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SOX plus Cetuximab Treatment for Wild-type K-RAS
Advanced and Recurrent Colorectal Cancer
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Abstract. Aim: This prospective study was designed to
evaluate the tolerability and the efficacy of bi-weekly SOX (S-
1 and oxaliplatin)+cetuximab as first-line chemotherapy for
wild-type K-RAS metastatic colorectal cancer. Patients and
Methods: We studied patients with previously untreated,
unresectable, advanced or recurrent colorectal cancer who
were treated in our hospital between October 2010 and March
2013. Their performance status (PS) was 0 to 1. Cetuximab
was combined with S-1 and oxaliplatin (SOX+cetuximab). S-
1 was given orally at a dose of 40 mg/m2 (40-60 mg,
calculated according to body surface area) twice daily after
meals for 2 weeks, followed by a 2-week rest (course 1).
Oxaliplatin (85 mg/m2 ) was given on days 1 and 15 of each
course. Cetuximab was administered on days 1 (400 mg/m2 ),
8 (250 mg/mz) and 15 (500 mg/mz) of course 1, followed by
every 2 weeks (500 mg/mz) thereafter. Results: The study
group comprised of 18 patients. The mean age was 61
(range=32-72) years, the male:female ratio was 10:8 and the
PS was 0 in 12 patients and 1 in 6 patients. The median
number of administered courses was 6 (range=2-12). The
treatment response was complete response (CR) in 2 and
partial response (PR) in 10 (response rate=67% (12/18
patients)). The minimum number of treatment courses until a
PR was 2, indicating an early response. Liver resection was
performed in 4 patients (22.2%). The incidence of any adverse
events (Grade 3/4) was 28% (5/18), including skin disorder
(16.7%) as dry skin, cutaneous pruritus, contusion and
paronychia, as well as peripheral sensory neuropathy (11.1%).
The any-grade events of skin disorders and peripheral sensory
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neuropathy were mostly observed in all patients. These events
were controllable by preventive skin care and by withdrawal
and dose reduction, respectively. Death due to adverse events
was not observed. Adverse events did not require the
withdrawal of this regimen. Conclusion: Based on the 18
patients studied, combined therapy with SOX+cetuximab was
free of serious adverse events and could be safely administered
by reducing the dose or temporarily suspending treatment, as
required. These regimens seem to be promising for conversion
therapy (4 out of 18 patients) because of good outcomes and
an early response.

Cetuximab is a monoclonal antibody that locks the epidermal
growth factor receptor (EGFR). The efficacies of cetuximab
for patients with wild-type K-RAS have been evaluated and
reported in the CRYSTAL, OPUS and CELIM trials (1-3) In
the CRYSTAL trial, which is the most known trial, the
additional effect of cetuximab to FOLFIRI has been
demonstrated. Additionally, the favorable effect of cetuximab
to FOLFOX for the wild type K-RAS has been demonstrated
in both the OPUS and the CELIM trials. Both trials have
gained attention because the conversion therapy became
popular recently. For the bi-weekly administration of
cetuximab, some Phase II trials have been reported. In the
ASCO 2011, the same efficacy has been reported in response
rate (RR) and progression-free survival (PFS) of bi-weekly
regimen compared to weekly regimen. In recent clinical
trials, it has been suggested that the RRs of cetuximab
combined with FOLFIRI and FOLFOX were better than
those of an antivascular endothelial growth factor antibody
combination with chemotherapy for patients with the wild-
type extended RAS populations beyond the K-RAS exon2
wild-type (4, 5). S-1 is a novel oral fluoropyrimidine
derivative consisting of 1 M tegafur as a prodrug of
5-fluorouracil (5-FU), 0.4 M of gimeracil (CDHP) and 1 M
of oteracil potassium (Oxo0). CDHP enhances the anti-tumor
effect of 5-FU by strongly inhibiting the dihydropyrimidine
dehydrogenase (DPD) and elevates the concentration of
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5-FU in blood and tumor tissues. Oxo localizes in the
intestinal mucosa and reduces digestive toxicities caused by
an increase of the 5-FU concentration. Thus, S-1 has an
excellent anti-tumor effect compared to conventional
infusional 5-FU and simultaneously decreases the side
effects for increasing the 5-FU concentration (6-8). In Japan,
S-1 was approved for the seven kinds of carcinomas,
including gastric cancer, colorectal cancer, efc. Late phase 11
studies of patients with advanced or recurrent colorectal
cancer have reported a RR of 37.4% in patients with
advanced or recurrent colorectal cancer (9, 10).

The efficacies and the safety data of the SOX treatment,
which were combined with S-1 plus oxaliplatin (L-OHP),
have been reported for the advanced recurrent colorectal
cancer in two Phase II and one Phase III trials. This Phase
IIT study was performed in Korea and showed the non-
inferiority of SOX to COX, which is Xeloda and L-OHP
combination. PFS, as the primary end-point, was evaluated
not only for non-inferiority of SOX but also for its
superiority (11-13). However, the combination of SOX plus
cetuximab has not been investigated for colorectal cancer
(CRC) patients with initially unresectable tumors. The goal
of this prospective study was to evaluate the tolerability and
the efficacy of bi-weekly SOX and cetuximab combination
therapy as first-line chemotherapy for metastatic colorectal
cancer with wild type K-RAS. The primary end-point was
RR, while secondary endpoints were adverse events (AE),
overall survival (OS), time to progression (TTP),
progression-free survival (PFS), compliance, RR by disease
(metastatic site, grade of skin toxicity). In this initial report,
we report RR, AE and liver resection rate.

Patients and Methods

Patients. All patients enrolled in this study met the following
eligibility criteria: (i) a histologically proven diagnosis of
adenocarcinoma of the colon or rectum; (ii) aged over 20 years and
under 75 years; (iii) Eastern Cooperative Oncology Group
performance status (ECOG PS) 0 to 1; (iv) wild-type K-RAS and
unresectable advanced/recurrent colorectal cancer, excluding tumor
in the vermiform processus and proctos; (v) no prior chemotherapy;
(vi) adequate organ function (white blood cells (WBCs) 3,500 and
12,000/mm3, neutrophils 1,500/mm3, hemoglobin 9.0 g/dl, platelets
100,000/mm3, total serum bilirubin 1.5 mg/dl, aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) 2.0-
times the respective upper limits of normal, serum creatinine within
the upper limit of normal range or creatinine clearance 60 ml/min);
(vii) estimated life expectancy over 3 months.

This study was approved by an institutional ethics committee,
while informed consent was obtained from all enrolled patients.

Chemotherapy. The treatment schedule comprised oral S-1 40 to
60 mg/body twice daily for 2 weeks, infusion of oxaliplatin 85 mg/m?
on day 1 and day 15 repeated every 4 weeks, infusion of cetuximab of
400 mg/m?2 250 mg/m?2, 500 mg/m?2 on day 1, 8, 15 at the first cycle,
followed by 500 mg/m?2 repeated every 2 weeks. In addition,
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treatment was started within 28 days after the registration date and
was repeated every 4 weeks per cycle until the onset of disease
progression or severe toxicity (Figure 1). Serum and clinical
examinations were performed bi-weekly whenever possible during the
first course of treatment (at least once every 2 weeks). From the
second course of treatment onward, examinations were done at least
once every 2 weeks (standard schedule) or at least once every 4
weeks. After the second course of treatment, all patients underwent
radiography, computed tomography (CT), magnetic resonance
imaging (MRI) or ultrasonography to check for recurrence. However,
it was evaluated by CT if the carcinoembryonic antigen (CEA) value
at the end of first course of treatment is rapidly reduced. Adverse
reactions were evaluated according to the National Cancer Institute
Common Toxicity Criteria for Adverse Events (NCICTCAE, ver. 2).
The rates of AEs were calculated for the period of every course.

Resection criteria. Liver resection is preferred within the limits of
evading liver failure after operation, excluding organ metastasis
except lung, local reccurence and para-aortic lymph node metastasis.
Our strategy of liver resection for colorectal cancer liver metastases
follows: a) Hepatic lobectomy is allowed in case of indocyanine
green (ICG) 15 min<20%, b) percutaneous transhepatic portal
embolization (PTPE) is performed in advance in case of rate of liver
remnant in volumetry<30%, c) non-cancerous part is conserved to
the maximum extent, d) the lesion’s clinical complete response
(cRC) is kept if unable to be proved by ultrasound in operation

Results

Patients’ characteristics. From October 2010 to March 2013,
18 patients with previously untreated, unresectable, advanced
or recurrent colorectal cancer who were treated in our
hospital were enrolled in this study (Table I). The median
age was 61 years (range=32-72). The patients with ECOG
PS 0 were 12 and PS 1 were 6. Seven patients had primary
tumor sites in the colon and other 11 patients in the rectum.
All patients had liver metastasis, 5 patients in the lung, 2
patients in the ovary, 2 patients in the peritoneum and 8
patients in the lymph nodes. Only liver metastasis without
multiple organ metastasis was found in 15 patients.

Adverse Events (AEs). (i) Hematologic toxicity: Toxicity was
assessed according to the Common Terminology Criteria for
Adverse Events v4.0. leukopenia was observed in 44% (8/18),
thrombocytopenia was observed in 61% (11/18) and AST/ALT
elevation was observed in over 50%. However, there was only
one case (1/18) where toxicity was greater than G3 but the
regimen was considered well-tolerated (Table II).

(i) Non-hematologic toxicity: Regarding non-hematologic
toxicity, skin reactions associated with cetuximab were observed
in most of the patients, whereas more than G3 dry skin, pruritus
and rash acneiform were observed in 3 patients. Peripheral
neuropathy due to L-OHP was observed in most patients, but
grade 3/4 neuropathy was occurred in only 2 patients. Moreover,
the rates of gastrointestinal toxicity were comparatively low and
more than G3 was not observed (Table III).
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Cetuximab 400 250 500 500 500
mg/m?
1§ l l repeated every 4 weeks
Oxaliplatin !
85 mg/m?
rest rest
>
day 1 8 15 29 43 56
Yo e 3
i g
cycle 1 cycle 2
S-1 : 80 mg/m?/day po, dayl-14 q 4 weeks

Oxaliplatin: 85 mg/m?/week iv, dayl.15 q 4 weeks

Cetuximab : dayl 400, day8 250, day15 500 mg/m? iv, day15- q 2 weeks

Treatment was repeated until the onset of disease progression or severe toxicity.

Figure 1. The treatment schedule comprised oral S-1 40 to 60 mg/body twice daily for 2 weeks, infusion of oxaliplatin 85 mg/m? on day 1 and day
15 repeated every 4 weeks and infusion of cetuximab of 400 mg/m?, 250 mg/m?2, 500 mg/m? on day 1, 8, 15 at the first cycle, followed by 500 mg/m?
repeated every 2 weeks. In addition, treatment was started within 28 days after the registration date and was repeated every 4 weeks per cycle until

the onset of disease progression or severe toxicity.

Table 1. Patient’s characteristics.

Table II. Adverse Events (hematologic toxicity).

Characteristics N=18
Age Mean 61
(Range) (32-72)
ECOG PS
0 12
1 6
Gender Male 10
Female 8
Site of primary tumor Colon:inc. Rs* 7
Rectum 11
Site of metastatic organ Liver 18
Lung 5
Ovary 2
Peritoneum 2
Lymph nodes 8

*Included recto-sigmoid colon.

Efficacy. All responses were defined according to the
RECIST version 1.1. Complete response (CR) and partial
response (PR) were observed in 2 and 10 patients,
respectively. Response rate (RR) was 67% and disease
control rate (DCR) was 89%. The entire evaluable region
for RR was liver and the median duration to PR-in was 42

CTCAE v4.0

N=18 Grade (CTCAE ver4.0) All grade =G3

1 2 3 4 (%) (%)
Leukopenia 7 1 44
Neutropenia 1 1 11
Thrombocytopenia 7 4 61
Anemia 5 1 33
AST 13 1 78 6
ALT 10 1 61 6
Total bilirubin elevation 2 1 1 22 6

AST: Aspartate transaminase, ALT: alanine transaminase.

days. Liver resection rate was 22.2% but it became 33.3%
when CR was considered to be a liver metastasis control.
This rate was extremely high and satisfactory. The
durations to CR-in of 2 patients were 140 days and 98 days,
respectively. And the median treatment cycles were 6
(Table IV).
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Table III. Adverse events (non-hematologic toxicity).

Table IV. Response rate and liver resectability.

CTCAE v4.0
N=18 Grade (CTCAE ver4.0) All grade =G3
1 2 3 4 (%) (%)

Anorexia 2 4 33
Fatigue 5 4 50
Constipation 3 17
Nausea 6 2 44
Diarrhea 4 2 1 39 6
Mucositis oral 7 2 50
Dry skin 1 7 2 56 11
Rash acneiform 7 4 3 78 17
Pruritus 4 2 1 39 6
Nail discoloration

Paronychia 8 4 1 72 6

Alopecia 1 6
Skin hyperpigmentation 1 6
Peripheral neuropathy 8 5 2 83 11
Discussion

Based on previous clinical studies (14-16), bevacizumab plus
standard regimens, such as FOLFOX, CapeOX and
FOLFIRI, are currently recommended as first-line treatment
for metastatic colorectal cancer (mCRC). Some clinical
Phase II trials using the above regiments reported RRs in the
range of 42-78% (17-20). In Japan, the results of Phase II
studies evaluating S-1 plus irinotecan combined with
bevacizumab as first-line treatment report RRs in the range
of 57.7-72% (21-23).

Thus, recent results of Phase II studies evaluating SOX
with cetuximab as first-line treatment have reported a RR of
63.6% (24). The RR in our study (67%) is not favorably
compared to previous studies.

Hand-foot-skin reaction (HFSR) is regarded as one of the
most important AEs of capecitabine with an incidence of 20-
60%. In the X-ACT trial (Xeloda: 2,500 mg/m2), the rate of
HFSR was 61.1% (n=613 out of 1,004 patients) (25). Also, in
the CIOX trial (Xeloda: 1,600 or 2,000, mg/mz), the rate of
HFSR reported was 30.2 % (n=198/655) (26). Suppression of
the EGFR signaling pathway injures keratinocytes by inducing
growth arrest and apoptosis, decreasing cell migration,
increasing cell attachment, cell differentiation and stimulating
inflammatory chemokine expression (27). A number of
previous articles have reported on the expression and
localization of EGFR and EGFR ligands in human skin and
the phenotypes of knockout and transgenic mice developed to
analyze the in vivo function of the EGFR/Aigand system in the
skin (28). In the COIN trial, cetuximab was shown to have
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Response rate and N=18 % Median days

liver resectability (interval)

CR 2

PR 10

SD 4

PD 2

NE 0

CR+PR 12 67 (RR)

CR+PR+SD 16 89 (DCR)

Liver resection 4 22

Liver control 6 33

(resection + CR)

The duration to PR-in 42
(28-108)

CR: Complete response, PR: partial response, SD: stable disease, PD:
progressive disease, NE: not evaluated.

severe skin toxicity (29, 30). On the other hand, S-1 has been
reported to be less toxic considering skin toxicity (31).

In our study, regarding non-hematologic toxicity, no new
safety concerns, including HFSR, were observed. Skin
reactions associated with cetuximab were observed in most
patients, while more than G3 dry skin, pruritus and rash
acneiform were observed in 3 patients. Peripheral neuropathy
due to L-OHP was observed in most of the patients, but
Grade 3/4 neuropathy was occurred in only 2. Moreover, the
rates of gastrointestinal toxicity were comparatively low and
more than G3 was not observed.

According to the hematologic toxicity, leukopenia was
observed in 44%, thrombocytopenia was observed in 61%
and AST/ALT elevation was observed in over 50% of cases.
However, there was only one case (1/18) with greater than
G3 toxicity; however, this regimen was considered well-
tolerated. Therefore, the combination of SOX with cetuximab
appears to be a new candidate regimen for mCRC patients.

The resection rate of this study was 22.2%; however, it
became 33.3% when CR was considered to be a liver
metastatic disease control. In 15 patients with only liver
metastasis, without multiple organ metastases, the resection
rate was 26.6%. Some clinical Phase II trials have examined
the use of FOLFOX6 or CapeOX with bevacizumab and
investigated the potential for resectability in mCRC with liver
metastases. Although the RO resection rates were 20-36% (17-
20), the RO resection rate after FOLFIRI plus cetuximab
chemotherapy in the CRYSTAL study was 7.0% and the rate
after FOLFOX plus cetuximab in the OPUS study was 9.8%.
On the other hand, the CELIM study used cetuximab for
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unresectable mCRC and showed that the RO rate was 38% in
the FOLFOXG6 plus cetuximab arm of the study. This RO rate
was similar to our results suggesting that the cetuximab with
cytotoxic chemotherapy is a good combination for liver
metastasis resection. Recently, a clinical Phase II trial in Japan
examined the use of SOX with cetuximab and investigated the
potential for resectability in mCRC with liver metastases. The
overall resection rate was 48.5 % (16/33; 95% confidence
interval (CI)=30.8-66.5), while the macroscopic RO resection
rate was 39.4% (13/33; 95%CI=22.9-57.9). Histological
curability was performed in 13/16 using RO; in 2/16 using R1;
and in 1/16 using R2 (24). Nevertheless, our resection rate was
extremely high and satisfactory.

It has been reported that the rate of early tumor shrinkage
(ETS) is directly associated with the ability to operate (32). It
might be suggested that patients who respond quickly to a
treatment may experience better outcomes than those with
slower response or disease stabilization. To verify if faster tumor
shrinkage may be used as a prognostic factor, a retrospective
analysis of 113 irinotecan-refractory patients enrolled in four
clinical trials (BOND, EVEREST, SALVAGE and BABEL) not
only showed that the decrease in tumor size was greater in wild-
type K-RAS patients when compared to mutants, but also that
the rapid tumor shrinkage correlated with a better outcome (33).
In particular, patients with a tumor size decrease of at least 10%
at the 6-week radiological assessment had a median PFS of 36
weeks compared to 12 weeks in patients who did not exhibit an
early tumor response (p<0.001). ETS was a strong predictor for
survival (hazard ratio (HR)=0.42) (33). A retrospective analysis
of CRYSTAL and OPUS trials showed a significant association
between ETS (in this case, defined as an early shrinkage of at
least 20%) and PFS in patients exposed to cetuximab (34). This
retrospective analysis showed that early tumor assessments
might provide predictive information for long-term outcome of
metastatic CRC patients exposed to first-line chemotherapy in
combination with cetuximab. Although a number of studies
suggest that ETS has a potential value in CRC patients, it is
possible that some patients, who partially respond early, may
become complete responders at subsequent examinations,
further complicating the interpretation of the results. In our
study, the median duration to PR-in was 42 days, which is the
most characteristic point of this regimen. However, even if a
maximal tumor shrinkage is not the result of the primary
treatment purpose in all cases of mCRC patients, a complete
disease removal after downsizing by chemotherapy may give
the potential of long-term survival or cure in potentially
resectable metastatic patients.

Conclusion
From the 18 patients evaluated, the combination therapy of

SOX+cetuximab showed no serious AEs and could be
safely administered. The combination therapy of

SOX+cetuximab demonstrated a beneficial effect and fast
response. Therefore, SOX+cetuximab appears as a first-line
chemotherapy regimen, which is characterized by ETS and
early PR, that is suitable for cases aiming at converting
liver metastasis.
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