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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 pdl-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.
Keywords: non-small cell lung cancer, PDL-1, ALK, EGFR, biomarkers 
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Резюме ___________________________________________________________________________________________________ 

Введение. Немелкоклеточный рак легкого (НМРЛ) является наиболее распростра-
ненной причиной смерти среди злокачественных заболеваний во всем мире. Ис-
пользование молекулярно-биологических методов, в частности тестирование био-
маркеров, значительно изменило классификацию и лечение этой опухоли.
Цель. Определить решение о лечении распространенного НМРЛ на основе молеку-
лярного тестирования.
Материалы и методы. В проспективное исследование включено 85 пациентов с ди-
агнозом НМРЛ. Собраны демографические данные, включающие возраст, пол, место 
жительства, курение, метод диагностики, стадию опухоли и характер метастазиро-
вания. Молекулярные тесты и их результаты использовались для принятия решения 
о лечении. Изучены прогностические биомаркеры, включающие перестройки ALK, 
мутации EGFR и экспрессию pdl-1.
Результаты. Мутации EGFR присутствовали в 35 из 75 случаев, включая 22 случая 
мутации экзона 19, 11 случаев мутации экзона 21 и два случая мутации экзона 18. Вы-
явлена статистически значимая связь мутаций EGFR с привычкой курить (p=0,019), 
возрастом (p=0,02) и полом (p=0,03). Перестройка ALK присутствовала в пяти из 
75 случаев несквамозной гистологии. Статистически значимая ассоциация ALK-
перестройки с возрастом (p=0,023), полом (p=0,003) и привычкой курить (p=0,019). 
Позитивность PDL-1 наблюдалась в 27 из 75 случаев несквамозной гистологии, вклю-
чая 14 случаев ≥50% и 13 случаев 1–50%. Статистически значимая ассоциация с при-
вычкой курить (p=0,014).
Выводы. При несквамозном НМРЛ наиболее часто встречается EGFR +ve и реже ALK 
+ve, причем эти биомаркеры наиболее часто встречаются у пациентов с отрицатель-
ной историей курения, а также экспрессией PDL-1 при сквамозной гистологии. Ме-
тастазы в печень были более распространенным местом метастазирования в НМРЛ.
Ключевые слова: немелкоклеточный рак легкого, PDL-1, ALK, EGFR, биомаркеры
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	� 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 Iraqi 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 
(SCLC), 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 I or II 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].

	� 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 12th of May 2022 and was ended on the 5th 

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 IdyllaTM 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.

	� 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

Gender
Male 48 56

Female 37 44

Histopathology
Non-squamous 75 88

Squamous 10 12

Family history 

Non-squamous
(75)

Negative 59 69.42

Positive 16 18.82

Squamous
(10)

Negative 8 9.41

Positive 2 2.35

Stage 4 85 10

Grade

1 27 31.77

2 37 43.53

3 19 22.35

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%).

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

Parameter Number PDL-1
-ve

PDL-1
+ve
>50%

PDL-1
+ve 1–
50%

P-value

Age 3.3±2.3 0.745

Gender
Male 6 4 2 0

0.03
Female 4 2 0 2

Smoking 
habit

Smoker 8 6 2 non
0.048Non smoker 1 non non 1

Ex-smoker 1 non non 1

Association of N0N- 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

Parameter Number 
(n=75)

PDL-1
-ve

PDL-1
+ve
>50%

PDL-1
+ve 1–
50%

P-value

Age 25±19.9 0.614

Gender
Male 42 25 9 8

0.087
Female 33 22 5 6

Smoking 
habit

Smoker 18 13 2 3
0.014Non smoker 50 31 9 11

Ex-smoker 7 4 3 non

Association of N0N-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

Parameter Number 
(n=75)

EGFR
+ve
Exon 19

EGFR
+ve
Exon 18

EGFR
+ve
Exon 21

EGFR
-ve P-value

Age 18.75±16.35 0.023

Gender
Male 42 10 1 3 28

0.003
Female 33 12 1 8 12

Smoking 
habit

Smoker 18 6 non 1 11
0.019Non smoker 50 14 2 10 24

Ex-smoker 7 2 non non 5

Association of N0N-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 Number
(n=75)

ALK
-ve

ALK
+ve P-value

Age 37.5±45.96 0.1

Gender
Male 42 41 1

0.004
Female 33 29 4

Smoking habit
Smoker 18 17 1

0.013Non smoker 50 46 4
Ex-smoker 7 7 0

	� DISCUSSION
Our results showed that the majority of patients diagnosed with NSCLC disease were 

around the 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].

	� 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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