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Abstract

Purpose This study aimed to evaluate the cost-effectiveness of cetuximab in different genetic populations of metastatic colo-
rectal carcinoma patients, including KRAS and RAS wild types and mutants, when added to FOLFIRI treatment regimens
for evidence-based disease management in Iran.

Method A Markov decision model was designed in TreeAge software with the three states of stable, progress, and death.
Clinical outcomes were extracted from published clinical studies, and costs were extracted from the Iranian local data. The
primary outcome was an incremental cost-effectiveness ratio (ICER) in the simulated population.

Results The cost-utility model from the perspective of the health system indicated that the average direct medical costs
of a patient that has not been genetically screened are $56,985.27 and $20,767.74 in FOLFIRI + cetuximab and FOLFIRI
regimens, respectively. However, costs per patient in the KRAS wild-type population were $21,845.52 in FOLFIRI and
$78,321.22 in FOLFIRI + cetuximab. In RAS wild-type patients, FOLFIRI and FOLFIRI + cetuximab costs per patient
were $23,111.62 and $84,976.39, respectively. Incremental QALY for the above scenarios were 0.069, 0.193, and 0.285,
respectively. Therefore, the ICER of add-on cetuximab in Iran compared to the treatment alternatives in the scenarios with
and without KRAS screening was $520,771.55/QALY, $292,768.16/QALY, and $217,460.51/QALY.

Conclusion Although genetic screening in precision medicine reduces costs per outcome, according to the willingness-to-
pay threshold of $4349.50 in the Iranian health system, add-on cetuximab to the FOLFIRI regimen is not a cost-effective
strategy even with genetic screening and a 20% price reduction.
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of cancer-related deaths after lung cancer, with a mortality
rate of 9% of all cancer deaths [1, 2]. The incidence of CRC
varies greatly in different parts of the world. The highest
incidence of CRC is in North America, Australia, New Zea-
land, Western Europe, and China [3—5]. The early diagnosis
of malignancy and pre-metastatic intervention are critical
factors in reducing CRC mortality [6, 7]. The 5-year sur-
vival rate of CRC is approximately 27-85% in Iran [8, 9].
The incidence of CRC in both sexes has increased in recent
years. In Iran, CRC is particularly important for a signifi-
cant proportion of patients under 50 years, and its increasing
incidence, especially in the colon Sect. [10]. Along with
other countries, new and expensive medications, particu-
larly monoclonal antibodies for CRC management, have
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been increasingly introduced to the Iranian pharmaceutical
market. Well-known examples are epidermal growth fac-
tor receptors (EGFR) inhibitors such as cetuximab panitu-
mumab, nimotuzumab, and necitumumab. Although EGFR
is found in approximately 80% of CRCs, this medication
class is effective when there is no mutation in the tumor
K-RAS gene (wild type K-RAS) as well as the RAS gene
(RAS wild type) [11-15].

These new treatments of CRC have shown promising
results in saving patients and improving their quality of
life. However, they usually incur high costs for patients and
health systems. Therefore, evaluating the costs and benefits
of these new treatments over current traditional interventions
can help health care providers in evidence-based decision-
making [4, 16].

Cost-effectiveness studies have been mandatory for mar-
keting authorization in Iran since 2016. However, some med-
icines, such as cetuximab which entered the market before
2016, have not been evaluated economically. This study
aimed to provide scientific evidence on the cost-effective-
ness of cetuximab in the Iranian health care system [17, 18].

The present economic evaluation investigates the cost-
effectiveness of adding cetuximab to the routine treatment
regimen of FOLFIRI (folinic acid, fluorouracil, and iri-
notecan) in three scenarios: no genetic screening, K-RAS
mutation testing, and RAS mutation testing in the first line
of treatment of metastatic colorectal carcinoma (mCRC) in
Iran.

Method
Overview

This economic evaluation was conducted in 2020 from the
perspective of all healthcare payers, with three different sce-
narios based on Consolidated Health Economic Evaluation
Reporting Standards (CHEERS) [19]. Due to the lack of
local studies on medicines effectiveness, the efficacy and
safety of the drugs were extracted from the published inter-
national randomized clinical trials (RCTs) considering two
main treatments outcomes, i.e., increasing overall survival
(OS) and progression-free survival (PFS), as well as reduc-
ing the mortality rate. In Scenario I, the FOLFIRI regimen
with or without cetuximab was assessed in a population that
has not been genetically screened for K-RAS or RAS muta-
tions. The population in Scenario II was genetically screened
for KRAS, and in Scenario III, the RAS gene was screened.
The model time horizon was 160 months (approximately
13 years) stratified into 1-month cycles. This is the maxi-
mum time where 99% of the 1000 patients in the present
hypothetical cohort died [20]. The discount rate for costs

was 7.2% based on a local study by Abdoli and 5% for out-
comes based on Drummond’s recommendation [21, 22].

Model Structure

In this study, a Markov model (Fig. 1) was developed based
on the leading disease states, OS, PFS, and death, which are
frequently used in cancer economic models [23]. The cost-
utility model was developed using the TreeAge software.
Costs were introduced in US dollars (42,000 Iranian Rials)
and outcomes in QALY. The patient could move between
these states in each 1-month cycle based on the effectiveness
probabilities.

Cost Input

Based on the perspectives of the study, direct medical costs,
including drug prices, oncologist visits, diagnostic imaging,
laboratory tests, diagnostic examinations, and iatrogenic side
effects management, were included in the study, considering
current treatment guidelines and routine practices in Iran.
Table 1 shows the cost input in detail.

Transition Probabilities

OS and PFS probabilities were extracted from the CRYSTAL
study using Plot Digitalizer. Their Weibull distribution was
defined based on the Hoyle study and Henley Scale method
using R software [24].

Utility

Due to the lack of a domestic study regarding colorectal
patients’ quality of life, utility scores were also extracted
from the CRYSTAL clinical trial. Patients’ utility scores
were assumed as 0.81 and 0.57 in the stable and progressive
states, respectively [25].

7\ 78\
I

Progressive

Fig.1 Markov model
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Table 1 Cost inputs

Cost item Dose/Interval Unit cost (USD)
Drug FOLFIRI Trinotecan 180 mg/m?*, Leucovorin 377.48
400 mg/m?, Fluorouracil 400 mg/m?,
bolus then 2400-3000 mg/m? q2w
Cetuximab 100 mg/50 mL  Loading cycle: 400 mg/m?, 169.36
Maintenance: 250 mg/m? qw
Visiting by the oncologist Q2w 9.12
Diagnostic tests at the beginning of treatment CEA (q1-3 months) 8.36

Stable/progressive phase laboratory tests

Adverse events Diarrhea

Nausea

Rash

Hypersensitivity

Neutropenia

MRI or CT scan (once)
Genetic screening test (once)
Colonoscopy (once)

LFT (q3m)

Total laboratory tests (once) including

CBC, FBS, TG, Cholesterol, HDL,
LDL, AST, ALT, ALP, Urea,
Creatinine, ESR, CRP, TSH, D3
level

CEA (qlm)
MRI or CT scan (qlm)
Periodic lab tests (q1m)

Loperamide 2 mg (10% of the
patients, 60 tab/month)

Octreotide 100 mcg (10% of the
patients, 10 vials/ month)

Ondansetron 4 mg/2 mL (10% of the
patients, 2 vials/month)

Hydrocortisone cream
Clindamycin gel
Doxycycline capsules (14 days)

Diphenhydramine (2 vials before
chemotherapy)

Monitoring by periodic tests after
every chemotherapy

55.71 or 75.11, respectively
247.38

160.71

8.04

82.61

8.36

55.71 or 75.11, respectively
82.61

0.036

0.78
0.83

0.95
0.95

0.54 (A blister containing ten
capsules)

0.71

3.42

“Dosing is based on body surface area

** Abbreviations: q2w, every 2 weeks; gw, every week; CEA, carcinoembryonic antigen; g/m, every month; USD, United States Dollars; MRI,
magnetic resonance imaging; CT, computed tomography; LFT, liver function test; CBC, complete blood count; FBS, fasting blood sugar; TG, tri-
glycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP,
alkaline phosphatase; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; 7SH, thyroid-stimulating hormone

Sensitivity Analysis

The robustness of the model output against the uncertainty
of the critical parameters of the cost-effectiveness model
was assessed through deterministic and probabilistic sen-
sitivity analyses (PSA). Tornado diagrams were drawn
based on +20% variation in the main model variables,
including costs, probabilities, utilities, time horizon, and
discount rates. For PSA, costs were entered into the model
as a gamma distribution in the scheduled intervals, and all
probabilities were entered as a beta distribution according
to the SD reported in the studies.

@ Springer

Results

In Scenario I, the FOLFIRI regimen with or without
cetuximab was assessed in a population of patients
who had not been genetically screened for K-RAS or
RAS mutation. In terms of effectiveness, the mean dis-
counted QALY in the FOLFIRI treatment regimen in
this scenario was 1086, and the FOLFIRI with cetuxi-
mab was 1155. Therefore, the FOLFIRI regimen plus
cetuximab was more effective than the FOLFIRI alone,
with an increment QALY of 0.069 and an incremen-
tal cost per patient of 36,217.53 USD (1,521,136,252
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IRR). The calculated ICER is 520,771.55 USD/QALY
(21,872,405,120 IRR/QALY). Therefore, consider-
ing the willingness to pay (WTP) threshold in Iran
($4349.50), adding cetuximab to the FOLFIRI regimen
is not a cost-effective strategy in a patient population
that has not been genetically screened. The major costs
in each category were the cost of the medications, which
constituted 89% of the total costs.

Next, precision medicine was considered by adding some
genetic screening.

In Scenario II, cost-effectiveness was evaluated in a
patient population that underwent KRAS genetic screening.
The KRAS-WT population associated with the FOLFIRI
regimen was treated with or without cetuximab. In terms
of effectiveness, discounted QALY in the FOLFIRI regi-
men was 1165, and the FOLFIRI + cetuximab was 1358.
According to the results, FOLFIRI + cetuximab was more
effective than the FOLFIRI alone by at least 0.169 QALY's
in patients and increased the costs per patient by 56,475.70
USD (2,371,979,228 IRR). The ICER was 292,768.16
USD/QALY (12,296,262,931 IRR/QALY), which is again
significantly higher than the Iran WTP threshold. There-
fore, adding cetuximab to the FOLFIRI regimen at the cur-
rent price in Iran is not a cost-effective strategy, even in
the KRAS-WT population. The major cost in each category
was related to the cost of the medications, which included
96% of the total costs.

Scenario III showed the results in the RAS-WT population
for the FOLFIRI treatment regimen with or without cetuximab.
In terms of effectiveness, the average discounted QALY in the
FOLFIRI treatment regimen in this scenario was 1523, and the
FOLFIRI + cetuximab was 1519. FOLFIRI + cetuximab, in
addition to being more effective than the FOLFIRI regimen by at
least 0.285 QALYS per patient, FOLFIRI 4 cetuximab increased
the costs per patient by at least 61,864.77 USD (2,598,320,337
IRR). The ICER was 217,460.51 USD/QALY (9,133,341,253
IRR/QALY). Therefore, adding cetuximab to FOLFIRI is not
a cost-effective strategy for the RAS-WT mCRC population.

Table 2 Cost-utility analysis results

The high costs in each category were related to the cost of the
medications, which accounted for 96% of the total costs.

Although gene screening decreases the incremental cost
per incremental effect, it is not cost-effective in the Iranian
health system due to the high cost of cetuximab.

Table 2 shows the overall results of cost-effectiveness
analysis in three scenarios. In all scenarios, the addition
of cetuximab to the treatment regimen of mCRC patients
resulted in higher incremental QALY and lower incremental
cost. However, ICERs were higher than WTP in all cases,
and cetuximab add-on therapy is not a cost-effective strategy
in Iran with the current cetuximab price.

Figure 2 shows the cost-effectiveness distribution of
cetuximab in a hypothetical cohort of 1000 mCRC patients
by the Monte Carlo simulation. Monte Carlo curve provides
more detailed information in individual comparisons. The
figures show the movement of iterations to lower costs and
higher effects after gene screening. However, most points
are much higher than the WTP threshold, so the chart scale
could not accommodate the WTP line.

As ICER is affected by many variables with some degrees
of uncertainty, a tornado diagram is illustrated to determine
which variable is more challenging to make the result unsta-
ble. The tornado diagram is a method to find the most effec-
tive changes of variables in the model outcomes. As seen in
Fig. 3, changing the variables up to+_20% will not change
the final result of the cost-effectiveness of cetuximab; in
other words, the model is not sensitive to variables.

Discussion

This study evaluated the cost-effectiveness of add-on cetux-
imab to the conventional oncotherapy regimen in Iran by
designing a Markov model. Screening tests and the detec-
tion of genetic mutations are critical in reducing costs and
improving outcomes. Precision medicine can facilitate mar-
ket access by improving the cost-effectiveness of expensive

Scenarios Strategy Cost (USD) Incr. cost Utility (QALY) Incr. utility ICER (USD/QALY)

SC1 FOLFIRI 20,767.74 36,217.53 1.0862282 0.0695459 520,771.55
FOLFIRI+CTX 56,985.27 1.1557741

SC2 FOLFIRI 21,845.52 56,475.70 1.1656923 0.1929025 292,768.16
FOLFIRI+CTX 78,321.22 1.3585948

SC3 FOLFIRI 23,111.63 61,864.77 1.2348663 0.2844873 217,460.51
FOLFIRI+CTX 84,976.40 1.5193536

* Scenario 1: add-on cetuximab without personalized screening. Scenario 2: add-on cetuximab in established K-RAS wild-type patients. Sce-

nario 3: add-on cetuximab in established RAS wild-type patients

*SC, scenario; CTX, Cetuximab; Incr., incremental; USD, United States dollars; ICER, incremental cost-effectiveness ratio; FOLFIRI, folinic

acid, fluorouracil, and irinotecan
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Fig.2 Probabilistic sensitivity
analysis (PSA) in three scenarios
(up to down): cost-effectiveness S7,100
scatterplot. Dots represent A%
ICERs when all parameters are
varied for 1000 simulations
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Fig.3 One-way sensitiv-

ity analysis results: tornado
diagrams for three scenarios (up
to down)
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and high-tech medications. However, the present study found
that cetuximab might not be a cost-effective strategy for Ira-
nian mCRC patients even with a gene screening in different
scenarios and a 20% discount in drug prices in the sensitivity
analysis. Therefore, other market access strategies, such as
manage entry agreements (MEA)/risk-sharing agreements,
might be used.

In a study in 2021, Petrou and Koilakou conducted a
systematic review of the economic evaluation studies of
monoclonal antibodies in mCRC. Two studies examined
the cost-effectiveness of cetuximab add-on treatment to the
FOLFIRI diet in China and Iran. Despite better efficacy on
PFS, OS, and life-years gained (LYG), treatment costs were
very high, and ICER exceeded WTP. Also, cetuximab has
been cost-effective in patients with KRAS and RAS-WT
mCRC compared to cetuximab and bevacizumab in addition
to the FOLFIRI. Cetuximab is more expensive than pani-
tumumab and much less effective as a last resort treatment.
Cetuximab was not cost-effective compared to standard
therapy and panitumumab but cost-effective compared to
bevacizumab in mCRC patients [26].

Given the considerable cost difference of adding cetuxi-
mab to FOLFIRI and the importance of personalized drug
therapy based on individual genetic characteristics, it is
expected that genetic screening with a significant reduc-
tion in the price of cetuximab or the production of in-house
biosimilars can reduce costs. Also, regulatory organizations
can define the WTP threshold in cancer and end-stage dis-
eases as higher than other ailments (e.g., 3 X GDP/Capita)
to increase the probability of cost-effectiveness. The MEAs
are extensively considered in developing countries to ease
access to expensive medicines. The results of the present
study indicate that although K-RAS and RAS screening tests
reduce the treatment costs of mCRC patients in Iran, the
ICER is still higher than the WTP threshold. Therefore, if
the manufacturing company cannot have a high direct dis-
count on the price of cetuximab, it is possible to use the
managed entry agreement (MEA) programs [27-29]. MEA
allows market access to high-priced medications, especially
oncotherapeutics and orphan drugs, by sharing the cost of
uncertainty between the prescribing stakeholders and payers.
Discounts, money-back guarantees, and outcome guarantees
are among the most famous MEA typologies for expensive
anticancer drugs [30-33].

This study faced limitations and challenges in design and
implementation. No direct clinical trials were performed
in Iran, and only clinical trial data of drugs and patients’
utilities published in European countries were used. Clini-
cal conditions and events were simulated in software using
Iranian indigenous costs and standard practices performed in
the country. According to the treatment guidelines, cetuxi-
mab should only be used in KRAS-WT patients, but in Iran,
KRAS and RAS are not routine tests.

@ Springer

In conclusion, the advantage of applying gene screening
for precision medicine and considering the manage entry
agreement for reimbursement are highlights of the current
study.
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