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Abstract

Background: In Jordan, lung cancer ranks as the second most com-
mon tumor, and there is an urgent need to explore the genetic land-
scape of lung cancer. This study aimed to identify the actionable
mutations in lung cancer samples in Jordanians by targeted next-
generation sequencing (NGS) and to investigate the correlations with
clinical and pathological parameters.

Methods: Totally, 121samples were prepared for NGS by DNA ex-
tractions from formalin-fixed paraftin-embedded (FFPE) blocks, fol-
lowed by library preparation using the AmpliSeq Colon and Lung
panel, which covers mutational hot spot regions for 22 cancer genes.

Results: Amongst 121 patients, 88% of those treated for non-small
lung carcinoma were successfully analyzed; 35 (29%) carried one
mutation or more in actionable genes (KRAS, EGFR, ALK, BRAF,
and MET). There are no significant differences between actionable
mutation carriers and non-carriers concerning histological tumor
type, tumor stage, metastasis, smoking habits, and gender. However,
the analysis of survival probabilities revealed lower survival times
for females compared to males, as well as for those patients who had
metastasis events, smoking, or relapse after treatment.

Conclusions: The type and rates of mutations detected for lung tu-
mors in Jordan are relatively similar to those found in other popula-
tions previously studied, although some differences exist. However,
lung tumors in Jordan require new customized treatment prescriptions
based on prior genetic studies, as part of the hoped-for trend toward
precision medicine.
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Introduction

Lung cancer remains a significant public health concern, and
efforts to prevent and manage it are crucial. According to the
World Cancer Research Fund, the latest new data of lung can-
cer worldwide for 2022, there were 2,480,675 new cases of
lung cancer globally. USA and China lead the top 10 countries
with the highest rates of lung cancer incidence: China with
1,060,584 cases and USA with 226,033 cases. There were
1,817,469 deaths from lung cancer globally, with 733,291
deaths in China and 127,653 deaths in the USA [1].

The age-standardized rate (ASR) of lung cancer in the
Middle East and North African (MENA) region is generally
lower compared to international rates. The ASR varies across
countries, ranging from 4.2 cases per 100,000 in Yemen to 23
cases per 100,000 in Lebanon. Lung cancer ranks among the
top 10 most common cancers in most MENA countries. In Jor-
dan, with a population of approximately 10 million, there were
10,898 new cancers cases reported. Lung cancer accounted for
1,141 cases (10.5% of all cancer cases) and ranked as the sec-
ond most common cancer type, with 1,022 deaths (5.6%), and
1,049 for 5-year prevalent cases [2].

Lung cancer mutations arise from changes in specific
genes, and these mutations play a key role in the development
and progression of the tumor. The mutations could be inher-
ited mutations (germline), which are passed from parents to
their children. However, they account for only 5-10% of lung
cancer cases. Acquired mutations (somatic), occur during a
person’s lifetime due to exposure to various factors such as
tobacco smoke. Smoking is the leading cause of lung cancer,
responsible for approximately 90% of cases. Other factors in-
clude air pollution, chemicals, radon gas, and ultraviolet (UV)
radiation [3].

The most common lung cancer mutations are EGFR (epi-
dermal growth factor receptor) mutations, which are more
prevalent in certain types of lung cancer, especially in non-
smokers and people of Asian descent. Mutations in 7P53 occur
in about 43% of lung squamous cell carcinomas (SCCs) and
35% of lung adenocarcinomas. KRAS mutations were found in
approximately 30% of non-small cell lung cancers (NSCLCs),
KRAS mutations are more common in smokers. ALK and ROS!
mutations, along with EGFR and other genes, are relevant for
targeted therapies in specific cases [4, 5].

These days, lung cancer treatment aims to manage late-
stage cancer, and many drugs are sensitive to specific muta-
tions in lung cancer. Precision medicines aim to treat patients
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who suffer from cancer and have special mutations in genes
such as EGFR, KRAS, ALK, and other genes [6].

Studies that have focused on lung cancer mutations in Jor-
danian population are few, and the medical sector in Jordan is
interested in moving to precision medicine methods in treat-
ing cancer, including lung cancer. Therefore, it is important to
conduct more studies that examine genetic mutations in lung
cancer patients in Jordan in a specialized and continuous man-
ner, and to compare them with populations that belong to the
same genetic pool.

This study aims to fill a gap in this field and is an attempt
to shed light on the general genetic landscape of lung cancer
in Jordan, contributing to the fight against lung cancer in co-
operation with the King Hussein Cancer Center (KHCC), the
leading center in Jordan in this field. This study aims primar-
ily to identify actionable mutations in lung cancer samples
from Jordanians and, secondly, to investigate the correlation
between genetic mutations and clinical and pathological pa-
rameters.

Materials and Methods

Population and samples

Formalin-fixed paraffin-embedded (FFPE) samples from 140
lung cancer patients at the Pathology Department of KHCC,
Jordan in 2021 were eligible for mutational analysis, and 121
samples were successfully analyzed. The Pathology Depart-
ment at KHCC was responsible for obtaining the samples,
arrangement, and histological classifications. All clinical and
pathological data were recorded. Histological assessment and
pathological staging were performed according to the World
Health Organization (WHO) classification, and American Joint
Committee on Cancer (AJCC) guidelines, respectively [7, 8].
The ethical approval was obtained in accordance with the reg-
ulation of the Institutional Review Board (IRB) at KHCC (No.
KHCC 81). All patients consented to participate in the study,
and their information was handled anonymously according to
ethical standards. Among 121 patients, 83% were males, and
73% were above 60 years or older. Eighty-eight percent of the
patients were diagnosed with NSCLC, and three patients were
diagnosed with small cell lung cancer (SCLC). Fifty-six per-
cent of all patients were at the T1 or T2 clinical stage of tumor.
The vast majority (73%) of them had primary lung cancer, and
7% had metastasis events. Seventy-two percent of all patients
are smokers, and 99% of them have been treated for NSCLC
(Table 1).

DNA extraction

DNA was extracted by the Zymo DNA Mini Kit (Zymo, USA)
according to the manufacturer’s protocol. DNA quantification
was performed using a fluorometric method, such as Qubit
or PicoGreen. If enough DNA is available, the DNA samples
were diluted to a concentration of about 20 - 50 ng/pL using
low Tris-EDTA (TE). Then the diluted DNA samples were re-

Table 1. Clinical and Pathological Characteristics of Lung Can-
cer Patients

Clinical and pathological parameters EI(ZAI); (n
Tumor histology
Non-small cell lung cancer (NSCLC) 107 (88)
Adenosquamous 1(0.8)
Large-cell neuroendocrine carcinoma 1(0.8)
Squamous cell carcinoma 26 (21)
Adenocarcinoma 79 (65)
Small cell lung cancer (SCLC) 3(2.4)
Undefined 10 (8)
Gender
Male 101 (83)
Female 20 (17)
Age
<60 33(27)
> 60 88 (73)
Clinical stage
Tl 31 (26)
T2 36 (30)
T3 38 (31)
T4 13 (11)
Metastasis
Yes 9(7)
No 89 (74)
Undefined 23 (19)
Primary lung tumor
Yes 88 (73)
No 10 (8)
Unknown 23 (19)
Smoking
Yes 87 (72)
No 21 (17)
Unknown 13 (11)

quantified using the same fluorometric quantification method
to the desired final concentration using low TE.

Next-generation sequencing (NGS)

Sequencing libraries were prepared from 10 ng of DNA sam-
ples using the Ion AmpliSeq Colon and Lung Cancer Panel
V2®, together with the lon AmpliSeq Library Preparation Kit
(Thermo Fisher Scientific), according to the manufacturer’s
instructions. The colon and lung cancer panel contains 504
mutational hot spots (overall 14.6 kb) of 22 genes: AKT1, ALK,
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Figure 1. The mutations for each gene including synonymous variants (a), and excluding synonymous variants arranged in

ascending order (b).

BRAF, CTNNBI, DDR2, EGFR, ERBB2, ERBB4, FBXW?7,
FGFRI, FGFR2, FGFR3, KRAS, MAP2K1, MET, NOTCH1,
NRAS, PIK3CA, PTEN, SMAD4, STK11, and TP53. The li-
braries were quantified with the Qubit 2.0 Fluorometer, using
the Qubit dsSDNA HS Assay Kit. Templates were prepared and
enriched using the Ion OneTouch 2 system and the lon PGM
Template OT2 200 Kit. Library quality control was accom-
plished by the Ion Sphere Quality Control Kit according to
the manufacturer’s instructions, confirming that 10-30% of
template-positive ion sphere particles (ISPs) were targeted in
the emPCR reaction. Sequencing was performed with the Ton
PGM Sequencing 200 Kit v2, the Ion 316v2 chip, and the Ion
Torrent PGM instrument (Ion PGM™, Thermo Fisher Scien-
tific) with the lon PGM™ Hi-Q View™ Sequencing Kit (Ther-
mo Fisher Scientific).

Variant annotation and data analysis

The raw sequencing data were aligned to the hg39 and ana-
lyzed with the Basepair tech server after eliminating low-
quality reads and trimming adapter sequences. Mutations were
detected using variant caller tools in the Basepair tech server
from the reference sequence using default settings, i.e., a qual-
ity score of minimum 6, a relative read quality of minimum
6.5, coverage of minimum 6 for SNP/COSMIC variant and 15
for insertion-deletion mutation (indel), and strand bias maxi-
mum of 95% for SNP/COSMIC variant and 90% for indel. To
find pathogenic variations, mutations that did not affect the
protein coding regions (intronic, untranslated region (UTR)
variations) were excluded. All detected variants were manu-
ally reviewed with the Mega X software. This analysis was
enriched by comparison between variant caller outputs with
ClinVar and dSNP-NCBI databases. Further data filtering was
conducted to include only those variants that had a frequency
of variant reads with a minimum of 1% or less. The cover-

age analysis was performed using the coverage analysis plugin
(v4.0) (Thermo Fisher Scientific). Statistical analyses were
performed with Minitab version 18 (Coventry, UK). Fisher’s
exact test was used to compare mutation-positive and nega-
tive groups with categorical features. An independent r-test
was used for the comparison of mutation statuses and age. The
two-sided P values < 0.05 were considered statistically signifi-
cant. The survival rates were generated using the Kaplan-Mier
curve method by the SRplot server [9]. The survival rates were
compared according to gender, metastasis event, relapse dur-
ing treatment, and whether the lung tumor was primary or sec-
ondary.

Results

The panel AmpliSeq Cancer HotSpot Panel v2 for Illumina
was used to target the hot spot of 22 genes mentioned in the
methodology section. All patients have at least one mutation in
one gene or more from the target panel. For a more compre-
hensive analysis, the genes with synonymous and nonsynony-
mous mutations were considered, and the synonymous muta-
tion only.

The most frequent mutations were estimated as the first
step of analysis. The genes with 10 variants or more were:
NRAS, PTEN, FGFRI, STK11, EGFR, MET, KRAS, DDR?2,
FDXW?7, FGFR3, PIKC3A4, SMAD4, TB53, and ERBB4, with
10, 10, 10, 11, 15, 18, 19, 20, 23, 26, 30 and 31 variants, re-
spectively. While when the synonymous variants were exclud-
ed, the genes with 10 variants or more were as follows: KRAS,
DDR2, SMAD4, ERBB4, PIKC34, FDXW7, and TP53, with
11,12, 13, 15, 15 and 18 nonsynonymous variants, respective-
ly. After this initial analysis, we went deep to explore specific
variants for each gene, focusing on the actionable (druggable)
genes. The mutations detected for each gene are presented, in-
cluding synonymous variants (Fig. 1a), and excluding synony-
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mous variants arranged in ascending order (Fig. 1b).

The most frequent variant in KRAS was ¢.G34T:p.G12C
found in seven patients (0.058), followed by ¢.G38A:p.G13D
and ¢.T115C:p.S39P in three patients, with frequency of 0.025.
In EGFR, c.A382G:p.N128D, and c.A223G:p.N75D were
the most frequent variants (0.025) found in three patients. In
ALK, c.C367A:p.P123T, c.C2440A:p.P814T, and c.C3571A:p.
P1191T were detected in two patients (0.0165). In BRAF,
¢.C1793T:p.A598V, and ¢.C1913T:p.A638V were observed in
four patients (0.033), and ¢.G1798A:p.V600M in two patients.
The other BRAF mutations were observed in one patient for
each variant. Finally MET variants c.A1124G:p.N375S, and
¢.T3788C:p.L1263P, were observed in two samples. The most
actionable gene variants excluding synonymous mutations and
subsequent frequencies, were given in Figure 2.

For comprehensive elucidation of the genetic landscape
of lung cancer, other gene mutations were analyzed excluding
synonymous ones. The variants observed in two patients, or
more, are presented in Figure 3, and the variants detected in
one patient only were included here (Supplementary Material
1, wjon.elmerpub.com). Most variants were repeated in two or
three patients (frequency rates: 0.0165 and 0.025, respectively).
A notable missense mutation in PIKC34 exon7: c.A1173G:p.
[391M was found in 37 patients (0.30), which seems very high
in this population and needs further validation. Other missense
mutations in the same gene but in exon2: ¢.G301A:p.V101I,
and in exon7: ¢.G1193A:p.R398H, were found in six patients
(0.05), and four patients (0.033), respectively. In FGFR3 ex-
actly in exon9, c.C1208T:p.P403L, c.C1190T:p.P397L and
¢.C1202T:p.P401L were found in four patients (0.033). Four
mutations in four patients each at the same exon10 of FDXW7
were observed, namely: c.G1364A:p.C455Y, c.G1478A:p.
C493Y, c.G1718A:p.C573Y and c¢.G1217A:p.C406Y. PTEN
has more higher mutational events in exons 6, 7, and 8 as fol-
lows: exon6: ¢.G661A:p.D221IN, ¢.C692T:p.P231L, exon7:c.
G706A:p.D236N, c.C737T:p.P246L, and exon8: c.G1225A:p.
D409N, ¢.C1256T:p.P419L.

We went further to analyze indels. Indels are influential in
clinical NGS, as they are associated with the steering mecha-
nism underlying many tumors. High-frequent frameshift inser-
tion were detected in NOTCH in 49 patients (0.40), namely:
¢.2331 2332insTG: p. L778Cfs*2, ¢.4620 4621insTG:p.L1541
Cfs*2, 4734 4735insTG:p.L1579Cfs*2, and 4614 4615insTG:
p.L1539Cfs*2. Frameshift insertions c.1720dupG: p. AS74Gfs*
10 and ¢.1798dupG: p. A600Gfs*10 were detected in seven
patients (0.058). For NRAS, a non-frameshift insertion ¢.26 27
insGGT: p.V9_G10insV was observed in four patients (0.033).
The rest of the indels were identified in one, two, or three pa-
tients at most, as detailed in Table 2.

Amongst 121 patients successfully analyzed, 35 (29%)
carried one mutation or more in actionable genes (KRAS,
EGFR, ALK, BRAF, and MET). For every tumor characteris-
tic, the number and percentages of patients who are carrying
mutations and non-carriers were recorded. Among actionable
mutations carriers, 28 (80%) were diagnosed with NSCLC
subtypes: 23 (66%) patients have lung adenocarcinoma, and
five (14%) have squamous cell carcinoma. Notably, none of
them were diagnosed with SCLC or large-cell neuroendocrine

carcinoma, with no significant differences between carriers
and non-carriers (P value = 0.574) according to tumor histo-
logical type.

Regarding the pathological tumor stage, 13 (37%) of the
mutation, carriers were at T3 or T4 of the tumor stage, in a close
manner, 26 (30%) of the non-carriers were at the same stages
(P value = 0.438). Twenty-one of those were diagnosed at 60
years or less, carrying one or more actionable mutations, while
58 non-carriers were more than 60 years old at the time of di-
agnosis (P = 0.946). Among carriers of these mutations found,
24 (69%) have no tumor metastasis events, and 24 (69%) have
primary tumors; while among non-carriers, the ratios were 60
(70%) and 69 (80%), respectively, with no significant differ-
ences for both parameters. Among actionable mutations, 21
carriers were smokers, and 51 non-carriers were smokers, with
no significant differences (P = 0.484). Tumor characteristics of
lung cancer patients with actionable mutations, both carriers
and non-carriers are shown in Table 3.

Kaplan Meier curves were generated to estimate surviv-
al patterns concerning clinical and pathological parameters,
namely: gender, metastasis events, smoking, and relapse (Fig.
4). The analyses revealed lower survival times for females
compared to males, with survival probability decreasing for
female lung cancer patients after 80 months (P = 0.89). Lower
survival rates were observed in those patients who had metas-
tasis events or relapses after treatment in comparison with pa-
tients without metastasis or relapse events, with survival prob-
ability decreasing very early, starting from 40 - 60 months (P
=0.84 and P=0.00017, respectively). The survival probability
analysis for smoking habits showed decreasing survival time
probability for smokers in comparison with non-smokers from
early months up to maximum 160 months.

Discussion

The Jordanian population is considered a typical Arabian
population, and therefore an example of the genetic pool in
this region of the world. This genetic influence is reflected as
a risk factor for many diseases, including cancer, and in the
case of our study, lung cancer. The world entered the era of
precision medicine some time ago, and this field is develop-
ing and becoming more important for the precise treatment of
lung tumors based on the genetic profile of each patient. This
means specialized genetic studies are needed, which shed light
on the genetic landscape of any population. In our study here,
we aimed to explore the genetic landscape of lung cancer in
Jordan as the first step toward applying precision medicine for
tumor treatment in Jordan. For a long time, Jordan has needed
such a study targeting specific mutations in specific genes that
are universally recommended for lung cancer. This is the first
study in Jordan focused specifically on the genetic portrait of
lung tumors in the Jordanian population.

In our study, KRAS G12C frequency was estimated at
around 6%, in comparison with a frequency of 8.9-19.5% in
the USA, 9.3-18.4% in Europe, 6.9-9.0% in Latin America,
and 1.4-4.3% in Asia [10]. The frequency of KRAS G12C in
the Jordanian population is lower than in the USA, higher than
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Figure 2. Mutations of actionable genes detected in 121 lung cancer patients (color-coded by gene). Reference genome data-
base: GRCh38, and Human Genome Variation Society (HGVS) nomenclature.
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Table 2. Indels Variations Detected in All Genes Hot Spots of Panel Analyzed

Gene Frameshift type CDS change: AA change Frequency (%) (n =121)
NRAS Non-frameshift deletion c.122 124del:p.R41del 1 (0.008)
Non-frameshift insertion ¢.26 27insGGT:p.V9_G10insV 4(0.033)
DDR?2 Non-frameshift insertion c.1449 1450insAAATAT:p.E483 P484insKY 1 (0.008)
Non-frameshift deletion c.1764 1769del:p.K591 D592del 1 (0.008)
Non-frameshift deletion c.2343 2360del:p.F781 Q787delinsL 2 (0.0165)
ALK Frameshift insertion c.562 563insAGAAGCTGTC:p.L188Qfs*32 1 (0.008)
€.2635 2636insAGAAGCTGTC:p.L879Qfs*32
¢.3766_3767insAGAAGCTGTC:p.L1256Qfs*32
ERBB4 Frameshift insertion ¢.1720dupG:p.A574Gfs*10 7 (0.058)
¢.1798dupG:p.A600Gfs*10
Frameshift deletion ¢.720delT:p.F240Lfs*34 1 (0.008)
¢.798delT:p.F266Lfs*34
Frameshift deletion c.712delC:p.Q238Kfs*36 2 (0.0165)
¢.790delC:p.Q264K fs*36
Frameshift deletion c.248 257del:p.K83Rfs*10 1 (0.008)
¢.326_335del:p.K109Rfs*10
c.149 158del:p.K50Rfs*10
PIKC34 Stopgain ¢.292delT:p.L99* 2 (0.0165)
Stopgain c.297delA:p.V101* 1 (0.008)
Frameshift deletion c.1246delA:p.E417Rfs*11 2 (0.0165)
Frameshift insertion c.2686 2687insTG:p.F897Cfs*11 1 (0.008)
FGFR3 Frameshift insertion ¢.2047dupC:p.A685Gfs*20 2 (0.0165)
¢.2315dupC:p.G774Rfs*24
¢.2389dupC:p.A799Gfs*20
Frameshift insertion ¢.2068dupG:p.S692Lfs*13 2 (0.0165)
¢.2336dupG:p.L781Afs*17
¢.2410dupG:p.S806Lfs*13
¢.2392dupG:p.S800Lfs*13
¢.2404dupG:p.S804Lfs*13
EGFR Non-frameshift insertion c.2161 2162insTGGCCAGCG:p.V724 D725insASV 1 (0.008)
¢.2296_2297insTGGCCAGCG:p.V769_D770insASV:
¢.2137 2138insTGGCCAGCG:p.V716_D717insASV
FGFRI Non-frameshift insertion c.121_122insGTG:p.D40_D41insG 2 (0.0165)
c.121 122insGTG:p.D40_D41insG
¢.388 389insGTG:p.D129 D130insG
Non-frameshift insertion c.114 115insAAT:p.D38 D39insN 2 (0.0165)
c.381 382insAAT:p.D127 D128insN
c.114_115insAAT:p.D38 D39insN
NOTCH]I Frameshift insertion ¢.2331 2332insTG:p.L778Cfs*2 49 (0.40)

c.4620 4621insTG:p.L1541Cfs*2
c.4734 4735insTG:p.L1579Cfs*2
c.4614_4615insTG:p.L1539Cfs*2
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Table 2. Indels Variations Detected in All Genes Hot Spots of Panel Analyzed - (continued)

Gene

Frameshift type

CDS change: AA change

Frequency (%) (n =121)

PTEN

FGFR2

AKTI
TP53

SMAD4

Frameshift deletion

Frameshift deletion

Frameshift insertion

Frameshift deletion

Frameshift insertion

Non-frameshift insertion

Frameshift insertion

Frameshift deletion

Non-frameshift insertion

Frameshift insertion

Frameshift insertion

c.668_672del:p.F223Lfs*3
c.713 717del:p.F238Lfs*3
c.1232 1236del:p.F411Lfs*3
c.750delA:p.K252Rfs*9
¢.795delA:p.K267Rfs*9
c.1314delA:p.K440Rfs*9
¢.910dupA:p.T304Nfs*6
¢.955dupA:p.T319Nfs*6
c.1474dupA:p.T492Nfs*6
¢.918delA:p.N308Mfs*21
¢.963delA:p.N323Mfs*40
c.963delA:p.N323Mfs*21
c.1482delA:p.N496Mfs*21
¢.765dupG:p.E256Gfs*66
¢.756dupG:p.E253Gfs*64
¢.759dupG:p.E254Gfs*66
¢.834dupG:p.E279Gfs*64
¢.1101dupG:p.E368Gfs*64
¢.834dupG:p.E279Gfs*66
¢.837dupG:p.E280Gfs*66
¢.1104dupG:p.E369Gfs*66
¢.417dupG:p.E140Gfs*66
¢.834dupG:p.E279Gfs*66
¢.1101dupG:p.E368Gfs*66
¢.1104dupG:p.E369Gfs*66
c.87_88insCTC:p.L29 K30insL
¢.398dupT:p.R135Tfs*5
¢.317dupT:p.R108Tfs*5
¢.794dupT:p.R267Tfs*5
¢.677dupT:p.R228Tfs*5
c.87delC:p.I130Sfs*8
c.6delC:p.I3Sfs*8
¢.87delC:p.130Sfs*8
c.483delC:p.1162Sfs*8
¢.204delC:p.169Sfs*8
¢.366delC:p.1123Sfs*8

c.326_327insAAAACATGA:p.H111_V112insEKH

¢.397 398insACGA:p.V136Tfs*8
¢.397 398insACGA:p.V136Tfs*6
¢.936dupT:p.P313Sfs*46
¢.936dupT:p.P313Sfs*9

1 (0.008)

3(0.025)

1 (0.008)

3(0.025)

2 (0.0165)

1 (0.008)
1 (0.008)

1 (0.008)

1 (0.008)
2(0.0165)

2 (0.0165)

CDS: coding sequence; AA: amino acid.
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Table 3. Correlation of Clinical and Pathological Parameters Between Carriers and Non-Carriers of Actionable Variants

Carriers of actionable

Non-carriers of action-

Clinical and pathological parameters T e 55) e s (0 = ) P value®
Tumor histology 0.574
Small cell lung cancer (SCLC) 0 3
NSCLC (adenosquamous) 0
NSCLC (large-cell neuroendocrine carcinoma) 0 0
NSCLC (squamous cell carcinoma) 5 18
NSCLC (adenocarcinoma) 23 56
Unknown 7 7
Gender 0.752
Male 27 66
Female 8 19
Age 0.946
<60 7 20
> 60 21 58
Unknown 7 9
Tumor clinical stage 0.438
Tl 7 20
T2 11 22
T3 11 22
T4 6 4
Metastasis 0.797
Yes 3 9
No 24 60
Unknown 8 17
Primary tumor 0.774
Yes 24 69
No 3 7
Unknown 8 10
Smoking 0.484
Yes 21 51
No 2 9
Unknown 13 27

agxcluding synonymous mutations. °PBased on carriers of one common mutation or more. Chi-squared test or Fisher’s exact test was used (excluding

missing data). The result is not significant (P > 0.05).

in Asian, and semi-equal Latin America ancestry and some
European populations. To date, there are no applicable strate-
gies targeting KRAS mutations, except for Sotorasib, which is
an inhibitor of the RAS GTPase family and has recently been
approved to target the KRAS (G12C). KRAS G13 mutation fre-
quencies, as recorded previously, are less than 1% [11]. Our
findings indicate this frequency to be approximately 2.5% in
Jordanian non-small-cell lung cancer patients. The reported
EGFR mutation frequencies in patients with lung adenocar-
cinoma differ broadly between different populations globally,
ranging from 13.5% of patients with NSCLC and 14.7% of

patients with lung adenocarcinomas in European countries,
and about 50% in Asian populations [12, 13]. In our samples,
no notable mutation with recommended therapy was found.
The most frequent missense variants were N128D and N75D
(2.5%), which were not reported before. ALK gene fusion and
rearrangements are more commonly associated with therapy
response. In contrast, ALK missense variants are still not tar-
getable in lung tumors. In our study, the most common mis-
sense mutations were P123T, P814T, and P1191T (frequency
1.65%). BRAF V600E, reported in some populations [14], was
not detectable in our study, although the mutation V600M was
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Figure 4. Kaplan-Meier survival curves of patients according to (a) gender, (b) metastasis events, (c) smoking, and (d) relapse.

detected in two patients (1.65%). Furthermore, the A5S98V
was detected in 3.3% of lung cancer patients in Jordan. MET
N375S mutation was reported before in lung cancer patients
somewhere [15]. Indeed, this mutation was observed in our
study of NSCLC patients with a frequency of 1.65%. ERBB2
(erythroblastic oncogene B) is mutated in approximately 1-4%
of lung adenocarcinoma cases [16]. In this study, the highest
ERBB?2 frequency was 2.5%, which is close to that range. A no-
table high-frequency (30%) mutation in exon7: c. A1173G:p.
I391M of PIKC3A4, needs more investigations, especially since
this mutation has been reported in many types of human tu-
mors other than lung adenocarcinoma. Clinical research recog-
nized that lung tumors having mutated PTEN are linked with
low survival rates. PTEN has been investigated as a promising
target for anti-cancer therapy [17]. Despite previous reports
revealing that ALK (anaplastic lymphoma kinase) gene rear-
rangement occurs in 3-6% of all NSCLC [18], our finding re-
ported less than 1% of ALK frameshift insertion and less than
2% of point mutations. Our finding also confirmed the role
of NOTCH frameshift mutations in lung cancer development
[19], since about 40% of lung cancer patients have one or more
frameshift insertion mutations (Table 2).

In our group, around 80-85% of lung cancer cases are

NSCLC; the rest are usually diagnosed as SCLC. In our sam-
ple, the ratio of NSCLC was more than 87%. We did not find
any significant correlation between actionable mutations carri-
ers (n = 35), non-carriers (n = 86), and clinical and pathologi-
cal characteristics regarding cancer histological types, gender,
tumor stage, metastasis, lung tissues-initiation of the tumor, or
smoking habits. This is due to the random nature of the muta-
tions, which may be inherited or de novo mutations, as there
are no studies that limit the occurrence of these mutations to
a specific histological type of lung tumor, or in males but not
females. However, there is accumulated evidence that smok-
ing could damage lung cells’ DNA, along with other environ-
mental factors such as UV radiation and radioactive substances
[20]. However, the sample size and the lack of information
may have affected the significant differences between these
two groups of lung cancer patients.

To explore the survival rate of our lung cancer patients,
the data were analyzed according to metastasis events, gender,
relapse, or primary tumor type. These four factors effectively
influence survival rates. Smoking habits affected the probabil-
ity of survival times by two-fold, starting from the early month
after treatment up to 160 months of survival. The physiologi-
cal differences between males and females, as observed from

170 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com



Al-Qaisi et al

World ] Oncol. 2025;16(2):161-172

the original data, affected the clinical relapse in females more
than males (P = 0.89). Similarly, metastasis events of tumors
contributed to aggressivity and shorter life span after diagno-
sis, regardless of gender (P = 0.84). The initiation of a tumor
in the lung (primary) or metastasis into the lung (secondary)
is another critical factor for survival, as it makes the life span
after diagnosis shorter when the tumors were secondary, de-
spite no significant differences (P = 0.5). Finally, the relapse of
some patients significantly impacted survival rate in this sub-
set of lung cancer patients (P =0.00017) (Fig. 4).

Conclusions

It is self-evident that the genetic landscape of lung tumor mu-
tations in Jordan is close to that in Arab countries, especially
nearby ones, as it is considered a typical Arabian population.
At the same time, and to a lesser extent, the genetic landscape
of lung tumors in Jordan is not too far from the genetic land-
scape of lung tumors in populations previously explored, es-
pecially in the Mediterranean and Europe. However, it consti-
tutes a unique case of the genetic pool that deserves the design
of specialized therapeutic plans, which suit the nature of the
genetic mutations in it. Following this study, other confirma-
tory studies are needed to validate the genetic landscape of
lung tumors in Jordan. It is time for lung cancer treatments in
Jordan to going deep in the era of precision medicine, which
will make a big difference in improving the lives of patients
and increasing the survival rate of these patients. This places
a double effort on the treatment foundations and the use of
specific genetic investigations during diagnosis and treatment.

New genetic technologies, such as NGS and subsequent
analysis and variant calling, have limitations in detecting vari-
ous variants. Therefore, studies focusing specific genes such
as KRAS or EGFR alterations, are needed in Jordanian popula-
tion. It is possible to expand the number of samples beyond
what is currently available to us, provide more comprehensive
clinical and demographic information, and conduct similar
studies to reveal the environmental and inherited risk factors
that lead to the emergence and development of lung tumors in
Jordan.

Supplementary Material

Suppl 1. Mutations in other genes that are observed in one
sample only.
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