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ABSTRACT
Background: Cetuximab is a monoclonal antibody which acts against the epidermal growth‑factor 
receptor. Randomized controlled trials show that the addition of cetuximab to folinic acid, 
5‑flourouracil, irinotecan (FOLFIRI), folinic acid, 5‑flourouracil, oxaliplatin (FOLFOX) and 
capecitabin + oxaliplatin (CAPOX) regimens, as the first‑line treatment for metastatic colorectal 
cancer (CRC), increases the overall survival (OS) and progression‑free survival (PFS) compared 
to FOLFIRI, FOLFOX and CAPOX regimens alone. The aim of this study was to analyze the 
cost‑effectiveness of different treatment programs for managing metastatic CRC with and without 
cetuximab in the first‑line treatment of unresectable metastatic CRC in Iran.
Methods: A systematic search of the literature was performed in PubMed, Centre for Reviews 
and Dissemination Databases and Cochrane Library to assess the effectiveness of the drug 
in the context of PFS, OS and the adverse events. The incremental cost‑effectiveness ratio of 
each treatment program was calculated. An extensive sensitivity analysis was conducted on the 
results regarding the effectiveness.
Results: The addition of cetuximab to FOLFIRI, FOLFOX and CAPOX programs increased PFS 
by 0.1, 0.042 and 0.042 years, respectively. Similarly, the addition of cetuximab to FOLFIRI, 
FOLFOX and CAPOX increased OS by 0.325, 0.442 and 0.442 years and also cost $212825, 
$202484 and $204198 individually. Whereas, based on the World Health Organisation (WHO) 
suggested threshold for cost‑effectiveness analysis, even FOLFOX + cetuximab was very higher 
than the threshold in Iran (37.4 times higher).
Conclusions: The FOLFOX regimen + cetuximab provides lower costs per additional life years 
gained (more cost‑effective) compared with its alternatives in the treatment of patients with 
unresectable metastatic CRC. However, according to the WHO indicator, none of the cetuximab 
regimens could be considered as cost effective for the Iranian health care market.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer 
and the fourth most common cause of cancer‑related 
deaths in the world.[1] The incidence of this cancer has 
increased in past years steadily.[2,3] In 2008, the average 
lifetime cost of managing a case of CRC was reported to 
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be 39,607 Euros in Ireland.[4] Various health care services 
including chemotherapy, radiotherapy and surgery are 
available for managing different stages of CRC. Biological 
agents such as cetuximab and bevacizumab are usually 
used in Stage IV treatments of (metastatic) CRC.[5]

The epidermal growth‑factor receptor (EGFR) is 
known as a clinically validated anticancer molecular 
target. This factor is usually expressed in colorectal 
tumors.[6‑8] Cetuximab is an immunoglobulin G1 
monoclonal antibody, specifically targeting the EGFR, 
and competitively inhibiting ligand binding and 
ligand‑dependent downstream signaling.[9‑11] Randomized 
controlled trials (RCTs) show that the addition of 
cetuximab to folinic acid, 5‑flourouracil, irinotecan 
(FOLFIRI), folinic acid, 5‑flourouracil, oxaliplatin 
(FOLFOX) and capecitabin + oxaliplatin (CAPOX) 
regimens, as the first line treatment for metastatic CRC 
increases the overall survival (OS) and progression‑free 
survival (PFS) compared with FOLFIRI, FOLFOX 
and CAPOX regimens alone. Multiple studies have 
shown that while patients with wild‑type (normal or 
nonmutated) sequence of v‑k‑ras 2 kristen rat sarcoma 
viral oncogene homolog (KRAS) have a favorable 
response to cetuximab, patients with mutations in 
codons 12 or 13 do not benefit from cetuximab.[12‑17] 
These findings strongly suggest that patients without 
KRAS mutations are regarded as candidates of treatment 
with cetuximab.[18] Several RCTs have shown that 
cetuximab increases PFS and OS in patients with 
wild‑type KRAS gene.[17,19] Nonetheless, as there are 
limited resources for pharmaceutical services, it is crucial 
to evaluate the costs and the consequences of cetuximab 
in managing metastatic CRC. This evaluation could 
help healthcare decision makers to set priorities and 
allocate scarce resources more efficiently.

The aim of this study was to undertake a comparative 
cost‑effectiveness analysis of different treatment 
programs for managing metastatic CRC with and 
without cetuximab in the first‑line treatment of 
unresectable metastatic CRC in Iran.

METHODS

Common chemotherapy regimens in the treatment of 
metastatic CRC are FOLFIRI, FOLFOX, and CAPOX. 
All of these regimens could be used with or without 
cetuximab.[20] We selected these therapeutic regimens 
to evaluate and compare the effectiveness, cost, and 
incremental cost‑effectiveness ratio (ICER) of these 
treatment programs.

Measuring effectiveness
A systematic search of the literature was performed in 
PubMed, Cochrane Library, and Centre for Review and 

Dissemination database on April 17, 2011, to identify 
all studies which would meet our inclusion criteria. The 
search was conducted using keywords such as cetuximab, 
metastatic CRC, KRAS, and effectiveness.

We established as inclusion criteria all RCTs which 
evaluated cetuximab in combination with chemotherapy 
regimens of FOLFIRI, FOLFOX, and CAPOX in the 
first‑line treatment of metastatic CRC considering 
the role of KRAS in their treatment. The RCTs, 
which evaluated cetuximab in cases other than Stage 
IV (metastatic) in the subsequent line treatment of 
metastatic CRC without considering the role of KRAS 
in their treatment, were excluded from this study.

OS and PFS were considered as the main and positive 
outcomes of the treatments. OS and PFS are defined as 
the time period of randomization to death and as the 
time period of randomization to free disease progression 
or death, respectively.[21]

Measuring costs
In order to evaluate the costs of treatment programs 
with or without cetuximab, the total direct medical 
costs were considered in this study. Activity‑based 
costing (ABC) was used to calculate the cost of medical 
services. That is the number of medical services and 
their costs in each treatment programs (with and 
without cetuximab) including medication, outpatient 
injections, required tests before chemotherapy, drugs 
administration and managing adverse events of 
chemotherapy were calculated. Similar medical services 
and their costs (i.e. hospitalization and oncologist 
visits) in two groups were ignored to avoid unnecessary 
calculations.[22,23] Similarly, only high prevalent and 
important adverse effects of the chemotherapies were 
considered. The total prices of physician visits and 
prescribed medicines were calculated to evaluate the 
cost of managing adverse events.

To calculate the cost of chemotherapy in patients with 
unresectable metastatic CRC, the required amounts 
of medicine were estimated based on the mean body 
surface area of a normal human (1.73 m2).[24]

All the prices of medicines and medical services at the 
end of the Iranian financial year of 1388 were considered 
in the calculation of the costs of treatments. The prices 
were extracted from the Food and Drug Deputy and 
the Therapeutic Deputy of the Ministry of Health and 
Medical Education.[25]

Measuring cost‑effectiveness
Incremental cost per OS (life years gained [LYG]) and 
incremental cost per progression‑free LYG (PFLYG) for 
FOLFIRI, FOLFOX, and CAPOX regimens compared 
with these treatment programs + cetuximab in the 
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first‑line treatment of metastatic CRC are reported 
in this study. The recommended World Health 
Organisation (WHO) threshold[26] was considered to 
conclude which treatment programs are cost effective for 
the Iranian health care market.

Sensitivity analysis
Because of limitations in the number of RCTs, an 
extensive sensitivity analysis was conducted on the 
effectiveness results to evaluate whether the conclusion 
of the study is sensitive to the results extracted from the 
RCTs.

RESULTS

Only three of the RCTs met the inclusion and exclusion 
criteria of this study; which were CRYSTAL,[27] OPUS,[28] 
and CECOG[29] RCTs. The review of the literature showed 
that each of the obtained trials have used different doses 
to administer drug regimens. Table 1 shows the summary 
of different doses of drug regimens administrations.

Effectiveness
The details of the effectiveness results are summarized 
in Table 2. This table shows that the median of PFS in 
wild‑type KRAS patients who received FOLFIRI plus and 
without cetuximab were 9.9 and 8.7 months, respectively 
(P = 0.017, hazard ratio = 0.68). This means that the 
addition of cetuximab increased the PFS of the patients for 
1.2 months. Similarly, cetuximab also increased the OS of 
the patients by 3.9 months (hazard ratio = 0.84). However, 
the addition of cetuximab in mutant KRAS patients 
decreased the median PFS of the patients by 0.5 months 
(P = 0.47, hazard ratio = 1.07). Similarly adding cetuximab 
to FOLFIRI for these patients reduced the median OS of 
the patients by 0.2 months (hazard ratio = 1.03).[27]

The results of the OPUS trial illustrated that adding 
cetuximab to the FOLFOX4 regimen in wild‑type KRAS 
patients increased the median PFS of the patients by 
merely 0.5 months (hazard ratio = 0.57, P = 0.016). 
However, the addition of cetuximab to the FOLFOX4 
regimen for mutant KRAS patients decreased the median 
PFS by 3.1 months (P = 0.0192, hazard ratio = 1.83).[28]

In the CECOG study, median PFS with FOLFOX6 
+ cetuximab in the wild‑type KRAS patients was 0.7 
months higher compared to FOLFIRI + cetuximab; 
but in mutant KRAS patients the median PFS was 0.9 
months lower in FOLFIRI + cetuximab regimen.[29]

Cost
The total costs of treatment programs with and without 
cetuximab were calculated based on ABC method. 
The summary results of the cost of various treatment 
programs are presented in Table 3. As it is clear from the 
table, chemotherapy was the major cost driver in total 
costs of the therapies.

The most common adverse event which was statistically 
significant in the treatment groups with and without 
cetuximab was acne like rash.[27,28] Thus, the costs of 
managing acne‑like rash for all cetuximab regimens were 
calculated.

As Table 3 clearly shows the CAPOX + cetuximab 
treatment program, with $241792, was the most expensive 
treatment program. Similarly, FOLFIRI regimen with 
$17816 was the cheapest treatment program.

Cost‑effectiveness
To determine the ICER of each treatment program, the 
difference between the costs of two treatment programs 
were divided by the differences in their effectiveness.[22,23]

The Zhao et al. study[30] showed that there were no 
statistically significant differences between PFS and 
OS in CAPOX and FOLFOX regimens. In this study, 
the median PFS was 7.1 months for the CAPOX 
group and 8.6 months for the FOLFOX group, and 
there was no significant difference in PFS between 
the two groups (P = 0.19). While the median OS was 
17.2 months in the CAPOX group, it was 18.8 months 
in the FOLFOX group, but there was no significant 
difference between the two groups (P = 0.47). The results 
of this study show that CAPOX is equivalent to FOLFOX 
in terms of PFS and OS in the first‑line treatment for 
patients with metastatic CRC.[30] Furthermore, the result 
of OS in FOLFOX regimens, considering our inclusion 
and exclusion criteria, were not available in the literature, 
therefore we used the results of OS in CAPOX regimens 
as 17.2 months,[30] instead of FOLFOX and then 
estimated the cost per LYG accordingly. Similarly, given 
that the result of OS in CAPOX + cetuximab regimens 
were not available in the literature, we used the results 
of OS in FOFOX + cetuximab regimens instead of 
CAPOX + cetuximab as 22.5 months[29] and estimated 
the cost per LYG accordingly. These assumptions 
enable us to estimate the ICER of these four regimens 
mathematically.

For calculating the incremental cost per PFLYG 
of CAPOX ± cetuximab treatment programs, we 
also used the efficacy results (PFS) of the OPUS 
study (FOLFOX4 ± cetuximab).

As Table 4 shows, FOLFOX + cetuximab with $458113 
per additional LYG provide the lowest (best) ICER 
compared to the other two alternatives. Similarly, 
FOLFIRI + cetuximab with $654846 per additional LYG 
offers the highest (worst) ICER compared to the other 
two alternatives. However, based on the WHO threshold 
for the cost‑effectiveness analysis, less than 3 times 
GDP per capita,[26] it is obvious that even the cost of 
FOLFOX + cetuximab regimen is much higher than 
the threshold of Iran (37.4 times higher). The GDP per 
capita for Iran was $12258.[31]
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The results of the extensive sensitivity analysis showed that, 
although a %50 increase in OS would decrease the ICER 
to $305408.7 per additional LYG, the results are still much 

higher than the WHO suggested threshold (24.9‑fold higher). 
The summary of the ICER of the treatment programs and 
the results of sensitivity analysis are presented in Table 4.

Table 1: The administration of chemotherapy for treatment regimens

Therapeutic 
regimens

Study Irinotecan 
(mg/m2)

Oxaliplatin 
(mg/m2)

Capecitabine 
(mg/m2)

Leucovorin 
(mg/m2)

5-Fluorouracil 
(bolus) (mg/m2)

5-Fluorouracil 
(infusion) (mg/m2)

Cetuximabf 
(mg/m2)

FOLFIRI Crystala 180 - - 400 400 2400 -
FOLFIRI+ Crystala and CECOG 180 - - 400 400 2400 250
FOLFOX4 OPUSb - 85 - 200 400 600 -
FOLFOX4+Cetuximab OPUSb - 85 - 200 400 600 250
FOLFOX6c - - 100 - 400 400 2400 -
FOLFOX6+Cetuximab CECOGd - 100 - 400 400 2400 250
CAPOXe - - 130 2000 - - - -
CAPOXe+Cetuximab - - 130 2000 - - - 250
aIn the CRYSTAL study(FOLFIRI±Cetuximab)(23),FOLFIRI every two weeks and Cetuximab is repeated every week in FOLFIRI+ Cetuximab regimen, bn the OPUS study 
(FOLFOX4±Cetuximab)(24), FOLFOX4 every two weeks and Cetuximab is repeated every week in FOLFOX4+ Cetuximab regimen, cFOLFOX6 repeat every two weeks(26), 
dIn the CECOG study (FOLFIRI+ Cetuximabvs FOLFOX6+Cetuximab)(25), FOLFOX6 and FOLFIRI every two weeks and Cetuximab is repeated every week in FOLFIRI+ 
Cetuximabregimen  and FOLFOXE6+ Cetuximab regimen.  Administration FOLFIRI±Cetuximab regimen is like CRYSTAL trial, eCAPOX  every three weeks and Cetuximab 
is repeated every week in CAPOX+ Cetuximab regimen(26), fPatients with FOLFIRI + Cetuximab,FOLFOX4 + Cetuximab,FOLFOX6+Cetuximab and CAPOX+Cetuximab 
treatment regimens receive Cetuximab an initial intravenous dose of 400mg/m2 of body surface area, followed by a weekly infusion of 250 mg/m2

Table 2: Summary of the results of randomized controlled trials in the field of efficacy of Cetuximab

Study and year Treatment Variable FOLFIRI+ 
Cetuximab

FOLFIRI FOLFIRI+ 
Cetuximab

FOLFIRI

Van cutsem et al. 
2009. (Crystal Trial)

FOLFIRI vs. FOLFIRI+ 
Cetuximab

Number of patients 172 176 105 87
Median PFS (month) 9.9 8.7 7.6 8.1
95% CI 8.7 to 14.6 7.4 to 9.9 NR NR
HR 0.68 1.07
95% CI 0.50 to 0.94 0.71-1.61
P value 0.017 0.47
Median OS (month) 24.9 21.0 17.5 17.7
95% CI 22.2 to 27.8 19.2 to 25.7 NR NR
HR 0.84 1.03
95% CI 0.64-1.11 0.74-1.44
P value NR NR

Variable FOLFOX4+ 
Cetuximab

FOLFOX4 FOLFOX4 
Cetuximab

FOLFOX4

Bokemeyer et al. 
2009. (Opus Trial)

FOLFOX 4 vs FOLFOX4+ 
Cetuximab

Number of patients 61 73 52 47
Median PFS (month) 7.7 7.2 5.5 8.6
95% CI 7.1-12.0 5.6-7.4 4.0-7.4 6.5-9.5
HR 0.57 1.83
95% CI 0.358-0.907 1.095-3.056
P value 0.016 0.0192

Variable FOLFOX6+ 
Cetuximab

FOLFIRI+ 
Cetuximab

FOLFOX6+ 
Cetuximab

FOLFIRI+ 
Cetuximab

(Cecog trial) FOLFOX6+Cetuximab vs 
FOLFIRI+Cetuximab

Number of patients 34 28 23 32
Median PFS (month) 9.1 8.4 7.2 8.1
95% CI 8.3-11.1 3.2-11.3 5.5-9.7 7.3-8.5
P value NR NR
Median OS (month) 22.5 19.9 15.2 18.9
95% CI 17.1-28.9 11.9-NA 11.1-17.3 14.5-23.9
P value NR NR

HR: Hazard ratio, NR: Not reported, NA: Not available, PFS: Progression free survival, OS: Overall survival
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DISCUSSION

The aim of this study was to analyze the cost‑effectiveness 
of different therapeutic regimens of cetuximab in the 
first‑line treatment of metastatic CRC in Iran.

CRYSTAL,[27] OPUS,[28] and CECOG studies show that 
the application of the FOLFIRI, FOLFOX and CAPOX 
therapeutic regimens in combination with cetuximab as 
the first‑line treatment for metastatic CRC would increase 
both OS and PFS in patients with wild‑type KRAS. These 
studies also confirmed that adding cetuximab to the basic 
therapeutic regimens of patients with tumors carrying 
KRAS mutations do not increase the OS and PFS of the 
CRC patients, and also cause considerable reductions in 
the efficacy of the basic regimens.[27‑29] Even though the 
cost of detecting KRAS mutation before administration 
of cetuximab is fairly high at US$349, this test is 
placed among the necessary services in the utilization of 
cetuximab for patients with metastatic CRC.

Comparing the cost and the consequence of cetuximab 
combined with FOLFIRI, FOLFOX and CAPOX 
treatment programs in terms of PFS, represents that 
FOLFIRI + cetuximab treatment program provides 

a better value for money with the cost of $859756 per 
additional PFLYG [Table 4]. CAPOX and FOLFOX 
programs plus cetuximab provide higher cost per 
additional PFLYG, respectively, (less cost effective) in the 
treatment of patients with unresectable metastatic CRC.

The ICER of FOLFOX + cetuximab treatment program 
against the basic FOLFOX regimen confirms a positive 
but very high cost per additional LYG, with US$ 
458113 per LYG; which is 37.4 times higher than the 
recommended WHO threshold. The results of extensive 
sensitivity analysis showed that, although a %50 increase in 
OS would decrease the ICER to $305408.7 per additional 
LYG, the result is still very high for Iran by considering 
the suggested threshold by the WHO (24.9‑fold higher). 
The same scenario is repeated for CAPOX and FOLFIRI 
treatment programs with higher ICER (less cost‑effective).

The findings of this study confirm that the result of 
ICER would differ when considering the cost per PFLYG 
or cost per LYG. Nonetheless, it seems that focusing 
on cost per LYG may offer clearer insights into the 
cost‑effectiveness of the therapeutic regimens.

It may also be worth noting that although the prescribing 
cetuximab is repeated every week, the CAPOX regimen is 

Table 3: The cost of treatment programs with and without Cetuximab

Treatment regimen Cost of 
chemotherapy 

(US $)

Cost of patients 
injection 
(US $)

Cost of tests 
(Kras mutation 
testing) (US $)

Costs of 
management of 

adverse events ($)

Total 
costs 
(US $)

FOLFIRI (crystal trial) 17816 - - - 17816
FOLFIRI+Cetuximab (crystal trial) 227301 2764 349 227 230641
FOLFOX 39060 - - - 39060
FOLFOX+Cetuximab (CECOG trial) 238476 2508 349 213 241546
CAPOX 36315 1280 - - 37595
CAPOX+Cetuximab 234683 6547 349 213 241792

Table 4: The ICER of the treatment programmes and sensitivity analysis

Treatment programme Incremental 
OS (year)

Incremental 
cost in OS ($)1

ICER 
($/LYG)

Incremental 
PFS (year)

Incremental 
cost in PFS ($)2

ICER 
($/PFLYG)

FOLFIRI vs. FOLFIRI+Cetuximab 0.325 212825 654846.2 0.1 85976 859756.0
A3 0.39 212825 545705.1 0.12 85976 716466.7
B4 0.4225 212825 503727.8 0.13 85976 661353.8
C5 0.4875 212825 436564.1 0.15 85976 573173.3
FOLFOX vs. FOLFOX+Cetuximab 0.442 202486 458113.0 0.042 66702 1588143.0
A3 0.5304 202486 381760.9 0.0504 66702 1323452.0
B4 0.5746 202486 352394.7 0.0546 66702 1221648.0
C5 0.663 202486 305408.7 0.063 66702 1058762.0
CAPOX vs. CAPOX+Cetuximab 0.442 204198 461986.0 0.042 65847 1567786.0
A3 0.5304 204198 384988.7 0.0504 65847 1306488.0
B4 0.5746 204198 355374.2 0.0546 65847 1205989.0
C5 0.663 204198 307991.0 0.063 65847 1045190.0
LYG: Life year gained, PFLYG: Progression free life year gained, 1: Incremental cost until survival of patients, 2: Incremental cost until first progression of patients, 3: %20 increase 
in value of overall survival (OS) and progression free survival (PFS), 4: %30 increase in value of overall survival (OS) and progression free survival (PFS), 5: %50 increase in value 
of overall survival (OS) and progression free survival (PFS), ICER: Incremental cost-effectiveness ratio
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repeated every three weeks and FOLFIRI and FOLFOX 
regimens are iterated every 2 weeks. Therefore, the 
CAPOX regimen may provide a better compliance for 
patients than other alternative regimens. In addition to less 
frequency, it is important to note that the administration 
route of capecitabine in the CAPOX regimen is oral 
while the components of the other two regimens are 
taken by injection. These differences may increase the 
patient’s compliance with CAPOX regimen. Putting all 
these together with considering a fairly small difference 
in cost per additional LYG by CAPOX + cetuximab 
and FOLFOX + cetuximab treatment programs it may 
be implied that CAPOX + cetuximab provides a better 
compliance with almost the same cost per additional 
LYG for CRC patients.

The results of the extensive sensitivity analysis illustrated 
that, although a %50 increase in OS would decrease the 
value of ICER (more cost effective), conclusions are not 
sensitive to the variation of the results; even with the 
%50 changes.

Limitation
The main limitation of this study is that it relies only 
on the results of three RCTs. The second limitation of 
this study is the lack of RCT for assessing the clinical 
effectiveness of CAPOX + cetuximab regimen in 
managing CRC. The last limitation which is worth 
mentioning is the small size of the sample in CECOG 
RCT.

CONCLUSIONS

In summary, the results of this study confirm that 
the administration of FOLFOX in combination with 
cetuximab provides a better ICER compared to its 
alternatives in terms of LYG. However, according to 
the WHO suggested threshold, none of the cetuximab 
treatment programs could be considered cost‑effective for 
the Iranian health care market.
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