (100)
Procedure 
   Low anterior resection                                        18 (60.0)
   Intersphincteric resection                                      4 (13.3)
   Abdominoperineal resection                                 8 (26.7)
Approach
   Laparoscopic                                                       27 (90.0)
   Open                                                                       3 (10.0)
Postoperative complications*                                  6 (20.0)
   Anastomotic leakage**                                         3 (13.6)
   Bowel obstruction                                                 2 (6.6)
   Wound infection                                                    2 (6.6)
   Stomal necrosis                                                      1 (3.3)
   Intra-abdominal abscess                                        1 (3.3)
ypStage
   0                                                                              3 (10.0)
   I                                                                              5 (16.7)
   II                                                                           12 (40.0)
   III                                                                          10 (33.3)
Tumour response
   3                                                                              2 (6.7)
   2                                                                              8 (26.7)
   1b                                                                            7 (23.3)
   1a                                                                          11 (36.7)
   0                                                                              2 (6.7)

*Greater than grade II according to the Clavien–Dindo classification.
**Sphincter-sparing surgery.

Table IV. Downstaging of T and N-factor after neoadjuvant FOLFOX.

T-factor downstaging 

                  ypT0      ypTis      ypT1     ypT2      ypT3     ypT4a     ypT4b

cT3                2             1                          5           19
cT4b                                                         1             1                            1

N-factor downstaging

                  ypN0     ypN1a    ypN1b   ypN2a    ypN2b

cN0               6
cN1               7             3             1            1
cN2               9             1                          1             1

Table V. Relationship between ypT and ypN stage.

                  ypT0      ypTis      ypT1     ypT2      ypT3     ypT4a     ypT4b

ypN0             2             1                          6           11                            1
ypN1                                                                       6
ypN2                                                                       3



ypT4b (seminal vesicle) were each noted in one patient. 
N-factor downstaging (cN1 to ypN0 and cN2 to ypN0-1) was
observed in 17 (70.8%) of 24 patients. All six patients with
cN0 were judged as ypN0. Of the 24 patients, 16 did not have
lymph node metastasis histopathologically. Table V shows the
relationship between ypT and ypN. Nine patients showed 
T-factor downstaging to less than T2, and they did not have
lymph node metastasis, although 6 patients were judged as
cN+. On the other hand, among 20 patients with ypT3, 9
(40.0%) had lymph node metastasis.

Survival. The median follow-up period was 31.1 months
(range=9-54 months). The 3-year OS and DFS rates in all
patients were 95.7% (95% confidence interval [CI]=87.3%-
100%) and 77.5% (95%CI=61.4%-93.7%), respectively
(Figure 1). Two patients had anastomotic recurrence, and
both patients underwent a second surgery to excise the
recurrence. They have had no relapse after the second
surgery. Five patients developed distant metastases (lung 2
and liver 3), and two patients died from metastatic disease
(lung 1 and liver 1).

Discussion

In this study, NAC involving six cycles of neoadjuvant
FOLFOX followed by elective surgery was associated with
a R0 resection rate of 100% and a pCR rate of 6.7%.
Additionally, the scheduled treatment completion rate was
93.3%, and grade 3-4 adverse events were observed in
23.3% of patients.

The advantage of NAC is that effective chemotherapeutic
agents are administered at an early stage of treatment when
the tumour is still intact. Tumour shrinkage can improve the
local control of surgery, and exposure of undetected distant
micrometastases may reduce the risk of recurrence after
surgery. NAC could be considered a promising therapeutic
strategy for improving the oncological outcomes of RC.
Also, the R0 resection rate was used as the primary endpoint.
R0 resection rate after NAC was 100% among patients who
were judged to be capable of undergoing radical excision at
baseline. Previous reports also showed the R0 resection rates
of NAC for cT3-4 (except T4b) were high, ranging from
98.3% to 100% (11-14). An important problem inherent in
preoperative treatment is that surgical curability may be
impaired by tumour growth during the treatment. In this
study, although 13 patients showed no response
histologically, the tumours did not develop clinically during
NAC and the therapy did not hinder surgical curability. This
is an important finding to support future research on whether
NAC will improve prognosis.

Our strategy had a therapy completion rate of 93.3% with
high relative dose intensity. A neoadjuvant setting has the
advantage of administering planned systemic chemotherapy,

as patients are in a good performance status. In order to
increase the effects of adjuvant chemotherapy, it is necessary
not only to administer a powerful cytotoxic agent but also to
maintain a high dose intensity. Although the grade 3-4
neutropenia rate was 23.3%, which was higher than that
reported in previous oxaliplatin-based NAC studies (0%-4.0%)
(14-18), adverse events were controlled by appropriate drug
reduction or withdrawal. Previous studies reported that 32.6%-
42% of patients had grade 3-4 neutropenia after 6 months of
postoperative adjuvant chemotherapy (FOLFOX/CapeOX
[capecitabine + L-leucovorin + oxaliplatin]) (19-21).
Additionally, the TOSCA trial investigated the optimal therapy
period (3 vs. 6 months) and reported that the rate of grade 3-
4 neutropenia in the 3-month arm was 19.3% (22). Based on
these results, our results are considered reasonable.

In locally advanced RC, NACRT combined with TME can
result in a low local recurrence rate. However, NACRT did
not improve OS in previous studies (2-5). Several factors
might be associated with this result. First, the effect of the
chemotherapeutic agent 5-FU used as a radiosensitiser might
be insufficient to decrease distant metastasis. Second, the
induction rate of adjuvant chemotherapy after NACRT might
be low, and the rate in EORTC22921 was 43% (5) and in
CHRONICLE was 48% (23). The final goal of NAC is
prognostic improvement. In the neoadjuvant setting it is
reasonable to administer chemotherapeutic agents for
decreasing distant metastasis and improving OS. To reveal
the prognostic outcomes of the NAC approach, the
PROSPECT study (US, NCT01515787) comparing
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Figure 1. Kaplan–Meier plots of disease-free survival (DFS) and overall
survival (OS) for the 30 study patients.



neoadjuvant FOLFOX followed by selective use of NACRT
to standard NACRT is ongoing.

In this study, the response rate was 56.7% and the pCR rate
was 6.7%. Previous studies on oxaliplatin-based regimens
without a molecular-target drug revealed a pCR rate of 6.6%-
12.2% (14, 17, 18, 24). The pCR rate might increase with the
addition of a molecular-target drug. The pCR rate was 13.3%-
25% for regimens that involved bevacizumab (11-13, 15) and
was 18% for regimens that involved cetuximab (13).
However, the relationship between histological response and
prognosis in NAC has not been clarified, though many
reports on NACRT showed pCR and good histological
response were associated with a good prognosis (25-28).
AlGizawy et al. (14) reported on NAC involving XELOX
plus bevacizumab and mentioned that this strategy had a high
pCR of 20% and a 2-year DFS rate of 70%. On the other
hand, our strategy had a low pCR of 6.7% and a 3-year DFS
rate of 77.5%. Thus, any positive response may be the goal
of NAC for improving prognosis. To judge the validity of
adding a molecular-target drug, it is necessary to clarify the
significance of increasing the pCR rate in NAC.

The additive effect of a molecular-target drug on
prognostic improvement in postoperative adjuvant
chemotherapy of colon cancer has not been shown. Presently,
it is questionable to add a molecular-target drug to NAC for
resectable RC to improve prognostic outcomes. With regard
to T4 and bulky T3 tumours that cannot easily undergo R0
resection, a phase two study on XELOX and a bevacizumab
regimen for such locally advanced RC reported R0 resection
rates of 90-100% (16, 29). The addition of a molecular-target
drug to NAC may help in the treatment of borderline and
unresectable RC.

For locally advanced RC, the standard approach is TME
(LAR or APR) (low anterior resection or abdominoperineal
resection). However, a paradigm shift is occurring recently.
Selected patients with complete (ycT0N0) and good (ycT1-
2N0) responses to NACRT are considered as candidates for
organ preservation strategies, including local excision (LE)
(30, 31) or strict follow-up without operation (watch-and-
wait approach) (32-34). Organ preservation is a promising
strategy to decrease postoperative complications and
impairments in anorectal function and quality of life, which
are associated with TME. Although the indication of organ
preservation is debatable still, a meta-analysis by Shaikh et
al. reported that OS and DFS in cT3anyN patients, who
underwent NACRT, showed no difference between LE and
TME (35). In our study, nine patients (30.0%) with
downstaging to less than ypT2 had ycN0 despite including
six patients with cN+. Shrinkage of the primary tumour by
NAC can reflect the disappearance of latent lymph node
metastasis, and the absence of lymph node metastasis is
essential for LE. Our results suggested that NAC may be an
option for organ preservation.

The present study had certain limitations. Only RC cases
judged as resectable before treatment were included.
Therefore, further studies are needed to evaluate the R0 and
local recurrence rates of neoadjuvant FOLFOX in cases of
borderline or unresectable RC. In addition, this was a single-
institution, pilot study and the number of samples was
relatively small. Therefore, to clarify the effects of FOLFOX
on the prognosis of RC patients after surgery, a larger
randomised control trial is needed.

In conclusion, NAC involving FOLFOX is a safe and
feasible treatment for baseline resectable RC. NAC is a
promising therapeutic strategy that avoids the adverse events
of radiation, which are problems in NACRT, and it can
improve prognosis.
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