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ABSTRACT

Single-agent cetuximab is safe and active in elderly pa-
tients with advanced colorectal cancer (CRC). A cetux-
imab–capecitabine combination has not previously been
tested in elderly patients with advanced CRC.

Material and Methods. Sixty-six patients with advanced
CRC were treated with cetuximab as a 400 mg/m2 i.v. in-
fusion followed by 250 mg/m2 i.v. weekly plus capecitabine
at a dose of 1,250 mg/m2 every 12 hours. After the inclusion
of 27 patients, the protocol was amended for safety reasons,
reducing the dose of capecitabine to 1,000 mg/m2 every 12
hours. Thirty-nine additional patients were treated with
the reduced dose of capecitabine.

Results. The overall response rate was 31.8%. KRAS sta-
tus was determined in 58 patients (88%). Fourteen of 29

patients with wild-type KRAS tumors responded (48.3%;
95% confidence interval [CI], 29.4%–67.5%), compared
with six of 29 patients with mutant KRAS tumors (20.7%;
95% CI, 8.0%–39.7%). The median progression-free sur-
vival (PFS) interval was 7.1 months. The median PFS in-
terval for patients whose tumors were wild-type KRAS was
significantly longer than for those with mutant KRAS tu-
mors (8.4 months versus 6.0 months; p � .024). The high
incidence of severe paronychia (29.6%) declined (7.7%) af-
ter capecitabine dose adjustment.

Conclusions. Cetuximab plus capecitabine at a dose of
1,000 mg/m2 every 12 hours may be an alternative to more
aggressive regimens in elderly patients with advanced
wild-type KRAS CRC. The Oncologist 2012;17:339–345
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common malig-
nancies in the elderly population. In the European Union, 40%
of patients diagnosed with CRC are aged �74 years, and the
incidence of CRC in elderly patients is expected to increase in
the future [1]. Overall, elderly patients have been underrepre-
sented in clinical trials [2, 3], and clinical decisions in routine
practice are based on extrapolated data from nonelderly popu-
lations. The majority of previous trials specifically designed
for elderly patients with advanced disease were phase II stud-
ies employing single-agent fluoropyrimidines or raltitrexed.
The overall response rate (RR) in these studies was in the range
of 13%–29% [4 – 6]. Single-agent capecitabine has been
shown to be effective as first-line treatment for metastatic
CRC, demonstrating a superior RR and at least equivalent time
to progression and survival time to those seen with 5-fluoro-
uracil (5-FU) plus leucovorin in controlled phase III trials [7].
Furthermore, its activity in elderly metastatic CRC patients, to-
gether with a good safety profile and its convenience as an oral
drug, make it, in many cases, a treatment of choice for this pa-
tient population [8].

Cetuximab is a chimeric immunoglobulin G1 monoclonal
antibody that targets the extracellular domain of the epidermal
growth factor receptor (EGFR). EGFR is commonly expressed
in many human tumors, including CRC, and is involved in sig-
naling pathways affecting cell proliferation, differentiation,
and angiogenesis [9]. Single-agent cetuximab has been shown
to be safe and effective as first-line treatment for elderly pa-
tients with advanced CRC (RR, 14.6%) by our own group [10].
In 2006, the Spanish Cooperative Group for Gastrointestinal
Tumor Therapy (TTD) decided to carry out a phase II trial of
the combination of cetuximab plus capecitabine in order to in-
crease the RR without increasing potential life-threatening
toxicities such as neutropenia or diarrhea associated with more
aggressive combination therapies. At the time this phase II trial
was designed, cetuximab had previously been combined with
chemotherapy (irinotecan) in refractory metastatic patients
without a greater severity and incidence of expected chemo-
therapy adverse events [11]. Recently, it has become clear that
cetuximab does not benefit patients with mutant KRAS tumors.
Based on these data, a further subgroup analysis according to
KRAS status was done and is also presented here.

PATIENTS AND METHODS
Local ethics committee approval was obtained before enroll-
ment of any patients into the study, which was performed in
accordance with the Declaration of Helsinki and its subsequent
amendments as well as Good Clinical Practice Guidelines.
Signed informed consent was obtained from all patients before
study entry.

Patient Selection
Inclusion criteria included: histologically confirmed meta-
static nonresectable colorectal adenocarcinoma; age �70
years; the absence of previous treatment for advanced disease;
at least one measurable lesion by World Health Organization
(WHO) criteria; a Karnofsky performance status score of

80%–100%; an interval �12 months after the end of adjuvant
chemotherapy; a life expectancy �3 months; adequate bone
marrow, renal, and hepatic functions (neutrophils �1.5 �
109/L, hemoglobin �9 g/dL, platelets �100 � 109/L, total bil-
irubin �1.5� upper limit of normal [ULN], aspartate amino-
transferase and alanine aminotransferase �2.5� ULN or 5�
ULN in cases of liver metastases), and a serum creatinine
clearance (CrCl) �30 mL/minute by the Cockroft–Gault
method.

Exclusion criteria were: brain or leptomeningeal metasta-
ses; other malignancy except basal cell skin carcinoma or in
situ carcinoma of the cervix; malabsorption; inflammatory in-
testinal disease; previous administration of anti-EGFR ther-
apy; serious concomitant disease such as unstable heart
disease, acute myocardial infarction in the last 12 months, un-
controlled active infection, or severe neurologic or psychi-
atric disorders; and the presence of one or more criteria for
“frailty”—(a) dependent for activities of daily living accord-
ing to the Katz scale; (b) the presence of three or more of the
following comorbid conditions: congestive heart failure, other
chronic heart disease, chronic obstructive pulmonary disease,
cerebrovascular disease, peripheral neuropathy, chronic renal
failure, hypertension, diabetes, systemic vasculitis, and severe
arthritis; and (c) the presence of geriatric syndromes such as
dementia, delirium in stressful situations, fecal or urinary in-
continence in the absence of infection, the use of diuretics or
laxatives or benign prostatic hyperplasia, severe depression,
frequent falls, spontaneous bone fractures, and neglect.

Treatment Schedule
Cetuximab was administered i.v. at an initial dose of 400
mg/m2 body surface area as a 2-h i.v. infusion followed by
weekly i.v. doses of 250 mg/m2. Premedication with an i.v. an-
tihistamine was mandatory. Capecitabine was taken orally, 2
weeks on and 1 week off, at a dose of 1,250 mg/m2 every 12
hours for patients with a CrCl �50 mL/minute or 950 mg/m2

every 12 hours in cases of a CrCl of 30–50 mL/minute. During
the trial, the protocol was amended for safety reasons, reducing
the dose of capecitabine to 1,000 mg/m2 every 12 hours in pa-
tients with a CrCl �50 mL/minute and 750 mg/m2 every 12
hours in cases with a CrCl of 30–50 mL/minute. Treatment
was maintained until disease progression, unacceptable toxic-
ity, or withdrawal of patient consent. The cetuximab dose was
reduced to 200 mg/m2 in cases of a second episode of grade 3
cutaneous toxicity and to 150 mg/m2 if repeated. Cetuximab
was delayed until the patient recovered to grade 0–1 toxicity.
Capecitabine was reduced by 25% in cases of a grade 3 or sec-
ond episode of grade 2 nonhematologic toxicity and by 50% if
a grade 4 or a second episode of grade 3 nonhematologic tox-
icity occurred. Capecitabine was also reduced by 25% in cases
of grade 2 hand-foot syndrome and by 50% after a second ep-
isode of the same toxicity.

Study Evaluations
In the 14 days before the first infusion, patients underwent a
clinical history and physical examination, assessment using
the Independent Daily Activities Katz Scale, comorbidity eval-
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uation, blood count measurements, liver and renal function
tests, carcinoembryonic antigen (CEA) level measurement,
and evaluation of their prothrombin time and electrolytes. An
abdominal computed tomography (CT) scan together with a
chest x-ray or chest CT scan were performed within 28 days
before treatment commencement. During the treatment period,
blood counts and biochemical parameters were determined ev-
ery 3 weeks, and CEA levels were measured every 6 weeks for
6 months and every 3 months thereafter.

Evaluation of Efficacy and Toxicity
Tumor response was evaluated by the investigators using the
radiologic WHO criteria at 6-week intervals for 6 months and
every 3 months thereafter, until the disease progressed or the
patient died. No independent radiological review committee
was established. Patients were considered assessable for effi-
cacy if they had received �6 weeks of treatment. All patients
were included in the intent-to-treat analysis. Progression-free
survival (PFS) and overall survival (OS) times were calculated
from the date of inclusion into the study until documentation of
progression or death, respectively. Toxicity was evaluated
weekly and graded according to the National Cancer Institute
Common Toxicity Criteria, version 2.0.

Statistical Analysis
The primary endpoint was the overall RR (ORR). Secondary
endpoints were the safety profile and PFS and OS times. Sur-
vival was estimated using the Kaplan–Meier method. Sample
size was calculated using Simon�s optimal two-staged design
to detect a minimum expected RR of 25%. Patients were ac-
crued in two stages. If no objective responses were observed in
the first 11 patients, a RR �25% could be excluded at a level of
significance of 95% and accrual would stop. If there was at
least one complete or partial response, then a total of 40 pa-
tients would be included to validate the RR more accurately.
The protocol was amended after 27 patients were included, so
a further 39 patients were recruited to maintain statistical va-
lidity. Because KRAS mutations were demonstrated to be a pre-
dictive factor for response and survival at the end of our
recruitment period, an analysis of the primary and secondary
endpoints according to KRAS status was done as an unplanned
post hoc analysis.

RESULTS
Table 1 summarizes the main characteristics of the 66 patients
(27 in cohort 1 and 39 in cohort 2) recruited into the study from
August 2006 to July 2007. The median age was 77 years.
Slightly more than one third had a Karnofsky performance sta-
tus score of 80%. Fifty-four percent of patients suffered from
three or more comorbid conditions, although these did not af-
fect the exclusion criteria. Almost half of the patients had met-
astatic disease in only one organ.

Treatment Compliance
The median number of cetuximab infusions was 17.5 (range,
1–82). The dose of cetuximab had to be reduced in 18 patients
(27.3%). The relative median dose intensity of cetuximab was

92%. Thirty-eight patients (57.6%) received �90% of the
planned dose of cetuximab. The median number of cycles of
capecitabine was six (range, 1–27). The dose of capecitabine
had to be reduced in 18 patients (66.6%) in cohort 1 and 12
patients (30.7%) in cohort 2. The relative median dose inten-
sities of capecitabine in cohort 1 and cohort 2 were 80% and
94%, respectively.

Toxicity Profile
Table 2 shows the principal adverse events related to the study
treatment by cohort. Severe hematological toxicity was rare,
with only one case of grade 4 neutropenia reported. The inci-
dence of severe paronychia in the first cohort of patients
(29.6%) was considered unacceptable and prompted us to re-

Table 1. Patient characteristics (n � 66)

Characteristic n (%)

Median (range) age, yrs 77 (70–86)

Sex

Men 38 (57.6)

Women 28 (42.4)

Karnofsky performance status score

70% 1 (1.5)

80% 25 (37.9)

90% 19 (28.8)

100% 20 (30.3)

NA 1 (1.5)

n of comorbidities

1 8 (12.1)

2 19 (28.8)

�3 36 (54.5)

Most common comorbidities

Hypertension 32 (48.5)

Diabetes 11 (16.7)

COPD 2 (3)

Benign prostatic hyperplasia 13 (19.7)

Hypercholesterolemia 13 (19.7)

Prior treatment

Adjuvant chemotherapy 14 (21.2)

Radiotherapy 5 (7.6)

Surgery 61 (92.4)

n of metastatic locations

1 30 (45.5)

2 30 (45.5)

�2 6 (9.1)

Median (range) CEA, ng/mL 28.4 (1–8,025)

Median (range) LDH, IU/L 412 (121–2,810)

Abbreviations: CEA, carcinoembryonic antigen; COPD,
chronic obstructive pulmonary disease; LDH, lactate
dehydrogenase; NA, not available.
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duce the dose of capecitabine, which resulted in a clear decline
to 7.7% in the next 39 patients recruited into the study. Grade 3
acneiform rash was reported in 29.6% of the first cohort of pa-
tients, and this was essentially unchanged after capecitabine
dose adjustment (28.2%). Severe eye disorders also disap-
peared after dose adjustment. Diarrhea and hand-foot syn-
drome were slightly less frequent in cohort 2. In terms of
cardiac and vascular disorders, one patient suffered from an
acute myocardial infarction, five patients presented with pul-
monary embolism, and one patient had deep venous thrombo-
sis. Other typical toxicities related to capecitabine or
cetuximab, such as dry skin, nausea, asthenia, anorexia, and
hypomagnesemia, were mild to moderate.

Efficacy
All patients (from both cohorts) were included in the efficacy
assessment in an intent-to-treat analysis. Two patients
achieved a complete response and 19 patients had a partial re-
sponse for an ORR of 31.8% (95% confidence interval [CI],
20.9%–44.4%). Thirty-five patients (53%) remained stable af-
ter treatment. A total disease control rate of 84.8% (95% CI,
73.9%–92.5%) was achieved. The median duration of re-
sponse was 7.4 months. The RRs by treatment cohort were
similar (33% in cohort 1 and 30.8% in cohort 2). Thirteen of 37
patients (35.1%) who developed grade 2 or 3 acne-like rash re-
sponded to treatment, in contrast to eight of 29 patients
(27.6%) who did not experience cutaneous toxicity of grade
�1. This difference, however, was not statistically significant
(p � .129).

KRAS status was determined in 58 patients (88%). Eight
patients did not consent for KRAS mutation analysis. The inci-
dences of both wild-type and mutant KRAS tumors were 50%.
Fourteen of 29 patients with wild-type KRAS tumors re-

sponded (48.3%; 95% CI, 29.4%–67.5%), compared with six
of 29 patients with mutant KRAS tumors (20.7%; 95% CI,
8.0%–39.7%; p � .027). The median PFS and OS times for the
entire group were 7.1 months (95% CI, 5.3–8.4 months) and
16.1 months (95% CI, 12.0–18.8 months), respectively (Fig.
1). A tendency to a longer median PFS interval for patients
who experienced grade 2–3 acneiform rash, compared with
those with grade 0–1 rash, was observed (7.9 months versus
5.0 months; p � .052). The median PFS duration for patients
whose tumors were wild-type KRAS was significantly longer
than that of those with mutant KRAS tumors (8.4 months versus
6.0 months; p � .024) (Fig. 2). A tendency for a longer OS
duration was also observed for patients with wild-type KRAS
tumors (18.8 months versus 13.5 months; p � .107) (Fig. 3).

Poststudy Treatment
Fifty-eight percent of patients received a second-line chemo-
therapeutic regimen consisting of an oxaliplatin- or irinotecan-
based combination, and 26% received a third-line regimen.
Three patients were submitted for surgical rescue for hepatic
metastasis. A complete R0 resection was performed in only
one patient.

DISCUSSION
Systemic treatment for elderly patients with advanced CRC re-
mains a challenge for medical oncologists. Since the mid-
1990s, oncologists and geriatricians have tried to integrate the
comprehensive geriatric assessment (CGA), a multidisci-
plinary evaluation of multiple problems of older persons, as a
tool for individualized clinical decisions. Nevertheless, the
best form of geriatric assessment for cancer patients remains to
be defined. From a practical perspective, the CGA allows us to
recognize three stages of aging: fit patients (functionally inde-
pendent and without comorbidities), who are candidates for
standard cancer treatment; patients who are frail (dependence
in one or more activities of daily living, three or more comor-
bid conditions that may compromise survival, or one or more
geriatric syndromes), who are candidates only for palliative
treatment; and an intermediate group for whom pharmacolog-
ical approaches such as dose reduction or any type of support
should be considered [12]. Recent studies including combina-
tion therapy in fit elderly patients reported ORRs in the range
of 35%–36% [13, 14], which are consistent with pooled and
subgroup analyses from elderly patients included in phase III
trials, and suggest a benefit similar to that of younger patients
treated with combination therapy [15–18]. Nevertheless, only
a few patients aged �70 years can be considered fit after a
CGA. Although we excluded frail patients, 95% of the patients
selected in our trial had at least one comorbid condition and
54% of them had three or more comorbid conditions, although
some of these comorbidities did not affect major organs and
they were not considered criteria for exclusion. Aparicio et al.
[19] recently showed that half of elderly patients routinely re-
ceive substandard treatment for colon cancer, including those
with metastatic disease. The lack of data on elderly CRC pa-
tients from phase III clinical trials confirming the benefit of
combination therapy over single-agent therapy in terms of the

Table 2. Most common grade 3 or 4 nonhematological
adverse events in the two cohorts of patients

Adverse event, n (%)

Cohort 1:
capecitabine,
1,250/950
mg/m2

every 12
hours
(n � 27)

Cohort 2:
capecitabine,
1,000/750
mg/m2

every 12
hours
(n � 39)

Paronychia 8 (29.6) 3 (7.7)

Dermatitis acneiform 8 (29.6) 11 (28.2)

Hand-foot syndrome 6 (22.2) 8 (20.5)

Diarrhea 5 (18.5) 5 (12.8)

Mucositis 2 (7.4) 1 (2.6)

Pulmonary embolism 2 (7.4) 3 (7.7)

Blepharitis 1 (3.7) 0

Conjunctivitis 1 (3.7) 0

Keratitis 1 (3.7) 0

Deep venous thrombosis 1 (3.7) 0
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PFS and OS times together with the frequent presence of co-
morbid conditions justifies the use of single-agent fluoropy-
rimidines in most elderly patients, especially capecitabine
because of its convenience as an oral drug. Cetuximab is active
as single-agent therapy for patients with advanced CRC [10],
and because of its toxicity profile, it might be a good candidate
to combine with capecitabine in elderly patients. This was the
rationale for our phase II trial that was planned in 2006. On the
whole, the observed ORR of 31.8% is higher than the reported
RR with capecitabine alone, both in elderly and nonselected
patients [7, 8] (24% and 25%, respectively). Furthermore, after
our patient accrual was completed, KRAS mutation status was
shown to be crucial for selecting candidates for cetuximab
therapy. Only patients with wild-type KRAS tumors benefit
from the addition of cetuximab [20, 21]. In our trial, the ORR
in the wild-type KRAS subgroup of patients was more than

double that in the mutant KRAS subgroup (48% versus 20.7%,
respectively). The ORR in the wild-type KRAS group is in the
range of those obtained with oxaliplatin- or irinotecan-based
combination chemotherapy in the elderly patient population
[13, 14, 22, 23]. Furthermore, the PFS and OS times achieved
with cetuximab plus capecitabine in the subgroup of patients
with wild-type KRAS tumors (8.4 months and 18.8 months, re-
spectively) are also in the range of those expected with oxalip-
latin- and irinotecan-based combinations. Nevertheless,
comparative results with historical controls, especially among
small phase II trials, should be viewed with caution.

The outcomes of the recent three-arm randomised con-
trolled trial comparing either COntinuous chemotherapy plus
cetuximab or INtermittent chemotherapy with standard contin-
uous palliative combination chemotherapy (COIN) phase III
trial have thrown doubt on the benefit of the addition of cetux-
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Figure 1. Overall survival and progression-free survival times for the whole population by the Kaplan–Meier method.
Abbreviations: CI, confidence interval; PFS, progression-free survival.
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imab to oxaliplatin-based combinations in patients with wild-
type KRAS tumors [24]. The addition of cetuximab did not
produce a longer PFS or OS time in wild-type KRAS patients.
From a prespecified exploratory analysis, the authors observed
a potential interaction between the choice of chemotherapy
(5-FU or capecitabine) and the effect of adding cetuximab.
Only patients receiving oxaliplatin plus 5-FU benefited from
cetuximab, whereas patients receiving oxaliplatin plus capecit-
abine did not. The combined effect of capecitabine and cetux-
imab on skin and nail toxicity, which can lead to a reduced dose
of capecitabine or even both drugs, might explain a negative
interaction between these drugs. In fact, in our trial, patients
included in cohort 1 experienced an unacceptably high rate of
nail toxicity, leading to a reduction of the capecitabine dose
from 1,250 mg/m2 every 12 hours to 1,000 mg/m2 every 12
hours. Nevertheless, the activity in terms of the RR was equiv-
alent in the two cohorts of patients, probably related to the
higher relative median dose intensity of capecitabine reached
after the dose adjustment.

In the second cohort of patients, toxicity was mild to mod-
erate. Acneiform rash was the most common toxicity and was
grade 3 or 4 in approximately one quarter of patients. In our

own experience, only 12% of elderly patients treated with first-
line cetuximab alone experience grade 3 or 4 acneiform rash
[10]. Additionally, the percentages of severe diarrhea and
hand–food syndrome, typically associated with capecitabine,
were double or more than those previously reported with cape-
citabine alone at a dose of 1,250 mg/m2 every 12 hours in a
similar patient population [8]. Therefore, an interaction be-
tween cetuximab and capecitabine that increases the incidence
of the typical side effects of both drugs as single agents cannot
be ruled out. Nevertheless, in comparison with more aggres-
sive regimens such as oxaliplatin or irinotecan combinations in
patients aged �70 years [13, 14, 17, 18], capecitabine plus ce-
tuximab seems to be less toxic in terms of diarrhea, asthenia,
and especially myelosuppression.

To summarize, cetuximab plus capecitabine at a dose of
1,000 mg/m2 every 12 hours (or 750 mg/m2 in cases of mod-
erate renal insufficiency) may be an alternative to more aggres-
sive regimens in elderly patients with comorbidities and
advanced wild-type KRAS CRC. Nevertheless, some state-
ments should be addressed in the treatment of elderly patients
with metastatic CRC. Is it necessary to use cetuximab upfront?
Sequential drug administration of chemotherapeutic agents
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Figure 2. Progression-free survival (PFS) time according to KRAS status by the Kaplan–Meier method.

Time (months)

Pr
ob

ab
ili

ty
 o

f o
ve

ra
ll 

su
rv

iv
al

302520151050

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

KRAS
Mutant   
Wild-type

Median 
………..  wild-type: 18.8 months 

mutant:  13.5 months 
p = .107 

Figure 3. Overall survival time according to KRAS status by the Kaplan–Meier method.

344 Cetuximab and Capecitabine for Elderly CRC Patients



has been shown to be an effective approach for subgroups of
patients with no aggressive disease, in terms of PFS and OS
outcomes [25, 26]. Cetuximab prolongs survival in chemother-
apy-refractory patients [27], and then sequential administra-
tion of cetuximab after resistance to chemotherapy may be as
useful as combination cetuximab– chemotherapy upfront,
avoiding additive adverse events, especially in the skin.
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