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ARTICLE INFORMATION ABSTRACT

Introduction: In Saudi Arabia, patients with metastatic colorectal cancer (mCRC) with wild-type RAS
mutations may be treated with either cetuximab plus chemotherapy (CET +CT) or panitumumab
Keywords: cost, adverse events, colorectal plus chemotherapy (PAN + CT), which are epidermal growth factor receptor (EGFR) antibodies. This
cancer, cetuximab, panitumumab study calculated the costs of adverse event (AE) management linked to anti-EGFR treatment in Saudi
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Arabia’s national health budget from payer and societal perspectives.

Methods: An adaptation of a global model developed in Microsoft Excel® was performed to estimate
the costs of AE management associated with the first-line treatment (CET + CT and PAN +CT) of

*Corresponding author: RAS wild-type mCRC patients in Saudi healthcare settings. The frequencies of common and highly
Email address: common AEs were sourced from the summaries of product characteristics of CET and PAN, whereas
gihan.clsisi@htaoffice.com AE severity was captured from a meta-analysis. Unit costs in Saudi Riyal (SAR) were obtained from
) the National Guard of Health Affairs and Ministry of Health 2024 price lists. The model assumptions,
» Supplementary Marerial inputs, and results were validated using a local Delphi panel.

Results: Within the Saudi payer perspective model, treatment with CET + CT vs PAN + CT resulted
in average population cost savings of SAR 9246133 (4741606 international dollars [Ind$]) and
per-patient cost savings of SAR 20321 (Intl$10421) for severe AEs, and average population cost savings
of SAR 16039427 (Intl$8225347) and per-patient cost savings of SAR 35251 (Intl$18077) for all-
grade AEs. On the other hand, within the Saudi societal perspective model, treatment with CET + CT
vs PAN + CT resulted in average population cost savings of SAR 11386314 (Intl$5839135) and
per-patient cost savings of SAR 25025 (Intl$12833) for severe AEs, while resulting in average pop-
ulation cost savings of SAR 18179608 (Intl$9322875) and per patient cost savings of SAR 39955
(Intl$20489) for all grade AEs.

Conclusion: The CET + CT regimen was associated with a lower AE frequency than the PAN + CT
regimen for the treatment of untreated RAS wild-type mCRC patients, thus resulting in AE manage-
ment cost savings from both the Saudi payer and societal perspectives. These substantial cost savings
may mitigate the financial burden of mCRC in Saudi healthcare settings.
I ———

INTRODUCTION is approximately 14%. In this context, the disease prognosis mark-

edly worsened by molecular changes in the Kirsten rat sarcoma virus
Colorectal cancer (CRC) is the second most common cause of can- (KRAS), the neuroblastoma RAS viral oncogene homolog (NRAS),
cer-related mortality in Western countries. The 5-year relative overall and the B-Raf proto-oncogene (BRAF).! RAS mutations are found
survival rate of patients with metastatic colorectal cancer (mCRC) in approximately half the patients diagnosed with mCRC. These
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mutations are also linked to poor prognosis and a lack of responsiveness
to anti-epidermal growth factor receptor (EGFR).?

According to the World Health Organization 2020 GLOBOCAN,
the highest number of new cancer cases in the Kingdom of Saudi Arabia
(KSA) in both sexes and all ages was CRC. In Saudi males CRC was the
most prevalent cancer, with 19.3% of new cases in 2020, while it was
the third most prevalent cancer type in females with 9.2% of new cases
in 2020, after breast and thyroid cancers. According to GLOBOCAN
2020, the death rate from CRC in Saudi Arabia was 8.3%.%

The incidence of CRC in KSA has increased over the last 4
decades.* The median ages at CRC presentation in Saudi women and
men are 55 and 60 years, respectively.’ The 5-year survival rate of CRC
among the Saudi population is between 44% and 52%, while it is
higher in the United States, where the rates reached 60%.*

In Saudi patients with CRC, late diagnosis and up to 50% of distal
and regional metastases have been noted, despite the country’s well-es-
tablished healthcare system. The Saudi public reported little knowledge
about CRC, which could contribute to late presentation.® In addition,
young Saudi patients with CRC presented with more advanced stages
and poorly differentiated cancers than older Saudi patients with CRC.”

The evaluation of genetic alterations is a crucial component of
customized cancer care in the modern era. Targeting wild-type RAS
in metastatic colon cancer is an example of how clinical awareness of
some of these mutations and their prognostic and predictive potential
have transformed the treatment of several malignancies in recent years,
improving patient care and prognosis.® Patients with KRAS-mutated
CRC have a higher tendency for lung metastases than liver metastases,
which signifies the need for more extensive chest imaging for effective
presentation.? In the Saudi population, the frequency of KRAS muta-
tions is 42.2%, similar to the frequency of KRAS mutations in the
Arab population (44.4%) but greater than the KRAS frequencies in
Western countries (30%-37%).%!2

Cetuximab (CET) and panitumumab (PAN) are monoclonal
antibodies that target EGFR and are used globally to treat patients with
mCRC. These biological agents can be used for CRC alone or in com-
bination with chemotherapy (CT) in patients with RAS mutations."

The two biological agents have the same mechanism of action and
pharmacological activity (being active for the first line to more advanced
lines of therapy) and same administration schedule based on the new
dose regimen under FDA approval (biweekly administration for CET);
however, they differ in their chemical structure and toxicity profiles.’

The choice of proper anti-EGFR therapy for CRC depends on
several factors, including the adverse events (AEs) of each biological
agent, which will in turn influence the management costs of each agent,
patients’” quality of life, and adherence to treatment.'

Objective

The objective of this economic study is to support healthcare decision
makers by comparing the costs associated with AEs for the biweekly
regimens of both CET and PAN in previously untreated RAS wild-
type mCRC in the KSA over a 1-year time horizon.

The tool was developed from two perspectives: the Saudi payers’
perspective and the Saudi societal perspective. This tool allows users to
compare the total cost of the AEs associated with CET and PAN.

This is the first economic tool to evaluate AE management costs
for mCRC treatments within the Saudi healthcare setting.

METHODS

Study Design
To build our study, we performed a systematic literature review across
PubMed, Web of Science, Cochrane, and Scopus to extract all relevant

clinical and economic evaluation studies on CET- and PAN-related
AEs and their management in the treatment of mCRC using these
keywords: “safety,” “cetuximab,” “panitumumab,” “adverse events
rate,” “adverse drug reactions,” “wild type RAS,” “metastatic colorec-

» « » «

tal cancer,” “first line,” “Phase I11,” “clinical trial,” “randomized study,”
“meta-analysis,” “cost,” and “systematic review.” Thirty studies were
identified and 25 studies were excluded after reading the abstract due
to different comparators, different subgroups, different lines of therapy,
phase II studies, and different outcomes.

Local practices and assumptions of the model were obtained and
validated by interviewing local Saudi experts using a structured ques-
tionnaire. The clinical inputs for our model were obtained from the lit-

erature. The AEs were managed according to Saudi healthcare settings.

Model Structure

This economic model estimates the AE management cost model to
calculate the mean number of AE management costs associated with
first-line treatment with CET vs PAN regimens for the treatment of
mCRC with RAS mutations. The model is a global model designed in
Microsoft Excel®, and costs are captured from KSA healthcare settings.
The outcomes of this model were as follows: mean number of AEs
associated with CET vs PAN regimens per patient, estimation of the
costs associated with AE management per patient, and population level
of these regimens. All costs in the model were represented by the Saudi
riyal (SAR) and as per the Saudi 2024 payer price lists. We provide
results from both the Saudi payer and societal perspectives.

Target Population

The eligible patient population was determined from the published
literature and as per the feedback of the interviewed panel of KSA
experts. The Delphi panel comprised 8 experts: 1 health economist,
3 payers, and 4 oncology experts from Aseer Central Hospital, King
Fahad Medical City, National Guard Health Affairs, Riyadh, KSA. We
collected insights from experts through 4 rounds of virtual meetings by
using the quasi-Delphi panel approach. The experts’ insights included
the current local clinical practice and treatment patterns within the
Saudi healthcare settings. The collected experts’ responses were subse-
quently analyzed and reviewed by all authors to confirm their accuracy
and relevance to have consensus. In addition, the clinical oncologists
were asked to validate the way safety data are presented in the regula-
tory label, based on their experience in treating patients with mCRC,
to provide their perspective on the occurrence and severity of AEs.

The number of eligible patients for CET treatment was also esti-
mated to determine the total cost impact of AE management in the
KSA. This considers whether a patient is eligible for anti-EGFR ther-
apy but not eligible for CET. The target population within our model
was calculated as shown in Table 1.

The model’s target population was based on the KSA population
(36408 820) and defined as those with wild-type RAS mCRC treated
with anti-EGFR as first-line therapy. The age-standardized ratio inci-
dence of CRC in Saudi Arabia (13.9/100000) and the percentage of
patients who developed metastasis (50%) were derived from published
literature.*!>'¢ The prevalence of wild-type RAS mutations (50%) was
derived from the available literature.”” owing to the lack of local data
in the registries regarding the actual prevalence of this type of muta-
tion. The eligible adherent population receiving CET or PAN was 36%
based on the local market share data. The target eligible population was
455 patients.

Clinical Inputs
Clinical data on the frequencies of common and very common AEs and
their severity were obtained from summaries of product characteristics
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Table 1. Target Population Within the Adverse Event Management Costing Model

Input No. or Percentage Source

Total population in KSA 36408820 Ref. 15

Incidence rate/100 000 in KSA 13.9 Ref. 16

CRC incidence in KSA 5061 Calculated

Metastatic CRC in KSA 50% Ref. 4

Tested for RAS 100% Expert panel feedback
Patients with wtRAS 50% Ref. 17

Patients with targeted therapy 100% Expert panel feedback
Proportion not on cetuximab 36% Merck market share data
No. of patients 455 Calculated

Abbreviations: CRC, colorectal cancer; KSA, Kingdom of Saudi Arabia; RAS, rat sarcoma; Ref., reference number wtRAS, wild-type rat sarcoma.

(SmPCs) and a meta-analysis, respectively.'*'®!” Categorical values
were transformed into numerical values using the mean frequencies for
cach AE. The AE management protocols, clinical model inputs, and
assumptions were validated by clinical oncologists affiliated with the
National Guard Health Affairs and the Ministry of Health in the KSA.

This study’s calculator only considered the common and very
common AE;s stated in the SmPC of CET and PAN by the European
Medicines Agency.'®'” Those common and very common ADRs usu-
ally occurred in Saudi population as per our validation from the local
experts. Summaries of product characteristics are publicly available
regulatory documents approved by the European Medicines Agency
as part of marketing authorization and are used as the basis of infor-
mation for health professionals on how to use medicines. The Euro-
pean Medicines Agency considers the following frequency terminology
definitions:

*  Very common (21/10)
e Common (21/100 to <1/10)

The probabilities of severe AEs used in our model were extracted
from a 2018 meta-analysis that included a total of 38 studies to build
the analysis results.”® In addition, the missing probabilities of severe
AEs were assumed to be the average of severe AEs reported in the
2018 meta-analysis.'? The probability of AEs was illustrated in a 2018
meta-analysis. The number of AEs for all-grade AEs and severe AEs
(Grade 3-4 AEs) is shown in Table 2 and Supplementary Table S1,
respectively. The details of the AE management protocols are sum-
marized in Supplementary Table S2. We assumed that each patient
with severe AE was hospitalized based on local clinical practice, while
patients with grade 1 and 2 A/Es were treated as outpatients.

Costs
All the unit costs used in the model are listed in Supplementary Table
$3. The model included all resources used to manage AEs associated
with the treatment of previously untreated mCRC patients with wild-
type RAS in Saudi healthcare settings. The unit costs were obtained
from a Saudi 2024 database, with health unit costs from the National
Guard Health Affairs and Ministry of Health records and were included
in the SAR. The total costs of AEs were measured by multiplying the
number of targeted patients by the adverse events probabilities mul-
tiplied by the unit costs of each event. All output costs transferred to
international dollars (Intl$) by using purchasing power parity conver-
sion rate (1.95) sourced from the World Bank.

The model demonstrates the results in terms of the base costs. From
a societal analysis perspective, we included indirect costs caused by the
loss of productivity owing to the management of AEs. We assumed that
each hospital’s day care resulted in productivity day loss for the patient.
The Saudi patient average wage per day was estimated using the Saudi
gross domestic product published by the World Bank for 2022.%

Sensitivity Analyses

This model allows the user to run a one-way sensitivity analysis to
estimate the range of total costs of AEs associated with CET and
PAN. A sensitivity analysis was conducted using the upper and lower
limits of the AE frequency definitions (ie, very common, >1/10;
common, >1/100 to <1/10). The model also demonstrates the results
in terms of the minimum and base costs. The minimum cost was
assumed to be the base cost divided by length of stay to obtain the
average daily cost of treating AEs. A one-way sensitivity analysis was
conducted to test the lower-bound and upper-bound unit costs of
AEs by using a +20% range as a plausible wide range to address any
uncertainty in the model. Probabilistic sensitivity analysis was con-
ducted to evaluate the simultaneous variation on 1000 iterations of
costs and ADR rates using gamma distribution and beta distribution,
respectively. Therefore, each distribution used should be relied on the

type of variable data.
RESULTS

Base Case

Within the Saudi payer perspective model presented in Table 3 and
Supplementary Figure S1, treatment with CET + CT vs PAN + CT
resulted in average population cost savings of SAR 9246133
(Intl$4741606) and per-patient cost savings of SAR 20321
(Intl$10421) for severe AEs, while resulting in average population
cost savings of SAR 16039427 (Intl$8225347) and per-patient
cost savings of SAR 35251 (Intl$18077) for all grade AEs. More-
over, within the Saudi societal perspective model (presented in Table
4 and Figure 1), treatment with CET + CT vs PAN + CT resulted in
average population cost savings of SAR 11386314 (Intl$5839135)
and per-patient cost savings of SAR 25025 (Intl$12833) for severe
AEs, while resulting in average population cost savings of SAR
18179608 (Intl$9322875) and per-patient cost savings of SAR
39955 (Intl$20489) for all-grade AEs.

Sensitivity Analysis

The sensitivity analysis results were presented in Supplementary Fig-
ure S2 and Supplementary Table S4. The tornado diagram presents
the results of one-way sensitivity analysis (Figure 2). The unit cost
of Epeotin alfa injection has the greatest impact on the results. The
average probabilistic values resulted in population cost savings of
SAR 11005210 (Intl$5 643 698) and per-patient cost savings of SAR
24972 (Intl$12805) for severe AEs, while resulting in average popula-
tion cost savings of SAR 17946951 (Intl$9203 564) and per-patient
cost savings of SAR 39231 (Intl$20118) for all-grade AEs associated
with treatment with CET + CT vs PAN + CT within the Saudi societal
perspective model.
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Table 2. Total Adverse Events in the Model

All-Grade AEs Severe (Grade 3-4) AEs
No. of AEs

CET PAN CET PAN
Blood and lymphatic system disorders - 275 - 260
Cardiovascular diseases - 125 - 125
Eye disorders 25 425 6 133
Gastrointestinal disorders 50 1376 12 264
General disorders and administration site conditions 801 1301 173 426
Hepatobiliary disorders 250 - 63 -
Immune system disorders - 25 - 8
Infections and infestations 250 375 63 117
Metabolism and nutrition disorders 325 851 59 193
Musculoskeletal and connective tissue disorders - 275 - 86
Nervous system disorders 25 325 6 102
Renal and urinary disorders - - - -
Reproductive system and breast disorders - - - -
Respiratory, thoracic and mediastinal disorders 250 551 63 172
Skin disorders 1301 1927 246 436
AE total frequency 3278 7833 691 2321
Total difference (CET vs PAN) 4555 1630

Abbreviations: AE, adverse event; CET, cetuximab; PAN, panitumumab.

Table 3. Base-Case Results of Saudi Payer Perspective Model for All Patients

All Grade AEs
Costs CET (SAR) PAN (SAR) Difference (SAR)  Difference (Intl$)
Blood and lymphatic system disorders 0.00 3314833.27 3314833 1699914
Cardiovascular diseases 0.00 349568.34 349568 179266
Eye disorders 16567.05 408580.42 392013 201032
Gastrointestinal disorders 9512.00 1251113.36 1241601 636719
General disorders and administration site conditions 488755.27 4185565.38 3696810 1895800
Hepatobiliary disorders 479614.14 0.00 -479614 (245956)
Immune system disorders 0.00 12462.45 12462 6391
Infections and infestations 93120.53 311768.18 218648 112127
Metabolism and nutrition disorders 108693.33 1784156.59 1675463 859212
Musculoskeletal and connective tissue disorders 0.00 891019.75 891020 456933
Nervous system disorders 11345.08 367610.99 356266 182700
Respiratory, thoracic and mediastinal disorders 96 146.05 789202.41 693056 355414
Skin disorders 2279163.14 3022450.18 743287 381173
AE total costs 4826974.32 20866401.61 16039427 8225347

Abbreviations: AE, adverse event; CET, cetuximab; Intl$, international dollar; PAN, panitumumab; SAR, Saudi riyal.

Figure 1. Saudi Societal Perspective Base-Case All-Grade Adverse Event Results

SAR

23,914,046

SAR
5,734,438

Cetuximab Panitumumab

Abbreviation: SAR, Saudi riyal.
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Table 4. Base-Case Results of Saudi Societal Perspective Model for All Patients

All-Grade AEs
Costs CET (SAR)  PAN (SAR) Difference (SAR)  Difference (Intl$)
Blood and lymphatic system disorders 0 3314833 3314833 1699914
Cardiovascular diseases 0 349568 349568 179266
Eye disorders 16567 408580 392013 201032
Gastrointestinal disorders 9512 1251113 1241601 636719
General disorders and administration site conditions 488755 4185565 3696810 1895800
Hepatobiliary disorders 479614 0 -479614 -245956
Immune system disorders 0 12462 12462 6391
Infections and infestations 93121 311768 218648 112127
Metabolism and nutrition disorders 108693 1784157 1675463 859212
Musculoskeletal and connective tissue disorders 0 891020 891020 456933
Nervous system disorders 11345 367611 356266 182700
Respiratory, thoracic, and mediastinal disorders 96 146 789202 693056 355414
Skin disorders 2279163 3022450 743287 381173
AE total costs 5734438 23914046 18179608 9322876

Abbreviations: AE, adverse event; CET, cetuximab; Intl$, international dollar; PAN, panitumumab; SAR, Saudi riyal.

Figure 2. All-Grade Adverse Events One-Way Sensitivity Analysis: Results per Patient from Saudi Payer Perspective

Epoetin Alfa 1000 units injection
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METHYLPHENIDATE Solution for Injection
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Abbreviations: CT, computed tomography; GIT, gastrointestinal; HCP, healthcare provider; RBCs, red blood cells.

DISCUSSION

CRC is the third most common cancer occurring in humans world-
wide and the second most common cancer in Saudi Arabia.*?! Previ-
ously untreated patients with RAS wild-type mCRC may have received
an EGFR inhibitor along with chemotherapy. The AEs profile for anti-
EGFR, ecither the CET +CT regimen or the PAN +CT regimen, is
highly influenced by their AE profiles.”?

Based on the distributions reported in SmPCs,'*' modeling of
the frequency of AEs showed that patients treated with CET + CT had
fewer AEs than those treated with PAN + CT. It is expected that a lower

18,19

AEs frequency could result in lower AE management costs, elevated
patient quality of life, and better therapy adherence with CET + CT vs
PAN + CT within the Saudi healthcare setting.

Our economic model showed that treatment with CET +CT
resulted in AE management cost savings for severe and all-grade AEs
from the Saudi payer and societal perspectives compared with treat-
ment with PAN + CT for patients with wild-type RAS mCRC in first-
line settings within the Saudi healthcare system.

Similar economic studies that reported differences in AEs rates
and AE management costs in first-line treatment with either CET
or PAN regimens in patients with mCRC with wild-type RAS were
conducted in different countries. In Italy, CET + CT resulted in fewer
AEs; thus, markedly lower AE management costs were observed with
CET +CT than with PAN + CT. This result suggests that CET + CT
could decrease the cost burden on the Italian National Health Service
and the AE burden for patients with mCRC.? In Spain, lower rates of
AE;s for CET + CT have been reported in eligible patients with mCRC,
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which may result in a reduced AE burden, suggesting that treatment
with CET +CT could yield annual AE management cost savings.?
In Latin American countries, such as Argentina, Brazil, and Panama,
patients with mCRC and wild-type RAS treated with CET +CT are
expected to experience fewer AEs than those treated with PAN + CT.
Accordingly, this study recommends that lower frequency rates could
result in lower overall and severe AEs’ management costs.** Moreover,
in Algeria, CET + CT was associated with a lower frequency of AEs
than PAN + CT; thus, CET +CT resulted in lower AE management
costs for patients with Algerian mCRC. The study concluded that the
use of CET + CT might potentially alleviate the financial burden on the
Algerian healthcare system.”

Our study had the following strengths. First, all model assump-
tions, inputs, and results were validated by Saudi physicians who spe-
cialize in treating mCRC and use both the CET + CT and PAN + CT
regimens as treatment options. Second, the frequencies of common
and very common AEs were sourced from the European SmPCs of
CET and PAN, while the severity of these AEs was sourced from a
published meta-analysis study. Third, we calculated indirect costs on
patients to measure the economic burden of these AEs on society and
the economy. Finally, a well-constructed sensitivity analysis was per-
formed on the model input parameters based on the CHEERS recom-
mendations® to guarantee the robustness of the model.

Our economic analyses include the following limitations. First,
the model used categorical data rather than numerical data on AEs,
which is a simplification of the detailed information on AEs available
in dossiers submitted to regulators. Second, within SmPCs, AEs are
presented without distinguishing between treatment lines or indica-
tions. Third, experience with AE management and prevention over
time can have an impact on the frequencies observed in healthcare
institutions and thus on achievable savings. Fourth, the caregiver time
and transportation costs were not considered in this study because
there are no accurate local data about these costs, and there is great
variability in the caregiver time and the transportation costs among
the different patients’ socioeconomic levels. Therefore, we took a con-
servative approach to prevent any uncertainty. Fifth, the model lacks
validation against real-world data to reflect the true costs and outcomes
of AE management in practice, but there are no such local real-world
data in KSA. We recommended collection of real-world data for AE
severity in KSA in a separate research study. Finally, the number of
mCRC patients with wild-type RAS eligible for anti-EGFR therapy
was obtained from the relevant literature validated by our local Delphi

panel owing to the unavailability of local official databases.
CONCLUSION

Considering that the regulatory labels for cetuximab and panitu-
mumab was the basis for estimating the frequencies of adverse events,
the CET + CT regimen was associated with a lower AEs frequency com-
pared to the PAN +CT regimen for the treatment of Saudi untreated
RAS wild-type mCRC patients, thus it could amount to AE manage-
ment cost savings from both the Saudi payer and societal perspectives.
These substantial cost savings may mitigate the financial burden of
mCRC in Saudi healthcare settings.
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