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Abstract
Objective To evaluate cost-effectiveness – from a local perspective – of cetuximab
when it is added to conventional chemotherapy for the treatment of metastatic colon
cancer.
Methods A Markov model was structured based on the systematic review of the evidence and the opinion of local experts. The economic model consists of three health
states: (a) progression free survival (PFS), (b) progressive disease (PD) and (c) death.
The basic measure to determine the effectiveness of the intervention was the Quality
Adjusted Life Year (QALY); however, other intermediate outcomes of impact on survival
were considered, such as ‘R0 metastases resections’ and ‘early tumour shrinkage’ (ETS).
Quarterly cycles were considered with a time horizon of 19 quarters (approximately
5 years). The analysis perspective was based on the Ministry of Health (MoH).
Key findings The cost per quality adjusted life year (cost/QALY) for chemotherapy + cetuximab treatment (CT/Cet) with respect to the baseline strategy approaches S/.
20 078 (equivalent to 1 Gross Domestic Product per capita [GDP-pc]). The probabilistic
analysis of the ICER (Incremental Cost-Effectiveness Ratio) shows that, in all the cases,
the CT/Cet strategy becomes more cost-effective with a payment threshold of S/. 30 000
(1.5 GDP-pc). Likewise, the acceptability curves showed that, from a threshold of S/.
20 000, the intervention with cetuximab becomes more cost-effective than chemotherapy
alone (CT).
Conclusions The cost/QALY was S/. 20 078 (1 local GDP-pc) for the intervention with
CT plus cetuximab. Other results of clinical relevance, such as ‘additional R0-resections’,
‘additional ETS cases’, ‘disease progressions avoided’ and ‘deaths avoided’ also favour
the combination treatment.
Keywords Cetuximab; chemotherapy; colon cancer; cost-effectiveness
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Colorectal cancer (CRC) accounts for 15% of all tumours diagnosed and is currently the
third most frequent neoplasm in the population (after lung and breast), with 1.2 million
new cases (9.7% of all new cancer cases).[1]
In the Americas, CRC is also the third leading cause of cancer incidence and mortality, with more than 245 000 new cases and 112 000 deaths each year from this cancer
type. According to statistical projections, by the year 2030, the number of new cases and
deaths from this cancer will increase by 70% and 80%, respectively.[1]
In our country, according to data from the National System of Epidemiological
Surveillance, during the years 2006–2011 CRC was reported in ninth place of cancer frequency accounting for 3.3% of all cancer cases, more frequent in women. The sex- and
age-adjusted total mortality rate in 2011 has been estimated at 6 deaths per 100 000
inhabitants.[2]
Complete tumour resection, both of primary tumour and metastases, is the only potentially curative option; however, only 10–20% of patients with metastases have resectable
lesions. The resectability of metastases depends primarily on achieving negative surgical
margins by maintaining a sufﬁcient hepatic functional reserve. The number of metastatic
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lesions in the liver is usually not a criterion of resectability.
Although other sites of metastases (such as lung) are
reported, the liver is the most frequent site (almost 50% of
metastases are hepatic) and only 10% of them are potentially resectable. However, it is estimated that based on
neoadjuvant intervention up to a 15% of metastases initially
classiﬁed as nonresectable may become resectable after
neoadjuvant intervention.[3]
The most effective chemotherapies comprise the FOLFIRI and FOLFOX schemes. Cetuximab is a monoclonal
antibody that can be added to any of these schemes. However, its addition depends on the mutational state of the RAS
gene because studies indicate a poor biological response
when CRC is associated with this mutation. It is estimated
that 50–60% of CRC is associated with mutated RAS.[4–7]
Different cost-effectiveness (C-E) studies have been published with this biological agent,[4–7] but because the cost of
disease varies by country, and Peru is considered a country
where almost 20% of CRC is diagnosed with stage IV
(metastatic), the development of C-E studies is necessary to
determine if this intervention is within the availability of
payment in our health system.
The present economic evaluation aims to evaluate the CE of chemotherapy plus cetuximab for the management of
metastatic CRC using local costs.

Methods
A local C-E analysis was developed comparing the following strategies: chemotherapy + cetuximab (CT/Cet) versus
chemotherapy alone (CT). For this, a Markov model was
structured based on the systematic review of the evidence
and the opinion of local experts. The economic model consists of three health states: (a) progression free survival
(PFS), (b) progressive disease (PD) and (c) death (Figure 1).
The basic measure to determine the effectiveness of the
intervention was the Quality Adjusted Life Year (QALY);
however, other intermediate outcomes of impact on survival
were considered, such as ‘R0 metastases resections’ and
‘early tumour shrinkage’ (ETS).

Figure 1 Markov health states.
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At the end of each Markov cycle, the patients remain or
advance to a more severe state. After discontinuing the
intervention, no other treatment is modelled. Quarterly
cycles were considered, with a time horizon of 19 quarters
(approximately 5 years), applying the mid-cycle correction
for incremental QALYs. The analysis perspective was based
on the Ministry of Health (MoH).
According to previous model development,[8] a Markov
decision tree was structured based on the survival curves to
predict the disease progression outcomes or treatment effectiveness. That is, the number of patients in each health state
and at a given time interval was determined directly from the
reported survival curves 10% (number of patients in each
health state was determined from numbers reported in CRYSTAL trial at each three-month interval for both strategies)
(Annex S1). Finally, PFS and PD transition probabilities in
the baseline strategy (CT) are multiplied by the Hazard Ratio
reported in the CRYSTAL study (for both PFS and PD).
Published data from Van Cutsem et al.[9–11] phase III
clinical trial and post hoc analyses was considered for the
design of the present C-E model. Tumour size reduction
and complete metastatic resection probabilities were also
included,[12] as well as the probability of adverse event and
dropouts due to these events.
The cost matrix was prepared in accordance with the
opinion of local experts and with the clinical practice guidelines of MoH. All monetary units of the study are expressed
in Soles updated to year 2017. An annual discount rate of
3% was applied for both costs and effectiveness (0.75%
quarterly, according to the considered Markov cycle). Additionally, the following assumptions were considered:
1 Patients who progress to health state PD do so irreversibly.
2 Death occurs only after entering the PD state.
3 The rate of adverse events and dropouts due to such
events is the same for both health states (PFS and PD)
in each treatment strategy.
4 According to local expert opinion, an average of 12
cycles of combined treatment (CT/Cet) was assumed
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only for patients in the PFS state, and patients in PD
state of both strategies receive CT alone over the entire
time horizon.
5 Utilities (QALYs) for PFS and PD states in base strategy
were considered as 0.75 and 0.69, respectively.[13] Transitional disutility due to adverse event was considered as
0.07.[14,15] Post-resection R0 survival was 0.84.[14–16]
Local data were used for all cost. The weighting of
adverse event rates and their cost of care was adjusted
according to the opinion of local experts.
For the analysis, the cost and effectiveness increases
were estimated for two strategies (CT/Cet and CT alone),
which allowed to know the incremental cost/QALY or
ICER. Some probability sensitivity tests were performed:
Tornado analyses, Monte Carlo simulation (1000 iterations)
and ﬁrst-order simulation trials (microsimulation) for each
strategy according to the estimated number of patients who
could beneﬁt from CT/Cet treatment (allowing for comparative outcomes).
The software TreeAge Pro, Healthcare module, v.2018
was used for the analysis.

Budget impact extended analysis
By ﬁrst-order microsimulation of the decision tree we analysed the simulation of a cohort of 400 individuals (estimated number of patients who could beneﬁt from CT/Cet
intervention) to estimate the budget needed to treat this
hypothetical cohort and some additional impact results, such
as ‘additional R0-resections’, ‘additional ETS cases’, ‘disease progressions avoided’ and ‘deaths avoided’.
Table 1
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Results
Table 1 shows the transition probabilities and cost used in
the model with respect to the baseline strategy (CT alone).
Annex S2 includes the costs of therapy and intervention follow-up.
In Table 2, it can be seen that the cost/QALY for CT/
Cet treatment with respect to the baseline strategy
approaches to S/. 20 078, equivalent to 1 annual Gross
Domestic Product per capita (GDP-pc), that is, S/. 20 000
for the peruvian case. Figure 2 shows the location of both
treatment strategies at the cost-effectiveness plane.
In the probabilistic analysis (Figure 3), we observe the
point clouds for both strategies, which would suggest at ﬁrst
sight that the combined treatment (CT/Cet) might have only
discrete advantages considering the narrow difference of
QALYs. However, Table 3 also shows other outcomes of
clinical relevance such as R0-metastases resections or ETS
cases that reached differences in favour to CT/Cet (84 and
148 additional cases, respectively), taking into account that
the addition of the biological agent would modify the transition probabilities mainly in the PFS state.
In close relation with the previously observed, Figure 4
illustrates the acceptability curves that are generated with
1000 probabilistic model simulations (Monte Carlo simulations) on a range of thresholds deﬁned between S/. 0 and S/
. 60 000 (equivalent to 3 GDP-pc). The ‘y’ axis corresponds
to the proportion of simulations (iterations) considered
cost-effective. Although the CT strategy alone is more costeffective up to a willingness to pay of S/. 20 000 (1 GDPpc), from this threshold it can be observed that the

Parameters used in the model

Parameter

Baseline strategy

Distribution

Probability of staying in the PFS state
Probability of overall survival
Hazard Ratio for PFS state

Annex S1
Annex S1
0.58
(CI 95: 0.44–0.77)
0.75
(CI 95: 0.60–0.93)
0.595
0.047
0.08
0.41

Triang (10%)
Triang (10%)
Beta

[9]
[9]
[9–11]

Beta

[9–11]

Beta
Beta
–
–

[9–11]
[9–11]
[12]
[12]

0.75
0.75
0.69
0.84
0.07

Beta
Beta
Beta

[13]
[13]
[13]
[14, 16]
[14, 15]

4012
5075
2900
1864
1469
2196
812
1198

Log- normal

Hazard Ratio for PD state
AE probability
Dropout probability due to AE
Complete metastases resection probability (R0)
Tumour size reduction probability (Early Tumour Shrinkage)
Utilities
In PFS state with CT/Cet
In PFS state with CT
In PD state
Post-resection R0 survival
By AE (disutility)
Annual cost (Soles)
Cost of 1 cycle of CT
Cost of 1rst cycle of Cetuximab
Cost of each following cycle of Cetuximab
Cost of care and aux. exam
Treatment of PD
Cost of follow-up 1st year
Cost of follow-up 2nd year
Cost of AE

LogLogLogLogLogLog-

normal
normal
normal
normal
normal
normal
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intervention with cetuximab becomes progressively more
cost-effective in relation to the willingness to pay.
In Figure 5, the probabilistic dispersion of cost/QALY
(ICER) of the treatment with combined CT/Cet versus CT
alone can be observed, where the total point cloud is
located below a payment threshold of 1.5 GDP-pc (S/.
30 000). This result shows the higher C-E of the intervention with cetuximab under a reasonable scenario of willingness to pay (1–2 GDP-pc).
A set of one-way sensitivity analysis brought together in
a single graph (Tornado diagram) shows that the most sensitive variables of the model for the ICER modiﬁcation are
the disutility of adverse events and the cost of AEs in the
CT arm; however, this eventual modiﬁcation does not
impact signiﬁcantly on the ICER threshold (Figure 6).

2018; 9: 319–326

Extended budget impact analysis
By means of a microsimulation of the model, we analyzed
a cohort of 400 patients, which would be the number of
potential patients with advanced colorectal cancer RAS wild
type according to a MoH report. This model simulation
allowed to calculate an average total cost of S/. 14 202 013
for the strategy CT/Cet against S/. 4 587 919 for the CT
strategy alone, yielding an incremental cost of S/.
9 614 094 (i.e. a 3.1-fold increase on CT alone). As can be
observed in Table 3, there are additional beneﬁts associated
with CT/Cet, such as a greater number of R0-metastases
resections and ETS cases. Likewise, 33 and 61 cases of disease progression and death, respectively, could be avoided
with the CT/Cet treatment.

Discussion
Table 2 Deterministic Cost-effectiveness (All referencing common
baseline)
Treatment

Cost
(S/.)

IncrCost
(S/.)

Eff
(QALY)

IncrEff
(QALY)

ICER
(S/.)

CT
CT + Cetuximab

11 857
36 311

24 454

2.376
3.594

1.218

20 078

CT, Chemotherapy; Incr Cost, Incremental Cost; Incr Eff, Incremental
Effectiveness; ICER, Incremental Cost-Effectiveness Ratio.

Figure 2 Cost-effectiveness analysis.

The results of our analysis show that the cost/QALY to opt
for the CT/Cet strategy is within the payment threshold,
understood as a maximum ICER equivalent to 3 GDP-pc
(S/. 60 000 for the Peruvian case). Moreover, the probabilistic simulation of the model shows that there is a greater
probability for the cost/QALY to be within the 2 GDP-pc
limit with the CT/Cet combination. Compared with the
baseline strategy (CT alone), the CT plus cetuximab would
tend to be more cost-effective from a payment threshold of
S/. 20 000 (equivalent to 1 GDP-pc).
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Figure 3 Cost-effectiveness scatterplot.
Table 3

Budget impact in a cohort of 400 patients

Impact

CT

CT + Cet

Average total cost
Incremental cost
QALYs
Incremental QALYs
Disease progressions
Progressions avoided
Deaths
Deaths avoided
R0 surgical resections
Additional R0 surgical resections
Early Tumour Shrinkage (ETS)
Additional ETS

S/. 4587 919

S/. 14202 013
S/. 9 614 094
1408.0
473.0
360
33
323
61
120
84
236
148

935.0
393
384
36
88

ICER

ICER/GDP-pc

S/. 20 326

1.0

Incremental cost and incremental effectiveness are highlighted in yellow color.

Although the threshold for payment of 3 GDP-pc could
be considered a very broad limit of accessibility in cases of
high prevalence, it is important to bear in mind that this criterion becomes more rational under the scenario of rare,
neglected or low prevalence diseases but with a high disease
burden (as in the case of cancer), and where drug innovation is usually very expensive (as is the case with biological
agents). However, in the ﬁeld of health technologies assessment, there is still no consensus on methodological aspects
when it is sought to deﬁne a threshold for this type of interventions, that is, the rational payment threshold that is not

detrimental for the budget or equity of health care. In these
scenarios, it seems reasonable to assume the traditional recommendation to extend the payment threshold to 3 GDP-pc.
According to the cumulative evidence, cetuximab would
be indicated for cases of metastatic colon cancer (stage IV).
The national casuistry in the last 3 years estimates that 20%
of colon cancers correspond to this disease stage, that is, an
estimated prevalence between 600 and 700 cases per
year.[17] For this reason, probabilistic simulation was performed under the assumption of 400 patients maximum per
year with neoadjuvant intervention criteria for complete
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Figure 4 CE acceptability curve.

Figure 5 Incremental cost-effectiveness.

metastatic resection/resolution (considering that 60% of the
cases would be ‘wild type’ for gene RAS).
Some intermediate variables may become critical endpoints due to the impact they have on disease progression
or overall survival. This is the case of resection of liver

metastases for CRC, where complete metastasectomy (R0)
may be associated with an overall 5-year survival >50%.[18]
Thus, a key objective of neoadjuvant interventions would
be to achieve the complete resection of metastases, considering that <20% of patients with metastases are eligible for

Cost-effectiveness of Cetuximab in colon cancer
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Figure 6 Tornado diagram – ICER.

surgery.[19] The CRYSTAL[11] and OPUS[7] studies showed
that in patients with KRAS wild-type tumours cetuximab
increased the rate of complete resections of liver metastases,
from 4.5% to 9.8% and 2.4% to 4.7%, respectively. Other
studies estimate that the rate of metastatic resections can be
increased with cetuximab plus CT when the patient’s management is coordinated with liver surgeons, increasing the
probability of R0 resections to 18%.[12,20,21]
According to previous data, survival for cases that successfully surpassed complete surgical resection (R0) of liver
metastasis reaches 0.84 QALY[14,16] of life quality. Therefore, our model weights this accumulation of QALYs
according to the probability of R0-resection in each intervention strategy. For this analysis, the data reported by Ye
et al.[12,22] were taken as the reference because CRYSTAL
trial did not report this critical endpoint rate. For our analysis, we considered a less conservative scenario, incorporating the Ye L-C reported annual rate for R0-resection[12,22] in
each Markov quarter. Under this approach, we observed that
CT/Cet intervention becomes more cost-effective from a
payment threshold of S/. 20 000.
Closely related to the above, the reduction in tumour size
may well represent another key outcome, knowing that it is
usually associated with complete metastatic resections.
Cetuximab has been reported to have an additional probability of tumour reduction up to 22–25% with respect to CT
alone.[12,23] Although survival is greater in patients with
tumour reduction even if they do not achieve R0-resection,
in our analysis we preferred to add only the reports of R0resection (and not those of ETS) to the ﬁnal estimation of
incremental QALYs because the reduction in tumour size
does not necessarily imply a total resection of the metastases.
On the other hand, there are some limitations to the present model: (a) our observations are based on an economic

model outlined mainly with data reported by Van Cutsem
et al. whose number of evaluable patients with RAS wildtype mCRC (according to genetic mutational status) was
about 430 patients, (b) the model extrapolates the QALY
and adherence data from published studies because it does
not have its own local data, and (c) the transition probabilities are extrapolated from the survival curves reported by
Van Cutsem et al. Although this type of model is not a traditional Markov, its structure has the advantage of not
requiring the estimation of stage probabilities throughout
the Markov cycles neither the mortality rate from PFS and
PD states. That is, the number of patients in each health
state and in a given time interval is calculated directly from
the reported survival curves (Kaplan-Meier).
Likewise, we must highlight some strengths: (a) the cost
matrix was structured from 2 local clinical guidelines, which
were validated by local experts; (b) cost was extracted from
local hospital rates and weighted according to the local incidence of AEs (Annex S3). Although the transition probabilities for the occurrence of AEs and the dropout rate for such
events were extrapolated from the published studies (model
assumption), their weighting was different because we have
taken into account only grade 3–4 AEs considering their
greater impact on cost of care. Patient follow-up costs (citations and control studies) were also considered, and (c) our
model extracts data from a Phase III study (CRYSTAL
trial) that is not limited to patients with liver metastases
only. Similarly, our analysis estimates the impact for some
very important intermediate effectiveness outcomes, such as
R0-resections and ETS cases.
Finally, it will be important to complement these results
locally with models that add other intermediate variables of
great impact on effectiveness and costs. In health technologies assessment, the Multi-Criteria Decision Analysis[24]
seems to have some advantage over cost-effectiveness
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models considering its ﬂexibility to incorporate more intermediate outcomes that can be weighted according to value
judgements (regarding with level of evidence of selected
studies). Although its greatest strength lies in this ﬂexibility,
its greatest weakness lies in the deterministic rigidity of the
analysis, thus contrasting with probabilistic analysis performed by Markov models when uncertainty scenarios are
analysed.

Conclusion
The results of the analysis show that the cost/QALY was S/
. 20 078 (1 local GDP-pc) for the intervention with CT plus
cetuximab. Other results of clinical relevance, such as ‘additional R0-resections’, ‘additional ETS cases’, ‘disease progressions avoided’ and ‘deaths avoided’ also favour the
combination treatment.
From a probabilistic perspective, the intervention with
cetuximab (CT/Cet) becomes more cost-effective from a
payment threshold of S/. 20 000 (1 GDP-pc). The latter is
veriﬁed in the probabilistic dispersion of the ICER where
the total points cloud fall below a payment threshold of 1.5
GDP-pc.
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