
Colorectal cancer (CRC) is one of the
most common malignancies in the
world. Each year one million new cases
are diagnosed and about 500 000 peo-
ple die of this disease. Due to the devel-
opment of research in clinical oncology,
many new antineoplastic agents are
registered and available in the treat-
ment of CRC, for example irinotecan,
oxaliplatin, 5-fluorouracil, capecitabine,
and the monoclonal antibodies beva-
cizumab, panitumumab and cetuximab.
Introduction of molecularly targeted
therapies caused prolongation of medi-
an time to progression of the disease
as well as median overall survival. The
best sequence of the therapeutic
options for the achievement of the
patients’ benefits and good tolerance
of the treatment has not been estab-
lished. This article contains a review of
randomized phase II/III studies and reg-
istration trials regarding systemic treat-
ment of CRC. The authors have
attempted to translate the results of
the studies into treatment optimization.
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Introduction

Colorectal cancer (CRC) is one of the most common malignancies in the
world. Each year one million new cases are diagnosed and about 500 000
people die of this disease [1]. Approximately 14 000 new cases are diagnosed
annually in Poland. Incidence of colorectal cancer increases with age, start-
ing from the age of 40, with a rapid increase after the age of 50 [2, 3].

Most colorectal cancer patients (50-60%) have stage IV disease at the time
of first diagnosis [4]. Palliative systemic therapy that offers a possibility of
prolonged survival and improved quality of life is one of the possible thera-
peutic options for these patients.

Due to the development of research in clinical oncology, many new anti-
neoplastic agents are registered and available in the treatment of CRC, for
example irinotecan, oxaliplatin, 5-fluorouracil, capecitabine, and the mono-
clonal antibodies bevacizumab, panitumumab and cetuximab.

The most important challenge in CRC treatment is treatment optimiza-
tion, which should combine maximum effectiveness with the lowest possi-
ble toxicity. Currently there is an ongoing search for new biomarkers that
could be helpful in proper selection of therapies for patients. Some of them
have already been introduced to routine practice, while others are still in the
development phase and their clinical utility must be confirmed.

Currently, according to NCCN recommendations, patients with advanced
CRC are classified into two categories: patients in good general condition,
without significant comorbidities, who may be eligible for intensive pallia-
tive therapy (e.g. intensive chemotherapy), and patients in worse general
condition, with significant comorbidities, for whom more conservative man-
agement is recommended [e.g. best supportive care (BSC) or less intensive
chemotherapy: capecitabine monotherapy, 5-fluorouracil with leucovorin and
possibly monoclonal antibodies – bevacizumab, panitumumab or cetuximab]. 

Patients with worse performance status, with multiple comorbidities, can
be qualified for systemic treatment that carries lower risk of side effects.

Introduction of multi-drug chemotherapy in combination with “targeted”
therapy in the treatment of advanced CRC led to a situation where patient
classification according to lesion resectability became as important. There
are three categories of patients: patients with primary resectable metastases;
patients who may be eligible for surgical resection of metastases following
aggressive systemic therapy; and patients unlikely to ever undergo resection
of metastases.

The aim of this paper is to review randomized phase II and III studies of
CRC systemic therapy and to attempt to translate the results of these stud-
ies into optimization of the therapeutic approach.
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Irinotecan and oxaliplatin as first line of
treatment of metastatic colorectal cancer

Irinotecan

Irinotecan (CPT-11) is a semi-synthetic derivative of an
alkaloid obtained from the tree Camptotheca acuminata.
CPT-11 belongs to a group of cytostatics that exhibit anti-
tumour activity mainly through inhibition of topoisomerase I.
Slight contribution to CPT-11 activity is also attributed to

induction of endonucleases and serine proteases. CPT-11
undergoes conversion to an active tissue metabolite, SN-38,
that is predominantly responsible for antitumour activity. It
belongs to phase-specific agents, which is related to their
activity in phase S of the cell cycle, when topoisomerase
I activity in the nucleus is highest [5].

One of the regimens containing irinotecan used in the
palliative treatment of CRC is a three-drug regimen, irinote-
can, 5-fluorouracil and leucovorin, administered in various
combinations (e.g. regimen FOLFIRI, IFL).

Based on conducted multicentre, randomized clinical tri-
als, high effectiveness of the irinotecan-based three-drug
regimen was confirmed versus the two-drug leucovorin and
5-fluorouracil based regimen (LF “Mayo Clinic” regimen) as
first line therapy of metastatic CRC. A study by Saltz et al.
demonstrated a 50% objective response rate for the irinote-
can regimen (IFL regimen) vs. 28% (p < 0.001), median time
to progression 7.0 vs. 4.3 months (p = 0.004) and median
overall survival 14.8 vs. 12.6 months (p = 0.04) [6].

Douillard et al. in another multicentre, randomized clin-
ical trial, after treatment with an irinotecan-based regimen
(“weekly” or “biweekly” regimen, depending on the study
site) achieved 49% vs. 31% response (p < 0.001) in patients
treated with leucovorin and 5-fluorouracil, median time to
progression was 6.7 vs. 4.4 months (p < 0.001), and medi-
an overall survival was 17.4 vs. 14.1 months (p = 0.031) [7].

Retrospective analysis by Gluzman et al. [8] compared the
effects of IFL (day 1: irinotecan 125 mg/m2, leucovorin 
20 mg/m2, 5-fluorouracil 500 mg/m2 administered every 
7 days for 4 consecutive weeks, in 6-week cycles) and FOLFIRI
(day 1: irinotecan 180 mg/m2, leucovorin 200 mg/m2 intra-
venous infusion over 2 hours, 5-fluorouracil 400 mg/m2

“bolus” and 46-hour intravenous 5-fluorouracil infusion 2400-
3000 mg/m2 in 14-day cycles). The authors observed prolon-
gation of median time free from progression in the second
arm of the study (9.4 months vs. 6 months for the group treat-
ed with the IFL regimen). However, no prospective, random-
ized study is available that would directly compare both these

irinotecan-based regimens. Therefore it is unknown which of
these two regimens is more active as first line therapy for
metastatic CRC.

Oxaliplatin

Oxaliplatin is a platinum-based (third generation) antitu-
mour agent, containing a platinum atom complexed with
cyclohexane-1,2-diamine and an oxalate group (chemical
name: (SP-4-2)[(1R,2R)-cyclohexane-1,2-diamine-κ (2)N,N]
[ethanedioato(2-)-kappa(2)O(1),O(2)]platinum). Its mechanism
of action involves formation of bonds between and inside DNA
strands and abnormal DNA molecules and inhibition of DNA,
RNA and protein synthesis [9].

Activity of oxaliplatin as first line treatment of metastat-
ic CRC was confirmed by De Gramont et al. [10] in a paper
published in 2000. In a group of patients receiving oxaliplatin
(FOLFOX 4 regimen) (day 1: oxaliplatin 85 mg/m2, leucovorin
100 mg/m2 2-hour intravenous infusion, 5-fluorouracil 
400 mg/m2 “bolus” and 22-hour 5-fluorouracil intravenous
infusion 600 mg/m2; day 2: leucovorin 100 mg/m2 2-hour
intravenous infusion, 5-fluorouracil 400 mg/m2 “bolus” and 
22-hour 5-fluorouracil intravenous infusion 600 mg/m2 every
14 days) versus patients treated with the LF regimen
(“biweekly” regimen without oxaliplatin), a 50.7% objective
response rate was achieved versus 22.3% (p = 0.0001), 
median time to progression was 9.0 versus 6.2 months 
(p = 0.0003), and median overall survival time was 16.2 vs.
14.7 months (p = 0.12). Table 1 summarizes the results.

A randomized study by Tournigand et al. [11] compared
the efficacy of first line sequential irinotecan-based thera-
py (FOLFIRI) and oxaliplatin-based therapy (FOLFOX 6) (day 1:
oxaliplatin 100 mg/m2, leucovorin 200 mg/m2 2-hour intra-
venous infusion, 5-fluorouracil 400 mg/m2 “bolus” and 
46-hour fluorouracil intravenous infusion 2400-3000 mg/m2

every 14 days) as second line therapy (group A) versus
patients who received therapeutic regimens in the reversed
order: FOLFOX 6 as first line therapy, and FOLFIRI regimen
after disease progression (group B). Objective response rate,
median time to disease progression and median overall sur-
vival were comparable in both these groups (there was
a trend toward improved parameters of treatment efficacy
in group A vs. group B). Table 2 summarizes the results.
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CChheemmootthheerraappyy  rreeggiimmeenn CCLLFF FFOOLLFFOOXX

OR (CR + PR) (%) 49 [7] 50.7 [10]
50 [6]

median time to progression 6.7 [7] 9.0 [10]
(months) 7.0 [6]

median overall survival (months) 17.4 [7] 16.2 [10]
14. [6]

TTaabbllee  11.. Efficacy of irinotecan- and oxaliplatin-based chemothe-
rapy

CLF – irinotecan + 5-fluorouracil + leucovorin
FOLFOX – oxaliplatin + 5-fluorouracil + leucovorin

FFOOLLFFIIRRII    → FFOOLLFFOOXX  66 FFOOLLFFOOXX 66    → FFOOLLFFIIRRII pp
nn ==  110099 nn  ==  111111

OR (CR + PR) (%)
1st line therapy 56 54 NS
2nd line therapy 15 4 0.05     

Median time to progression (months)
1st line therapy 8.5 8.0 0.26
2nd line therapy 4.2 2.5 0.003     

Median time to progression (months)   
14.2 10.9 0.64

Median overall survival (months)
21.5 20.6 0.99 

TTaabbllee  22.. Efficacy of chemotherapy in group A in comparison to
group B
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This study demonstrated much lower incidence of grade
3 and 4 side effects in the group of patients treated with
the FOLFIRI regimen versus the group of patients receiving
the FOLFOX regimen (53 vs. 74%; p = 0.001). Mucositis, nau-
sea, vomiting, neutropenic fever and alopecia were observed
more commonly in patients treated with chemotherapy with
irinotecan, while neutropenia, thrombocytopenia and neu-
rotoxicity were more common in patients treated with
chemotherapy with oxaliplatin.

In summary, this study showed that irinotecan- and oxali-
platin-based chemotherapies have similar efficacy but dif-
ferent toxicity profiles: irinotecan predominantly causes
cholinergic syndrome, while oxaliplatin mainly causes neu-
rotoxicity (unfortunately there is no effective neuroprotec-
tive treatment for it) [9].

Chemotherapy or chemotherapy with
a biological agent as first line treatment for
metastatic colorectal cancer?

Bevacizumab

Bevacizumab is a recombined, humanized monoclonal
IgG1 antibody against vascular endothelial growth factor
(VEGF). It is 93% human and 7% murine. Bevacizumab
inhibits endothelial proliferation and formation of abnor-
mal blood vessels [12].

The efficacy of bevacizumab in combination with
chemotherapy was confirmed in multiple randomized clin-
ical trials. Addition of bevacizumab to the IFL regimen
(irinotecan, 5-fluorouracil, leucovorin every 6 weeks), ver-
sus patients receiving only IFL chemotherapy as first line
treatment for metastatic CRC, results in significant increase
of objective response rate (44.8 vs. 34.8%, p = 0.004), pro-
longation of median time to progression (10.6 months vs.
6.2 months, p ≤ 0.001) and increased median overall sur-
vival (20.3 months vs. 15.6 months, p < 0.001) [13].

Slightly lower efficacy was reported following combina-
tion of bevacizumab with other chemotherapeutic regimens:
• with FOLFOX-4/XELOX – significant prolongation of time

to progression (9.4 vs. 8.0 months, p = 0.0023) and insi-
gnificant improvement of overall survival (21.3 vs. 19.9
months, p = 0.077) without increasing the objective
response rate (47 vs. 49%, p = 0.31) [14],

• with 5-fluorouracil and leucovorin (5-FU/FA every 6 weeks)
– significant prolongation of median time to progression

(9.2  vs. 5.5 months, p = 0.0002) and increase of objecti-
ve response rate (26 vs. 15.2%, p = 0.055), and insignifi-
cant improvement of overall survival (16.6 vs. 12.9 mon-
ths, p = 0.16) [15],

• with capecitabine, significant prolongation of median
time to progression (8.5  vs. 5.7 months, p < 0.0001), and
insignificant improvement of objective response rate 
(38 vs. 30%), without prolongation of overall survival
(18.4 vs. 19.1 months, p = 0.24) [16]. Table 3 summarizes
these studies.

Bevacizumab therapy was quite well tolerated. “Typi-
cal” bevacizumab side effects (hypertension, proteinuria,
diarrhoea, thromboembolic events) were reported more
often in patients treated with bevacizumab in combination
with chemotherapy versus chemotherapy alone [13, 14].

Addition of a biological agent (bevacizumab) to
chemotherapy significantly increases the efficacy of first
line treatment for metastatic CRC. Irinotecan-based
chemotherapy seems the optimal chemotherapy added to
bevacizumab.

Cetuximab

Cetuximab is a chimeric (part murine, part human) mon-
oclonal IgG1 antibody directed against the extracellular
domain of the epidermal growth factor receptor (EGFR).
Cetuximab inhibits cellular growth and proliferation and
induces apoptosis [17]. Apart from the direct antitumour
effect associated with its binding to RGFR, cetuximab also
exerts indirect effects through initiation of an immune reac-
tion associated with antibody-dependent cellular cytotoxi-
city [18].

Previous clinical studies resulted in the development of
a predictive factor for efficacy of anti-EGFR monoclonal anti-
bodies: the KRAS gene. Patients with an activating muta-
tion in codon 12 or 13 of the KRAS gene were found to exhib-
it complete lack of clinical activity of cetuximab [19] and
panitumumab [20].

Clinical activity of cetuximab in combination with
chemotherapy as first line treatment of metastatic CRC was
confirmed only in patients with wild-type K-Ras). Cetux-
imab in combination with irinotecan-based chemotherapy
(FOLFIRI regimen), versus chemo therapy alone, significant-
ly increased the complete response rate (57.3 vs. 39.7%, 
p < 0.0001), and prolonged time to progression (9.9 vs. 8.4

RReeggiimmeenn nn RReessppoonnssee  rraattee  ((%%)) MMeeddiiaann  PPFFSS MMeeddiiaann  OOSS
((mmoonntthhss)) ((mmoonntthhss))

IFL
IFL + bevacizumab [13] 813 35 6.2 15.6

45* 10.6* 20.3*

5FU/LV 209 15 5.5 12.9
5FU/LV + bevacizumab [15] 26* 9.2* 16.6

XELOX/FOLFOX 1401 49 8.0 19.9
XELOX/FOLFOX + bevacizumab [14] 47 9.4* 21.3

capecitabine 156 30 5.7 18.4
capecitabine + bevacizumab [16] 157 38 8.5* 19.1

TTaabbllee  33.. Efficacy of bevacizumab in combination with chemotherapy in comparison to chemotherapy alone 
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months, p = 0.0012) and median overall survival time (23.5
vs. 20 months, p = 0.0094). However, no effect of cetux-
imab on chemotherapy efficacy was found in patients with
mutated KRAS [21]. Table 4 summarizes these results.

Results of the COIN trial, comparing oxaliplatin therapy
(CAPOX regimen/FOLFOX regimen) in combination with
cetuximab versus chemotherapy alone, presented at
ECCO/ESMO 2009, did not meet the expectations. Only
a significant increase of the objective response rate was
achieved in a group of patients with wild-type K-Ras, treat-
ed with oxaliplatin and cetuximab versus patients treated
with chemotherapy alone (59 vs. 50%, p = 0.015). Howev-
er, no significant improvement of time to survival or medi-
an overall survival was achieved. In a group of patients with
KRAS mutation, addition of cetuximab to oxaliplatin-based
regimens resulted in insignificant shortening of median time
to progression and median overall survival [22]. Table 5  sum-
marizes the full results.

Cetuximab requires administration as weekly infusions,
each preceded by premedication. Use of cetuximab with
chemotherapy versus chemotherapy was associated with
higher risk of serious side effects (grade 3 and 4) mani-

festing as: diarrhoea (15.7 vs. 10.5%, p = 0.008), acne-like
rash (16.2 vs. 0%, p < 0.001) and serious infusion reactions 
(2.5 vs. 0%, p < 0.001). Intensity of skin lesions was 
associated with prolongation of median time to progres-
sion [23].

The above-presented clinical trials do not allow a defi-
nite conclusion as to which cetuximab-based chemothera-
py regimen is more effective, due to difficulties in compar-
ing the prospective COIN study with retrospective analyses
of the CRYSTAL and OPUS studies. However, cetuximab ther-
apy is associated with a significant worsening of quality of
life related to “typical” cetuximab side effects and the
requirement of weekly drug administration.

Panitumumab

Panitumumab is a fully humanized monoclonal IgG2 anti-
body directed, like cetuximab, against EGFR, with the same
mechanism of action [20].

In the PRIME study [24], the combination of panitu-
mumab with FOLFOX4 chemotherapy vs. chemotherapy
alone, in a group of patients with the wild-type K-Ras gene,

WWiilldd--ttyyppee  KK--RRaass**  FFOOLLFFIIRRII FFOOLLFFIIRRII  ++  cceettuuxxiimmaabb pp--vvaalluuee

n 350 316 –

response rate (%) 39.7 57.3 < 0.0001

median time to progression (months) 8.4 9.9 0.0012

median overall survival (months) 20 23.5 0.0094

KKRRAASS mmuuttaattiioonn** FFOOLLFFIIRRII FFOOLLFFIIRRII  ++  cceettuuxxiimmaabb pp--vvaalluuee

N 183 214 –

response rate (%) 36.1 31.3 0.34

median time to progression (months) 7.7 7.4 0.26

median overall survival (months) 16.7 16.2 0.75

TTaabbllee  44.. Efficacy of cetuximab in combination with irinotecan-based chemotherapy in comparison to chemotherapy alone

*analysis of KRAS gene status was done retrospectively 

WWiilldd--ttyyppee  KK--RRaass** FFOOLLFFOOXX//CCAAPPOOXX FFOOLLFFOOXX//CCAAPPOOXX  ++    pp--vvaalluuee
cceettuuxxiimmaabb

N 367 362 –

response rate (%) 50 59 < 0.015

median time to progression (months) 8.6 8.6 0.60

median overall survival (months) 17.9 17 0.68

KKRRAASS mmuuttaattiioonn** FFOOLLFFOOXX//CCAAPPOOXX FFOOLLFFOOXX//CCAAPPOOXX  ++    pp--vvaalluuee
cceettuuxxiimmaabb

N 268 297 –

response rate (%) 41 40 0.87

median time to progression (months) 6.9 6.5 0.46

median overall survival (months) 14.8 13.6 0.80

TTaabbllee  55..  Efficacy of cetuximab in combination with oxaliplatin-based chemotherapy in comparison to chemotherapy alone

*analysis of KRAS gene status was done retrospectively
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resulted in significant prolongation of median time to pro-
gression (9.6 vs. 8.0 months, p = 0.02) and a non-signifi-
cant increase of the objective response rate (55 vs. 48%, 
p = 0.068). In a group of patients with a mutated K-Ras gene,
addition of panitumumab to oxaliplatin-based chemother-
apy resulted in a significant shortening of median time to
progression and median overall survival (table 6). 

Reported side effects related to panitumumab treat-
ment included diarrhoea, hypomagnesaemia, and erythe-
ma. Two patients (< 1%) developed a serious (grade 3) infu-
sion reaction. 

Panitumumab therapy in combination with oxaliplatin is
effective only in patients with the wild-type K-Ras gene.
However, we must emphasize that analysis of KRAS gene
status was performed retrospectively in this study, which
reduces the significance of the results obtained in both

groups of patients with the wild-type and mutated KRAS
gene. Since this is a fully humanized antibody, no signifi-
cant rate of serious infusion reactions was reported.

Combination of chemotherapy with anti-VEGF
and anti-EGFR as first line therapy for
metastatic colorectal cancer

Combined antineoplastic therapy – chemotherapy plus
anti-VEGF and anti-EGFR therapy – was unsuccessful. Short-
ening of median time to progression and median overall sur-
vival was reported in the PACCE study, in a group of patients
with wild-type K-Ras, who received chemotherapy (FOLFOX
or FOLFIRI) in combination with bevacizumab and panitu-
mumab versus patients treated without panitumumab. Sim-
ilar results were obtained in a group of patients with KRAS
gene mutation [25] (table 7 and 8).

WWiilldd--ttyyppee  KK--RRaass** FFOOLLFFOOXX44 FFOOLLFFOOXX44  ++ pp--vvaalluuee
ppaanniittuummuummaabb

N 331 325 –

response rate (%) 48 55 0.068

median time to progression (months) 8.0 9.6 0.02

median overall survival (months) 18.8 not achieved 0.16

KKRRAASS mmuuttaattiioonn** FFOOLLFFOOXX44 FFOOLLFFOOXX44  ++ pp--vvaalluuee
ppaanniittuummuummaabb

N 219 221 –

response rate (%) 40 40 0.98

median time to progression (months) 8.8 7.3 0.02

median overall survival (months) 18.7 15.1 0.004

*analysis of KRAS gene status was done retrospectively

TTaabbllee  66.. Efficacy of panitumumab in combination with oxaliplatin-based chemotherapy in comparison to chemotherapy alone

WWiilldd--ttyyppee  KK--RRaass** OOxxaalliippllaattiinn  ++ OOxxaalliippllaattiinn  ++ HHRR
bbeevvaacciizzuummaabb  ++ bbeevvaacciizzuummaabb 9955%%  CCII
ppaanniittuummuummaabb

N 201 203 –

response rate (%) 50 56 –

median time to progression (months) 9.8 11.5 1.36
1.04-1.77

median overall survival (months) 20.7 24.5 1.89
1.30-2.75

WWiilldd--ttyyppee  KK--RRaass** IIrriinnootteeccaann  ++        IIrriinnootteeccaann  ++ HHRR
bbeevvaacciizzuummaabb  ++ bbeevvaacciizzuummaabb 9955%%  CCII
ppaanniittuummuummaabb

n 57 58 –

response rate (%) 54 48 –

median time to progression (months) 10 12.5 1.50
0.82-2.76

median overall survival (months) not assessed 19.8 1.28
0.50-3.25

*analysis of KRAS gene status was done retrospectively

TTaabbllee  77.. Efficacy of bevacizumab with or without panitumumab in combination with oxaliplatin- and irinotecan-based chemotherapy
in wild-type K-Ras group
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Furthermore, combination of chemotherapy and anti-VEGF
and anti-EGFR therapy was associated with higher incidence
of grade 3 and 4 serious side effects: in a group of patients
treated with oxaliplatin, bevacizumab and panitumumab
chemotherapy versus a group of patients not receiving pani-
tumumab, higher incidence of the following was observed:
skin toxicity (36 vs. 1%), diarrhoea (24 vs. 13%), infection 
(19 vs. 10%) and pulmonary embolism (6 vs. 4%) [25].

Similar results were obtained in the clinical study CAIRO 2
[26]: non-significant shortening of median time to progres-
sion and median overall survival was obtained in a group of
patients with the wild-type K-Ras gene, treated with the

CAPOX regimen (capecitabine + oxaliplatin) with beva-
cizumab and cetuximab versus a group of patients treated
without cetuximab, while significant shortening of median
time to progression and median overall survival was obtained
in a group of patients with a mutated KRAS gene (table 9).

Addition of cetuximab to chemotherapy and bevacizum-
ab was associated with increased incidence of grade 3 and
4 serious side effects (817 vs. 73.2%, p = 0.006) [26].

The above-presented clinical studies indicate that a com-
bination of anti-EGFR and anti-VEGF therapy plus chemother-
apy should not be recommended in the treatment of
patients with metastatic CRC.

WWiilldd--ttyyppee  KK--RRaass** OOxxaalliippllaattiinn  ++        OOxxaalliippllaattiinn  ++ HHRR
bbeevvaacciizzuummaabb  ++ bbeevvaacciizzuummaabb 9955%%  CCII
ppaanniittuummuummaabb

N 135 125 –

response rate (%) 47 44 –

median time to progression (months) 10.4 11 1.25
0.91-1.71

median overall survival (months) 19.3 19.3 1.02
0.67-1.54

KKRRAASS mmuuttaattiioonn** IIrriinnootteeccaann  ++        IIrriinnootteeccaann  ++ HHRR
bbeevvaacciizzuummaabb  ++ bbeevvaacciizzuummaabb 9955%%  CCII
ppaanniittuummuummaabb

n 47 39 –

response rate (%) 30 38 –

median time to progression (months) 8.3 11.9 1.19
0.65-2.21

median overall survival (months) 17.8 20.5 2.14
0.82-5.59

*analysis of KRAS gene status was done retrospectively

TTaabbllee  88.. Efficacy of bevacizumab with or without panitumumab in combination with oxaliplatin- and irinotecan-based chemotherapy
in mutant KRAS group 

WWiilldd--ttyyppee  KK--RRaass** CCAAPPOOXX++ CCAAPPOOXX  ++ pp--vvaalluuee
bbeevvaacciizzuummaabb bbeevvaacciizzuummaabb++    

cceettuuxxiimmaabb

N 156 158 –

response rate (%) 50 61.4 0.06

median time to progression (months) 10.6 10.5 0.30

median overall survival (months) 22.4 21.8 0.64

KKRRAASS mmuuttaattiioonn** CCAAPPOOXX  ++ CCAAPPOOXX  ++ pp--vvaalluuee
bbeevvaacciizzuummaabb bbeevvaacciizzuummaabb  ++    

cceettuuxxiimmaabb  

n 108 98 –

response rate (%) 59 46 0.03

median time to progression (months) 12.5 8.1 0.003

median overall survival (months) 24.9 17.2 0.03

*analysis of KRAS gene status was done retrospectively

TTaabbllee  99.. Efficacy of bevacizumab with or without cetuximab in combination with CAPOX chemotherapy
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Chemotherapy with a biological agent as second
line therapy for metastatic colorectal cancer

Panitumumab

A clinical study presented at ECCO/ESMO 2009 [27] com-
pared the efficacy of the chemotherapeutic regimen FOLFIRI
as the sole therapy or in combination with panitumumab
as second line therapy for metastatic CRC after “exposure”
to oxaliplatin and bevacizumab. Significant prolongation of
median time to progression and insignificant prolongation
of overall survival were obtained in a group of patients with
wild-type K-Ras versus patients treated with only che -
motherapy. A group of patients with KRAS gene mutation
did not benefit from addition of panitumumab to che -
motherapy (table 10).

Observed anti-EGFR treatment related toxicities includ-
ed erythema, diarrhoea, and hypomagnesaemia. A serious
(grade 3) infusion reaction occurred in only two (< 1%)
patients.

Unfortunately, the final results of this study have not
been published, and as in other anti-EGFR studies, analysis
of KRAS gene status was only retrospective. 

Bevacizumab

A phase 3 study [28] assessed the efficacy of FOLFOX4
chemotherapy with or without bevacizumab as second line
treatment for CRC. A key inclusion criterion was previous
irinotecan- and fluoropyrimidine derivative-based
chemotherapy. Significant improvement of median time to
progression (7.3  vs. 4.7 months p < 0001), median overall
survival (12.9  vs. 10.8 months, p = 0.0011) and objective
response rate (22.7 vs. 8.6%, p < 0.0001) was achieved in
a group of patients receiving chemoimmunotherapy (beva-
cizumab + FOLFOX4) vs. only chemotherapy (FOLFOX4).
Higher incidence of hypertension, vomiting and bleeding
was reported in the group of patients receiving chemoim-
munotherapy.

Panitumumab with irinotecan-based chemotherapy
(FOLFIRI regimen) as second line therapy can be used only
in patients with the wild-type KRAS gene, after failure of
oxaliplatin- and/or bevacizumab-based chemotherapy, while
bevacizumab in combination with oxaliplatin (FOLFOX) can
be used in patients after failure of treatment with irinote-
can and fluoropyrimidine derivatives.

Anti-EGFR therapy in patients after failure of
treatment with irinotecan, oxaliplatin and
fluoropyrimidine derivatives

Panitumumab

Amado et al. [20] compared the efficacy of panitumum-
ab monotherapy and best supportive treatment (BST) in
patients after failure of irinotecan, oxaliplatin and fluo-
ropyrimidine derivatives. Use of panitumumab in a group
of patients with the wild-type K-Ras gene was associated
with significant prolongation of median time to progression
(12.3  vs. 7.3 weeks, p < 0.0001), without significant pro-
longation of median overall survival (8.1 vs. 7.6 months; HR
– 0.99; 95% CI: 0.75-1.29). In a group of patients with KRAS
gene mutation, panitumumab versus BST did not improve
median time to progression (7.4 vs. 7.3 weeks; HR – 0.99,
95% CI: 0.73-1.36) or median overall survival (4.9 vs. 4.4
months; HR – 1.02, 95% CI: 0.75-1.39). Panitumumab
increased the incidence of adverse effects: diarrhoea, skin
toxicity and hypomagnesaemia.

Cetuximab

Cetuximab is a second drug with confirmed activity as
monotherapy in a group of patients with the wild-type KRAS
gene after failure of irinotecan, oxaliplatin, 5-fluo-
rouracil/capecitabine therapy [29, 30]. Significant prolon-
gation of median time to progression (3.7  vs. 1.9 months,
p < 0.001) and median overall survival (9.5  vs. 4.8 months,
p < 0.001) was reported in a group of patients with the wild-

WWiilldd--ttyyppee  KK--RRaass** FFOOLLFFIIRRII FFOOLLFFIIRRII  ++ pp--vvaalluuee
ppaanniittuummuummaabb

N 294 303 –

response rate (%) 10 35 –

median time to progression (months) 3.9 5.9 0.004

median overall survival (months) 12.5 14.5 0.115

KKRRAASS mmuuttaattiioonn** FFOOLLFFIIRRII FFOOLLFFIIRRII  ++ pp--vvaalluuee
ppaanniittuummuummaabb

n 248 238 –

response rate (%) 14 13 –

median time to progression (months) 4.9 5.0 NS

median overall survival (months) 11.1 11.8 NS

NS – not significant 
*analysis of KRAS gene status was done retrospectively

TTaabbllee  1100..  Efficacy of panitumumab in combination with irinotecan-based chemotherapy (FOLFIRI) in comparison to chemotherapy
alone in second line treatment of metastatic colorectal cancer
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type K-Ras gene treated with cetuximab vs. BST. No signif-
icant prolongation of median time to progression (1.8  vs.
1.8 months, p = 0.96) or median overall survival (4.5 vs. 4.6
months, p = 0.89) was reported in a group of patients with
a mutated KRAS gene treated with cetuximab vs. BST. There
was higher incidence of serious grade 3 and 4 side effects
(“typical” for cetuximab) manifesting as serious infusion
reactions (4.5 vs. 0%, p < 0.001), skin lesions (11.8 vs. 0.4%,
p < 0.001) and hypomagnesaemia (5.8 vs. 0%, p < 0.001).
Skin toxicity was correlated with prolongation of median
overall survival: for patients without skin lesions – 2.6
months; for patients with grade 1 toxicity – 4.8 months; and
for patients with grade 2 toxicity – 8.4 months (p < 0.001).
A comparison of drugs is summarized in table 11.

Both panitumumab and cetuximab seem to be more
active in a group of patients with wild-type K-Ras after fail-
ure of previous irinotecan, oxaliplatin and fluoropyrimidine
derivatives based therapy. However, this requires confir-
mation in prospective clinical trials.

Recently, enormous progress has been made in the sys-
temic, palliative treatment of colorectal cancer. The launch
of new “targeted” drugs prolonged the median time to pro-
gression and median overall survival. The order of specific
therapies to provide the greatest benefit with the lowest
possible side effects remains to be determined.

The conducted clinical studies indicated that irinotecan-
and oxaliplatin-based first line palliative chemotherapies
were comparable with regard to efficacy. Oxaliplatin-based
chemotherapy versus irinotecan-based chemotherapy has
a slightly different and presumably less favourable toxicity
profile (neurotoxicity). Irinotecan combined with beva-
cizumab as first line therapy for metastatic CRC seems to
be a more beneficial therapeutic option than a combination
of oxaliplatin and bevacizumab.

Second line therapy should be based on chemotherapy
containing oxaliplatin. We have two regimens: FOLFOX and
its variants, and XELOX. Their efficacy is comparable, with
lower incidence of grade 3 and 4 side effects in patients
treated with XELOX chemotherapy [31].

Combination of cetuximab and irinotecan-based
chemotherapy exhibited some activity as first line therapy

for metastatic CRC, predominantly in prolonging time to
progression. However, this regimen is associated with an
unfavourable toxicity profile, mainly skin toxicity that
markedly worsens quality of life and markedly reduces pro-
fessional and everyday patient activity. Furthermore, cetux-
imab requires weekly administration and its efficacy is relat-
ed to skin toxicity. Such therapy is possible only in patients
with wild-type K-Ras.

Anti-EGFR therapy as first line therapy for metastatic CRC
essentially cannot be given after failure of previous irinote-
can, oxaliplatin and fluoropyrimidine derivatives based ther-
apy. Therefore we lose one of the possible therapeutic
options.

Negative effects of anti-EGFR and anti-VEGF therapies
were observed with combinations of bevacizumab and
cetuximab or panitumumab; therefore such drug combi-
nations are not allowed. 

Absolute benefits of anti-EGFR therapies seem to be
greater in subsequent lines of therapy, while they seem to
be reduced for bevacizumab in subsequent lines of therapy.

Therefore, options of systemic therapy for metastatic
CRC, after failure of previous irinotecan, oxaliplatin and flu-
oropyrimidine derivatives based therapy in patients with
wild-type K-Ras, include cetuximab or panitumumab
monotherapy. These drugs have comparable efficacy, with
slightly better tolerance of panitumumab, in particular with
regard to infusion reactions. Definite establishment of supe-
riority of one of these drugs will be possible when the results
of a clinical trial directly comparing panitumumab and cetux-
imab are available.

Of course, patients with poorer general condition, with
significant comorbidities or contraindications to particular
therapies, require adjustment of therapeutic management
to the individual patient’s needs. This includes a possible
decision to provide only the best supportive care.
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