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Abstract

Background: Rat sarcoma virus mutational status guides first-line treatment in metastatic colorectal cancer. This study was a multi-
center, multi-country ambispective, observational study in the Middle East and North Africa assessing regional rat sarcoma virus testing
practices in newly diagnosed patients.

Methods: The retrospective arm (2011-2014) included adults with metastatic colorectal cancer who had initiated first-line therapy with
>1 post-baseline visit and survival data. The prospective arm (2014-2019) enrolled newly diagnosed patients with histologically proven
metastatic colorectal cancer with >1 measurable lesion per Response Evaluation Criteria in Solid Tumors, and tissue availability for
biomarker analysis. Data look-back and follow-up were 2 years; the rate of RAS mutation was evaluated.

Results: RAS testing was ordered for patients in retrospective (326/417) and prospective (407/500) studies. In the former, testing was
typically prescribed after first-line treatment initiation, significantly more in patients with stage IV disease (P < .005), resulting in the
addition of targeted therapy (41.8% anti-epidermal growth factor receptor, 30.2% anti-vascular endothelial growth factor) in wild-type
metastatic colorectal cancer, and significantly impacted the treatment of left-sided tumors (P = .037). In the latter, 58.4% were RAS
wild-type; 41.6% were RAS mutant. Non-prescription of RAS testing was attributed to test unavailability, financial, or medical rea-
sons; predictors of testing prescription were older age, primary tumor in ascending colon, and high tumor grade. RAS status knowledge
resulted in the addition of anti-vascular endothelial growth factor (20.4%) or anti-epidermal growth factor receptor therapy (21.2%).
Conclusion: Before 2014, RAS testing in patients with colorectal cancer in the Middle East and North Africa was often performed after

first-line treatment. Testing is more routine in newly diagnosed patients, potentially shifting early treatment patterns.
Keywords: Colorectal cancer, metastatic disease, observational trial, RAS testing

INTRODUCTION

The incidence of colorectal cancer (CRC) is increas-
ing worldwide. In 2018, nearly 1.8 million new cases of
CRC were diagnosed, and more than 880 000 deaths
were ascribed to CRC.! The burden of CRC appears to be
greater in developed countries, with an incidence esti-
mated to be 3-fold higher when compared to develop-
ing countries. In the last decade, it has been reported

*Affiliation at the time the study was conducted.

that the incidence of CRC in the Arab world increased
approximately 2- to 3-fold.? Between 1998 and 2007,
it was the second most common malignancy in the
Gulf Cooperation Council (GCC) countries, account-
ing for nearly 8% of all cancers there. Kuwait has the
highest incidence of CRC in this region, with 15.5 cases
per 100 000 individuals.?2 Of particular concern was the
increasing trend observed among individuals under the

Corresponding: Mohammed Oukkal, e-mail: mohammedoukkal@gmail.com
Received: February 9, 2022 Accepted: May 13, 2022 Publication Date: November 24, 2022

DOI- 10.5152/tjg.2022.22106

Copyright @ Author(s) -
118

i Available online at https://www.turkjgastroenterol.org.
Content of this journal is licensed under a Creative Commons Attribution (CC BY) 4.0 International License BY


mailto:moham​medou​kkal@​gmail​.com
http://orcid.org/0000-0002-4306-8377
http://orcid.org/0000-0001-8697-5789
http://orcid.org/0000-0003-3873-335X
http://orcid.org/0000-0002-2844-0687
http://orcid.org/0000-0003-0256-5606
http://orcid.org/0000-0002-7284-0960
http://orcid.org/0000-0002-7805-5461
http://orcid.org/0000-0001-9100-9059
http://orcid.org/0000-0003-0264-1744
http://orcid.org/0000-0001-8471-9140
http://orcid.org/0000-0002-6801-4121

Oukkal et al. MORE-RAS Testing: Newly Diagnosed mCRC

Turk J Gastroenterol 2023; 34(2): 118-127

age of 40.2 In Egypt, Algeria, and Lebanon, the age-
standardized rates of CRC range from 4.9 to 16.3 per
100 000.55 Given the increasing incidence of CRC, an
improved understanding of the disease characteristics
and clinical practices in the Middle East and North Africa
(MENA) is needed.

Mutations in rat sarcoma virus (RAS) proteins are esti-
mated to occur in nearly 25% of all cancers world-
wide.® Kirsten-RAS (K-Ras), Harvey-RAS (H-Ras), and
neuroblastoma-RAS (N-Ras) proteins are small guanosine
triphosphatases that regulate intracellular signaling medi-
ated by the Ras-rapidly accelerated fibrosarcoma (Raf)
-mitogen-activated protein kinase kinase (MEK)-extr
acellular-signal-regulated kinase (ERK) [Ras-Rad-MEK-
ERK] and phosphatidylinositol-3-kinase (PI3K)-protein
kinase B (Akt)-mammalian target of rapamycin (mTOR)
[PIBK-Akt-mTOR] pathways.” Mutations in the RAS
proto-oncogenes often lead to constitutive activation of
downstream signaling, resulting in aberrant cell growth
and proliferation. RAS mutations are known drivers of
CRC tumorigenesis and are estimated to occur in approx-
imately 35%-45% of cases worldwide.®® Knowledge of
RAS mutation status plays an important role in clinical
decision-making, as the presence of RAS mutations has
beenshowntopredictresistancetoanti-epidermalgrowth
factor receptor (anti-EGFR) therapies such as cetux-
imab (Erbitux; Merck KGaA, Darmstadt, Germany) and
panitumumab (Vectibix; Amgen, Thousand Oaks, Calif,
USA)."%"" Within the Middle East region, a meta-analysis
of real-world data has estimated a RAS mutation preva-
lence of 33.7%-34.6%."> However, data regarding the fre-
quency of RAS mutations in Middle Eastern and African
patients with CRC and the impact of RAS mutation test-
ing on therapeutic approaches remain limited. To further
understand RAS testing practices and mutation status in
new or recently diagnosed patients with metastatic CRC
(mCRC) in the MENA region, we report here the results
of a retrospective and prospective evaluation performed
across 5 centers in this region.

Main Points

Data on rat sarcoma virus (RAS) status of metastatic
colorectal cancer (mCRC) remain limited in the Middle
Eastern and African regions.

RAS status assessment is essential for decision-making in
mCRC.

RAS testing can significantly impact treatment decisions.

MATERIALS AND METHODS

This was a multi-center, multi-country, observational
ambispective study, containing retrospective and pro-
spective arms (Figure 1). Each arm included approxi-
mately 500 patients with mCRC across 5 countries in
the MENA region, including Algeria, Egypt, the Kingdom
of Saudi Arabia (KSA), Kuwait, and Lebanon. The study
was approved by the ethics committees of Beni Messous
Hospital (Algeria), Alexandria University Faculty of
Medicine, Cairo University Faculty of Medicine, National
Cancer Institute and Central Ethics Committee of the
Egyptian Ministry of Health (Egypt), Kuwait Ministry of
Health (Kuwait), King Fahd Medical City IRB, King Saud
University IRB and King Abdullah International Medical
Research Center (KAIMRC) (KSA), Hammoud Hospital
University Medical Center IRB and Hotel Dieu de France
EC (Lebanon); and informed consent was obtained from
patients prior to study initiation.

For the retrospective arm, patient medical records were
analyzed 2 years prior to the study start. Patients aged
>18 years with mCRC who had initiated first-line therapy
in 2011 or later but prior to study initiation (2014), who
had a baseline visit and at least 1 additional visit for dis-
ease evaluation, and for whom survival data were avail-
able were eligible for inclusion. Patients with incomplete
or unavailable data or the presence of other coexisting
malignancies were excluded.

For the prospective arm of the study, patients were
enrolled between December 2014 and May 2019 and fol-
lowed for 2 years after enrollment. Patients with newly
diagnosed mCRC with at least 1 measurable lesion accord-
ing to modified Response Evaluation Criteria In Solid
Tumors criteria'® and availability of paraffin-embedded
tumor tissue from the primary tumor or metastasis for
biomarker analysis were included in the study. Exclusion
criteria included pregnancy or lactation, presence of a
co-existing malignancy, life expectancy <6 months, pres-
ence of any co-existing medical or psychological condi-
tion that would compromise the ability to provide data
disclosure authorization, or any other significant disease
that could influence the study results, as determined by
the investigator.

Considering the overall goal of evaluating past and cur-
rent practices of RAS testing for patients with newly
diagnosed mCRC, information related to RAS testing
was recorded, including the status of test prescription,
treatment stage at the time of prescription, reason for
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[ Screening and Enroliment ]

Retrospective Arm Prospective Arm
(2011 — 2014) (December 2014 — February 2019)

Assessed for eligibility
(N = 495?)

Excluded
(n=78)

RAS mutation status available
(n=417)

Biopsy samples available
(n=294)

Assessed for eligibility
(N =500)

Excluded
(n=0)

RAS mutation status available
(n=500)

l

Biopsy samples available
(n=419)

!

}

(n=146)

Completed study and 2 years
of follow-up as per protocol

Discontinued study (n=354)
* Death (n=183)
* Lost to follow-up (n=149)
= Patient changed hospital (n=12)

= Travel (n=4)

» Advanced disease (n=3)

= Patient voluntarily withdrew
consent (n=3)

Figure 1. Study enrollment and completion. Three patients failed to provide informed consent. RAS, rat sarcoma virus.

non-prescription, method of sample excision, and test-
ing technique. Additionally, information regarding patient
characteristics and clinical variables, including gender,
tumor stage and Eastern Cooperative Oncology Group
classification, primary tumor site, metastases, initial
therapy, response to treatment, changes in therapy, RAS
testing methods, response to the European Organisation
for Research and Treatment of Cancer quality of life
questionnaire (EORTC QLQ-C30 Version 3.0), and sur-
vival status, was recorded for each patient.

Statistical Analysis

No formal statistical hypothesis was evaluated, and a
descriptive analysis was performed. Cross-tabulations
were performed to evaluate the relationship between
RAS testing prescription, and impact of RAS status on
therapeutic strategy, and other variables of interest.
Logistic regression analyses were performed to identify
factors that could promote the prescription of RAS test-
ing. Statistical analyses were performed using SAS soft-
ware version 9.2 (SAS Institute Inc. Cary, NC, USA).

RESULTS

Patient Characteristics

Overall, 495 (mean age, 56.1 years) and 500 (mean age,
54.5 years) patients were enrolled in the retrospective
arm and prospective arms, respectively (Figure 1). Of
these, 487 and 500 cases, respectively, provided evalu-
able demographic data (Table 1) and RAS testing status
was available for 417 patients and 500 patients, respec-
tively. All patients in both arms had stage 4 disease with
the most frequent primary tumor site in the sigmoidal
colon or rectum. In nearly all cases (>96 %), the tumor his-
tology was identified as adenocarcinoma. The geographic
distribution from the retrospective (211 [42.6%]) as well
as prospective arm is reported in Table 1.

Rat Sarcoma Virus Testing: Rates of Prescription and
Influencing Factors

Ratsarcomavirustestingwasorderedfor326/417 patients
in the retrospective arm and 407/500 in the prospective
arm of the study (Table 2). Logistic regression analyses
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Table 1. Demographic Characteristics

Table 2. Rates of RAS Mutation Testing Prescriptions

Retrospective, Prospective,

Retrospective, Prospective,

n (%) n (%) n (%) n (%)

Gender (n=487) (n=500) RAS mutation testing prescribed (n=417) (n =500)
Male 271(55.6) 210(42) Yes 326 (78.2) 407 (81.4)
Female 216 (44.4) 290 (58)

Country (n = 495) (n = 500) No 91 (21.8) 93 (18.6)
Algeria 211 (42.6) 248 (49.6) Reasons for non-prescription of (n=91) (n=93)
Egypt 110 (22.2) 157 (31.4) RAS mutation testing
KSA 62 (12.5) 32 (6.4) Financial 19 (20.9) 23 (24.7)
Kuwait 50(10.1) 50 (10) Medical decision 15 (16.5) 19 (20.4)
I[JT: e ig E;:g; 1%(:)')6 ) Unavailability 34 (37.3) 51 (54.8)

Body mass index, mean (n=417) (n=493) Others 23(253) 0(0)

kg/m? (SD) RAS, rat sarcoma virus.

Smoker 22.31(9.0) 25.39 (5.29)

Yes 81(16.7) 96 (19.2) indicated that lack of test availability and financial rea-
N‘? ) 405 (83.3) 404 (80.8) sons were 2 of the major causes of non-prescription of

:azr:/ll;y history of cancer, (n=484) (n=498) RAS testing (Table 2). These data were corroborated in
Yes 96 (19.8) 114 (22.8) both arms of the study. Medical decisions and “other rea-
No 388 (80.2) 384 (76.8) sons” were additional drivers cited for non-prescription
First degree 69/96 (71.9) 84/113 (74.3) of RAS mutation testing. Note that for this analysis, only
Second degree 23/96 (24.0) 29/113 (25.7) ~ cases in which either RAS testing was prescribed or not
First and second degree 2/96 (2.1) 0/113 (0) prescribed due to medical decisions or “other reasons”
Data not available 2/96 (2.1) 0/113 (0) were considered.

Primary tumor site (n=448) (n=500)

Ascending colon 77 (17.2) 92 (18.4) In the retrospective study arm, age, gender, and duration
Descending colon 54 (12.0) 57 (11.4) of condition did not significantly impact the prescription
Rectum 117 (26.1) 148 (29.6) of RAS testing. Correlation analyses between RAS testing
Sigmoid 183 (40.9) 167 (33.4) and primary tumor sites, types, and grades indicated that
Transverse colon 17(3.8) 26(5.2) RAS testing prescription did not significantly differ by pri-
Unknown 0(0.0) 7(1.4) mary tumor site (P = .371) or tumor histology (P = .092),
Missing 0(0.0) 3(06) although patients with adenocarcinoma were more likely
Tumor grade (n=448) (n=500) to be prescribed RAS testing (Table 3).

GX 154 (34.4) 172 (34.4)

Gt 66 (14.7) 59 (11.8) In the prospective arm of the study, older age signifi-
G2 144 (32.1) 166 (33.2) cantly predicted prescription of RAS testing (P = .028).
G3 52(11.6) 76 (15.2) Additionally, primary tumor site in the ascending versus
G4 16(3.6) 20 (4.0) descending colon (oddsratio [OR]=0.157,95% Cl=0.049-
Unknown 16(36) 4(08) 0.501, P = .002); transverse colon (OR = 0.158, 95%

Ec“(")'ésl')’;grformme core (;’:Zf;) (i‘gf&) Cl = 0.043-0.580, P = .005); sigmoidal colon (OR = 0.055,
0 192 (43.0) 184 (36.8) 95% Cl =0.011-0.264, P < .001); and rectum (OR = 0.214,
4 207 (46.2) 232 (46.4) 95% ClI = 0.075—0.609‘, P = .004)' showed significant dif-
9 43(97) 71(14.2) ference'ln rate of testing prgscrlptlon. T‘here was ‘als'o a
3 2(0.52) 4(08) correlation of tumor grade with RAS testing prescription,
4 1(0.26) 1(02) with patients having grade 1 (G1) tumors receiving signifi-
5 1(0.26) 0 (0) cantly less prescriptions than those having G2 (OR = 0.311,
Missing data 0(0) 8 (1.6) 95% Cl = 0.098-0.990, P = .048); G3 (OR = 0.151, 95%

ECOG, Eastern Cooperative Oncology Group; G, tumor grade; GX, tumor
grade undetermined (i.e., grade could not be assessed); KSA, Kingdom of
Saudi Arabia; SD, standard deviation; UAE, United Arab Emirates.

Cl = 0.043-0.529, P = .003); and G4 (OR = 0.086, 95%
Cl = 0.017-0.437, P = .003) grade tumors. There was no
significant difference in prescription rate between tumors
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Table 3. Correlation Between RAS Testing Prescription and Tumor
Characteristics: Retrospective Arm

RAS Prescription
(n)

Yes No
Tumor site (n = 393) (P =.371)
Ascending colon 53 11
Descending colon 36 11
Rectal 79 29
Sigmoid 133 28
Transverse colon 10 3
Tumor histology (n = 408) (P =.092)
Adenocarcinoma 316 86
Other 3 3
Tumor grade (n = 396) (P =.025")
G1 46 17
G2 94 40
G3 29 9
G4 7 1
GX 131 22

*P-value significant at <.05.
G, tumor grade; GX, tumor grade undetermined (i.e., grade could not be
assessed); RAS, rat sarcoma virus.

that had an undetermined grade (GX; i.e., grade could not
be assessed) and G1 tumors (OR = 3.524,95% Cl = 0.811-
15.308, P =.093).

The frequency of prescription for RAS testing in each
country included in this study was also evaluated in the
prospective arm and showed some regional variability,
with RAS testing prescribed in 91% of the cases in Algeria,
58% in Egypt, 96% in Kuwait, 91% in KSA, and 100% in
Lebanon.

Rat Sarcoma Virus Mutation Frequencies

The frequency of types of RAS mutations was evalu-
ated in 271/294 cases and 407/419 cases with available
biopsy samples in the retrospective and prospective arms,
respectively. The primary tumor was the biopsy source
for a majority of cases (retrospective arm: 272 [92.5%];
prospective arm: 365 [87.1%]); the remaining samples
were derived from metastases. Overall, more than 90%
of samples were provided as paraffin-embedded tissue,
and sequencing was the most common method of RAS
testing, performed in most cases (~78% of cases in both
arms). High-resolution melting and allelic discrimination

were among the other methods used for RAS testing in
the remainder of the cases.

Among tested samples, RAS mutations were detected
in 33.9% of cases in the retrospective arm and 41.5% of
cases in the prospective arm (Figure 2). In the prospec-
tive arm, these cases included 346 samples (69%) with
KRAS mutations, 20 (4%) with NRAS mutations, and 41
(8%) where the mutation was not specified. In both arms,
the most commonly observed RAS mutations occurred
in exon 2, codons 12 and 13 (Figure 2). In the prospec-
tive arm, samples were also evaluated for mutations in
V-raf murine sarcoma viral oncogene homolog B1 (BRAF),
phosphatase and tensin homolog (PTEN), and PI3KCA.
Mutations were observed in 4 of 92 (0.8%) cases with
available BRAF data, 3 of 87 (0.6%) cases with PTEN data,
and 11 of 78 (2.2%) cases with PISKCA data.

In the prospective arm, the association between the pri-
mary tumor localization site and RAS testing was statisti-
cally significant (P = .03). Transverse colon as a primary
tumor site had the highest percentage of patients testing
positive for mutant (MT) RAS while rectum had the high-
est proportion of patients testing positive for wild-type
(WT) RAS. In general, RAS MT was slightly more on the
right, and RAS WT was higher on the left side.

Impact of RAS Testing on Clinical Decision-Making

A secondary objective of this study was to evaluate the
impact of RAS testing on therapeutic decisions. In the
retrospective arm, most patients received surgery and/
or chemotherapy as initial therapy prior to enrollment in
the study (data not shown). RAS testing was significantly
more prescribed after initiation of first-line treatment and
in patients with stage IV disease (P < .005) and resulted
in the addition of targeted therapy (41.8% anti-EGFR,
30.2% anti-vascular endothelial growth factor [anti-
VEGF]) in WT mCRC. Testing also significantly impacted
the treatment strategy of left-sided tumors (P =.037).

In the prospective arm of this study, RAS testing results
impacted therapy selectionin 406 cases (Table 4). Overall,
knowledge of RAS status resulted in the addition of beva-
cizumab (Avastin; Roche, Basel, Switzerland) or anti-EGFR
therapy in 20.4% and 21.2% of patients, respectively, at
visit 1 (Tables 4 and 5). Among the 253 patients with
RAS WT, 96 (37.8%) received cetuximab, 74 (29.1%)
received panitumumab, 48 (18.9%) received bevaci-
zumab, 25 (9.8%) received a change in chemotherapy,
and 10 (3.9%) received other therapy changes. Among
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Figure 2. RAS mutation status. KRAS, Kirsten rat sarcoma virus; RAS, rat sarcoma virus.

the 153 cases with RAS MT, 134 (87.6%) received beva-
cizumab, 8 (5.2%) received a change in chemotherapy, 1
(0.7%) received panitumumab, and 10 (6.5%) received
other therapy changes.

Quality of Life

The EORTC QLQ-30 questionnaire was administered at
each visit to patients in the prospective study. A slight
increase in the score was observed with time, indicating
a slight decrease in the quality of life of participants from

Table 4. Changes to Therapy as a Result of RAS Testing

visit 1 to visit 5 (mean score [standard deviation]: 66 [14]
to 70 [22]).

DISCUSSION

To our knowledge, this is the first large study con-
ducted in the MENA region to evaluate RAS testing
and its impact on treatment strategies in patients
with newly diagnosed mCRC. Our results indicate that
although testing was typically prescribed after initia-
tion of first-line treatment in the retrospective arm,

Retrospective (n = 225)

Prospective (n = 406)

All Cases

Mutant Type (N = 153) Wild Type (N = 253)

Added bevacizumab
Added cetuximab

68 (30.2%)
94 (41.8%)
19 (8.4%)
10 (4.5%)
34 (15.1%)

Added panitumumab
Change in chemotherapy
Other

134 (87.6%) 48 (18.9%)

0 (0.0%) 96 (37.8%)
1(0.7%) 74 (29.1%)
8 (5.2%) 25 (9.8%)
10 (6.5%) 10 (3.9%)

RAS, rat sarcoma virus.
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Table 5. Correlation Between Tumor Characteristics and Impact of RAS Status on Therapeutic Strategy

RAS Testing Effect on Therapy (n)

Change in
Added Bevacizumab Added Cetuximab Added Panitumumab Chemotherapy Other

Retrospective
Tumor site (n = 204) (P =.037")

Ascending colon 13 12 5 2 2

Descending colon 2 12 3 1

Rectal 21 23 0 0 6

Sigmoid 20 39 9 7 17

Transverse colon 1 2 0 0 0
Tumor Histology (n = 208) (P =.137)

Adenocarcinoma 60 88 17 9 31

Other 0 1 0 1 1
Prospective
Visit 1 (P =.5)
Ascending colon 19 (560.0%) 10 (26.3%) 5(13.2%) 3 (7.9%) 1(2.6%)
Descending colon 11 (45.8%) 4 (16.7%) 6 (25%) 2 (8.3%) 1(4.2%)
Rectal 30 (42.3%) 24 (33.8%) 13 (18.3%) 3 (4.2%) 1(1.4%)
Sigmoid 32 (42.1%) 21(27.6%) 19 (25%) 3 (3.9%) 1(1.3%)
Transverse colon 10 (58.8%) 2 (11.8%) 2 (11.8%) 2 (11.8%) 1(5.9%)
Visit 2 (P =.7)
Ascending colon 11 (73%) 1(7%) 2 (13%) 1(7%) 0 (0.0%)
Descending colon 2 (29%) 3 (43%) 1(14%) 1(14%) 0 (0.0%)
Rectal 8 (40%) 5 (25%) 3 (15%) 3 (15%) 1(5%)
Sigmoid 12 (43%) 6 (21%) 6 (21%) 2 (7.5%) 2 (7.5%)
Transverse colon 4 (66%) 1(17%) 0(0.0%) 0 (0.0%) 1(17%)

*P-value significant at <.05.
RAS, rat sarcoma virus.

most patients in both arms of the study (retrospective:
78%, prospective: 81.4%) were tested for RAS muta-
tions. These results are like those from other regions
of the world.’®'® In 2016, a European survey conducted
in 24 countries, involving 96 laboratories, evaluated
the implementation of RAS testing methods."”” Similar
to our study, the majority of the participating labora-
tories (72.9%) in that study reported that testing of
all required RAS codons was standard practice.” Since
the introduction of anti-EGFR therapies in 2004
(cetuximab) and 2006 (panitumumab) and the require-
ment to assess RAS status prior to treatment initiation,
RAS testing has been increasingly accepted and imple-
mented worldwide.”® Indeed, a study from the United
States indicated that the annual testing for KRAS

mutations in newly diagnosed CRC patients increased
from 27.4% to 78.4% from 2008 to 2011."

Reasons for not employing RAS testing are many but
largely changeable. In our study, the observed reasons
included financial reasons, medical decision, and unavail-
ability of the tests. Due to the significance of RAS muta-
tion results in therapeutic decision-making, efforts should
be made to more widely incorporate this test in centers
that manage patients with CRC. As well, improvements
in reimbursement programs will help facilitate patient
access to RAS testing.

Our retrospective analysis did not identify factors that
significantly impacted the prescription of RAS mutation

124



Oukkal et al. MORE-RAS Testing: Newly Diagnosed mCRC

Turk J Gastroenterol 2023; 34(2): 118-127

testing. However, the prospective analysis revealed that
age, primary tumor site, and tumor grade highly influ-
enced RAS testing prescription. Previous studies have
assessed potential factors influencing KRAS testing
prescription. In a study of molecular testing prescribing
patterns in France, KRAS testing was requested by only
65.5% of treating physicians, and reported factors influ-
encing its prescription included patient age at diagnosis,
primary tumor site, and stage at diagnosis.'® Geographical
location and the general status of the treating cen-
ter also impacted KRAS testing. A study of KRAS test-
ing rates in community-based oncology settings in the
United States found that elderly age, clinical trial enroll-
ment, financial status, performance status, and presence
of comorbid conditions influence KRAS mutation test-
ing."® Influencing factors can be classified as (1) disease-
related, (2) financially related, (3) patient-related, or
(4) treatment-center related. Therefore, further large
multi-centric studies are needed to properly assess the
influencing factors that impact physician request for RAS
mutation testing so that optimal testing and evidence-
based treatment decisions can be facilitated.

Most tumors in both the retrospective (40.9%) and pro-
spective (33.4%) arms in our study arose from the sig-
moid colon. Although the tumor site did not affect the
overall rate of prescription of RAS testing in the retro-
spective arm, when available, test results significantly
impacted treatment strategy for left-sided tumors. In
the prospective arm, the ascending colon (including
caecum) as primary tumor site was a key driver of RAS
testing prescription.

Our study also found a significant relationship between
the primary tumor site and RAS mutation status. Patients
with tumors arising from the right colon had slightly
increased incidence of RAS mutations similar to the find-
ings of a European study that found a significantly higher
prevalence of RAS mutations in right versus left-sided
tumors."’

Overall, RAS mutations were detected in approximately
the same percentage of patients in both arms of the study
(~33.8%). In previous analyses, RAS mutation prevalence
has been reported to be higher (43%-55.9%) than in our
study.'2'72° This discrepancy could be related to the dif-
ferent techniques used to determine RAS status, variable
percentages of neoplastic cells present in the acquired
sample, differences between laboratories, absence of
external quality assurance programs, availability of next-
generation sequencing, criteria for patient selection, and

data analysis methods.'>"2" These factors may also con-
tribute to the geographic variance in RAS mutation rates
with the highest prevalence of mutant RAS in KSA and
Kuwait and lowest in Lebanon and Egypt. The sample size
of enrolled patients from each country may also contrib-
ute to the variation. A multinational survey in 2016 found
no significant difference in the prevalence of RAS muta-
tions by country (range, 40%-52.1%; P = .461)."7

In recent years, detection of KRAS mutations has become
necessary to appropriately manage patients with mCRC,
especially when considering first-line anti-EGFR mono-
clonal antibody therapies. KRAS mutations have been
reported in up to 35%-45% of CRC, with the major-
ity of mutations occurring in exon 2 codon 12.2223 |n the
retrospective arm of our study, the prevalence of KRAS
mutations was consistent with previous randomized tri-
als. In the prospective arm of the study, BRAF mutations
were reported in 0.8% of cases with available BRAF data.
Testing for microsatellite instability and human epidermal
growth factor receptor 2 status are the focus of recent
publications?#?® and were not obvious targets at the time
of our study.

Rat sarcoma virus mutation status is an important ele-
ment in the decision to prescribe monoclonal antibody
therapy. Colorectal cancer patients with KRAS mutations,
specifically exon 2 codons 12 and 13, do not respond to
anti-EGFR therapies such as cetuximab or panitumumab
alone or in combination with oxaliplatin (Eloxatin; Sanofi-
Aventis, Gentilly, France)-based chemotherapy and are
believed to have poor survival.?®26-28 KRAS exon 2 muta-
tion testing is recommended to predict the benefit from
anti-EGFR therapies.?®

In our study, the addition of bevacizumab to the treat-
ment regimen was the most frequent change in the pro-
spective arm and the second most frequent change in
the retrospective arm. This result is reasonable because
bevacizumab is the only effective option for tumors with
mutant RAS.

Tumors with wild-type RAS have been shown to ben-
efit from anti-EGFR therapies, including cetuximab and
panitumumab.'28%3" |n our study, cetuximab was not pre-
scribed in any patients with RAS mutations; however,
cetuximab was the most commonly prescribed regimen,
followed by panitumumab. The changes in treatment
regimens after RAS testing reflect physician awareness in
the Middle East region of the need for RAS testing and
the implications for patient management.
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This study has several limitations, in particular, the data
from the retrospective arm of the study are often incom-
plete. The study population is not representative of the
entire MENA region as it is heterogeneously recruited
from only 5 countries in the region. The impact of RAS
testing on the choice of treatment is not always obvious
due to the frequent delays in receiving results.

CONCLUSIONS

In conclusion, our study indicates that although RAS
testing previously appeared to be prescribed later in the
management of patients with CRC, testing is now a com-
mon practice in managing newly diagnosed patients with
mCRC in the MENA region. However, there is room for
improvement. Reasons for not prescribing RAS testing
were clear and must be addressed to improve future out-
comes. The primary tumor site influenced the rate of RAS
testing, mutation prevalence, and management deci-
sions. Together, the assessment of RAS mutations rep-
resents an important element in clinical decision-making
for mCRC, and RAS testing can significantly impact treat-
ment decisions.
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