
Abstract. Aim: This study was planned to evaluate the
efficacy and safety of preoperative capecitabine and
oxaliplatin (XELOX) without radiation in patients with
locally advanced lower rectal cancer. Patients and Methods:
Patients with clinical stage II/III lower rectal cancer
underwent three cycles of XELOX followed by radical
surgery. The primary end-point was the R0 resection rate.
Results: Thirty-one patients were recruited between February
2012 and August 2014. The completion rate of neoadjuvant
chemotherapy was 96.5% among the 29 patients who
received it; the remaining two refused chemotherapy and
underwent immediate surgery. Grade 3-4 adverse events
occurred in nine patients (31%). All 29 patients who received
chemotherapy underwent radical resection. The R0 resection
rate was 96.5% among these 29 patients. Pathological
complete responses were achieved in three patients (10.3%)
and downstaging occurred in 13 (44.8%). Conclusion: This
pilot study found that neoadjuvant XELOX for locally
advanced lower rectal cancer is feasible and safe. This
neoadjuvant treatment improved resection margin status.

The outcome of surgical treatment is poorer in patients with
rectal cancer than in those with colonic cancer, largely
because of the high incidence of distant and local recurrence
in the former. Both in Western countries (1) and Japan (2),
25-35% of patients with locally advanced rectal cancer
develop distant recurrence after curative surgery.
Neoadjuvant chemoradiotherapy (NCRT) followed by total
mesorectal excision (TME) reportedly reduces the local
recurrence rate from 25-40% to less than 10% (1, 3). Thus,
TME together with NCRT has become standard treatment for
patients with clinical stage II or III adenocarcinoma of the
rectum in Western countries. Unfortunately, this
multidisciplinary therapy does not confer any survival benefit
(4) and NCRT is associated with considerable acute toxicity
and significant surgical morbidities, which together result in
a low rate of completion of subsequent adjuvant
chemotherapy: as little as 42.9% (1, 3). Furthermore, NCRT
has serious late adverse effects on bladder, sexual, and
anorectal function, thus impairing patients’ social
interactions and daily activities (5). Consequently, it remains
to be determined whether radiation plays an indispensable
role as a component of neoadjuvant therapy in all patients
with advanced rectal cancer.

Another strategy for improving the survival of patients
with rectal cancer is adjuvant systemic chemotherapy. Akasu
et al. demonstrated that uracil and tegafur for 1 year
increased survival of patients with stage III rectal cancer
after standard mesorectal excision (2). Although a meta-
analysis has confirmed that 5-fluorouracil (5-FU)-based
adjuvant chemotherapy is effective (6), the routine use of
adjuvant chemotherapy in patients who have undergone
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curative surgery has sometimes been challenged (7). A lack
of evidence for intensification of 5-FU-based postoperative
chemotherapy with key modern drugs, such as oxaliplatin,
means that the optimal systemic regimens for adjuvant
chemotherapy are unknown. Currently, the standard therapy
in Japan for locally advanced rectal cancer is radical surgery
followed by systemic chemotherapy (8) because this achieves
a lower local recurrence rate, reportedly less than 10% (7).

Recently, systemic induction chemotherapy using oxaliplatin
and 5-FU-related drugs followed by NCRT and TME in patients
with poor-risk rectal cancer has resulted in high response rates
(54-88%) and a 0-3% incidence of tumor progression during
preoperative treatment (9, 10). Moreover, clinical trials
investigating the efficacy of oxaliplatin-based systemic therapy
without radiotherapy in patients with locally advanced rectal
cancer are planned and under exploration (11). These attempts
encouraged us to design a feasibility study of neoadjuvant
oxaliplatin-based chemotherapy for patients with locally
advanced rectal cancer; we postulated that prompt
commencement of systemic treatment might reduce the rate of
distant recurrence. We therefore conducted a multicenter, single-
arm, pilot study to examine the efficacy and safety of
neoadjuvant oxaliplatin and capecitabine (XELOX) in patients
with locally advanced rectal cancer. This study was registered
with the University Hospital Medical Information Network
Center (UMIN) Clinical Trial Registry as UMIN000007087 (12).

Patients and Methods
This single-arm multi-institutional prospective study was performed
in accordance with the Declaration of Helsinki and the study
protocol was approved by the Institutional Review Boards of all
participating centers. Written, study-specific, informed consent was
obtained from all patients before enrollment in the study.

Patient characteristics. Inclusion criteria were as follows: (i) age
20-80 years; (ii) histologically confirmed rectal cancer that had been
proven by computed tomography (CT), magnetic resonance imaging
(MRI) or endorectal ultrasonography to be clinical stage II or III;
(iii) the inferior edge of the tumor was required to be located below
the peritoneal reflection, which is equivalent to 8-10 cm from the
anal verge (13); (iv) an Eastern Cooperative Oncology Group
(ECOG) performance status of 1 or less; (v) no prior chemotherapy
or radiotherapy for rectal cancer, and (vi) adequate hematological,
hepatic, and renal function. Patients with rectal cancer with lateral
pelvic node involvement or cancer cell-containing ascites were
excluded, as were pregnant or breast-feeding women and men
attempting to conceive a child; patients with active infectious
disease, uncontrolled diabetes, peripheral neuropathy, serious lung
disease, simultaneous and metachronous malignancy (within 5
years) or double colorectal cancer (except for mucosal and
intraepithelial carcinoma).

Treatment methods. The trial neoadjuvant chemotherapy consisted
of three cycles of oxaliplatin 130 mg/m2 on day 1 followed by
capecitabine at 1000 mg/m2 twice daily on days 1-14, given every
21 days. Modifying the dosage of chemotherapy was permitted for

peripheral neuropathy and other non-hematological toxicity, as well
as for adverse hematological effects. Inter-cycle delays of up to 21
days were allowed for recovery from treatment toxicity. Tumor
progression was to be monitored by CT or MRI examinations or
both after the second and third cycles of chemotherapy. 

All patients were to undergo curative surgical resection within 2-
6 weeks of completing chemotherapy. Surgical procedures,
including lymph node dissection and rectal transection, were largely
to follow the Japanese Society for Cancer of the Colon and Rectum
(JSCCR) guidelines 2010 (8). The extent of lymph node dissection
and selection of permanent stoma or anastomosis for bowel
reconstruction were to be at the surgeon’s discretion. 

It was recommended, but not stipulated, that patients receive five
cycles of XELOX postoperatively, administered according to the
preoperative protocol. Follow-up according to JSCCR guidelines
2010 (8) was to be scheduled. Minor deviations from the protocol,
such as delayed surgery or attendance for follow-up, were noted
and recommendations for correcting them provided to the
participating centers.

Assessments and analysis. Rectal carcinoma was classified
according to the seventh American Joint Committee on Cancer
TNM staging system (14). Preoperative tumor assessments using
CT, MRI with/without endorectal ultrasonography were performed
before commencing neoadjuvant therapy and after the second and
third cycles of chemotherapy. The site of the peritoneal reflection
and the main tumor location were defined with a lower
gastrointestinal series (lower GI) or on sagittal MRI. Tumors that
were mainly located above the peritoneal reflection were defined as
upper rectal (Ra) and those mainly below it as lower rectal cancer.
T Staging was assigned based on interpretation of images showing
the extent of the primary tumor; tumors that were adherent to or
encroaching on the neighboring organs or the mesorectal fascia were
classified as T4b. Regarding N staging, lymph nodes in the
perirectal fat, adipose tissue around the superior rectal and inferior
mesenteric arteries away from the marginal artery and lateral pelvic
side wall spaces were evaluated. Given that accurate preoperative
diagnosis of nodal status is not possible with currently available
modalities (15), any nodes measuring ≥10 mm in long-axis diameter
(LAD) or ≥6 mm in short-axis diameter were classified as
malignant. Primary tumor response was assessed by physicians
based on their comprehensive interpretation of CT, MRI, lower GI
or rectoscopy findings and reported according to the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines (16). The
LADs of tumors were measured on lower GI series before and after
chemotherapy where possible and the change in tumor size
calculated as follows: LAD before chemotherapy – LAD after
chemotherapy÷LAD before chemotherapy × 100 (%).

The resected rectal specimens were subjected to standard
pathologicI analysis by a pathologist at each institution. The degree
of tumor regression (grade 0-3) following neoadjuvant XELOX was
determined by quantifying the proportion of residual cancer cells in
the entire tumor bed as defined by the JSCCR grading system (17).
Grade 3 (complete pathological remission) or grade 2 (tumor cell
necrosis and degeneration in more than two-thirds of the lesion)
were considered major pathological responses.

The thresholds for analysis and safety were defined as receiving at
least two and one cycle of chemotherapy, respectively. This trial aimed
to determine the efficacy of neoadjuvant XELOX for locally advanced
rectal cancer according to the R0 resection rate. R0 resection was
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characterized as no evidence of tumor cells within 1 mm of the distal,
proximal, or radial margins on pathological examination, whereas R1
and R2 resection were defined as microscopic and macroscopic
evidence of residual tumor, respectively (17). Patients were also
evaluated for adverse events of chemotherapeutic toxicity and surgical
morbidity within 28 days of surgery. Adverse events were graded
according to National Cancer Institute Common Toxicity Criteria for
Adverse Events (CTEAE, version 4) (18). The rates of major
pathological response, downstaging, sphincter-preserving surgery and
adjuvant chemotherapy were also evaluated. Statistical analyses were
performed with JMP 11.0.2a software (SAS Institute, Cary, NC, USA). 

Results

Thirty-one patients were enrolled between February 2012
and August 2014. Two patients who refused neoadjuvant
XELOX after consenting to enrollment in this study were
excluded and immediately underwent surgery according to
the protocol. The baseline clinicopathological characteristics
of the remaining 29 patients are summarized in Table I. Their
median age was 64 years (range=45-76 years), 24 (83%)
were men and the median body mass index was 22.5 kg/m2

(range=16.7-29.1 kg/m2). All participants had an ECOG
performance status of 0 and 23 (79%) had an age-matched
Charlson Comorbidity Index (19) of 2 or more. Most tumors
(83%) were primarily located in the lower rectum. One
patient (3%) was assessed clinically as having a T2 tumor,
23 (79%) T3, four (14%) T4a, and one (3%) a T4b tumor
with presumed invasion of the prostate. Eighteen patients
(62%) were assessed as node-positive. Thus, 11 participants
had cStage IIA, one cStage IIIA, 14 cStage IIIB, and three
cStage IIIC disease. The median serum carcinoembryonic
antigen concentration for all patients was 7.5 ng/ml (range:
1.9-190.8 ng/ml).

One out of these 29 patients did not complete neoadjuvant
treatment because they refused further chemotherapy after two
cycles; the remaining 28 (97%) completed three cycles of
neoadjuvant XELOX. Among these 29 patients, the relative
dose intensity (actual dose ÷ planned dose ×100%) of
oxaliplatin was 100% in 24, 92% in two, 85% in two, and
67% in one patient, whereas the relative dose intensity of
capecitabine was 100% in 22, 86% in one, 82% in one, 76%
in two, 67% in two, and 62% in one. Table II summarizes the
frequency of adverse events during neoadjuvant therapy. Grade
3-4 toxicity was observed in 10 out of 29 patients (34%); there
was no treatment-related mortality. Based on radiological
assessment, one patient (3%) had a clinical complete response,
22 (76%) partial responses, and six (21%) stable disease. No
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Table I. Baseline clinicopathological characteristics of study
participants.

Gender Male 24 (83%)
Female 5 (17%)

Age (years) Median 64
Range 45-76

BMI (kg/m2) Median 22.5
Range 16.7-29.1

ECOG performance status 0 29 (100%)
1 0

Age-matched CCI <2 6 (21%)
≥2 23 (79%)

Main tumor location Ra 5 (17%)
Rb 24 (83%)

cT stage T2 1 (3%)
T3 23 (79%)
T4a 4 (14%)
T4b 1 (3%)

cN stage N0 11 (38%)
N1a 4 (14%)
N1b 5 (17%)
N2a 2 (21%)
N2b 3 (10%)

cStage IIA 11 (38%)
IIIA 1 (3%)
IIIB 14 (48%)
IIIC 3 (10%)

CEA concentration (ng/ml) Median 7.5
Range 1.9-190.8

BMI, Body mass index; CCI, age-matched Charlson Comorbidity Index;
CEA, carcinoembryonic antigen; Ra, tumor center located above the
peritoneal reflection, Rb, tumor center located below the peritoneal
reflection.

Table II. Adverse events according to Common Terminology Criteria for
Adverse Events, version 4, in 29 patients treated with neoadjuvant
capecitabine and oxaliplatin.

All grades, Grade 3/4, 
n (%) n (%)

Hematological
Neutropenia 9 (31) 0
Anemia 20 (69) 0
Thrombocytopenia 9 (31) 4 (14)

Non-hematological
Nausea 11 (38) 2 (7)
Vomiting 2 (7) 2 (7)
Diarrhea 7 (24) 1 (3)
Anorexia 16 (55) 5 (17)
Mucositis 7 (24) 2 (7)
Peripheral neuropathy 21 (72) 0
Hand−foot syndrome 8 (28) 0
Dysgeusia 1 (3) 0
Fatigue 3 (10) 0
Constipation 1 (3) 0
Aspartate aminotransferase increase 17 (59) 0
Alanine aminotransferase increase 14 (48) 0
Creatinine increase 1 (3) 0
Hyponatremia 1 (3) 1 (3)
Acute appendicitis 1 (3) 1 (3)

Total 28 (97) 9 (31)



tumor progression during adjuvant treatment was identified in
any patient by repeated CT or MRI. All patients underwent
macroscopically radical resection of their tumors, surgery
being performed after the stipulated period in two patients for
social reasons. Three patients (10.3%) underwent
abdominoperineal resection, whereas 26 (89.7%) underwent
sphincter-preserving surgery, including six intersphincteric
resections and 20 low anterior resections. Lateral pelvic lymph
node dissection (LPLD) was performed in 26 patients and
diverting ileostomies were created in 12 (46.2%) out of 26
patients who underwent sphincter-preserving operations. There
was no perioperative mortality; however, four of these 26
patients (15.4%) developed anastomotic leakage and three
underwent re-operation, two of whom developed sepsis and
peritonitis. The surgical outcomes and postoperative morbidity
are listed in Table III. 

A summary of results is presented in Table IV. Twenty-eight
(96.5%) out of 29 patients underwent an R0 resection, whereas
one patient was found to have tumor cells in the circumferential
resection margin (R1 resection). Three out of 29 patients
(10.3%) had a pathologicaI CR (regression grade 3), one of

which had been assessed as a clinical complete response and
two as clinical partial responses. The rate of a major
pathological response (grades 2 or 3) was 34.5%. A T status
downstaging was achieved in 34.5% of the 29 patients and an
N status downstaging in 44.8%. Of 18 patients with clinical
nodal involvement on initial assessment, seven (38.9%) were
found to have no pathologically positive nodes. Altogether,
TNM downstages occurred in 13 of 29 patients (44.8%). In the
14 patients in whom the LAD of the tumor was measurable
before and after surgery on lower GI examinations, the mean
decrease in tumor size was 36.3%. Twenty-four patients
(82.8%) underwent postoperative adjuvant chemotherapy
(primarily with XELOX) and half of them (12 patients)
completed the proposed five cycles of these agents. 

Discussion 

Before the NCRT era, the circumferential resection margin
(CRM) was histologically involved by tumor cells in more
than 25% of rectal cancer resections: patient outcomes,
including both disease-free survival and local recurrence rate,
are correlated with the completeness of mesorectal excision
(20). Thus, we decided to assess the efficacy of neoadjuvant
XELOX, using R0 resection rate as the primary end-point.
According to the One Arm Binomial program [Southwest
Oncology Groups; (21)], the minimum sample size for our
trial needed to be set at 28 patients based on a minimum R0
resection rate of 80% (22, 23) with a one-sided alpha level of
5% and power of 80%; if the R0 resection rate after
neoadjuvant treatment was more than 95%, the protocol
therapy would be judged effective. As expected, the R0
resection rate of 96.5% of our pilot study fulfilled this
condition. However, according to the National Registry of
patients with rectal cancer in Japan, the R0 resection rate
was 95.5% for those with stage II, 89.0% for stage IIIa, and
74.7% for stage IIIb in fiscal years 1995-1998. (8). Thus, our
rate did not significantly surpass these rates; however, the
analyzed patients in our study included 31% with stage IIIa
or stage IIIb rectal cancer.
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Table III. Clinical response and surgical outcome after treatment with
neoadjuvant capecitabine and oxaliplatin.

n % 

Clinical responsea

Complete response 1 3.4
Partial response 22 75.9
Stable disease 6 20.7

Macroscopic radical resection 29 100.0
Surgical procedure

LAR 20 69.0
ISR 6 20.7
APR 3 10.3

Lateral pelvic lymph node dissection
Done 26 89.7
Not done 3 10.3

Diverting ileostomy
Createdb 12 46.2

Postsurgical complications
Total 15 51.7
Leakc 4 15.4
Sepsis 2 6.9
Wound infection 1 3.4
Pneumonia 1 3.4
Bowel obstruction 1 3.4
Urinary retention 6 20.1
Seroma/lymphorrhea 2 6.9

APR, Abdominoperineal resection; ISR, intersphincteric resection;
LAR, low anterior resection. aAccording to Response Evaluation
Criteria in Solid Tumors guidelines (16). bAny grade according to
Common Terminology Criteria for Adverse Events, version 4 (18). cOf
patients who underwent sphincter-preserving surgery.

Table IV. Summary of results for the 29 patients analyzed.

No % 95% CI (%)

R0 resection 28 96.5 82.8-99.4
Pathological response

Complete response (grade 3) 3 10.3 3.6-26.4
Major response (grade 2 or 3) 10 34.5 19.9-52.7

Downstaged 13 44.8 28.4-62.4
Sphincter-saving surgery 26 89.7 74-96
Adjuvant chemotherapy 24 82.8 65.5-92.4

CI: Confidence interval.



R0 resection implies a cancer-free CRM, that is reportedly
important for rectal cancer management, not only regarding
prediction of prognosis, but also as an immediate end-point
in neoadjuvant studies for evaluation of multidisciplinary
treatment (24). Because direct tumor invasion, lymph node
metastasis and discontinuous tumor spread such as
lymphovascular invasion can all cause positive CRMs
resulting in R1-2 resection and TNM stage is obviously
correlated with CRM positivity (24), tumor shrinkage and
downstaging are highly significant when assessing
neoadjuvant treatment. In this study, most patients were male
(83%) and most tumors were T3 (79%) and located primarily
in the lower rectum (83%), where technical difficulties
regarding surgical access possibly increase the risk of
positive CRMs (25). The decrease in mean LAD by 36.3%
and the percentage of TNM downstaging of 44.8% in our
study are similar to findings of previous studies of NCRT for
patients with advanced rectal cancer (26, 27). The resected
specimen from one of the male patients with cT3cN2a tumor
who underwent low anterior resection was found to be
histologically CRM-positive without evidence of
downstaging; he had been assessed radiologically as
achieving a partial response after three cycles of XELOX.

As for surgical procedures, our high rates of sphincter-
preserving surgery and LPLD are notable. Achieving a 90%
rate of sphincter-saving procedures for lower rectal cancer is
excellent compared to a previous prospective NCRT study in
which 70% of patients with locally advanced rectal cancer
and similar T4 and node-positive fractions as in our study
underwent sphincter-saving procedures (28). Although we
did exclude patients with detectable lateral pelvic node
involvement from this study, most surgeons performed LPLD
in accordance with the JSCCR guidelines (8). No metastatic
nodes were found in the lateral pelvis in any of the patients
who underwent LPLD; thus, omitting LPLD might be
possible for patients in whom no lateral pelvic lymph node
metastases were detected according to our criteria prior to
commencing neoadjuvant chemotherapy. Such an approach
has reportedly been proposed for patients with locally
advanced lower rectal cancer treated with NCRT (29). Thus,
neoadjuvant XELOX did not hamper LPLD but facilitated
sphincter-saving surgery in patients with stage II/III lower
rectal cancer without jeopardizing their CRM status.

Because the positivity and number of malignant lymph
nodes is the fundamental issue when selecting treatment
strategies for advanced rectal cancer, as well as when
assessing the efficacy of neoadjuvant therapy, the initial
assessment of lymph node status is important. We used a
short-axis diameter of 6 mm or a LAD of 10 mm as our
criteria for metastatic involvement of lymph nodes. This is
larger than the 5 mm LAD that is often employed for MRI-
based assessment (15), but smaller than the 10 mm that was
specified in a large prospective randomized study of rectal

cancer treatment (30). Given that only 17.7% of more than
650 lymph nodes greater than 5 mm in LAD resected during
surgery for rectal cancer were shown to contain metastases
on pathological assessment (31), our criteria are appropriate
and minimize overdiagnosis of malignant nodes, which would
result in false-positive responses to neoadjuvant therapy.

We trialed XELOX, which is now one of the favored
standard combinations for adjuvant therapy and for treating
advanced colorectal cancer. Treatment-related mortality and
severe morbidity resulting in discontinuation of therapy have
been reported during neoadjuvant therapy with bevacizumab
(32, 33); this agent is also associated with delayed wound
healing and anastomotic complications. Given the high rate
of gastrointestinal perforation associated with bevacizumab
treatment, especially in patients with colorectal cancer (34),
the negative results of a large trial of adjuvant bevacizumab
in colonic cancer (35), and the contradictory effect on the
response rate of augmenting oxaliplatin-based chemotherapy
with bevacizumab (36), we chose not to incorporate
bevacizumab into our regimen in this trial. There is currently
no consensus on the optimal length of neoadjuvant systemic
chemotherapy for advanced rectal cancer. There were fewer
delivered cycles of neoadjuvant XELOX in this study than
in other reported studies (11, 32, 33) and thus potential
limitations, including the possibility of less tumor shrinkage
and lower response rates. However, responses to XELOX are
reportedly achieved a median of 2.5 months after
commencement of this regimen (37); thus, the 11 or more
weeks from beginning XELOX to undergoing surgery
specified by our protocol is adequate. Administering fewer
cycles has the advantages of minimizing both tumor
progression in patients in whom neoadjuvant treatment is
ineffective and severe adverse effects that could delay
surgery or result in lower compliance with adjuvant
chemotherapy.

All but one participant received the prescribed three cycles
of XELOX, although 31% of patients experienced one or
more grade 3-4 adverse events. The profiles of adverse
events in our patients are consistent with the findings of two
previous studies using XELOX plus bevacizumab in which
intestinal perforation or penetration was identified in one
patient in each study (32, 33). Although a 74-year-old female
patient refused the third cycle of XELOX after recovery from
grade 3 nausea and anorexia, no other severe adverse events
led to cessation of protocol treatment. The agents were well
tolerated for virtually the required duration; however, the
incidence of grade 3-4 thrombocytopenia was higher in this
study compared to other studies (32, 33). Regarding
postoperative complications, the rate of anastomotic leakage
was almost the same as in a large multicenter prospective
study that assessed the efficacy of diverting stoma on
symptomatic leakage (38); however, two patients without
diverting stoma developed septic complications in our study.
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Although there is still the possibility of a relationship
between neoadjuvant XELOX and severe postsurgical
complication, we consider that the interval between
completion of neoadjuvant XELOX and surgery was
adequate; preoperative laboratory data were assessed as
satisfactory for surgical resection in all patients.

In conclusion, neoadjuvant XELOX for locally advanced
lower rectal cancer was feasible and safe in this pilot study.
While the studied patients did not all have poor-risk rectal
cancer, the achievement of a high proportion of R0 resection
indicates the chemotherapy was beneficial. Because there are
currently no prospective data for predicting the survival
advantage of neoadjuvant therapy in these patients, the actual
efficacy awaits analysis of long-term follow-up data.
Although our study was a prospective multi-institutional
study, there were too few patients to draw any confident
conclusions; therefore, a larger stratified prospective study is
warranted. Furthermore, standardized preoperative therapy
for patients with advanced rectal cancer potentially risks
overtreatment of patients with favorable characteristics.
Thus, criteria for selecting candidates for neoadjuvant
therapy must be established for patients with locally
advanced rectal cancer.
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