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 الملخص: 

�عد سرطان الرئة ثاني أكثر أنواع السرطانات شیوًعا في العالم والسبب األكثر شیوًعا للوف�ات 

إحدى الرئتین أو �لتیهما، المرت�طة �السرطان. إنه نمو غیر متحكم ف�ه لخال�ا غیر طب�ع�ة في 

 و�مكن أن ینتشر إلى أجزاء أخرى من الجسم. 

التدخین هو السبب األكثر أهم�ة إلى حد �عید ولكن العوامل العائل�ة تساهم أ�ًضا. غالً�ا ما تكون  

 ٪ من الحاالت، عند حدوث النقائل.  70أعراض سرطان الرئة خف�ة و�تم التشخ�ص، في حوالي  

سرطانات الرئة على أنها سرطان الخال�ا الصغیرة أو سرطان الخال�ا غیر الصغیرة  یتم تصن�ف 

تستخدم   (على سبیل المثال، السرطان الغدي، سرطان الخال�ا الحرشف�ة، سرطان الخال�ا الكبیرة).

هذه الفئات لقرارات العالج وتحدید اإلنذار. قد تختلف العالمات واألعراض حسب نوع الورم ومدى 

 النقائل.  انتشار

، �فضل االستئصال الجراحي. یتم  IIIA�النس�ة للمراحل األولى من سرطان الخال�ا غیر الصغیرة 

عالج سرطان الخال�ا غیر الصغیرة المتقدم من خالل نهج متعدد الوسائط قد �شمل العالج 

 . والرعا�ة الملطفة EGFRاإلشعاعي والعالج الك�م�ائي والعالجات التي تستهدف  

�محرك سرطاني لـ سرطان الرئة غیر صغیر الخال�ا، وخاصة تنش�ط الطفرات  EGFR تم تحدید 

EGFR   وتثب�طه �استخدامTKIs   مكن أن یولد استجا�ات درام�ة للورم. أظهرت الدراسات أن�

EGFR   یلعب أدواًرا مهمة في تطورNSCLC  أظهر تحلیل المجموعة الفرع�ة لنس�ة صغیرة من .

فائدة ال�قاء على قید الح�اة الخال�ة من    EGFRالرئة المتحور في  المرضى المصابین �سرطان 

 األمراض.

مقارنة   gefitinibواستجا�ة الورم للخط األول   PFSأقوى عالمة حیو�ة تنبؤ�ة لـ  EGFRتعد طفرات 

إلى استجا�ة �املة في المرضى الذین �عانون   Gefitinibمع العالج الك�م�ائي. قد یؤدي العالج بـ 

 من سرطان الغدة الرئو�ة النقیلي. 
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Abstract: 
Lung cancer is the second most common cancer in the word and the most 
frequent cause of cancer related deaths. It is an uncontrolled growth of 
abnormal cells in one or both lungs, it can spread to other parts of the body. 

Smoking is by far the most important cause but familial factors also 
contribute. The symptoms of lung cancer are often subtle and the diagnosis, 
in about 70% of cases, is made when metastases have occurred. 

Lung cancers are categorized as small cell carcinoma or non-small cell 
carcinoma (e.g., adenocarcinoma, squamous cell carcinoma, large cell 
carcinoma). These categories are used for treatment decisions and 
determining prognosis. Signs and symptoms may vary depending on tumor 
type and extent of metastases. 

For stages I through IIIA non-small cell carcinoma, surgical resection is 
preferred. Advanced non-small cell carcinoma is treated with a multimodality 
approach that may include radiotherapy, chemotherapy, EGFR-targeted 
therapies, and palliative care   

EGFR has been identified as an oncogenic driver of NSCLC, especially 
activating mutations EGFR and its inhibition with specific TKIs can generate 
dramatic tumor responses. Studies have shown that EGFR plays significant 
roles in the progression of NSCLC. Subset analysis of the small proportion of 
patients with EGFR-mutant lung cancer showed a disease-free survival 
benefit. 

EGFR mutations are the strongest predictive biomarker for PFS and tumor 
response to first-line gefitinib compared with chemotherapy. Treatment with 
Gefitinib may induce complete response in patients with metastatic lung 
Adenocarcinoma. 
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1-Lung Cancer 

1-1 Lung Anatomy 

The lungs are the main organs for breathing, and are part of the respiratory 
system. As well as the lungs, the respiratory system includes the nose, mouth, 
trachea (windpipe) and airways (tubes) to each lung. There are large airways 
known as bronchi (singular: bronchus) and small airways called bronchioles . 

Lobes – The lungs are two large, spongy organs. Each lung is made 

up of sections called lobes – the left lung has two lobes and the right lung has 
three . 

Diaphragm – The lungs rest on the diaphragm, which is a wide , thin muscle 
that helps with breathing . 

Mediastinum – The space between the two lungs is called the 

mediastinum. Several structures lie in this space, including : 

 •the heart and large blood vessels 

 •the trachea – the tube that carries air into the lungs 

 •the esophagus – the tube that carries food to the stomach 

  •lymph nodes – small, bean-shaped structures that collect and destroy bacteria 
and viruses . 

Pleura – The lungs are covered by two layers of a thin sheet of tissue called 
the pleura, which is about as thick as plastic cling wrap. The inner layer (the 
visceral pleura) lines the lung surface and the outer layer (the parietal pleura) 
lines the chest wall and diaphragm. The layers are separated by a film of fluid 
that lets them slide over each other. This fluid helps the lungs move smoothly 
against the chest wall when you breathe. The pleural cavity is the potential 
space between the two layers, but there is no space between them when the 
lungs are healthy (Figure1) (1). 



2 
 

  

 

 

Figure 1- Picture of the lung anatomy. 

 

 

1-2 Lung Cancer Definition and Epidemiology: 

Cancer is a disease in which cells in the body grow out of control. When 
cancer starts in the lungs, it is called lung cancer . 

Lung cancer is an uncontrolled growth of abnormal cells in one or both 
lung It can spread to other parts of the body. 

The disease almost always starts in the spongy, pinkish gray walls of 
the lungs` airways (called bronchi or bronchioles) or air sacs (called 
alveoli) and may spread to lymph nodes or other organs in the body, 
such as the brain. Cancer from other organs also may spread to the 
lungs. When cancer cells spread from one organ to another, they are 
called metastases (2). 
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Epidemiology 

The statistics are a stark reminder of the cost of this largely preventable 
disease. Lung cancer statistics globally and locally: 

In the United States, lung cancer remains the second most common cancer 
and the leading cause of cancer death. 

  The American Cancer Society estimated that about 2,261,419 new cases of 
lung cancer would be diagnosed (Figure 2), and about 1,796,144 deaths due 
to lung cancer would occur in 2020 (Figure 3). Not counting skin cancer, it is 
the second most common cancer diagnosed in both men and women (Breast 
cancer is the most common) in the USA. 

The largest group with new lung cancer diagnoses was the 70 to 74  age group, 
followed by the 65 to 69 age group (Figure 4). 

Overall, the chance of developing lung cancer in your lifetime is 1 in 15 for  

men and 1 in 17 for women. This includes both smokers and nonsmokers . 

Nonsmokers do have a 20 to 30 percent greater chance of developing lung 
cancer if they are exposed to secondhand smoke at home or work (3). 

 

 

Syrian Arab Republic 

According to the latest WHO data published in Lung Cancers in Syria reached 
2,144 of both sexes, all ages, In the year 2040, the infected cases may reach 
5,956 (Figure 5) (4). 
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Figure 2- Number of new cases in 2020. 

 
Figure 3-Number of deaths in 2020. 
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Figure 4 -chart showing the average age of lung cancer . 
 

 Figure 5- Estimated past and future trends in total case per year (Breast and lung). 
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Lung Cancer Causes : 

• Smoking is the biggest reason. It’s responsible for about 85% of all 
cases . 

Quitting cuts, the risk. Former smokers are still slightly more likely to get it 
than nonsmokers (5). 

• Secondhand tobacco smoke is also a cause (passive smoking). 

People who live with someone who smokes are 20% to 30% more likely to 
get lung cancer than those who live in a smoke-free home, or. This exposure 
can occur at any place you spend time, such as : 

• work 

• restaurants 

• bars 

According to the Centers for Disease Control and Prevention (CDC), each 
year between 2005 and 2009, about 7,300 adults Trusted Source in the United 
States who never smoked died from lung cancer due to secondhand smoke . 

 

• Exposure to radon, This gas can seep into building foundations and into 
Ving and working spaces. Radon is difficult to detect and you could be 
exposed without knowing it., according to the Radon is the second leading 
cause of lung cancer in the United States, according to the CDC Trusted 
Source . 

• Some other chemicals are risky, too. People who work with (asbestos 
or are exposed to uranium dust) are more likely to get lung cancer, especially 
if they smoke . 

Other substances that can cause lung cancer are : 

1. arsenic 

2. cadmium 

3. chromium 
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4. nickel 

5. some petroleum products 

6. uranium 

• People exposed to radiation therapy can also have a higher risk like 
non-Hodgkin’s lymphoma and breast cancer may increase your risk for lung 
cancer. This risk is higher if you smoke (5). 

Causes in nonsmokers 

• Genetics Current research suggests that if a member of your immediate 
family has had lung cancer, you may have a slightly higher risk for developing 
the disease. It’s unclear whether genetics causes lung cancer or merely 
increases your susceptibility to it . 

• Age - According to the American Cancer Society, lung cancer mostly 
occurs in older adults. The average age at the time of diagnosis is about 70(7). 

 

 Past lung diseases. 

You may be at a greater risk for developing lung cancer if you have a history 
of chronic diseases that affect the lungs . 

Past lung diseases can cause inflammation and scarring in the lungs. Examples 
of these diseases include : 

 tuberculosis 

 chronic obstructive pulmonary disease (COPD) 

 chronic bronchitis 

 emphysema 

The risk is also higher in people that have pulmonary fibrosis or HIV 
infection . 

Some researchers think that diet may also influence your risk. But that’s not 
clear yet (5). 
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Symptoms of Lung Cancer 

Lung cancer often has no symptoms until it has spread. This is because there 
are few specialized nerves (pain receptors) in the lungs . 

When lung cancer symptoms do occur, they vary depending on the type of 
lung cancer and location and size of the tumor (6). 
 

Local Disease   

The cancer is restricted to the area where the cancer started with no sign it has 
spread . 

• Coughing (most common, 50% of cases) 

• Blood in sputum   

• Shortness of breath   

• Wheezing 

• Pain in the chest 

• Fatigue 

• Pneumonia 

Advanced Disease   

The cancer has spread from where it started to nearby tissue, lymph nodes or 
other parts of the body 

General : 

• Hoarseness 

• Difficulty or pain in swallowing 

• Excess fluid in the lining of the lung (pleural effusion) 

Brain : 

• Headaches 

• Nausea 

• Vomiting 
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• Weakness 

• Confusion 

• Visual disturbance 

Liver : 

• Stomach pain (right side) 

• Yellowing of the skin and eyes (jaundice) 

• Fatigue 

• Weight loss 

• Bone pain (7) 

 

1-3 Pathology and Diagnoses of Lung cancer: 

There is evidence that lung cancers may arise in pluripotent stem cells in the 

bronchial epithelium, and this would certainly offer an explanation for the 

mixed histology that is fairly commonly seen (8). 

 

 

Tests to diagnose lung cancer 

- Imaging tests: an X-ray image of your lungs may reveal an abnormal 
mass or nodule. A CT scan can reveal small lesions in your lungs that 
might not be detected on an X-ray (Figure 6) . 

- Sputum cytology: if you have a cough and are producing sputum, 
looking at the sputum under the microscope can sometimes reveal the 
presence of lung cancer cells . 

- Tissue sample (biopsy): a sample of abnormal cells may be removed in 
a procedure called a biopsy (9). 
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Figure 6-Diagnosis of lung cancer. 

MDT, multidisciplinary team; PET, positron emission tomography. 
Reproduced with permission from the National Clinical Guidelines Centre – 
Acute and Chronic Conditions (2005). 
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1-4 Types of Lung Cancer: 

There are two main types of lung cancer: small cell lung cancer (SCLC) and 
non-small cell lung cancer (NSCLC). A third less common type of lung cancer 
is called carcinoid (Figure 7). 

Figure 7- Types of Lung Cancer, by the American Lung Association. 

 

1-4-1 Small Cell Lung Cancer (SCLC) 

There are two different types of small cell lung cancer: small cell carcinoma 
and mixed small cell/large cell cancer or combined small cell lung cancer. The 
types of small cell lung cancer are named for the kinds of cells found in the 
cancer and how the cells look when viewed under a microscope. Small cell 
lung cancer is almost always associated with cigarette smoking. Small cell 
lung cancer is usually treated with chemotherapy (10). 

1-4-2 Non-Small Cell Lung Cancer (NSCLC) 

About 80% of people who have lung cancer have non-small-cell lung cancer. 
NSCLC usually spreads more slowly than small-cell lung cancers (11). 

NSCLC is the most common type of lung cancer and Surgical resection with 
curative intent is regarded as the treatment of 
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first choice for patients with NSCLC.  The principle of surgical resection is to 
achieve clear margins, and every 

patient with non-metastatic NSCLC should be considered for surgical 

treatment. The Society of Cardiothoracic Surgery has indicated that, in the 
UK, the number of patients undergoing surgery has increased by 60% in 
recent years, and the perioperative mortality has halved. 

This form of the disease begins when the cells that make up the lining of the 
lungs, called epithelial cells, become abnormal and start to grow 
uncontrollably, forming a mass called a tumor (12).  

Recent progress in the molecular subclassification of NSCLC has resulted 

from the identification of driver mutations, particularly in adenocarcinomas , 

which can provide targets for systemic therapy. Mutations of the EGFR TK 

domain, which may result in sensitivity to EGFR TKIs, occur mainly in  
woman non-smoking patients, in particular those of Asian origin. 

Symptoms of non-small cell lung cancer and small cell lung cancer are 
basically the same. Early symptoms may include (13): 

lingering or worsening cough 

coughing up phlegm or blood 

chest pain that worsens when you breathe deeply, laugh, or cough 

hoarseness 

shortness of breath 

wheezing 

weakness and fatigue 

loss of appetite and weight loss 

You might also have recurrent respiratory infections such as pneumonia or 
bronchitis. 

1-4-3 Lung carcinoid tumors: Carcinoid tumors of the lung account for 
fewer than 5% of lung tumors. Most of these grow slowly (14). 
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1-5 Types of Non-Small Cell Lung Cancer 

1-5-1 Adenocarcinoma (ADC): is represents about 40% of all lung cancers. 
It is the most common subtype to be diagnosed in people who have never 
smoked. Lung adenocarcinoma usually occurs in the lung periphery, and in 
many cases, may be found in scars or areas of chronic inflammation. (15). 

Begins in the cells that line the alveoli (tiny air sacs in the lungs where the 
exchange of oxygen and carbon dioxide takes place). and even small 
respectable lesions carry a risk of occult metastases. Common sites of 
metastatic spread include the regional lymph nodes, bone, liver, adrenal , lung, 
CNS, and skin. 

1-5-2 Squamous cell carcinoma (SqCC): is the second-largest histological 
subtype after lung adenocarcinoma, which accounts for approximately 30% 
of all nonsmall-cell lung cancers (NSCLCs). 

Is closely associated with tobacco smoking. They are often linked to a history 
of smoking and end to be found in the cells that line the bronchial tubes in the 
center of the lungs (cells that line the airways) and grow slowly, disseminating 
relatively late in their course. 

1-5-3 Large cell carcinoma (LCC) represent less than 3% of the lung 
cancers. 

  A form of non-small cell lung cancer that can start in any part of the lung, it 
often grows quickly, which can make it harder to treat (16) (Figure 8). 



14 
 

 
Figure 8- Different types of lung cancer develop from different types of lung 
cells. The lungs are lined by a variety of different cell types. (a) Squamous 
cell carcinoma NSCLCs tend to arise in the large airways in the lungs and 
develop from faulty basal cells. (b) Adenocarcinoma NSCLCs arise from 
alveolar cells in the tiny air sacs in the lungs called alveoli. (c) Small cell lung 
cancers arise from neuroendocrine cells. 

From Clinical implications of genomic discoveries in lung cancer. 

Abbreviations: NSCLC – non-small cell lung cancer. 
 

Adenocarcinoma (ADC) 
ADC represents the majority of NSCLC, accounting for the 38.5 % of all lung 
cancer cases (17). In general, ADC is located at the periphery of the lung. ADC 
is defined as a malignant epithelial tumor with glandular differentiation, 
which can show mucin production detectable by mucin staining like 
mucicarmine, or pneumocyte marker expression like napsin A or thyroid 
transcription factor1 (TTF1) (18). In general, ADC is located at the periphery 
of the lung (19, 20). ADC can present diverse histological patterns, which can be 
intermixed in the same tumor including lepidic, acinar, papillary, 
micropapillary, and solid patterns. While lepidic pattern is associated with a 
favorable prognosis, micropapillary and solid patterns are associated with a 
more aggressive behavior (18-21). 
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Solid ADC can be confused with SqCC or LCLC; the mucin production and 
IHC expression of TTF-1 or napsin A can help in the diagnosis of solid ADC 
in challenging cases (18). 

This type of lung cancer occurs mainly in people who currently smoke or 
formerly smoked, but it is also the most common type of lung cancer seen in 
people who don't smoke. It more common in women than in men, and it is 
more likely to occur in younger people than other types of lung cancer. 

Other risk factors include a family history of lung cancer, or occupational 
exposure to other agents such as silica, asbestos, radon, heavy metals, and 
diesel fumes, though these are less prevalent. Resultant genetic mutations in 
the p53 gene are the most frequent cause of tumorigenesis in NSCLC in 52% 
of cases (22). 

Symptoms and physical signs are dependent on the stage of lung cancer.  The 
earliest stages are often asymptomatic, with nodules found incidentally on 
radiographic images testing for other disease processes. Later stage disease 
may present with nonspecific symptoms like symptoms (mentioned above). 

A significant number of patients with lung adenocarcinoma will present with 
a locoregional spread that may include symptoms from : 

• Superior vena cava obstruction 

• Phrenic nerve palsy 

• Horner syndrome 

• Compression of brachial plexus 

• Pericardial effusion 

Paraneoplastic syndromes are rare with adenocarcinoma but may include : 

• Cushing syndrome 

• Eaton Lambert syndrome 

• Hypercalcemia 

• SIADH 

• Hypertrophic osteoarthropathy (23). 
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1-6 Diagnostic and Molecular Testing of NSCLC 

The gold standard procedure for the diagnosis of lung cancer remains the 
microscopic evaluation of histological or cytological specimens under the 
microscope by a pathologist. The diagnosis of NSCLC usually starts with a 
small biopsy like a core needle biopsy (CNB) or a cytological like a fine 
needle aspiration (FNA), in which the pathologist has to make the best effort 
to not only provide a diagnosis of NSCLC and to further classify it as an ADC 
or SqCC. The advent of targeted therapy introduced a new challenge to the 
pathologist in order to maximize the efficiency in the use of small samples for 
clinical diagnosis and molecular testing. Overall, the diagnostic and molecular 
testing of NSCLC samples involves the following steps (24, 25). 

Pathological Diagnosis of NSCLC 

As stated before, the pathology classification starts with a hematoxylin eosin-
stained tissue section evaluated under the microscope for morphological 
changes to identify the presence of a NSCLC and then try to classify it as any 
of the major subtypes such as ADC, SqCC, LCLC, or special subtypes. 
However, sometimes, the histology evaluation can be limited, particularly in 
small biopsies or tumors with poor differentiation, which can make 
challenging the classification of the neoplasm. In these cases, ancillary 
diagnostic techniques will help in the pathology classification. Some of the 
main ancillary diagnostic markers are TTF-1, p40, and mucicarmine (26). 

 

Molecular Testing of NSCLC 

The advent of targeted therapy has opened a new door for the discovery and 
validation of novel biomarkers with prognostic and therapeutic value (24). 
Today, the pathologist has to further classify a NSCLC as ADC or SqCC 
employing the previously mentioned analysis techniques on small samples 
such as CNB or FNA (24-25). The importance of this diagnostic effort is based 
on the novel therapeutic approaches for ADC. For instance, a tumor classified 
as ADC or NSCLC favor ADC will undergo routine molecular testing for the 
currently most important molecular alterations described before, including 
EGFR mutations and ALK and ROS rearrangement analyses, offering the 
option of a targeted therapy for these molecular alterations to the cancer 
patient. Currently, novel multiplexing technologies such as multiplex-PCR 
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platforms and next-generation sequencing (NGS) techniques allow for 
specific and high-throughput molecular profile of individual tumors, which is 
necessary for a precision medicine approach for the cancer patient (25). 

 

Molecular Alterations of NSCLC 

In the last years, there has been an increasing amount of new molecular 
alterations identified in NSCLC including oncogenes and tumor suppressor 
genes, many of them represent novel predictive biomarkers or targets for 
cancer therapy (24).  

A representation of the relative frequencies of molecular targets in NSCLC is 
shown in (Figure9). The following molecular alterations represent those 
which may have clinical relevance as molecular targets for NSCLC.  

 

 
Figure 9- Representation of the relative frequency of the main 
molecular targets in NSCLC . 

Still, the number of novel molecular targets may increase as further 
research will continue to discover and validate them. 
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1-7 TARGETED TREATMENTS FOR LUNG CANCER 

Over the past ten years or so, a wide variety of targeted cancer treatments have 
been approved for use against NSCLC (but none for SCLC). 

The main drug groups used to treat NSCLC (27): 

1- EGFR inhibitors (These are summarized in Table 1). 
2- ALK inhibitors 
3- ROS1 inhibitors 
4- B-Raf inhibitors 
5- Angiogenesis inhibitors 
6- Checkpoint inhibitors 

Table (1) - Summary of licensed targeted treatments for lung cancer in the 
United States and the European Union (EU). 

Drug Licensed for 

EGFR inhibitors  

Gefitinib NSCLC with activating mutations in the 
EGFR gene 

Erlotinib NSCLC with activating mutations in the 
EGFR gene 

Afatinib NSCLC with activating mutations in the 
EGFR gene 

Osimertinib NSCLC with the T790M activating 
mutation in the EGFR gene (this 
mutation causes resistance to gefitinib, 
erlotinib and Afatinib EGFR inhibitors) 

Necitumumab Squamous cell NSCLCs in which 
EGFR is present on the cells’ surface (in 
combination with platinum-based 
chemotherapy) 
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The tumor’s specific genetic mutations 

Mutated genes produce proteins that help cancer cells grow. Targeted drugs 
block these proteins to prevent the cancer cells from spreading. EGFR, KRAS, 
and ALK are among the most common genetic mutations doctors test for in 
lung cancer (28). 

 

1-8 Epidermal Growth Factor Receptor (EGFR) 

-(EGFRs) are proteins on the surface of some cancer cells. They help the cells 
grow and divide. A mutation in the EGFR gene turns on these receptors, which 
allows cancer cells to grow faster . 

EGFR inhibitors block the signals that cancers with the EGFR mutation need 
to grow. This group of drugs includes : 

Afatinib  

erlotinib  

gefitinib  

necitumumab  

Osimertinib (28) 

EGFR is abnormal, or mutated, in about 10 percent of patients with non-small 
cell lung cancer and in nearly 50 percent of lung cancers arising in those who 
have never smoked . 

Patients with cancer that has an EGFR mutation generally respond positively 
to treatment with the drug erlotinib.  

If your tumor has an EGFR mutation, your doctor may recommend treatment 
with this drug or participation in a clinical trial. 

NSCLC in the United States and 35 % in East Asia have lung tumors 
associated with EGFR mutations These mutations occur within exons 18–21, 
which encodes a portion of the EGFR kinase domain. Approximately 90 % of 
these mutations are in exon 19.  
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EGFR mutations are more often found in tumors from female never smokers , 
defined as less than 100 cigarettes in a patient’s lifetime, with adenocarcinoma 
histology. 

According to the National Cancer Institute, exposure to asbestos can increase 
your risk of developing lung cancer, including a rare form called 
mesothelioma. Other chemicals. According to the Centers for Disease Control 
and Prevention Trusted Source (CDC), exposure to certain chemicals such as 
arsenic, diesel exhaust, and some types of silica and chromium may also 
increase your risk of developing lung cancer (29). 
 

EGFR mutations are more common among : 

women 

people with lung adenocarcinoma compared with other subtypes of NSCLC 

never smokers or light smokers 

young adults 

people of Asian descent 
 

Risk factors for lung cancer in general include : 

smoking 

genetic risk factors 

air pollution exposure 

occupational exposures such as asbestos, metals, and diesel fumes 

It’s important to note that about 10 to 15 percent of people with lung cancer 
have never smoked. (30) 
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2- TARGETING EGFR FOR ANTICANCER TREATMENT 

2-1 EGFR-targeted therapies 

Targeting EGFR as an option in the management of cancer was initially 
proposed in the 1980s. There are several potential strategies targeting the 
EGFR, including monoclonal antibodies, tyrosine kinase inhibitors, PI3K 
inhibitors, and antisense gene therapy.  kinase inhibitors that interfere with 
receptor signaling (TKIs) by targeting the catalytic kinase domain of EGFR44 
such as gefitinib and erlotinib (31). 

 

2-1-1 Monoclonal antibodies 

that attach to EGFR from outside the cell are most commonly used in the treatment 
of head and neck cancer , for example, cetuximab and necitumumab (32). 

 The mechanism of action of monoclonal antibodies: 
Cetuximab, panitumumab, and necitumumab attach to the external part of 
EGFR and prevent EGF or other EGFR ligands7 attaching to the receptor. 
These antibodies also force the cell to internalize and destroy EGFRs (33). 
Without any growth factors attached, the receptors can’t pair up or become 
active. As I mentioned before, cetuximab and necitumumab can also attract 
and activate white blood cells. Despite their differences, cetuximab and 
panitumumab have given very similar results in clinical trials for people with 
bowel cancer (34). 

Who is given monoclonal antibodies: 
Panitumumab and cetuximab are licensed as treatments for people with bowel 
cancer Cetuximab is also licensed for head and neck cancer The cells of both 
these cancers tend to have lots of EGFRs on their surface. Necitumumab in 
contrast has been licensed as a treatment for people with squamous cell 
NSCLC. This antibody hasn’t been extensively investigated in clinical trials 
for people with any other type of cancer (35). 
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2-1-2 Tyrosine kinase inhibitors 

that block EGFR from inside the cell are mostly used in the treatment of 
NSCLC, for example, gefitinib, erlotinib. 

 The goal of all these treatments is to block the receptor and prevent it from 
activating any internal signaling pathways. 

The majority of licensed treatments that block growth factor receptors on 
cancer cells target either EGFR or HER2 (see Figure 10 and Table 2) (32). 

 

 

Figure 10 -Numerous treatments target either EGFR or HER2. Monoclonal 
antibodies attach to the external part of the receptors. Kinase inhibitors cross 
the cell membrane and block the kinase part of the receptors. Many kinase 
inhibitors have more than one target, and the pan-HER inhibitors block EGFR, 
HER2 and HER4 or EGFR, HER2 and HER3. 

 Abbreviations: EGFR – epidermal growth factor receptor; HER2 – human 
epidermal growth factor receptor-2; VEGF – vascular endothelial growth 
factor. 
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Table2- Most licensed treatments that inhibit growth receptors target growth 
factors on cancer cells either EGFR or HER2. 

Treatment type and licensed 
examples 

Used in what cancers? Why? 

 Treatments that target 
EGFR 

Monoclonal antibodies that 
block EGFR (e.g., 
necitumumab) 

necitumumab is licensed 
for squamous cell 
NSCLCs that have high 
levels of EGFR. 

In these cancers, EGFR is normal 
(wild-type), but there is too much 
of it. 

First- and second-generation 
kinase inhibitors that block 
EGFR (e.g., gefitinib/ erlotinib) 

These are licensed 
treatments for EGFR 
mutated non-small cell 
lung cancer (NSCLC). 

In about 10-15% of NSCLCs, the 
EGF receptor is mutated and 
overactive; kinase inhibitors are far 
more likely to be effective when 
these mutations are present. 

Third-generation kinase 
inhibitors that block EGFR 
(e.g., Osimertinib) 

Osimertinib is a licensed 
treatment for EGFR 
mutated NSCLC in which 
the gene for EGFR 
contains the T790M 
mutation. 

The T790M mutation causes 
resistance to first- and second-
generation drugs; third-generation 
drugs have been designed to block 
EGFR even when the T790M 
mutation is present. 

 Pan-HER inhibitors 
(these are all irreversible 
kinase inhibitors) 

 

Drugs that block EGFR, HER2 
and HER4(e.g., neratinib , 
afatinib1) 

Afatinib is a licensed 
treatment for 
EGFR-mutated NSCLC . 
Most trials with these 
agents are in 
NSCLC and breast cancer. 

It is not clear as yet when/where 
these treatments will be most 
effective. 

Drugs that block EGFR, HER2 
and HER3 (e.g., sapitinib/ 
AZD8931) 

In trials for NSCLC, breast 
cancer and stomach 
cancer. 

EGFR and HER2 are both 
important in these tumors and 
resistance to other treatments are 
sometimes caused by HER3. 

Notes on the shortcuts in the table: 
1- Afatinib is a second-generation, irreversible kinase inhibitor. It is actually a pan-

HER inhibitor in that it blocks EGFR, HER2, and HER4, but it almost exclusively 
used in the treatment of lung cancer. 
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2-2 Kinase Inhibitors That Target EGFR 
 

-First- and Second-Generation EGFR Inhibitors:  - 

Several kinase inhibitors that block EGFR have been created. Erlotinib and 
gefitinib were two of the first. They are first-generation reversible EGFR 
inhibitors that mimic ATP and block EGFR’s kinase activity. 

Afatinib, dacomitinib, and neratinib, which are second generation drugs, are 
slightly different. They are irreversible inhibitors that chemically bond with 
EGFR’s ATP-binding site (36). 
 

-Third-Generation EGFR Kinase Inhibitors: 

When a patient’s cancer becomes resistant to a first- or second-generation 
EGFR inhibitor, this is commonly due to cancer cells that have a further 
mutation in their EGFR gene. This additional mutation, called the T790M 

mutation, changes the shape of EGFR’s ATP binding site. Drugs like gefitinib 
and erlotinib can no longer block the mutated protein. To overcome resistance, 
scientists have created third-generation EGFR inhibitors such as 

Osimertinib, which can block T790M mutant EGFR and kill cells that contain 
it (37). For a comparison of first-, second-, and third-generation EGFR 
inhibitors, see Table 3.  One thing to note in the table is that second-generation 
inhibitors also have some ability to block T790M mutant EGFR. 

 

table 3- Comparison of first-, second-, and third-generation EGFR kinase 
inhibitors (38). 

 First generation Second generation Third generation 
Type of inhibition Reversible Irreversible Irreversible 
Ability to block:    
Wild-type EGFR Strong Strong Weak 
Exon 19 deleted 
EGFR 

Strong Very strong Very strong 
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L858R mutated 
EGFR 

Strong Very strong Very strong 

T790M mutated 
EGFR 

nil Moderate Very strong 

Examples of drugs Gefitinib, erlotinib, Afatinib Osimertinib, 
rociletinib , 
HM61713, 
EGF816, and 
ASP8273 

Source: Costa DB (2016). Kinase inhibitor-responsive genotypes in EGFR 
mutated lung adenocarcinomas: Moving past common point mutations or 
indels into uncommon kinase domain duplications and rearrangements. 
Translational Lung Cancer Res 5(3): 331–337.Ke E-E, Wu Yi-Long (2016). 
EGFR as a pharmacological target in EGFR-mutant non-small-cell lung 
cancer: Where do we stand now? Trends Pharmocol Sci 37(11): 887–903. 

 

Who They’re Given To? 

 The most common use of EGFR kinase inhibitors is to treat the 10%–15% or 
so of people with NSCLC whose cancer cells have mutated, overactive 
EGFRs on their surface. Erlotinib, a first-generation EGFR kinase inhibitor, 
has also shown some degree of usefulness against pancreatic cancer, despite 
a rarity of EGFR mutations in this cancer (39). 

 It’s important to say though that whereas EGFR inhibitors generally hold 
NSCLC at bay for 9–14 months, in pancreatic cancer they only add a week or 
two to progression-free survival when combined with chemotherapy 
compared with chemotherapy alone (40). The licensing of erlotinib, a first-
generation EGFR kinase inhibitor, for people with pancreatic cancer is 
therefore more of a reflection of how few effective treatment options we have 
for pancreatic cancer, rather than a belief that erlotinib will provide dramatic 
benefits (41). 
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3- Resistance to EGFR Kinase Inhibitors 

 Almost all the detailed information we have about resistance mechanisms to 
EGFR kinase inhibitors comes from people with NSCLC, as these are the 
people most likely to be treated with one of these drugs. And, as I said earlier, 
a common reason why a NSCLC becomes resistant to a first- or second-
generation EGFR kinase inhibitor is because of cancer cells that contain the 
T790M mutation in one of their EGFR genes. In fact, this T790M mutation is 
present in about 50%–60% of patients whose cancer has become resistant (42). 

 A side from the T790M mutation in the EGFR gene, we know about various 
other  reasons for resistance. These include overproduction of other growth 
factor receptors such as HER2, MET, or FGFR; mutations that create 
overactive versions of PI3K or B-Raf; or loss of NF1 (a suppressor of Ras 
proteins) (summarized in Figure11).  

Another reason for resistance is when NSCLC cells change shape and become 
much more similar to the cells that cause small cell lung cancer (SCLC) (42).   

As with bowel cancers resistant to EGFR targeted antibodies, huge efforts are 
being  made to overcome resistance to EGFR targeted kinase inhibitors using 
various targeted drugs.  
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Figure 11 - Reasons for resistance to EGFR-targeted kinase inhibitors in 
NSCLC cells. Resistance mechanisms include (a) Cancer cells have gained an 
additional mutation, the T790M mutation, in the EGFR gene, which has 
altered the ATP-binding site of EGFR such that the drug can no longer block 
it. (b) Cancer cells have additional growth factor receptors on their surface 
such as HER2, MET, or FGFR. (c and d) Cancer cells contain mutated 
overactive B-Raf or PI3K. (e) Cells have lost NF1, which would normally 
block Ras’s proteins.  

Abbreviations: EGFR – epidermal growth factor receptor; 
mTOR – mammalian target of rapamycin; PI3K – phosphatidylinositol 3-
kinase; ERK- extracellular-signal-regulated kinase; PTEN – phosphatase and 
tensin homologue; ATP – adenosine triphosphate; HER2 – human epidermal 
growth factor receptor-2; FGFR –fibroblast growth factor receptor; NF1 - 
neurofibromatosis type 1. 
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To overcome the TKI resistance mediated by first generation TKIs, the second 
and third generation EGFR inhibitors are being developed which are outlined 
in Table 4 (43). 

Table 4 - Details and status of EGFR TKIs 

Drug Name Generic Name  Target Status 

Reversible    

ZD1839 Gefitinib EGFR Approved 

OSI776 Erlotinib EGFR Approved 

Irreversible    

EKB-569 Pelitinib EGFR Phase I 

Third generation    

CO-1686 NA EGFR T790M Phase I/II 

 

Therapeutic Strategies Targeting EGFR 
In fact, pharmaceutical companies have developed several potential therapies 
that use anti-EGFR monoclonal antibodies (mAbs) and small-molecule 
tyrosine kinase inhibitors (TKIs) that target distinct domains of EGFR. Anti-
EGFR monoclonal antibodies, such as cetuximab, panitumumab, and 
nimotuzumab, bind to the extracellular domain of the EGFR monomer and 
compete for receptor binding by the endogenous ligands, triggering receptor 
internalization and blocking ligand-induced receptor activation. Patients 
receive the drugs intravenously.  

On the other hand, EGFR-specific small molecule inhibitors such as erlotinib 
and gefitinib, which are taken orally, translocate across the plasma membrane 
and interact with the cytoplasmic domain of EGFR. Small molecule inhibitors 
belong to a class of therapeutics called tyrosine kinase inhibitors or TKIs. In 
the cell, TKIs compete with ATP to bind the catalytic domain of the kinase, 
which in turn inhibits EGFR autophosphorylation and downstream signaling, 
including cell proliferation and survival. TKIs have been approved for 
treatment of advanced NSCLC and pancreatic carcinoma. 
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Impact of Mutations in EGFR and Downstream Signaling Pathways 

the EGFR gene is present on chromosome 7p11.2 and has 28 exons coding 
for a transmembrane receptor protein of 464 amino acids. Within EGFR, 
exons 5–7 and 13–16 code for the ligand binding domain while exons 18–24 
code for the TK domain. Autophosphorylation occurs in the region encoded 
by exons 25–28 . 

Although mutations can occur anywhere within the TK domain, a significant 
set of EGFR mutations in lung cancer that are associated with objective 
response to single agent TKI therapy are observed in exons 18–21. The most 
frequent of these are in-frame deletions in exon 19 that occur in approximately 
45% of cases, followed by point mutations in exon 21, in 40–45% of cases. 
While more than 20 different deletions are observed in exon 19, L858R in 
exon 21 is the most common point mutation detected  

(Figure 12).  

Greater response to TKIs also correlates with EGFR amplification that 
frequently coexists with EGFR mutations and is more common in gefitinib-
sensitive NSCLC with increased expression of ErbB3(44). 

 
Figure 12 -Spectrum of EGFR Mutations. 
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There are several common factors related to the EGFR mutations. Those more 
likely to have the mutation are patients diagnosed with non-small cell lung 
cancer who are : 

-woman 

-Non-smokers 

-Diagnosed with lung adenocarcinoma (a subtype of NSCLC) 

4- Stages of lung cancer 

Cancer stages tell how far the cancer has spread and help guide treatment. 

The chance of successful or curative treatment is much higher when lung 
cancer is diagnosed and treated in the early stages, before it spreads. Because 
lung cancer doesn’t cause obvious symptoms in the earlier stages, diagnosis 
often comes after it has spread. 

Non-small cell lung cancer has four main stages : 

 

Stage 1: Cancer is found in the lung, but it has not spread outside the lung . 

Stage 2: Cancer is found in the lung and nearby lymph nodes . 

Stage 3: Cancer is in the lung and lymph nodes in the middle of the chest. 

Stage 3A: Cancer is found in lymph nodes, but only on the same side of the 
chest where cancer first started growing . 

Stage 3B: Cancer has spread to lymph nodes on the opposite side of the chest 
or to lymph nodes above the collarbone . 

Stage 4: Cancer has spread to both lungs, into the area around the lungs, or to 
distant organs (45). 
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5- Treatment 

Many cancer treatments exist. Depending on patient particular situation, he 
may receive one treatment or you may receive a combination of treatments. 

Cancer treatments may be used as : 

Primary treatment: The goal of a primary treatment is to completely remove 
the cancer from your body or kill all the cancer cells . 

Any cancer treatment can be used as a primary treatment, but the most 
common primary cancer treatment for the most common types of cancer is 
surgery. If your cancer is particularly sensitive to radiation therapy or 
chemotherapy, you may receive one of those therapies as your primary 
treatment . 
 

Adjuvant treatment: The goal of adjuvant therapy is to kill any cancer cells 
that may remain after primary treatment in order to reduce the chance that the 
cancer will recur . 

Any cancer treatment can be used as an adjuvant therapy. Common adjuvant 
therapies include chemotherapy, radiation therapy and hormone therapy . 
 

Neoadjuvant therapy is similar, but treatments are used before the primary 
treatment in order to make the primary treatment easier or more effective . 
 

Palliative treatment: it may help relieve side effects of treatment or signs 
and symptoms caused by cancer itself. Surgery, radiation, chemotherapy and 
hormone therapy can all be used to relieve symptoms. Other medications may 
relieve symptoms such as pain and shortness of breath . 

Palliative treatment can be used at the same time as other treatments intended 
to cure your cancer (46). 

-Adjuvant chemotherapy 

Thirty to 40% of patients with stage II NSCLC relapse after surgery only , 

with systemic metastatic disease. A meta-analysis of adjuvant chemotherapy 

trials in NSCLC showed a 5% improvement in 5-year survival for patients 
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treated with a cisplatin-based regimen after surgical resection. This benefit 
held for patients across stages IB–IIIA. Recent results with platinum-based 
doublet chemotherapy (e.g., Cisplatin vinorelbine or carboplatin paclitaxel) 
suggest particular benefit as adjuvant therapy after surgery for stages II–IIIA 
disease . 

Whilst neoadjuvant strategies offer potential downstaging of the disease , 
increasing the likelihood of a complete resection and theoretical reduction in the 
risk of tumor dissemination at surgery, no studies have yet shown preoperative 
chemotherapy to be superior to post-operative adjuvant therapy (47). 
 

Types of Treatment 

Lung cancer is treated in several ways, depending on the type of lung cancer 
and how far it has spread. People with non-small cell lung cancer can be 
treated with surgery, chemotherapy, radiation therapy, targeted therapy, or a 
combination of these treatments. People with small cell lung cancer are 
usually treated with radiation therapy and chemotherapy (Table 5) (1). 

• Surgery: An operation where doctors cut out cancer tissue (Figure13). 
• Chemotherapy: Using special medicines to shrink or kill the cancer. 

The drugs can be pills you take or medicines given in your veins, or 
sometimes both . 

• Radiation therapy: Using high-energy rays (similar to X-rays) to kill 
the cancer . 

• Targeted therapy: Using drugs to block the growth and spread of cancer 
cells. The drugs can be pills you take or medicines given in your veins 

(48).  

 

 

 

 

 

 

Figure 13- Types of lung surgery. 
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Table 5-Treatment options by cancer type and stage: 

Non-small cell lung cancer (NSCLC) 
 
 
 

Early (stage 1 or 2) 
 

Usually treated with surgery to remove the 
cancer and nearby lymph nodes. If surgery is 
not an option or you choose not to have 
surgery , you may have radiation therapy. 
Sometimes , chemotherapy may be given 
after surgery to reduce the risk of the cancer 
returning. 

 
 
 
 

Locally advanced (stage 3) 
 

 

Can be treated with surgery and 
chemotherapy or with radiation therapy and 
chemotherapy . 
Immunotherapy drugs may also be used. 
Treatment will depend on where the cancer 
is in the lung 
and the number and location of lymph nodes 
with cancer. In some cases, targeted therapy 
may be used to slow the spread of the cancer. 

 
 

Advanced (stage 4) 
 

Depending on the symptoms, palliative 
drug treatment (targeted therapy, 
immunotherapy or chemotherapy), 
palliative radiation therapy or both may be 
used. 

Small cell lung cancer (SCLC) 
                   
                   Limited stage  

Usually treated with chemotherapy and 
radiation therapy. Surgery is not used. 

 
 
 
 

Extensive stage 
 

Mainly treated with palliative 
chemotherapy, with or without 
immunotherapy. This depends on the cancer 
cell type and molecular test results . Palliative 
radiation therapy may also be given to the 
primary cancer in the lung and to other parts 
of the body where the cancer has spread. 
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Chemotherapy for NSCLC Metastatic disease: 

Tumor response and survival Cisplatin-based chemotherapy with 1980s 
regimens, such as MVP (mitomycin, vinblastine, cisplatin) and MIC 
(mitomycin, ifosfamide, cisplatin), produced significant benefits in stage IV 
disease. 

• Symptom relief and improved quality of life in >50%. 
•  Objective response rate of 20–30%: 
•  little benefit and increased toxicity in patients with performance 
• status (PS) 2 or worse. 
•  Modest impact on survival: 
•  median survival increased by 2mo, compared with no chemotherapy 
•  1y survival of 25% (without chemotherapy 15%). 
•  Toxicities of treatment include nausea, vomiting, lethargy, 
• myelosuppression, sepsis, thromboembolism, and neuropathy. Recent 

advances in chemotherapy for non-small-cell lung cancer 
• Since 2000, significant progress has been made in the systemic 

treatment 
• of advanced NSCLC: 
•  first-line therapy can be tailored to the molecular subtype of NSCLC 
•  pemetrexed and cisplatin or carboplatin preferred for adenocarcinoma 
• or large-cell carcinoma (median survival 12.6 and 10.4mo, 

respectively) 
•  EG FR TKIs (erlotinib or gefitinib) for adenocarcinoma with sensitive 
• EGFR TK mutation (PFS >9mo, OS 19mo) (47). 

NOTE: 

Chemotherapy has been recommended as the first‑line treatment in patients 
with advanced NSCLC for the last 10 years. 

Recently, treatment for patients with advanced or metastatic NSCLC has been 
modified. Epidermal growth factor receptor tyrosine kinase inhibitors 
(EGFR‑TKIs) have revealed significant efficacy in NSCLC patients with 
EGFR mutations, are associated with fewer side effects and have improved 

quality of life, particularly in patients harboring the exon 19 deletion (19‑del) 
or exon 21-point mutation (21‑L858R) (49). 
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Clinical Study: 

We have conducted statistics and studied 100 patients in Al-Biruni Hospital 
with advanced or metastatic lung adenocarcinoma were studied .  An EGFR 
mutation was found in 25 patients,  the response rates to gefitinib were (see 
Table 6): 

Table 6 -Clinical study on 100 adenocarcinoma patients who were given 
Gefitinib. 

PS NO = 25 N% 
CR 4(16) 
PR 15(60) 
SD 6(24) 
CRB 25(100) 

Abbreviations: CR: Complete Response – PR: Partial Response –  

SD: Stable Disease - CRB: the total of 100 patient. 
 

Conclusions 

Lung cancer is a complex and heterogeneous group of diseases in which a 
multidisciplinary approach for diagnosis, classification, and therapy is 
needed. The advent of large-scale molecular profiling and targeted therapy 
represent the main future direction for personalized and efficient cancer 
therapy. In this regard, the ongoing cancer immunotherapy revolution is 
already redefining the classification and treatment of cancer, offering 
promising therapeutic windows to lung cancer patients. However, further 
research is still needed to integrate the complex information from genomics 
and immunology into a new classification of lung cancer with clinical 
relevance for therapy and improved outcomes. 
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-Case Report - 
 

Complete response in patient women with Metastatic Non-small cell 
lung Cancer treated with Gefitinib: a case report 

Abstract 

lung cancer is one of the most aggressive cancers worldwide, Lung cancer 
begins when abnormal cells grow and multiply in an uncontrolled way in the 
lungs. Cancer that starts in the lungs is known as primary lung cancer. It can 
spread to the lymph nodes, brain, adrenal glands, liver and bones. When 
cancer starts in another part of the body and spreads to the lungs, it is called 
secondary or metastatic cancer in the lung . 

A non-smoking patient diagnosed with Lung Adenocarcinoma has 
undergone a pneumonectomy according to standard procedures and then 
received adjuvant chemotherapy. After one year, PET scan showed multiple 
metastases in the right lung. The patient underwent a new biopsy from lung 
metastases and the EGFR mutations were detected, the patient put on 
Tyrosine kinase inhibitors first (Gefitinib). After 6 months of treatment, a 
PET scan was done and a complete response to the drug occurred without 
any other complications, at a specified dose, and with minimal toxicity . 

Key Words: NSCLC, EGFR mutation, Gefitinib, Complete response , 

Metastases . 
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Introduction 

Lung cancer is the most common cancer worldwide, according to the World 
Health Organization new cases of Lung cancer worldwide were 2.21 million 
cases; mortality rate by lung cancer world wild in 2020 were 1.80 million deaths 

(50). It is the third most common cancer after breast, but has the largest 
proportion of all cancer-related deaths (22%) (51). There are two main types of 
lung cancer: NSCLC (85% of patients) and small cell lung cancer (SCLC) 
(15%). The WHO has classified NSCLC into three main types: 
adenocarcinoma, squamous cell carcinoma (25% to 30%) (52), and large cell 
(approximately 5% to 10%) . 

Adenocarcinoma is the most common type of NSCLC and accounts for 
approximately 40% of lung cancers (53). Patients who present with metastatic 
disease often require systemic treatment.  

We have chemotherapy, immunotherapy and target therapy such as tyrosine 
kinase inhibitors (TKIS). There are three main generations of TKIS are 
composed of first-generation erlotinib and gefitinib, second-generation 
Afatinib and dacomitinib, and third-generation Osimertinib (54, 55). Gefitinib is 
used for the treatment of patients with metastatic non-small cell lung cancer 
(NSCLC) (56). 

In this case report, we report patient woman who underwent a complete 
pneumonectomy and then had a relapse of right lung. She received a treatment 
based on gefitinib and the response was approximately.  

Moreover, it provided better results with less toxicity while maintaining the 
quality of life without side effects compared to chemotherapy . 
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Case Presentation 

A 47-year-old non-smoker Syrian woman, she has no history of illness or 
medication. She referred to an external doctor with a complaint of hemoptysis 
on 4-2-2020, she performed a CT and PET scan, she diagnosed with 
adenocarcinoma in the left lung by biopsy. 

A left pulmonary mass measuring approximately 45 mm was detected by Pet-
scan pathological fixation of the radioactive material with values ranging from 
4-8 SUV. The lymph nodes left umbilical nodes, left anterior mediastinal, and 
sub tracheal branch sizes were not exceeded more than 15 mm with 
installation values of 4-6 SUV(Figure14)  . 

 

On March 15 2020 a new evaluation was done and the stage was 3B 
(T3NXM0R0) so the patient underwent a complete pneumonectomy, after 
that she received 6 cycles chemotherapy (Carboplatin/Vinorelbine). 

After one year, on January 19, 2021, the patient was referred to Al-Biruni 
Hospital with a complaint of shortness of breath and cough . 

CT and PET scan was also performed and the results showed, many irregular 
scattered right lung densities with a satisfactory metabolic activity ranging 
between 2-5 SUV. (Figure 15). 
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Figure14- PET scan- CT showing left central lung development with left 
lower lobe stellate nodule. 

Figure15- PET scan- CT showing several millimeter pulmonary nodules 
located peripherally in the right pulmonary arena with the left lung tissue 
completely absent. 
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Region of EGFR were amplified using PT-PCR test for detection of EGFR 
gene mutation (40 mutations): Exon18, Exon 19, Exon 20, Exon 21 by a new 
biopsy. EGFR mutation results are EGFR GENE, EXON19 deletion is 
identified and deletion in EGFR exon 19 is associated with increased 
responsiveness to Tyrosine Kinase Inhibitors . 

She was started Gefitinib 250mg/ daily for three months. After 3 months, a 
new CT scan was performed and it showed no abnormalities so the patient 
took the treatment 3 months later. (Figure 16)   

 By magnetic resonance imaging (MRI) after 3 months from the last CT scan, 
the patient her response was complete to Gefitinib with reduction in fatigue, 
and an improvement in quality of life. The lung tumor regressed visually 
(Figure 17).  

During the treatment, the patient complained of a mild rash on the face and 
mild diarrhea once a day without any other side effects . 

Laboratory: GOT, GPT, and CBC levels of liver enzymes were within normal 
limits without any changes in laboratory tests . 

The patient is currently under treatment with gefitinib for Two months . 
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Figure16- Multislice computed tomography (chest, abdomen and pelvis) 
after three months of treatment, the right lung tissue appears normal and 
homogeneous, and there is no nodular enlargement and the left lung is 
surgically removed 
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Figure 17- Multislice computed tomography (chest, abdomen) after 6 months 
of treatment, the right lung tissue appears normal and homogeneous, and there 
are no pulmonary or mediastinal transitions with complete absence of lung 
tissue, with a pleural effusion that fills the left square and the withdrawal of 
the median elements towards the left. 
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Discussion 

Lung cancer is still a global health problem because it is the leading cause of 
cancer-related mortality in the United States for both men and women (57), as 
there is a great effort for studies to develop new drugs for it. The use of 
chemotherapy to treat cancer began at the start of the 20th century, Until the 
beginning of the 2000s, the observation opened up the opportunity to apply drugs 
in conjunction with surgery and/or radiation treatments and the field of adjuvant 
chemotherapy was born (58). In the early 2000s, the EGFR mutation was 
discovered, Inhibitors of the epidermal growth factor receptor (EGFR) 
tyrosine kinase have clinical efficacy, as compared with the best supportive 
care (59) or standard chemotherapy (60), when given as second-line or third-line 
therapy for advanced non–small-cell lung cancer. Treatment with EGFR 
tyrosine kinase inhibitors is most effective in women, patients who have never 
smoked, patients with pulmonary adenocarcinomas, and patients of Asian 
origin (61). In the case of metastatic lung cancer and EGFR mutation, the 
preferred treatment is currently tyrosine kinase inhibitors, where three 
generations have been developed until now. The first generation is gefitinib 
and erlotinib, the second-generation Afatinib and dacomitinib, and third-
generation Osimertinib. 

Previous, the results of the Iressa Pan-Asia Study (IPASS), which compared 
gefitinib and carboplatin suggested that first-line treatment with gefitinib 
would be efficacious in selected patients with non–small-cell lung cancer the 
presence in the tumor of a mutation of the EGFR gene is a strong predictor of 
a better outcome with gefitinib as compared with chemotherapy (carboplatin). 
The median progression-free survival was 5.7 months in the gefitinib group 
and 5.8 months in the carboplatin and the 12-month rates of PFS were 24.9% 
with gefitinib and 6.7% with carboplatin. The probability that a patient would 
be free of disease progression was greater with carboplatin paclitaxel in the 
first 6 months and greater with gefitinib in the following 16 months. The 
incidences of rash or acne, diarrhea, and elevated liver aminotransferase levels 
were significantly higher with gefitinib than with carboplatin–paclitaxel, 
whereas the incidences of neurotoxic effects, nausea and vomiting, and 
hematologic toxic effects were significantly higher with carboplatin . 
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The most common adverse events were rash or acne (in 66.2% of patients) 
and diarrhea (46.6%) in the gefitinib group and neurotoxic effects (69.9%), 
neutropenia (67.1%), and alopecia (58.4%) in the carboplatin group . 

PFS was significantly longer among patients receiving gefitinib than among 
those receiving carboplatin in the mutation-positive subgroup (62). 

Lung cancer, since it is not curable, the primary end point was progression 
free survival. Secondary end points included overall survival (an early 
analysis, since follow-up is ongoing), the objective response rate, quality of 
life, reduction in symptoms, safety, and the adverse-event profile (63), 
especially in a patient who performed a complete lung resection, like our 
patient, who depends on one lung and this lung is infected with pulmonary 
metastases. It is important for the patient to stay away from infections, so we 
gave her gefitinib, she did not notice any neutrophils, severe vomiting, and no 
severe fatigue, while in chemotherapy, we had immunodeficiency and 
neutropenia with a proportion of toxicity predisposing to respiratory 
infections, which were avoided in our case by giving gefitinib without No 
respiratory complications with quality of life, low toxicity, and complete 
response up to 8 months . 
 

Conclusion 

EGFR mutations are the strongest predictive biomarker for PFS and tumor 
response to first-line gefitinib compared with chemotherapy. Treatment with 
Gefitinib may induce complete response in patients with metastatic lung 
Adenocarcinoma . 
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