
Summary
Purpose: To evaluate the clinical benefits of cetuximab 
(CTX) and the prognostic value of  CTX-related skin toxici-
ty in metastatic colorectal cancer (mCRC) patients. 

Methods: Sixty patients were tested for KRAS mutation 
at the Department of Oncology, Clinical Centre Nis. We 
assessed 34 wild-type KRAS mCRC patients treated with 
CTX. All of them were refractory to prior fluoropyrimidine, 
oxaliplatin and irinotecan-based regimens. The maximum 
grade skin toxicity according to treatment cycle was ana-
lyzed. Skin toxicity was grouped into clinically non-rele-
vant skin toxicity (grade 0 -1: Group 1) and clinically rele-
vant skin toxicity (grade 2-4: Group 2). 

Results: Ten out of 33 patients (30.30%) achieved partial 
response (PR). Eight additional patients (24.24%) showed 
stable disease (SD), whereas 15 (45.45%) had disease pro-
gression (PD). No patient achieved complete response (CR). 
Overall response rate (ORR) was 30.30%, whereas the dis-
ease control rate (DCR) was 54.54%.The median progres-

sion free survival (PFS) was 14 weeks. Some degree of skin 
toxicity was observed in 79.41% (27/34) of the patients. 
Clinically non-relevant skin toxicity was observed in 50% 
(17/34), and clinically relevant in 50 % (17/34) of the pa-
tients. Grade 4 skin toxicity was documented in 1 patient. 
The mean PFS in Group 1 was 12.65±5.59 weeks and in 
Group 2 22.82±12.16 (p<0.05). The results showed that 
grade 2-4 skin toxicity was associated with significantly 
better response to treatment than skin toxicity grade 0-1, 
with regard to ORR (80.00 vs 20.00%; p<0.05) and DCR ( 
66.66 vs 33.33%; p<0.05). 

Conclusion: Cetuximab has clinical benefit when given 
alone or in combination with irinotecan in patients with 
irinotecan-refractory CRC. Skin toxicity was one of the pre-
dictors of response and it was in line with what was ex-
pected. 
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Introduction

 mCRC is still far from being a curable dis-
ease, except in cases of organ-confined (lung or 
liver) resectable metastatic disease. The aim of 
treatment in mCRC patients is to prolong overall 
survival (OS) and to decrease tumor-related symp-
toms without affecting the quality of life. The in-
troduction of  cetuximab and panitumumab, the 
new biologically active targeted agents, has been 
one of the most promising developments in can-
cer treatment in the past 5 years and has dramati-

cally improved ORR, PFS and OS [1].
Epidermal growth factor receptor (EGFR), a 

member of an ErbB family of receptors, is rele-
vant to colorectal cancer because the EGFR ex-
pression or up-regulation occurs in 60-80% of the 
cases, and the expression of the gene is associated 
with poor survival [2,3].

CTX is a chimeric immunoglobulin G1 mon-
oclonal antibody which binds EGFR with high af-
finity and competitively inhibits ligand binding, 
induces receptor internalization and causes direct 

ORIGINAL ARTICLE

JBUON 2014; 19(1): 83-90
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com



Benefit and prognostic value of cetuximab skin toxicity84

JBUON 2014; 19(1): 84

inhibition of the receptor tyrosine kinase activity. 
This blocks the downstream signal transduction 
via PI3K/Akt and RASRAF/MAPK pathways, in-
ducing pro-apoptotic mechanisms and inhibiting 
cellular proliferation, angiogenesis and metasta-
sis [4,5].

Ras constitutes a family of protoongenes 
with 3 different members known as Harvey- Ras 
(HRAS), Kirsten-Ras (KRAS) and N-Ras. KRAS mu-
tations occur in approximately 35-43% of sporad-
ic colorectal cancers. Up to 90% of the mutations 
can be detected in either codon 12 and 13, or, 
less frequently, in codons 61 and 63 [5-7]. Retro-
spective analyses of phase II and III studies have 
demonstrated that KRAS mutations are predictors 
of resistance to anti-EGFR therapy. Patients with 
mCRC with mutant (MT) KRAS tumor status do 
not derive clinical benefit [4, 8-10].

EGFR inhibitors are generally well tolerated 
and do not have the severe systemic side-effects 
usually seen with cytotoxic drugs. They often 
cause signs of skin toxicity, most often an acnei-
form eruption [3,11,12]. Response and survival of 
CTX-treated patients strongly correlates with the 
severity of the acneiform skin rash. The associa-
tion of treatment efficacy with CTX-induced skin 
toxicity has already been described  in several re-
ports. Skin toxicity is an early event in the CTX 
treatment and it usually occurs within the first 21 
days [3,5,13-15]. Skin rash is mostly mild-to-mod-
erate in severity and requires therapeutic inter-
vention in about one third of the patients. Al-
though the skin rash is self-limiting and usually 
resolves without scarring upon discontinuation of 
anti-EGFR therapy, the condition can negatively 
affect the treatment compliance and quality of life 
[15,16].

Methods

Treatment

A total of 60 patients were tested for KRAS 
mutation at the Department of Oncology, Clinical 
Centre Nis, from January 2009 to August 2012. 
KRAS mutation was found  in 26 (43.33%) pa-
tients.

We assessed 34 wild-type KRAS mCRC pa-
tients treated with CTX. All of them had histologi-
cally confirmed mCRC (adenocarcinomas), had un-
dergone surgical resection of the primary tumor, 
and were refractory to prior fluoropyrimidine, ox-
aliplatin and irinotecan regimens.

Twenty patients received cetuximab com-
bined with irinotecan plus 5-fluorouracil and fo-

linic acid (FOLFIRI or IFL regimens), 8 received 
CTX combined with irinotecan, and 6 received 
CTX monotherapy. CTX as monotherapy or be-
fore chemotherapy (IFL and irinotecan) was ad-
ministered at 400mg/m2 as initial dose and 250 
mg/m2 weekly as i.v. infusion over 120 min. CTX 
in combination with FOLFIRI was given every 
two weeks at 500mg/m2 as i.v. infusion over 120 
min. Chemotherapy was given 60 min after CTX 
stopped. The histamine-receptor antagonist (chlo-
ropyramine chloride 40 mg i.v.) was used as pre-
medication.

Treatment evaluation

Tumor response was evaluated by comput-
erized tomography scans according to Response 
Evaluation Criteria in Solid Tumors (RECIST 1.1) 
and classified as CR, PR, SD and PD. Complete and 
partial responders were then categorised as re-
sponding patients, while patients with SD or PD 
were categorised as non-responding patients.

Their performance status (PS) was evaluated 
in accordance with the Eastern Cooperative On-
cology Group Performance Status Scale (ECOG 
PS). 

Evaluation of skin toxicity

Skin toxicity was evaluated using the NCI-CT-
CAE (National Cancer Institute Common Toxicity 
Criteria of Adverse Events) version 3.0, regard-
less of the chemotherapy cycle the patients were 
receiving. The results were classified as follows: 
grade 1: macular or papular eruption or erythema 
without associated symptoms; grade 2: macular 
or papular eruption or erythema with pruritis or 
other associated symptoms and localized desqua-
mation  or other lesion covering <50%  of body 
surface area; grade 3: severe generalized erythro-
derma or macular, popular or vesicular eruption 
or desquamation covering ≥50%  of body surface 
area; grade 4: generalized exfoliative, ulcerative 
or bullous dermatitis.

We analysed the maximum grade skin toxici-
ty according to treatment cycle and its predictive 
value with regard to treatment efficacy. Further-
more, skin toxicity was grouped into clinically 
non-relevant skin toxicity (grade 0 -1) and clini-
cally relevant skin toxicity (grade 2-4).

DNA extraction and mutation analyses

DNA was extracted from formalin-fixed  paraf-
fin-embedded tissue using Therascreen KRAS PCR 
kit (Qiagen, Germany) according to the manufac-
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turer`s instruction. The presence of  KRAS muta-
tion was determined by an allelic discrimination 
assay on Rotor-Gene Q  Real time PCR system 
(Qiagen, Germany). All mutations were confirmed 
by direct sequencing. KRAS mutation analysis 
was performed in a Serbian reference laboratory 
for KRAS analysis (Institute of Oncology and Ra-
diology, Belgrade).

Statistics

All analyses were performed using the Sta-
tistical Package for Social Sciences v.15.0 (SPSS 
15.0) software. Descriptive parameters were ex-
pressed as percentages and frequencies, continu-
ous variables were expressed as mean, standard 
deviation (SD), median (Me), and range. 

Chi-square test was used for the analysis 

of some descriptive data frequency. The Shap-
iro-Wilk test was used for normality analysis of 
the continuous data. The Mann-Whitney U test 
was used for testing statistical differences of vari-
ables between two groups.

PFS was calculated from the start of CTX to 
either PD or death from any cause. A p-value of 
<0.05 was considered as statistically significant.

Results 

Patients 

Of the patients 73.53% were men and 26.47%  
women, with median age 64.5 years (Table 1). Half 
of the patients (17;50%) had two metastatic sites 
and the most common metastatic site (82.35%) 
was the liver. 

Table 1. Patient and disease characteristics

Characteristics N % Mean±SD Median, range

No. of patients 60 100.0

KRAS wild 34 56.67

KRAS mutant 26 43.33

Sex (male/female) 25/9  (73.53/26.47)**

Age (years) 64.74±9.26 64.50, 42-80

Primary site

Colon 7 20.59

Rectum 9 26.47

Sigmoid 13    38.24*a

Rectosigmoid  5 14.71

Number of metastatic site

1 11 32.35

2 17      50.00**b

3 6 17.65

Metastatic organs

Liver 28             82.35**c,***

Lymph nodes 11 32.35

Peritoneum 1 2.94

Spleen 2 5.88

Vertebrae 1 2.94

Lung 15 44.12

Adrenals 3 8.82

Sternum 1 2.94

Ovary 2 5.88

ECOG PS 

0 5 14.71

1 25         73.53***de

2 4 11.76

* p<0.05, ** p<0.01, *** p<0.001, a vs rectosigmoid, b vs 3 metastatic organs, c vs lung, d vs ECOG=0, e vs ECOG=2. ECOG PS: Eastern 
Cooperative Oncology Group Performance Status, SD: standard deviation
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The median number of received cycles with CTX 
was 4 (range 2-14). ECOG PS ranged from 0 to 2.

Oxaliplatin was chosen as first-line therapy in 
32 (94.12%) patients and all of the patients received 
irinotecan-based therapy (FOLFIRI or IFL) as second 
line. The median time between primary diagnosis 

and the administration of CTX was 21 months (Ta-
ble 2).

Treatment efficacy 

Treatment efficacy is shown in Table 3.

Table 2. Therapies

N % Mean±SD Median, range

Regimen

Mono CTX 6 17.65

IFL plus CTX 7 20.59

FOLFIRI plus CTX 13 38.24

Irinotecan plus CTX 8 23.53

Number of cycles 5.59±3.17 4.00, 2-12

Previous adjuvant therapy 19 55.88

Prior 1st line therapy

FOLFOX 18 52.94*f

OXFL 14 41.18*f

FL 2 5.88

Prior 2nd line therapy

FOLFIRI 20 58.82

IFL 14 41.18

Time between primary diagnosis and start of CTX (months) 28.03±17.29 21.50, 9-69

<12 4 11.76

12-24 14 41.18*g

>24 16 47.06*g

*p<0.001, f vs FL, g vs 12 months, CTX: cetuximab

Table 3. Efficacy and skin toxicity

N % mean±SD Median, range

Response to therapy

PR 10 30.30

SD 8 24.25

PD 15 45.45

ORR 10 30.30

DCR 18 54.55

PFS (weeks) 17.74±10.65 14.00, 7-42

Skin toxicity (grade)

0 7 20.59

1 10 29.41

2 12         35.29*h,**i

3 4 11.76

4 1 2.94

Clinically non-relevant skin toxicity 
(grade 0-1: group 1) 17 50.00

Clinically relevant skin toxicity 
(grade 2-4: group 2) 17 50.00

*p<0.05, *p<0.01, h vs grade 3, i vs grade 4. PR: partial response, SD: stable disease, PD: progressive disease, ORR: overall response 
rate, DCR: disease control rate
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One patient developed a strong reaction to 
CTX (dyspnea and grade 4  skin toxicity in the 
second cycle of therapy) and therapy was dis-
continued.

Ten out of 33 patients (30.30%) obtained 
PR. Eight additional patients (24.24%) showed 
SD, whereas 15 (45.45%) had PD. No patient 
achieved CR. ORR was 30.30%, whereas DCR 
was 54.54%.

The median PFS was 14 weeks (range 7-42).
Some degree of skin toxicity was observed 

in 79.41% (27/34) of the patients. Clinically 
non-relevant skin toxicity (grade 0-1: Group 1) 
was observed in 50% (17/34), and clinically rel-
evant skin toxicity (grade 2-4: Group 2) in the 
remaining 50%. Grade 4 skin toxicity was docu-
mented in 1 patient.

Predictive value of skin toxicity for response and pro-
gression free survival

Table 4 shows that the mean PFS increased 
with increasing grade of skin toxicity. The mean 
PFS in Group 1 was 12.65±5.59 weeks and in 
Group 2 it was 22.82±12.16 (p<0.05). 

Clinically relevant grade 2-4 skin toxicity was 
assosiated with significantly better response to 
treatment than grade 0-1 skin toxicity, with re-
gard to ORR (80.00 vs 20.00%; p<0.05) and DCR ( 
66.66 vs 33.33%; p<0.05).

Discussion

CTX has proven to be active in patients 

with mCRC refractory to irinotecan, oxaliplatin 
and fluoropyrimidines in phase II clinical trials 
[3,12,13,17]. However, even if CTX is active in irino-
tecan-resistant patients, the response rate with the 
combination of CTX and irinotecan is only 23%  and 
PFS is 4.1 months [3].

We tested a series of 60 patients, in whom irino-
tecan therapy had failed, for KRAS mutation status 
and found 24 (43.33.%) cases with mutation. Know-
ing the predictive value of tumor KRAS mutation 
status in relation to the efficacy of CTX [4,17- 20], we 
treated only a group of 34 wild-type KRAS mCRC 
patients with CTX. 

Treatment with CTX following a previously un-
successful chemotherapy was associated with an al-
most doubled median OS and PFS in CRC patients 
with wild type KRAS. Several studies have shown 
an association between KRAS mutation status and 
the responsiveness of CRC to CTX [4,17,19,21,22]. 
Wild type KRAS is a strong predictor of significant 
increase in PFS and OS in these patients [4].

It is important to highlight that, in our se-
ries, the proportion of CR/PR, SD and PD patients 
was 30.30, 24.25 and  45.45% respectively, which 
is similar to the distribution reported in the rand-
omized CTX trial [3]. Our data showed an ORR and 
DCR amounting to 54.54%. The median PFS was 14 
weeks (~3.5 months) and KRAS mutation status was 
43.33%. All these results are comparable to the re-
sults of the previous, second and third line studies, 
which estimated the value of adding CTX to irinote-
can in irinotecan-resistant mCRC [3,4, 19,20,22,23]. 

The CECOG trial showed KRAS mutation fre-

Table 4. Predictive value of skin toxicity    

N % Mean±SD Median, range

PFS (weeks)

Group 1 
(skin toxicity grade 0-1) 12.65±5.59 10.00, 8-26

Group 2 
(skin toxicity grade 2-4) 22.83±12.16* 24.00, 7-42

Skin toxicity (grade)

PR 1.90±0.57*j 2.00, 1-3

SD 1.38±1.30 1.50, 0-3

PD 1.07±0.88 1.00, 0-3

Skin toxicity – group 1/ group 2          

PR 2/8 20.00/80.00*

SD 4/4 50.00/50.00

PD 11/4 73.33/26.77*

ORR 2/8 20.00/80.00

DCR 6/12 33.33/66.66

*p<0.05,  j vs PD. PR: partial response, SD: stable disease, PD:progressive disease, ORR: overall response rate, DCR: disease control 
rate, SD: standard deviation 
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quency of 47%, PFS interval 8.4 months longer than 
ours, and ORR amounting to 50% [23]. Lievre et al. 
presented a group of 89 mCRC patients and found 
ORR to be 40% in the group with wild type KRAS. 
The PFS interval in this group was 7.9 months [20]. 
Bienvenuti et al. reported KRAS mutation status in 
33% of their cases, with ORR in wild type KRAS of 
31% and PFS of 17 weeks [24]. Frattini et al. inves-
tigated tumors in 27 patients, and found KRAS mu-
tation status in 37% and ORR in 53% of them [22].

One of the largest analyses was performed by 
De Rook et al. They evaluated 113 irinotecan-re-
fractory mCRC patients treated with CTX-based 
therapy. Mutations of the KRAS gene were ob-
served in 40.7% of the cases. ORR was 41% in the 
wild type KRAS vs 0% in mutant KRAS patients, 
whereas PFS was 6 months in the wild type group 
[4].  Cunningham et al. compared CTX monotherapy 
with CTX plus irinotecan in irinotecan-refractory 
mCRC and found RR of 22.9% in the combination 
therapy group vs 10.8% in the monotherapy group. 
PFS was significantly longer in the combination 
therapy group (4.1 vs 1.5 months, p<0.001) [3]. De 
Fiore et al. studied 59 patients and reported KRAS 
mutation rate of 37%. The ORR was 28% in the pa-
tient group with wild type KRAS and the PFS was 
5.5 months [19].

The COIN study showed KRAS mutations in 
43% of the patients and reported no benefit from 
adding CTX to oxaliplatin-based first line combi-
nation chemotherapy in the treatment of advanced 
colorectal cancer [25].

While the rash was disturbing from an esthetic 
standpoint, it was rarely severe and seldom result-
ed in the termination of treatment. Consistent with 
other reports of both EGFR-targeting antibodies 
and receptor TK inhibitors, the severity of the rash 
related strongly to both response and survival [26-
29].

Skin toxicity, a well-known predictor of re-
sponse, was one of the predictors in our study and 
it was in line with what was expected. When all 
34 CTX-treated  patients were analysed, clinically 
relevant skin toxicity (grade 2-4) proved to be asso-
ciated with significantly higher response to treat-
ment than grade 0-1 skin toxicity, with regard to 
ORR (80.00 vs 20%), DCR ( 66.66 vs 33.33%) and 
PFS (22.82 vs 12.65 weeks).

In 5 phase II studies, patients who developed 
acne-like rash were shown to have longer OS, sug-
gesting that skin toxicity may be a relevant mark-
er of CTX clinical response. Responses have been 
shown to correlate with the severity of the rash in 
phase II studies [3,4,13,26,30-32]. 

The BOND trial reported higher response 

rates in patients with skin rash compared with pa-
tients without skin rash (25.8 vs 6.3% respectively, 
p=0.005) [3]. Lenz et al. investigated 346 mCRC pa-
tients refractory to standard  chemotherapy, who 
received CTX in a multicenter phase II trial. The 
median RR in the whole group was 12.4%. Patients 
with grade 1, 2 and 3 skin toxicity had a RR of 7.2, 
17 and 20%, respectively [13]. Similarly, Saltz et 
al. showed longer survival in patients with severe 
skin toxicity [12]. In contrast, the results from the 
EVEREST study demonstrated no association be-
tween KRAS and skin toxicity [33].Also, Lievre et 
al. recorded a strong correlation between KRAS 
mutation and PFS and OS, whereas the skin rash 
was associated only with OS [17].

In conclusion, CTX has clinical benefit when 
given alone or in combination with irinotecan in 
patients with irinotecan-refractory mCRC.  These 
results should prompt further studies with larger 
numbers of mCRC patients with the aim of estab-
lishing with certainty the clinical benefits of KRAS 
mutation status in anti EGFR antibodies-based 
chemo-targeted therapy. A major criticism directed 
to all studies of biomarkers predictive of clinical 
response to CTX and other anti EGFR antibodies in 
mCRC is that the clinical benefit is evaluated on 
the metastatic disease, whereas the presence of 
the marker is assessed from the primary tumor. 
Considering the genetic evolution of metastases 
compared to primary tumors, we think that deter-
mining the presence of alterations by screening 
metastases directly will be essential to predicting 
either sensitivity or resistance to these targeted 
therapies.  

There were also patients with wild type KRAS 
tumors who did not respond to CTX and in whom 
the tumor progressed rapidly. Additional reliable 
and easily measured biomarkers are clearly needed 
to improve the identification of patients who can 
benefit from the treatment with CTX. The treat-
ment, which is rather expensive, would be most 
cost-effective if given to patients with the highest 
chance of benefiting from it [21]. It is necessary to 
clearly define the subpopulation of patients who 
can truly benefit from CTX, because failure to do 
so means an increase in treatment costs, frequent 
trips to hospital and toxicity [34]. 
At present, the most urgent issue is that of identi-
fying the mechanisms of secondary resistance to 
anti EGFR antibody therapies in mCRC. Even the 
best responses obtained in wild type KRAS tum-
ors are transient and do not last longer than 12-18 
months. In most cases the tumors rapidly begin to 
regrow after the massive initial reduction, and be-
come refractory to further anti EGFR treatment [3].



Benefit and prognostic value of cetuximab skin toxicity 89

JBUON 2014; 19(1): 89

References
1. Petrelli F, Borgonovo K, Cabiddu M  et al. Cetuximab 

and panitumumab in KRAS wild- type colorectal can-
cer: a meta-analysis. Int J Colorectal Dis 2011;26:823-
833.

2. Porebska I, Harlozinska A, Bojarowski T. Expression 
of the tyrosine kinase activity growth factor receptors 
(EGFR, ERB B2, ERB B3) in colorectal adenocarcino-
mas and adenomas. Tumor Biol 2000;21:105-115.

3. Cunningham D, Humblet Y, Siena S et al. Cetuximab 
monotherapy and cetuximab plus irinotecan in irino-
tecan-refractory metastatic colorectal cancer. N Engl  
J Med 2004;351:337-345.

4. De Roock W, Piessavaux H, De Schutter J et al. 
KRAS wild-type state predicts survival and is asso-
ciated to early radiological response in metastatic 
colorectal cancer treated with cetuximab. Ann Oncol 
2008;19:508-515.

5. Heinemann V, Stintzing S, Kircher T, Boeck S, Jung 
A. Clinical relevance of EGFR- and KRAS-status in 
colorectal cancer patients treated with monoclonal 
antibodies directed against the EGFR. Cancer Treat 
Rev 2009;35:262-271.

6. Bos JL, Fearon ER, Hamilton SR et al. Prevalence 
of ras mutation in human colorectal cancer. Nature 
1987;327:293-297.

7. Finkelstein SD, Sayeqh R, Christensen S, Swalsky PA. 
Genotypic classification of colorectal adenocarcino-
ma. Biologic behavior correlates with K-ras-2 muta-
tion type. Cancer 1993;71:3827-3838.

8. Amado RG, Wolf M, Peeters M et al. Wild-type 
KRAS is required for panitumumab efficacy in pa-
tients with metastatic colorectal cancer. J Clin Oncol 
2008;26:1626-1634.

9. Sobrero AF, Maurel J, Fehrenbacher L et al. EPIC:Phase 
III trial of cetuximab plus irinotecan after fluoropy-
rimidine and oxaliplatin failure in patients with met-
astatic colorectal cancer. J Clin Oncol 2008;26:2311-
2319.

10. Freemen DJ, Juan T, Reiner M et al. Association of K-ras 
mutational status and clinical outcomes in patients 
with metastatic colorectal cancer receiving panitu-
mumab alone. Clin Colorectal Cancer 2008:7;184-190.

11. Van Cutsem E, Mayer R, Gold P et al. Correlation of 
acne rash and tumor response with cetuximab mon-
otherapy in patients with colorectal cancer refrac-
tory to both irinotecan and oxaliplatin. Eur J Cancer 
2004;2(Suppl) :85–86 (abstr 279).

12. Saltz L, Meropol NJ, Loehrer PJ et al. Phase II trial of 
cetuximab in patients with refractory colorectal can-
cer that expresses the epidermal growth factor recep-
tor. J Clin Oncol 2004;22:1201–1208.

13. Lenz HJ, Van Custem E, Khambata-Ford S et al. Mul-
ticenter phase II and translational study of cetuximab 
in metastatic colorectal carcinoma refractory to irino-
tecan, oxaliplatin and  fluoropyrimidines . J Clin Oncol 
2006;24:4914-4921.

14. Van Custem E, Kohne CH, Hitre E et al. Cetuximab 
and chemotherapy as initial treatment for metastatic 
colorectal cancer. N Engl J Med 2009; 360: 1408-1417.

15. Bokemeyer C, Bondarenko I, Makhson A et al. Fluoro-
uracil, leucovorin and oxaliplatin  with and without 
cetuximab in the first-line treatment in metastatic 
colorectal cancer. J Clin Oncol 2009;27:663-671.

16. Pérez–Soler R, Van Cutsem E. Clinical research of 
EGFR inhibitors and related dermatologic toxicities. 
Oncology 2007;21 (Suppl 5) :10–16.

17. Lievre A, Bachet JB, Boige V et al. KRAS mutations 
as an independent prognostic factor in patients with 
advanced colorectal cancer treated with cetuximab. J 
Clin Oncol 2008;26:374-379.

18. Van Cutsem E, Kohne CH, Lang I et al. Cetuximab 
plus irinotecan, fluorouracil and leucovorin as first-
line treatment for metastatic colorectal cancer: update 
analysis of overall survival according to tumor KRAS 
and BRAF mutation status. J Clin Oncol 2011;29:2011-
2019.

19. Di Fiore F, Blanchard F, Charbonnier F et al. Clinical 
relevance of KRAS mutation detection in metastatic 
colorectal cancer treated by cetuximab plus chemo-
therapy. Br J Cancer 2007;96:1166-1169.

20. Lièvre A, Bachet JB, Le Corre D  et al. KRAS mutation 
status is predictive of response to cetuximab therapy 
in colorectal cancer. Cancer Res 2006;66:3992-3995.

21. Karapetis C, Khambata-Ford S, Jonker D et al. K-ras 
mutations and benefit from cetuximab in advanced 
colorectal cancer. N Engl J Med 2008;359:1757-1765.

22. Frattini M, Saletti P, Romagnani E et al. PTEN loss of 
expression predicts cetuximab efficacy in metastatic 
colorectal cancer patients. Br J Cancer 2007;97:1139-
1145.

23. Ocvirk J, Brodowicz T, Wrba F et al. Cetuximab plus 
FOLFOX 6 or FOLFIRI in metastatic colorectal cancer: 
CECOG trial. World J Gastrenterol 2010;16:3133-3143.

24. Benvenuti S, Sartore-Bianchi A, Nicolantonio F et al. 
Oncogenic activation of the RAS/RAF signaling path-
way impairs the response of metastatic colorectal 
cancers to anti-epidermal growth factor receptor anti-
body therapies. Cancer Res 2007;67:2643–2648.

25. Maughan S, Adams R, Smith C et al. Addition of ce-
tuximab to oxaliplatin-based first-line combination 
chemotherapy for treatment of advanced colorectal 
cancer:results of the randomised phase 3 MRC COIN 
trial. Lancet 2011;377:2103-2114.

26. Saltz L, Kies MS, Abbruzzese J, Azarnia N, Needle 
MN. The presence and intensity of the cetuximab-in-
duced acne-like rash predicts increased survival in 
studies across multiple malignancies. Prog Proc Am 
Soc Clin Oncol 2003;22:204 (abstr 817).

27. Perez-Soler R, Chachoua A, Hammond LA et al. Deter-
minants of tumor response and survival with erlotin-
ib in patients with non–small-cell lung cancer. J Clin 
Oncol 2004;22:3238-3247.

28. Bonner JA, Harari PM, Giralt J et al. Radiotherapy 
plus cetuximab for locoregionally advanced squa-
mous cell carcinoma of head and neck. N Engl J Med 
2006;354:567-578.

29. Clark GM, Perez-Soler R, Siu L et al. Rash severity 
is predictive of increased survival with erlotinib HCI. 
Proc Am Soc Clin Oncol 2003;22:196 (abstr 786).



Benefit and prognostic value of cetuximab skin toxicity90

JBUON 2014; 19(1): 90

30. Jonker DJ, O`Callaghan CJ, Karapetis CS et al. Cetux-
imab for the treatment for the colorectal cancer. N 
Engl J Med 2007;357:2040-2048.

31. Chung KY, Shia J, Kemeni NE et al. Cetuximab shows 
activity in colorectal cancer patients with tumors 
that do not express the epidermal growth factor re-
ceptor by immunohistochemistry. J Clin Oncol 2005; 
23:1803-1810.

32. Zhang W, Gordon M, Press OA et al. Cyclin D1 and epi-
dermal growth factor polymorphisms associated with 
survival in patients with advanced colorectal cancer 

treated with cetuximab. Pharmacogenet Genomics 
2006;16:475-483.

33. Tejpar S, Peeters M, Humblet Y et al. Phase I/II study 
of cetuximab dose-escalations in patients with met-
astatic colorectal cancer (mCRC) with no slight skin 
reaction on cetuximab standard dose treatment (EV-
EREST):Pharmacokinetic (PK), pharmacodynamic 
(PD) and efficacy data. J Clin Oncol 2007;25 (Suppl): 
abstr 4037.

34. Schrag D. The price tag on progress:Chemotherapy for 
colorectal cancer. N Engl J Med 2004;351:317-319.


