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Abstract

Purpose The aim of this study was to investigate the efficacy
and safety of neoadjuvant cetuximab, capecitabine, and radio-
therapy for patients with locally advanced rectal cancer.
Methods Sixty-three eligible patients were selectively
enrolled in this study. Neoadjuvant treatment consisted of
cetuximab and capecitabine for 6 weeks and radiotherapy
for 5 weeks. Surgical resection was performed 6—8 weeks
after the completion of neoadjuvant treatment. KRAS
mutation statuses were analyzed retrospectively after the
cetuximab treatment. All the patients underwent a standard-
ized postoperative follow-up for at least 3 years.

Results A pathological complete response (pCR) was
achieved in eight patients (12.7%). Overall down-staging
was found in 49 patients (77.8%). The 3-year disease-free
survival (DFS) rate and overall survival (OS) rate was 76.2 %
and 81.0%, respectively. The most common adverse events
during neoadjuvant treatment were acneiform skin rash
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(82.5%), radiodermatitis (46.0%), and diarrhea (36.5%).
KRAS mutations were detected in 19 of 63 (31.2%) tumors.
The down-staging rate in patients with KRAS wild-type
(WT) was significantly higher than patients with KRAS
mutation (P=0.020). There was no significant difference in
the pCR rate, 3-year DFS rate or 3-year OS rate between
KRAS WT patients and KRAS-mutated patients.

Conclusion Neoadjuvant treatment with cetuximab and
capecitabine-based chemoradiotherapy is safe and well tol-
erated. The pCR rate, 3-year DFS rate and OS rate are not
superior to the rate of neoadjuvant chemoradiotherapy using
two or more cytotoxic agents. The KRAS WT is highly
associated with tumor down-staging to cetuximab plus
capecitabine-based CRT in patients with LARC.

Keywords Rectal cancer - Neoadjuvant chemotherapy -
Cetuximab - Capecitabine - KRAS

Introduction

Rectal cancer persists as a significant worldwide problem
[1].The crude incidence of rectal cancer was 11.72 per
100,000 population in China reported by national office of
China for cancer prevention and control [2]. Overall mor-
tality at 5 years is about 40%. Rectal cancer is commonly
diagnosed at a precocious stage, but because of local recur-
rence and distant metastasis, only half of radically resected
patients can be considered disease-free [3, 4].The use of a
multidisciplinary approach, which integrates surgery, che-
motherapy and radiotherapy, has become of increasing im-
portance in rectal cancer. 5-fluorouracil (5-FU)-based
chemoradiotherapy (CRT) followed by total mesorectal ex-
cision has become the standard of care for patients with
locally advanced rectal cancer (LARC), especially in tumors
of the lower and middle rectum [5, 6]. In previous studies,
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preoperative 5-FU-based CRT has been shown to improve
pathologic complete response (pCR), tumor down-staging
[7] and locoregional control [8, 9] in patients with LARC.
Although continuous infusion 5-FU has a biologic advan-
tage of prolonging 5-FU exposure to tumor cells and im-
proving antitumor activity, there are potential problems
associated with central venous catheters, such as infection
and deep vein thrombosis [10].

Capecitabine, an oral fluoropyrimidine carbamate, pro-
vides a more convenient alternative to 5-FU continuous infu-
sion. Several retrospective and prospective trials suggested
that preoperative capecitabine had been at least equivalent to
infusional 5-FU when combined with radiotherapy, and may
improve tumor down-staging [11—15]. It has been reported in
recent phase II clinical trials that preoperative capecitabine-
based CRT achieves encouraging down-staging and sphincter
preservation while exhibiting a low toxicity profile; medium-
or long-term survival data were not assessed [11-15]. Survival
results of infusional 5-FU and preoperative radiation have
been reported in previous randomized phase III trials. The
addition of infusional 5-FU to preoperative radiation did not
extend disease-free survival (DFS) or overall survival (OS)
compared to radiotherapy alone, although the pCR rate in-
creased and local control rate exhibited improvement [7-9].
Novel chemotherapeutic agents used in combination with
capecitabine are currently under investigation in order to
improve the DFS and OS of patients with rectal cancer;
cetuximab is one of these agents.

Cetuximab is a recombinant human/mouse chimeric epi-
dermal growth factor receptor (EGFR) monoclonal antibody.
In a phase 111 study, it was reported that cetuximab in combi-
nation with radical radiotherapy significantly improved over-
all survival compared to radiation alone in patients with
locally advanced head and neck cancer [8]. Moreover, cetux-
imab has demonstrated considerable activity both as a mono-
therapy and in combination with chemotherapy in the
treatment of colorectal cancer [16, 17]. In retrospective anal-
yses, patients with EGFR expressing rectal cancer undergoing
neoadjuvant radiation therapy had a significantly inferior DFS
and lower pCR [18]. Based on the positive data in LARC and
synergy with radiation therapy, there is a strong rationale to
combine cetuximab with neoadjuvant CRT in rectal cancer.

In this study, we investigated the efficacy and toxicity of
cetuximab in combination with capecitabine-based CRT in the
neoadjuvant treatment of patients with resectable rectal cancer.

Material and methods
Study design

This was an open-label, prospective phase II trial and the
protocol was reviewed and approved by the local institutional
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review board. This study was performed according to the
Declaration of Helsinki. All of the patients enrolled in this
study provided written informed consent. The primary end-
point was the pCR rate. The secondary outcomes were the
overall down-staging rate, toxicity, 3 year OS, DFS, and local
control rate. The KRAS gene types were analyzed retrospec-
tively after the treatment of cetuximab.

Eligibility criteria

Patients were eligible if they presented with histologically
confirmed stage T3 or resectable (surgery deemed to
achieve a RO or R1 resection) T4 rectal adenocarcinoma
and with no evidence of distant metastases. The patients
were a minimum of 18 years of age with a World Health
Organization (WHO) performance status <2. Exclusion
criteria included a history of prior chemotherapy, pelvic
radiotherapy, known hypersensitivity to capecitabine or
cetuximab, active infectious disease, active cancer of another
type, and pregnancy.

Examination and treatment

Prior to study initiation, all eligible patients underwent a
complete medical history, a physical examination, recto-
scopy biopsy for the confirmation of adenocarcinoma, colo-
noscopy, endoscopic ultrasound, digital rectal examination,
abdominal-pelvis computed tomography scan, magnetic res-
onance imaging, chest X-ray, liver ultrasound, and measure-
ment of tumor serum markers CEA and Ca 19-9, complete
blood cell counts, blood electrolytes, serum creatinine and
urea, blood glucose, calcium, liver AST, alkaline phospha-
tase, total bilirubin, prothrombin time, partial thromboplas-
tin time, fibrinogen, and cardiological evaluation with ECG.

A summary of the study treatment schema is shown in
Fig. 1. Patients received 400 mg/m? cetuximab as a loading
dose in the first week, followed by 250 mg/m* weekly in
conjunction with radiotherapy. Capecitabine was taken orally
1,250 mg/m?” twice daily as a loading dose in the first week,
and 850 mg/m” twice daily for the duration of radiotherapy.
Capecitabine was taken within 30 min after breakfast and
dinner 12 h apart. Cetuximab infusion was conducted 2 h
prior to radiotherapy. The doses of capecitabine and cetuxi-
mab that we administered were in accordance with the recom-
mendations from previous phase I dose tolerance studies
[19-21]. Radiation of 45 Gy was delivered in 25 fractions
with a linear accelerator (energy range 6—18 MV), at 1.8 Gy
per day, 5 day per week in accordance with the protocol of the
European Organization for Research and Treatment of Cancer
(EORTC) 22921 trial.

During the course of treatment, clinical evaluation and
complete blood count were performed weekly. Toxicities were
graded using the WHO common criteria. Dose modification



Int J Colorectal Dis (2012) 27:1325-1332 1327

Fig. 1 Study protocol

Pretreatment evaluation:
Rectoscopy and biopsy, endoscopic ultrasonography, abdominal-pelvis CT, MRI, blood test, X

ray of chest, liver ultrasound, assessment of resectability by surgeon

.

63 eligible patients enrolled

v

Week 1 2 3 4 5 6
CapeCitabine N NN NN BN BN BN BN BN BN BN N N BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN B B
1250mg/m?2 825mg/m? twice daily
Cetuximab oo ° ° ° ° °
400 mg/m2 250 mg/m2 weekly
Radiotherapy EEEE HEEER EEEE EEEE HEEER
1.8Gy per day, 5 d per week
Operation

-

Postoperative chemotherapy

:

3-year follow up:
Digital rectal examination, complete blood count, liver function test, and serum
carcinoembryonic antigen test every 3 months for the first postoperative year, every 6 mo. CT

scanning from the chest to the pelvis, and colonoscopy performed every 6 months in the first

year and annually thereafter.

was determined in accordance with the greatest toxicity. Re-
evaluation of the primary tumor was performed with pelvic
MRI and endoscopic ultrasound. The re-evaluation and the
assessment of tumor response were defined using the Re-
sponse Evaluation Criteria in Solid Tumors criteria.

All patients underwent surgical excision within 68 weeks
after completion of neoadjuvant therapy. The decision regard-
ing temporary stoma during surgery was left to the surgeon’s
discretion. Administration of adjuvant chemotherapy was left to
the treating physician’s discretion. The recommended standard
surgical procedure was rectal surgery with total mesorectal
excision. Postoperative, pathological evaluation of the surgical
specimens was performed. Pathological complete response was
defined as the complete disappearance of all tumor cells.

DNA extraction and mutation analysis

We searched for KRAS point mutations in codons 12 and
13. DNA was extracted from paraffin-embedded tumor tissue

samples using QIAmp DNA Mini Kit (Qiagen, Shanghai,
China), after a histologic control of the presence of tumor cells
(>70%) in each tumor sample by haematoxylin—eosin-stained
coloration. The sequences of primers used for KRAS analysis
were identical to those used in a previous study [22]. Sequenc-
ing reactions were run on the ABI PRISM-310 Genetic Ana-
lyser (Applied Biosystems, Peking, China). Sense and
antisense strands were analyzed with the Sequence Navigator
Software (Applied Biosystems, Peking, China).

Follow-up and evaluation

Patients underwent standardized postoperative follow-up for
a median period of 39 months (range, 37-44 months) in-
volving physical examination including a digital rectal ex-
amination, complete blood count, liver function test, and
serum carcinoembryonic antigen test every 3 months for the
first postoperative year and every 6 months thereafter. CT
scanning from the chest to the pelvis and colonoscopy were
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performed every 6 months during the first year and annually
thereafter. Relapse was diagnosed pathologically by surgical
resection, biopsy, cytology, and/or radiologic findings dem-
onstrating an increase in tumor size over time. Local recur-
rence was defined as evidence of tumor within the pelvic or
perineal area or at the site of anastomosis. Distant metastasis
was defined as any relapse outside of the pelvic cavity. OS
was defined as the time from study entry to death from any
cause. DFS was defined as the time from randomization to
local, regional, or distant treatment failure; other second
primary cancer; or death without evidence of rectal or second
primary cancer.

Statistical analysis

At the time of the study design, the pCR rate for neoadju-
vant capecitabine-based CRT in LARC ranged from 4 to 31%
reported by previous phase II/II trials [3, 11, 15]. This study
aimed to evaluate whether 18% pCR could be achieved
using this treatment approach. Setting 4% as the lowest
pCR rate of interest, and with an alpha error of 5% and a
power of 80%, we determined that at least 60 evaluable
patients were needed for this evaluation. Differences in pCR
rates, down-staging rates and 3-year local control rates
between patients with and without KRAS mutations were
evaluated by means of a two-sided Fisher’s exact test. A P
value equal or <0.05 was considered to indicate statistical
significance. The DFS and OS analyses of all the patients
were determined according to the Kaplan—-Meier method
and survival curves were compared using the log-rank test
between patients with and without KRAS mutations. Statis-
tical analysis was performed using the SPSS statistical soft-
ware package, version 16.

Results
Patient characteristics

Between September 2007 and March 2008, 63 patients
with T3 or T4 and NO-2 rectal cancer were selectively
enrolled in this study. A summary of patient demographic
characteristics and tumor status is shown in Table 1. This
study included 24 women and 39 men. The median age
was 64 years (SD=6.0 range=50-77 years). The most
frequent tumor stage was T3N1-2 as evaluated by endo-
scopic ultrasound and MRI. TNM staging at baseline
was: T3NO, 12.7% (8/63); T3NI1, 33.3% (21/63);
T3N2, 41.2% (26/63); T4NO, 3.2% (2/63); T4N1, 3.2%
(2/63) and T4N2 6.3% (4/63). The median tumor size
was 28 (range 8—45)mm. All tumors were mid- or low
rectal cancer, with a median distance from anal verge of
5 (range 1-9)cm.
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Table 1 Patient characteristics (n=63)

Characteristics Number of patients

Median age (years) 64 (range 50-77)

Gender

Male 39
Female 24
WHO performance status

0 48
1 15
Clinical stage

T3NO 8
T3N1 21
T3N2 26
T4NO 2
T4N1 2
T4N2 4

Median tumor size (mm) 28 (range 8-45)

Median distance from anal verge (cm) 5 (range 1-9)

Location
Middle rectum 17
Lower rectum 46

Type of surgery

Anterior resection 15
Low anterior resection 29
Abdominoperineal resection 19

Toxicities of neoadjuvant therapy and surgery

A summary of the toxicities that occurred during neoadjuvant
treatment is presented in Table 2. In total, the most common
adverse events during neoadjuvant treatment were acneiform
skin rash (82.5%, 52/63), radiodermatitis (46.0%, 29/63), and
diarrhea (36.5%, 23/63). The most frequent grade 1-2 toxicity
was acneiform skin rash (76.2%, 48/63). The most frequent
grade 3 side-effect was radiodermatitis (15.9%, 10/63). No
grade 4 toxicity was observed. Cetuximab was suspended for
one week in four patients due to grade 3 acneiform rash, and
treatment subsequently continued with a dose of 200 mg/m>.
Grade 3 diarrhea was seen in four patients. After fluid infusion
and treatment with loperamide the symptoms of diarrhea sub-
sided. All patients completed the 5 weeks of neoadjuvant ther-
apy of cetuximab, capecitabine, and radiotherapy. Postoperative
complications occurred in ten patients, including four patients
with anastomotic leakage and six patients with wound infection.

Efficacy

In this study, pCR was observed in eight patients. The pCR
rate was 12.7%. Overall down-staging was found in 49
patients (77.8%) as shown in Table 3. T level and N level
down-staging were found in 35 (55.6%) and 39 (61.9%)
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Table 2 Adverse events during neoadjuvant systemic treatment (n=63)

Toxicity Grade 1 (n) Grade 2 (n)  Grade 3(n)
Blood

Leukocytopenia 6 3

Anemia 2
Gastrointestinal

Anorexia 2 6

Diarrhea 10 9 4
Nausea/vomiting 2

Fatigue 2 4
Metabolic/laboratory

Hepatotoxicity 7 4
Hypoalbuminemia 4

Hypokalemia 2

Dermatology

Acneiform rash 38 10 4
Radiodermatitis 8 11 10
Hand and foot syndrome 8 4

Dry skin 15 6 2
Others

Infection 2 3 2
Cystitis

patients, respectively. Surgical excisions were performed in
all patients within 6—8 weeks after completion of neoadju-
vant therapy. The anterior resection, low anterior resection,
and abdominoperineal resection were performed in 15, 29,
and 19 patients, respectively. The total sphincter preserva-
tion rate was 73.0% (46/63). The median follow-up period
for all enrolled patients was 39 months (range, 37—
43 months). No patient was lost to follow-up. Recurrence
occurred in ten patients, including pelvic relapse in four
patients and distant metastases in six patients. The 3-year
local control rate was 79.2% (95% CI: 0.692-0.892). DFS
rate was 76.2% (95% CI: 0.656-0.867; Fig. 2). Two
patients with pelvic relapse were treated with local excision
followed by chemotherapy and radiation; the other two

1.0

0.8

0.6

044

Disease-Free Survival

0.29

0.07

1 T T 1 T 1
0.00 10.00 20.00 30.00 40.00 50.00

Months after registration

Fig. 2 Disease-free survival (n=63)

patients subsequently underwent abdominoperineal resection.
Patients with distant metastases composed of five patients
exhibiting liver metastasis and one patient exhibiting lung
metastasis. Patients with distant metastases were treated with
salvage surgery followed by chemotherapy. As of May 2011,
12 patients (19.0%) of the entire study population have died.
Seven (11.1%) died of rectal cancer, one patient (1.6%) died
of a second primary cancer and the remaining four patients of
other causes (6.3%). The 3-year overall survival rate was
81.0% (95% CI: 71.3-90.6) (Fig. 3).

KRAS analysis

KRAS mutations were detected in 19 of 63 (31.2%) tumors.
The tumor response and survival data of patients with and
without KRAS mutation were listed in Table 4. In pCR patients,
KRAS mutation and KRAS wild-type (WT) were present in
two (25%) and six (75%) cases, respectively. pCR rate in
patients with KRAS WT (6/44, 13.6%) patients were higher
than patients with KRAS mutation (2/19, 10.5%), but the
difference did not reach statistical significance (Fisher’s exact
test, P=1.000). In down-staging patients, KRAS mutation and

Table 3 Overall down-staging

by neoadjuvant therapy (n=63) Clinical stage Pathological stage Total
TONO TINO T2NO T3NO T4NO T3N1 T3N2
T3NO 4 4° 8
T3NI 2° 4° 7° 2° 4 2 21
T3N2 2° 4° 4° 10° 4 26
T4NO 2b 2
. T4N1 2b 2
il/[ metastéses, N node, T tumor TAND b )
Pathological complete response Total 3 3 17 14 ) 10 4 63

3’’Down-staging
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Fig. 3 Overall survival (n=63)

KRAS WT were present in 11 (57.9%) and 38 (86.4%), re-
spectively. The down-staging rate in patients with KRAS WT
(38/44, 86.4%) was significantly higher than patients with
KRAS mutation (11/19, 57.9%; Fisher’s exact test, P=0.020).

Survival analysis showed that the 3-year DFS in KRAS WT
patients was 76.7% (95% CI 64.16-89.24%) compared with
75.0%in KRAS-mutated patients (95% CI 55.99-94.01%;
log-rank, P=0.888). The 3-year OS in KRAS WT patients
was 81.4% (95% CI 69.84-92.96%) versus 80.0% in
KRAS-mutated patients (95% CI 62.56-97.44%), but the
difference did not reach statistical significance (log-rank,
P=0.870).

Discussion

Presently, neoadjuvant chemoradiation is widely accepted as
the standard of care for locally advanced rectal cancer with
5-FU or capecitabine as the single chemotherapeutic agent.
Cetuximab and capecitabine in combination with radiother-
apy serve as a novel neoadjuvant therapy strategy for rectal
cancer. In the present study, this neoadjuvant treatment

strategy led to a pCR rate of 12.7% and down-staging rate
of 77.8% in patients with LARC. This result is consistent
with a recent review of pooled data that demonstrated an
overall pCR of 9.1% for cetuximab-based CRT [23]. How-
ever, this pCR rate in the present study is still not superior to
the pCR rate of 13-32% reported in recent phase II trials of
neoadjuvant CRT that use two or more cytotoxic agents [18,
23-26]. Cell cycle effects seem crucial to achieve these
results, because cetuximab can lead to up-regulation of the
cyclin-dependent kinase inhibitor p27 and induce the arrest
of the cell cycles in the G1 phase. If only a small proportion
of cells within the tumor are affected by CRT, this decrease
in proliferation could impact on the chance of achieving a
pCR [23]. Several mechanisms may also contribute to the
apparently subadditive interaction between RCT and cetux-
imab, including the redundancy of EGFR pathways and
sequence dependencies [26, 27].

In the present study, the 3-year local control rate was
79.2% (50/63). The 3-year DFS and 3-year OS were 76.2%
and 81.0%, respectively. To the authors’ knowledge, there
were no phase III or phase II trials to confirm the survival
results with a similar protocol. The present study provides
the first survival data of neoadjuvant treatment consisted of
cetuximab and capecitabine-based CRT for patients with
LARC. Some phase II studies of neoadjuvant capecitabine-
based CRT, or capecitabine-based CRT with irinotecan or
oxaliplatin that have been conducted reported 3-year DFS
and OS of 60-83% and 68-90%, respectively [9, 28, 29].
All of these studies were phase 11 studies with 21 to 31 patients
enrolled [9, 28, 29]. To assess the value of EGFR-targeted
agents in this setting, future randomized, controlled trials with
lager sample size are warranted.

The safety profiles of capecitabine and cetuximab were
favorable. The treatment-related toxicity was manageable in
most patients. The most common adverse events included
acneiform skin rash (82.5%, 52/63), radiodermatitis
(46.0%, 29/63), and diarrhea (36.5%, 23/63). The doses of
cetuximab and capecitabine were selected in accordance
with the results of previous dose-finding studies [28, 30,
31]. Dunst et al. identified the maximum tolerated dose of

Table 4 Tumor response and survival data of patients with and without KRAS mutation (n=63)

Efficacy KRAS mutated (n=19) KRAS WT (n=44) KRAS mt (%) KRAS WT (%) p

pCR 2 6 10.53 13.64 1.000*
Down-staging rate 11 38 57.89 86.36 0.020*
3-year local control 18 41 94.74 93.18 1.000*
3-year DFS rate 16 37 75.00 76.70 0.888%*
3-year OS rate 15 36 80.00 81.40 0.870%**

*Differences in pCR rates, down-staging rates and 3-year local control rates between KRAS-mutated patients and KRAS WT patients were

evaluated by means of a two-sided Fisher’s exact test

**Survival data were compared using the log-rank test
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continuous capecitabine as 1,000 mg/m? twice daily [19]. The
recommended dose for phase II studies was capecitabine
825 mg/m?” twice daily every day plus standard radiotherapy
[19-21]. In this study, we used the dose of 825 mg/m>.
Recently, data from an increasing number of studies have
suggested that response to cetuximab is confined to patients
suffering from rectal cancer with KRAS WT [12, 29, 32].
The KRAS gene, as a predictive and prognostic factor, is
needed to identify the subpopulation of patients who truly
benefit from cetuximab [33-36]. In this study, we also found
that the down-staging rate of patients with KRAS WT was
significantly higher compared with the down-staging rate of
KRAS-mutated patients. However, we did not observe a
significant difference in pCR rate, DFS or OS between
patients with KRAS mutation and KRAS WT. This may
be due to the impact of capecitabine or surgical resection.
Furthermore, our sample size is not sufficiently large
enough to detect modest differences between patients with
KRAS mutation and KRAS WT. Future prospective studies
with lager sample size aimed to assess correlations between
KRAS status and neoadjuvant cetuximab in LARC patients
will therefore be necessary in order to extend these findings.

Conclusion

Neoadjuvant treatment with cetuximab and capecitabine-
based CRT is safe and well tolerated. The pCR rate
exhibited in this study is not superior to the pCR rate of
neoadjuvant CRT that use two or more cytotoxic agents.
The 3-year DFS and OS were similar to the previous 5-FU
based neoadjuvant CRT. KRAS WT is highly associated
with tumor down-staging to cetuximab plus capecitabine-
based CRT in patients with LARC.
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