https://doi.org/10.34883/P1.2025.13.3.010 ©O®S6

Zahraa Jihad Hameedi Abd Oun'l<, Ali Mohammed Jawad?,

Manwar Abdulelah Al-Naggash?®

' Imam Hussain Center for Oncology and Hematology, Ministry of Health, Karbala, Iraq
2 Baghdad Medical City, Baghdad, Iraq

3 College of Medicine, University of Baghdad, Baghdad, Iraq

Molecular Characterization of Non-Small Cell
Lung Cancer and Their Effect on Management
of Advanced Disease

Conflict of interest: nothing to declare.

Authors’ contribution: Zahraa Abd Oun - conceptualization, data curation, investigation, methodology, project administration,
resources, software, writing — original draft and writing - review & editing; Ali Jawad - conceptualization - data curation,
investigation, supervisor and writing - review & editing; Manwar Al-Naqqash - conceptualization, data curation, supervisor and
writing - review & editing.

Submitted: 11.06.2025

Accepted: 12.08.2025
Contacts: Zahraajehad84@gmail.com

Abstract

Introduction. Non-small cell lung cancer (NSCLC) is the most common cause of death
among the malignant disease worldwide. The using of molecular biological techniques,
particularly the biomarker testing has developed, and it has considerably changed the
classification and treatment of these tumor.

Purpose. To determine the management decision of advanced NSCLC guided by
molecular testing.

Materials and methods. A prospective study included 85 cases with NSCLC diagnosed.
Demographic data included age, sex, resident, smoking habits, method of diagnosis,
stage of tumor and patterns of metastasis collected. Molecular testing, and their results
used for management decision. Predictive biomarkers include ALK rearrangements, EGFR
mutations and pdI-1 expressions were studied.

Results. EGFR mutations were present in 35 out of 75 cases including 22 cases of exon
19, 11 cases of exon 21 mutations and two cases of exon 18 mutations. Statistically
significant association of EGFR mutations with non-smoker was found (p=0.019), with age
(p=0.02) and gender (p=0.03). ALK rearrangement were present in five out of 75 cases of
non-squamous histology. Statistically significant association of ALK rearrangement with
age (p=0.023), gender (p=0.003) and smoking habit (p=0.019). PDL-1 positivity was seen
in 27 out of 75 non squamous histology including 14 cases =50% and 13 cases 1-50%.
Statistically significant association with smoking habit (p=0.014).

Conclusions. In non-squamous NSCLC, the percentage of EGFR +ve is most common
and the less one was ALK +ve and these biomarkers are most common in patients with
negative history of smoking habit as well as PDL-1 expression of squamous histology.
Liver metastasis was more common site of metastasis in NSCLC.
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3axpaa Dxkuxag Xamugm Aog OyH'D<, Ann Moxammep [xxaBag?,

MaHnBap Abaynena Anb-Hakkaw?

'LleHTp oHKONOrMn 1 rematoniornn umeHun Mimama XycerHa, MuHnctepcTso
3apaBooxpaHeHus, Kapbana, Npak

2 MepuumnHckui ropog bargag, bargan, Mpak

3 MepguumnHckuin konnepk, bargaacknin ynnsepcutet, bargag, Mpak

MoneKkynsapHble XapaKTEPUCTUKN HEMENKOKIETOYHOTO
pakKa NIerkoro 1 X BANSIHME Ha NleyeHne
nporpeccupyoLlero 3aboneBaHus

KOHGANKT NHTepecoB: He 3asB/eH.

Bknap aBTopoB: 3axpaa [xuxan Xamuan A6p OyH — KOHLENTyanmn3aLums, KyprpoBaHve fAaHHbIX, NCCefoBaHNE, METOAOSOMS,
ynpasfieHne NpoeKToM, pecypcbl, MporpaMmHoe obecrneyeHune, HanmcaHvie NepBOHaYanbHOrO NPOeKTa, peLeH3npoBaHme 1
pepakTupoBaHue; Anv Moxammes [)kaBaj — KOHUeNTyanu3saums, KypMpoBaHue AaHHbIX, UCCNefoBaHNe, HanvrcaHue, peLeH-
31pOBaHNe U peAakTMpoBaHue, pyKkoBoanTenb; MaHBap A6aynena Anb-HakKall — KOHLeNTyanmsauus, KyprpoBaHue faHHbIX,
HanuncaHve, peLeH3npoBaHNe 1 pefakTMpoBaHue, PyKOBOAUTENb.

MNopaHa: 11.06.2025

MpuHaTa: 12.08.2025
KoHTakTbl: Zahraajehad84@gmail.com

Pesiome

BBegeHue. HemenKokneTouHbll pak nerkoro (HMPJ1) sBnaeTca Hanbonee pacnpocTpa-
HEHHOW MPUYMHON CMepTU Cpefn 3/10KaueCcTBEHHbIX 3aboneBaHun Bo BceM mupe. Wc-
Nonb30BaHNe MONIeKYNAPHO-OMONOrMYecknx MeTofloB, B YaCTHOCTM TeCTUpOBaHue 61o-
MapKepOB, 3HAUUTENBHO U3MEHIWIO KNaccMbUKaLMIo 1 IeUEHME STOW OMYyXOSu.

Llenb. Onpegenutb pelueHre o neyeHnn pacnpoctpaHeHHoro HMIPJ1 Ha ocHoBe moneky-
NAPHOro TeCTMPOBaHUA.

Martepuanbl n meToabl. B npocnekTnBHOe nccnefoBaHue BKNOYeHO 85 NaumeHToB ¢ -
arHozom HMPJ1. CobpaHbl flemorpadurueckme fjaHHble, BKOYatoLie BO3PacT, Mo, MeCTO
XKUTENbCTBA, KypeHne, MeTol ANarHOCTUKK, CTaguio OMyXOnun 1 XapakTep MeTacTasnpo-
BaHMA. MoneKynApHble TeCTbl K UX Pe3ynbTaTbl MCMONIb30BaNNCh ANA NPUHATUA pelleHuna
0 neyeHnu. 3yuyeHbl NporHocTUyeckme briomapKepbl, BKovatowume nepectpoiku ALK,
myTaumm EGFR v akcnpeccuio pdl-1.

PesynbraTtbl. MyTaunn EGFR npucytctBoBanu B 35 n3 75 cnyyaes, BKtoyana 22 ciyyas
MyTauum a3k3oHa 19, 11 cnyyaeB myTaumm a3K30Ha 21 1 ABa Cly4vasa MyTaumm 3k3oHa 18. Bbl-
ABNEHa CTaTUCTMYECKM 3HauMMasa cBA3b MyTaunn EGFR ¢ npusblukon Kyputb (p=0,019),
Bo3pactom (p=0,02) n nonom (p=0,03). MNepectporika ALK npucytcTBoBana B nATv ”3
75 cnyyaeB HeckBamo3HoOM ructonorum. CraTmcTmyecku 3Haummaa accoumauma ALK-
nepecTporkn ¢ Bospactom (p=0,023), nonom (p=0,003) n npuBbIYKON Kyputb (p=0,019).
Mo3ntusHocTb PDL-1 Habntoganacb B 27 13 75 clydyaeB HECKBaMO3HOW FMMCTOSNOMN, BKJTHO-
yaa 14 cnyuaeB =50% u 13 cnyyaeB 1-50%. CTaTnCTNYeCKM 3HaUYMMan accoumaLma C npu-
BbluKOM KypuTb (p=0,014).

BbiBogbl. lNpu HeckBamo3zHom HMPJ1 Hanbonee yacto BcTpeuaetcs EGFR +ve u pexxe ALK
+ve, npuyem 3T 6MomapKepbl HaMbosEee YacTo BCTPEYAKOTCA Y MaLMEHTOB C OTpULaTENb-
HOW ncTopuen KypeHus, a Takxe skcnpeccren PDL-1 npu ckBamo3Hown ructonorun. Me-
TacTasbl B neyeHb Obinu 6onee pacnpocTpaHeHHbIM MeCTOM MeTacTasmposaHma B HMPJI.
KnioueBble cnoBa: HeMenKoKNeToUHbIl pak nerkoro, PDL-1, ALK, EGFR, 6romapkepbl
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B INTRODUCTION

Lung cancer is the most common cancer and the leading cause of cancer-related death
in the world, accounting for more than 1.7 million deaths every year [1]. The majority of
lung cancers are diagnosed at a late stage resulting in a 5-year survival rate (17%) [2]. The
high death rates associated with lung cancer highlight the need for improved diagnosis
and treatment procedures [3].

The Iragi Cancer Registry revealed that the top recorded malignancies among the
population are the breast, bronchus, and lungs followed by colorectal cancers, whereas
the most common causes of malignant related deaths are cancers of the bronchus and
lungs [4].

There are several histological subtypes of lung cancer, which differ in their relative
frequency, location within the lung, and tendency to metastasize. Small cell lung cancer
(SCLQ), which often presents with widespread disease at the time of diagnosis, represents
about 10-15% of all lung cancer cases [5]. The vast majority (80-85%) of lung cancers
belong to NSCLC that can be further classified into adeno, squamous cell and large cell
carcinoma subtypes [6]. Though cigarette smoking is the most important risk factor
associated with lung cancer [7]. However, only, ~11% of heavy cigarette smokers ultimately
develop lung cancer, suggesting that there may be genetic factors predisposing to lung
cancer risk [8,9]. Often, NSCLC is not diagnosed until advanced-stage disease is present
[10]. Cough, seen in 50% to 75% of patients, followed by hemoptysis, chest pain, and
dyspnea [11].

The most common diagnostic test for lung cancer is fibreoptic bronchoscopy, often
extended with evaluation of regional lymph nodes by endobronchial ultrasound (EBUS)
and/or endoscopic ultrasound [12, 13].

Treatment of NSCLC is stage specific. Patients with stage | or Il should be treated with
complete surgical resection when not contraindicated. Nonsurgical patients should be
considered for conventional or stereotactic radiotherapy. Percutaneous thermal ablation
procedures such as cryoablation, microwave, and radiofrequency ablation have been
found to be useful treatment options in the setting of salvage therapy after surgery,
radiotherapy, or chemotherapy or for palliation in advanced NSCLC [9]. Patients with EGFR
tumor mutations are treated with EGFR tyrosine kinase inhibitors (EGFR-TKIs), including
gefitinib, erlotinib, afatinib, dacomitinib, and osimertinib [14].

Crizotinib was the first drug to achieve tumor responses in patients with ALK-positive
NSCLC [15]. Newer ALK-TKIs (alectinib, ceritinib, and brigatinib) can be effective in patients
with resistance to crizotinib [16, 17]. Some ALK- TKIs have been shown to be effective in
patients with ROS1 rearrangement [18].

Treatment with the single-agent BRAF inhibitors dabrafenib or vemurafenib has
yielded relatively short-lived responses [19].

Based on the results of the Eastern Cooperative Oncology Group (ECOG) 4599 phase
3 trial [20], the bevacizumab arm showed improved median survival. Ramucirumab plus
docetaxel showed improved OS [21].

After the approval of PD-1 and PD-L1 therapy for use after initial treatment with
platinum- based chemotherapy [22, 23]. The best support for single-agent therapy for
PD-1 and PD-L1 as initial treatment has emerged from trials of pembrolizumab. The
first-line trials using nivolumab and durvalumab have failed to demonstrate superiority
vs. platinum-based chemotherapy among patients with advanced NSCLC [24, 25].
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Atezolizumab demonstrated benefit in combination with chemotherapy as a first-line
treatment lead to improved median progression-free survival [26].

B MATERIALS AND METHODS

Study design

A sample of a total of 85 patients with NSCLC who were diagnosed on a basis of a
histopathological examination. Available predictive and prognostic biomarkers (EGFR,
ALK and PDL-1) were performed by Immunohistochemistry for ALK and PDL-1 and a PCR
for the genetic marker EGFR.

Data collection

The data collection was started on the 12 of May 2022 and was ended on the 5%
of November 2022. The patients were picked up from clinics of the Oncology Teaching
Hospital-Baghdad, Warith International Cancer Institute-Karbala, and Karbala Centre
for hematology and oncology treatmenta. The collected data are: age, gender, smoking
habit, histopathology, staging, grading, family history, molecular characterization, and
treatment decision.

Immunohistochemical (IHC) testing

The PD-L1 (85 patients) and ALK (75 out of 85 patients) with IHC were performed for a
tissue obtained by a tru-cut, incisional, excisional, or pleural biopsy. All immunostaining
was carried out by using a DAKO Autostainer Universal Staining System (Autostainer Link
48 DAKO, Glostrup, Denmark).

Molecular testing of EGFR
EGFR exons 18 to 21 mutations were detected by using Idylla™ EGFR Mutation test
(Biocartis, Mechelen, Belgium).

Ethical consideration
The research proposal was fully discussed and approved by the scientific and ethical
committee in Iraqi board of medical specialties.

Statistical analysis

Collected data were loaded to IBM-SPSS v.24 for analysis. Descriptive statistics were
presented through frequency distribution figures and table. Categorical variables were
compared using the chi-square test. P<0.05 is considered as discriminating point of
association significance.

B RESULTS

Baseline characterization

The patients that sending to test were included 48 males (56%) and 37 females (44%).
The age ranged from 34-95 years with a median age of 62 as presented as a normal
distribution were observed. According to the histopathology, patients were categorized
in to two main groups, non- squamous, and squamous. The largest group was non-
squamous (88%) followed by a squamous (12%). The family history for both squamous
and non-squamous are represented in Table 1. In the non-squamous (75 out of 85), the
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number of patients who had no family history was 59 (69.42%) and 16 (18.82%) had a
family history. While in squamous patients (10 out of 85), the number of patients who had
no family history was 8 (9.41%) and 2 (2.35%) had a family history.

Table 1
Baseline characteristics of participants
Parameter No. %
Age 62 years (34-95) £12.73
Male 48 56
Gender
Female 37 44
Non-squamous 75 88
Histopathology
Squamous 10 12
Non-squamous Negative 59 69.42
(75 Positive 16 18.82
Family history
Squamous Negative 8 9.41
(10) Positive 2 235
Stage 4 85 10
1 27 31.77
Grade 2 37 43.53
3 19 2235

Organ metastasis was also demonstrated (Figure). At this study, the higher percentage
was observed in liver (27.06%) followed by Brain and other organ, multiple organ
metastasis and bone (18.82%, 16.47%, 14.12%, respectively). While the lowest percentage
was observed in liver combined with adrenal gland (10.59%).

Organ metastasis

|——
—

liver 2 27.06%

—

—
brain 18.82%
multiple organ metastasis 16.47%
bone 14.12%
pleural effusion 12.94%
liver and adrenal gland 10.59%

Pattern of distant metastasis
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Association of Squamous stratifies by PDL-1 expression

The squamous patients made a total of 10 (11.77%) out of 85 patients,
immunohistochemical staining for PDL-1 of advanced NSCLC patients was categorized to
three groups, PDL-1 -ve, PDL- 1 +ve >50% and PDL-1 +ve 1-50% as summarized in Table 2.
The association of PDL-1 expression with age, gender and smoking habit was estimated.
All p values reported are two sided, and tests were conducted at the 0.05 significance
level. The association of PDL-1 status with other age showed a non-significant difference
(P=0.745), while it was significant with gender and smoking habit (P=0.030 and P=0.048,
respectively).

Table 2
PDL-1 expression on tumor cells
PDL-1 PDL-1 PDL-1
Parameter Number e +ve +ve 1- P-value
>50% 50%
Age 3.3+2.3 0.745
Male 6 4 2 0
Gender 0.03
Female 4 2 0 2
) Smoker 8 2 non
Smgkmg Non smoker |1 non non 1 0.048
habit
Ex-smoker 1 non non 1

Association of NON- Squamous stratified by PDL-1 expression

In Non-squamous patients, a total of 75 (88.23%) out of 85 patients,
immunohistochemical staining for PDL-1 of advanced NSCLC for the three groups PDL-1
-ve, PDL-1 +ve >50% and PDL-1 +ve 1-50% were summarized in Table 3. The association
between PDL-1 expression with age and gender showed a non-significant difference
(P=0.614 and P=0.087, respectively) and a significant difference with smoking habit (P=
0.014).

Table 3
PDL-1 expression on tumor cells
Number PDL-1 el el
Parameter (n=75) e +ve +ve 1- P-value
B >50% 50%
Age 25+19.9 0.614
Male 42 25 9 8
Gender 0.087
Female 33 22 5 6
) Smoker 18 13 2 3
smoking Non smoker | 50 31 9 11 0.014
habit
Ex-smoker 7 4 3 non

Association of NON-Squamous stratified by EGFR expression

In non-squamous patients, EGFR expression using molecular detection by PCR was
performed. Within 75 patients, four groups were observed (EGFR -ve, EGFR +ve Exon 18,
EGFR+ve Exon 19 and EGFR +ve Exon 21). The relationship between those four groups and
age, gender and smoking habit was performed as presented in Table 4. The distribution
of EGFR mutations in the 3 exons (19, 20 and 21) occurred predominantly in single EGFR
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exons. The EGFR mutations were most frequently detected in exon 19 (29.3%, 22 of 75)
and least frequently in exon 18 (2.6%, 2 of 75). However, EGFR -ve were observed more
frequently than mutated EGFR (53.3%, 40 of 75). Statistically significant association were
observed in EGFR expression with age, gender, and smoking habit (P=0.023, 0.003 and
0.019, respectively).

Table 4
EGFR expression on tumor cells
EGFR EGFR EGFR
Parameter (Nnu_r;lg)e r +ve +ve +ve _EvGeFR P-value
o Exon 19 Exon 18 Exon 21
Age 18.75+£16.35 0.023
Male 42 10 1 3 28
Gender 0.003
Female 33 12 1 8 12
) Smoker 18 6 non 1 11
f\?t:’if'”g Non smoker 50 14 2 10 24 0.019
Ex-smoker |7 2 non non 5

Association of NON-Squamous stratifies by ALK expression

ALK marker expression on NSCLC tumor cells was also detected in non-squamous
patients using an Immunohistochemistry (IHC). According to the results, the patients
were categorized in to two groups, ALK +ve and ALK -ve (Table 5). The results showed
that patients with ALK -ve were more frequently (93.3%, 70 of 75) compared with ALK +ve
patients (6.66%, 5 of 75). Moreover, the association of ALK expression and age was not
significant (P=0.100), while with the gender and smoking habit, a significant difference
was clearly observed (P=0.004, 0.013, respectively).

Table 5
ALK expression on tumor cells
Parameter SOTalsy gl LS P-value
(n=75) -ve +ve
Age 37.5+45.96 0.1
Male 42 41 1
Gender 0.004
Female 33 29 4
Smoker 18 17 1
Smoking habit
Non smoker 50 46 4 0.013
Ex-smoker 7 7 0

B DISCUSSION

Our results showed that the majority of patients diagnosed with NSCLC disease were
aroundthe age of 62.In general, this finding is closely related with other studies mentioned
in different literatures. Consequently, NSCLC was found to be age dependent, where they
mentioned the high incidence of NSCLC was at age 60s. Tas (2013) demonstrated the
number of NSCLC patients was increased at age >70 years, with a median age of 59 years
(range 35-88 years) [27]. However, Pang (2016) reported the median age was at 67 years,
when they analyzed the results from National Cancer Data base during the period from
2006-2007 [28]. A study conducted by Franceschini (2017) found that the main age was 64
years from patients ranging from 27 to 93 years [29].
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Overall, genetic, and environmental factors represent the main causes of lung tumors
[30]. Recent study that used epidermal growth factor receptor (EGFR) as a marker gene to
detect NSCLC reported that the majority of mutations are somatic and are not inherited
to the offspring [31]. Many literatures also mentioned that the family history is one of
the main causes of NSCLC diseases, however it’s still early to decide which reason is the
main agent for NSCLC incidence [32, 33]. Consequently, the current study, showed a less
association between disease incidence and family history.

Liver, brains, and bones are the main target organs of spreading of NSCLC, in addition
to other parts of body, in a well-known process called metastasis [34]. Consequently, our
finding was similar to other findings about the spreading of NSCLC to different parts of
body. Where it is highly progressive in liver followed by brain, bone, and other organs,
respectively [35].

Nowadays, Polymerase chain reaction (PCR) techniques are widely used to assess the
mutant types in tumor cells [36]. Consequently, detection of EGFR mutation in NSCLC
was dependable. There is more than one reason to detect EGFR mutant types. At first,
EGFR mutation represents a predictive biomarker in NSCLC, which influence on treatment
decision. The second reason, study the relation between the occurrence of this type of
mutation among patients regarding number of factors. For that, in the current study,
gender and smoking habit exhibit a significant association with EGFR mutant. This finding
is similar to other literatures, where Kim (2017) and Gaur (2018) demonstrated that EGFR
mutant is abundant among the women rather than men particularly in non-smoker
patients [37, 38]. With respect of aging, Choi (2019) reported that ageing has a significant
association that influence on the developing EGFR mutated in NSCLC patients, which
agree with our results [39]. The association between age and EGFR mutation showed a
significantly relation, which agree with Lee (2017), when they analysis a large-scale data
of 1387 patients [40].

ALK gene rearrangement, a predictive biomarker, also studied, to determine the
suitable treatment and detect its association with the age, gender, and smoking habit.
Our findings are similar with others [41], ALK mutation showed a non-significant relation
with age, while it is significant with gender and smoking habit. Despite that both male
and female showed a significant relation with ALK mutation, this type of mutant is more
abundant in women.

PDL-1 expression levels, immune biomarker, in non-squamous and squamous NSCLC
histology also studied to determine the suitable treatment and detect its association
with age, gender and smoking habit. A non-significant difference of PDL-1 with age
were observed for both a non-squamous and squamous NSCLC histopathology, while
it is significant with gender, high PDL-1 expression level more prevalence in female in
adenocarcinoma histology [42].

B CONCLUSION

In non-squamous NSCLC, the percentage of EGFR +ve was most common and then
PDL- 1 +ve, and the less one was ALK +ve. In non-squamous histology, the EGER mutation,
PDL-1 expression and ALK rearrangement were most common in patients with negative
history of smoking habit. Squamous histology is most common in smoker and PDL-1 often
express in non-smoker. Liver metastasis was more common site of metastasis in NSCLC.
Using of molecular techniques to determine the mutation in NSCLC have very important
role in treatment decision of advanced disease.
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