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ABSTRACT 

Cancer is the group of diseases. The present study is emphasizing on the emerging hallmarks 

and enabling characteristics of cancer. It covers the molecular basis and with very 

clearlytheincidence and mortality figures. Treatment modalities and its limitations are nicely 

highlighted. It also includes the new generation of targeted therapeutic drugs. 

Gefitinib is an orally active, selective EGFR-TK inhibitor (EGFR-TKI) that causes complete 

inhibition of EGF-stimulated EGFR auto phosphorylation in cell lines.In preclinical studies, 

gefitinib has demonstrated antitumor activity against a variety of human cancer cell 

linesexpressing EGFR, including lung, ovarian, breast, and colon.TKIs are ideal substances 

for LC-MS/MS measurements with positive ionization due to their chemical structures 

combined with their proton affinity. Therefore several LC-MS/MS tests were developed 

recently. Because of its clinical advantages, there is an increase in the number of Gefitinib 

formulations in the market for a variety of indications. Therefore, there is a need for a 

sensitive and reliable analytical method for the estimation of Gefitinib in pharmaceutical 

formulations. 

Keywords: Gefitinib, Liquid Chromatography, Plasma, LC-

MS/MS,validation,metastasis,Pharmacokinetics 
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INTRODUCTION 

General introduction to the cancer  

Cancer is a cellular disease characterized 

byalteration in control mechanisms that 

govern the balance between cell 

proliferation, cell death and differentiation. 

In this disease, cancer cells grow 

abnormally and form a mass or tumor 

[1].Tumors can be benign or malignant. 

Benign tumors may grow but they do not 

invade surrounding normal tissue, spread to 

other tissues and are usually not life 

threatening. On the other hand, malignant 

tumors are life threatening. They grow, 

invade and spread (metastasis) to other 

tissues in the body.  

Cancer cells acquire six essential hallmarks 

or traits in comparison to normal cells, 

(Figure-1). The first hallmark is self-

sufficiency in growth signals, the second is 

insensitivity to growth-inhibitory 

(antigrowth) signals, the third is evasion of 

programmed cell death (apoptosis), the 

fourth hallmark is limitless replicative 

potential, the fifth is sustained angiogenesis 

and finally the sixth hallmark is tissue 

invasion and metastasis [2]. 

 
Figure-1: Crucial Hallmarks of Cancer Cells 

These hallmarks were updated in 2011. 

Two emerging hallmarks and two enabling 

characteristics were added to the current 

hallmarks (Figure-2). The emerging 

hallmarks are the ability of cancer cells to 

avoid immune destruction and their ability 

to deregulate cellular energetics. The first 

of the enabling characteristics is the 

development of genomic instability in 

cancer cells which generates random 

mutations and the second is tumor-

promoting inflammation. Tumor 

microenvironment plays a major 

roleenabling cancer cells to acquire these 

hallmarks[3].  
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Figure -2: Emerging hallmarks and enabling characteristics of cancer 

 

Cancer is governing by several factors. 

Environmental factors[4], heredity, 

immune deficiency, some viral infections 

and carcinogenic agents are all linked to 

various cancers[5]. Doll and Peto have 

listed various factors that may lead to 

cancer. These factors included tobacco, 

alcohol, diet, food additives, reproductive 

and sexual behavior, occupation, pollution, 

industrial products, medicines and medical 

procedures and infections [6].  Knowledge 

of and a close understanding of how 

exposure to these risk factors can be 

reduced is an important weapon in the war 

on cancer.  

Overview of the molecular basis of 

cancer 

Cancer can be measured a genetic disease. 

Oncogenes and tumor suppressor genes 

play a major role in the pathogenesis of 

cancer. DNA damage can lead to the 

activation of oncogenes and loss of tumor 

suppressor genes. Oncogenes can be 

considered tumor inducing factors and they 

develop from normal genes called proto-

oncogenes. They have important roles in all 

phases of carcinogenesis. Activated 

oncogenes can produce excessive amounts 

of the normal gene product or an abnormal 

gene product. This can result in an 

abnormal cell growth and proliferation. The 

platelet derived growth factor receptor 

(PDGFR), epidermal growth factor receptor 

(EGFR), tyrosine kinases and apoptosis 

regulator BCL2 are examples of oncogenic 

proteins. These oncogenes can be targeted 

by cancer therapies[7].Imatinib is a prime 

example of a cancer therapy that targets a 

cancer causing oncogene in order to treat 

chronic myelogenousleukaemia. Imatinib is 

a small molecule that targets the tyrosine 

kinases ABL and C-KIT and the PDGFR. It 

is used in the treatment of chronic 

myelogenousleukaemia[8] and 

gastrointestinal stromal tumors 

(GIST)[9].Cetuximab is a monoclonal 
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antibody which targets EGFR and is used 

in the treatment of colorectal cancer[10]. In 

contrast, tumor suppressor genes regulate 

and inhibit inappropriate cellular growth 

and proliferation. Mutation or loss of this 

gene can result in loss of normal cell 

growth control. P53 is an example of a 

tumor suppressor gene. Mutation of P53 is 

one of the most common genetic changes 

associated with cancer. In addition, 

alteration in DNA repair genes can lead to 

cancer. DNA repair genes encode for 

protein that corrects errors that may occur 

during DNA duplication [11]. Cancers 

evolve as a result of a series of mutations in 

both oncogenes and tumor suppressor 

genes, the classic example of this being the 

Fearon-Vogelstein model of colorectal 

cancer [12]. 

Incidence and Mortality Figures of 

cancer 

According to GLOBOCAN 2008 about 

12.7 million cancer cases and 7.6 million 

cancer death are estimated to have occurred 

in 2008. GLOBOCAN is an estimate of 

cancer incidence and mortality worldwide 

produced by the International Agency for 

Research on Cancer (IARC), which is a 

part of the World Health Organization 

(WHO). According to the same agency, the 

most frequently diagnosed and the leading 

cause of cancer death in female is the breast 

cancer which accounts for 23% of the total 

cancer cases and 14% of cancer death. 

However, in males, lung cancer was the 

leading cancer site accounting for 17% of 

total new cancer cases and 23% of the total 

cancer death[13]. 

In the European Union (EU), 1,281,436 is 

the predicted total number of cancer deaths 

in 2011. As the total number of cancer 

deaths in the (EU) was 1,256,071 in 2007, 

there is an increase in the number of cases 

by 25,365. In 2011, the estimated 

standardized cancer death rates in (EU) also 

are expected to be 142.8/100,000 men and 

85.3/100,000 women compared with 

153.8/100,000 men and 90.7/100,000 

women in 2007 (Figure -3) [14]. 

 

In the United States, cancer is considered 

the second leading cause of death after 

cardiovascular disease. In 2010, more than 

1.5 million new cancer cases were 

predicted to be diagnosed and about 

569,490 cancer deaths are expected to be 

recorded in the United States. The overall 

survival rate from 1999 to 2005 for all 

types of cancer was 68% and the five most 

common causes of death from cancer in 

men in the United States in 2007 were lung, 

prostate, colorectal, pancreas and 

leukaemia and in women they were lung, 

breast, colorectal, pancreas and ovarian 

cancer. Figure-4 represents the ten leading 

cancer types for the estimated new cancer 
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cases and deaths in male and female in 2010 in the United States[15]. 

 
Figure-3: Cancer statistics in Europe: Bar plots of standardized death rates per 100 000 population and certified 
deaths for the year 2007 (dark grey) and the predicted death rates and number of deaths for 2011 (light grey) for 

total cancer mortality in the (EU) in men and women. 
 

 
Figure-4: Ten leading cancer types for the estimated new cancer cases and deaths in men and women in 2010 in the 

United States 
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These statistics are essential for evaluating 

the current cancer prevention and 

management strategies. It is clear from the 

current statistics that there is a real need for 

new therapies for treating cancer and/or 

new strategies to make the current available 

treatment modalities work better. 

Treatment modalities of cancer 

Surgery, radiotherapy and systemic therapy 

are the main cancer treatment modalities. 

Surgery: Surgery is the oldest modality 

available to treat patients with cancer. It is 

highly effective at treating cancer that have 

not metastasized and in these cases, 

treatment can be curative. Catching the 

disease early therefore is important but for 

many cancers, the disease has already 

disseminated at the time of diagnosis. 

Patients with limited metastatic disease 

may still benefit from surgical resection of 

the metastasis. Furthermore, in patients 

with advanced metastasis, surgery can be 

used to relieve pain, improve functional 

abnormalities (e.g. gastrointestinal 

obstruction) and may improve the patient’s 

quality of life [16].   

Radiation therapy 

Radiation therapy can be used to eradicate 

localized tumor masses or disseminated 

disease (leukaemia) with bone marrow or 

stem cell transplants. Radiation can also be 

used for tumors located at non-operable 

areas of the body. The usefulness of 

radiation can be limited by its toxic effects 

on normal tissues that are located beside 

the tumor [17]. 

Systemic therapy 

Not all cancers can be cured by surgery or 

radiation therapy, especially metastatic 

cancers. In these cases, systemic treatment 

is essential. These include chemotherapy 

(both traditional cytotoxic and molecularly 

targeted therapies), hormonal therapy and 

biological therapy. Chemotherapy is the 

mainstay of systemic therapies and its 

origins go back to observations made in the 

middle 1940s, when mustard gas was 

shown to produce bone marrow 

suppression and lymphoid hypoplasia in 

service men exposed to the gas. This 

incident led to the use of mustard gas 

derivatives (nitrogen mustard alkylating 

agents) in the treatment of Hodgkin’s 

disease and other lymphomas[18]. Since 

the use of nitrogen mustards emerged, a 

series of cytotoxic agents were developed, 

the vast majority of which kill cancer cells 

mainly by damaging DNA, interfering with 

DNA synthesis or inhibiting cell division. 

Cytotoxic chemotherapy agents have been 

classified by their effect on the cell cycle or 

their mechanism of action. Agents that 

affect the cell only during a specific phase 

of the cell cycle often are referred to as 

phase specific agents or schedule 

dependent agents. On the other hand, 
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agents that affect the cell during any phase 

of the cell cycle are often referred to as 

phase non-specific agents or dose 

dependent agents. Figure- 5,shows the 

mechanism of action and the effects of the 

cytotoxic drugs on phases of cell cycle. It 

does also show examples of phase specific 

and phase non-specific cytotoxic 

agents[19]. 

 
Figure -5: Effects of cytotoxic drugs on phases of the cell cycle 

 

Cancer chemotherapy may be used as a 

primary, palliative, adjuvant or neoadjuvant 

treatment modality. It is considered a 

primary or a curative modality in some 

diseases like leukaemias, lymphomas and 

testicular cancer. Chemotherapy is initiated 

for palliative purposes in most of solid 

tumors to relieve symptoms either because 

of the nature of the tumor or because of 

advanced disease at time of treatment[20]. 

Adjuvant therapy is defined as the use of 

systemic chemotherapy to eradicate micro-

metastatic disease following surgery or 

radiotherapy or both of them. The main 

purpose of chemotherapy in this situation is 

to reduce tumor recurrence rates and 

prolong patient’s long term survival[21]. 

Chemotherapy may also be given in 

neoadjuvant or preoperative setting.  The 

purpose in this case is to make other 

treatment modalities like surgery more 

effective by reducing tumor burden and to 

destroy micro-metastases. 
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With increased understanding of cancer cell 

biology, other systemic therapeutic agents 

have been introduced. The following 

section describes the key mechanisms of 

action and provides a few examples of 

hormonal, biological and molecular 

targeted agents used for the treatment of 

cancer. 

Hormonal therapy is type of anti-neoplastic 

therapy currently in the clinic. The drugs 

related to this group oppose or alter the 

effect of male or female hormones in 

hormone dependent tumors. This group of 

drugs inhibits tumor growth by blocking 

the receptors or by eliminating the 

endogenous hormone which feeds the 

tumor. The problem with this group is 

resistance where not all the tumors arising 

from hormone sensitive tissue respond to 

hormonal therapy. Examples of hormones 

used as anti-neoplastic drugs include the 

progestin hydroxylprogesterone, the anti-

estrogen tamoxifen and the anti-androgen 

flutamide[22]. 

Biological therapy is another form of 

systemic cancer therapy. In this group a 

protein, antibody or gene can be 

administered to the cancer patient in order 

to kill cancer cells or to support the patient 

immune system[23]. The immune system 

plays an important role in determining 

cancer development. Immune-suppressed 

patients like AIDS patients face an 

increased risk of developing cancer 

compared to immune-competent 

individuals[24]. Supporting the immune 

system can help prevent or treat cancer. 

Biological therapies aim to support 

individual immune response as well as 

providing selective anti-tumor effects. 

Immunotherapy is an example on 

biological systemic therapy and it usually 

involves stimulating the host’s immune 

system to fight the cancer cells. The agents 

used in immunotherapy are naturally 

occurring cytokines which have been 

produced by the aid of the recombinant 

DNA technology. Examples of agents used 

in immunotherapy include interferons and 

interleukins (ILs). The proposed 

mechanism of action of Interferon-α for 

example is direct anti-proliferative efficacy, 

an immunomodulatory effect on natural 

killer cells, T cells, B cells and 

macrophages, anti-angiogenic efficacy and 

a differentiating effect on tumour cells[25]. 

Interleukin-2 (IL-2) is a recombinantly 

produced lymphokine with an 

immunoregulatory action and its use in 

patients with advanced renal cell carcinoma 

has induced tumor regression and increased 

patient survival with a favorable toxicity 

profile when used in low doses[26]. 
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The new generation of targeted 

therapeutic drugs 

By understanding the mechanisms by 

which cancer cells exhibit abnormal 

growth, angiogenesis, apoptosis and 

metastasis, it has been possible to design 

drugs that inhibit these processes[27]. 

Molecular targeted therapeutic agents were 

introduced to kill tumor cells without 

disrupting the physiological functions of 

normal cells[28].Bevacizumab, cetuximab, 

trastuzumab, erlotinib, gefitinib and 

dasatinib are examples of clinically used 

molecular targeted agents[29]. A list of 

them and other molecular targeted agents, 

their targets and clinical uses is available in 

table-1. Bevacizumab is a monoclonal 

antibody with antiangiogenic activity. It 

targets the vascular endothelial growth 

factor (VEGF)[30]. Bevacizumab is 

available in the clinic for the treatment of 

non-small-cell lung cancer [31]and 

colorectal cancer. The other monoclonal 

antibodies cetuximab and trastuzumab are 

also used clinically [32]for the treatment of 

solid tumors including colorectal cancer 

and breast cancer. They inhibit growth 

factor receptors leading to decreasing cell 

proliferation and increasing death of 

tumour cells. Cetuximab targets the 

epidermal growth factor receptor (EGFR). 

It was reported as active and save option 

for the treatment of colorectal cancer. 

Trastuzumab is now a standard drug for 

Her-2 positive breast cancer patients. Other 

examples of targeted drugs are erlotinib and 

gefitinib which inhibit the epidermal 

growth factor receptor tyrosine kinase 

(EGFR). They are used for the treatment of 

different types of solid tumors including 

non-small cell lung cancer [33]. Dasatinib 

also is another example of molecular 

targeted agents. It has the advantage of 

being used for the treatment of leukemias. 

It targets and inhibits the BCR-ABL 

tyrosine kinase. Dasatinib can be used for 

the treatment of patients with chronic 

myelogenousleukaemia (CML) or 

Philadelphia positive acute lymphoblastic 

leukaemia (ALL). It has shown efficacy in 

patients with CML or Philadelphia-positive 

(ALL) patients who are resistant to imatinib 

as it inhibits imatinib BCR-ABL 

mutations[34]. 
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Table 1: List of some molecular targeted agents currently in the clinic 
 

Generic name Trade name Molecular Target Clinical use 
Bevacizumab Avastin VEGF CRC, NSCLC, mBC, RCC 

Cetuximab Erbitux EGFR CRC 
Panitumumab Vectibix EGFR CRC 
Trastuzumab Herciptin HER-2 BC 

Imatinib Glivec PDGFR ALL, CML, GIST 
Gefitinib Iressa EGFR NSCLC 
Erlotinib Tarceva EGFR NSCLC 
Dasatinib Sprycel BCR-ABL ALL, CML 
Sorafenib Nexavar EGFR HCC, RCC 
Sunitinib Sutent PDGFR, VEGF GIST 
Lapatinib Tyverb HER-2 NSCLC 

 
VEGF= Vascular endothelial growth factor, EGFR= Epidermal growth factor receptor, PDGFR= Platelet derived 
growth factor receptor, ALL= Acute lymphoblastic leukaemia, BC= Breast cancer, mBC= Metastatic breast cancer, 
HER-2= Human epidermal growth factor 2, CML= Chronic myelogenousleukaemia, CRC= Colorectal cancer, HCC= 
Hepatocellular carcinoma, RCC= Renal cell carcinoma, GIST= Gastro intestinal stromal tumour, NSCLC= Non-
small-cell lung carcinoma. 
Current cancer treatment modalities can 

produce good cure and survival rates in 

some types of cancers such as certain types 

of leukaemia and testicular cancer[35]. But 

unfortunately, limitations that reduce the 

effectiveness of systemic therapy exist and 

these are discussed in the following section. 

Limitations of chemotherapy 

Cancer chemotherapy can be limited by 

several factors. These factors include 

administration technique problems, adverse 

effects, patient performance statusand 

resistance, details of which are summarized 

below. 

Administration techniques 

Administration techniques including dose 

intensity and the schedule of chemotherapy 

are considered among the limitations of the 

efficacy of cancer therapy. Dose intensity is 

defined as the amount of drug administered 

per unit of time [36]. Lengthening the 

interval between successive courses of 

chemotherapy or decreasing the dose can 

negatively affect treatment outcomes. The 

dose intensity for most chemotherapy 

regimens is limited by major dose-related 

toxicities such as bone marrow suppression. 

The schedule of chemotherapy 

administration is also an important 

determinant of response. The optimal 

schedule is influenced by the 

pharmacokinetic properties of the 

anticancer agent. For example, phase-

specific agents have cytotoxic effects only 

when the cell is in a particular phase of the 

cell cycle.  If a phase-specific agent with a 

short half-life is administered by a bolus 

injection, it may not affect all the cells. On 

the other hand, if it was given by 

continuous infusion, more cancer cells may 

be exposed to its cytotoxic effect. 

Increasing the duration of exposure is of 

course limited by toxicity to normal tissues. 

Adverse effects 

Adverse effects of systemic therapy are 

among the most important treatment 
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limitation factors. Several adverse effects 

are common to most conventional 

chemotherapeutic agents. These adverse 

effects include nausea, vomiting, 

myelosuppression (including anaemia, 

neutropenia and thrombocytopenia), 

mucositis, alopecia, infertility and 

secondary malignancies. Some of these 

adverse effects like meylosuppression for 

example and some drug specific 

cytotoxicities like cardiotoxicity induced by 

doxorubicinare dose limiting side 

effects[37]. Compared to conventional 

therapy, molecular targeted agents on the 

other hand, offer potential for improved 

efficacy and less toxicity as they act more 

selectively against cancer cells than normal 

cells.    

Patient performance status 

Patient performance status, tolerance and 

specific factors also can play a major role 

in the usefulness of a chemotherapeutic 

course. Patient specific factors (e.g. 

performance status, co-morbidities, renal 

and hepatic function, and 

pharmacogenomics), tumor-specific factors 

(e.g. pathology, stage, and molecular 

profile), and treatment goal (e.g. palliation 

or cure) in addition to the cost of the 

treatment are all considered when 

determining the treatment option[38]. 

 

 

Resistance 

Cancer cell resistance to systemic therapy 

is one of the most important limitation 

factors of cancer chemotherapy. Resistance 

can be classified into primary, acquired or 

multi drug resistance (MDR) and apparent 

resistance caused by limited drug delivery 

to the solid tumor. Drug resistance may be 

either inherent in cancer cells (primary) or 

acquired i.e. develop over time during 

chemotherapy even after dramatic initial 

response. Some cell lines that became 

resistant to single chemotherapy agents 

may also be resistant to other agents that 

can be structurally non-related. This 

phenomenon is called multidrug resistance 

(MDR). The primary mechanism believed 

to be responsible for MDR is an increase in 

P-glycoprotein in the cell membrane. This 

protein mediates efflux of the 

chemotherapy agent causing a decreased 

accumulation of drug within the cells[39]. 
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ANALYTICAL STUDY OF ANTI-

CANCER DRUG GEFITINIB- THE 

FIRST SELECTIVE INHIBITOR 

OF EPIDERMAL GROWTH FACTOR 

RECEPTOR'S (EGFR)  

General introduction to Gefitinib 

Gefitinib  is  an  orally  active  inhibitor  of  

the  epidermal  growth  factor  receptor  

(EGFR; erbB1)  tyrosine kinase, involved  

in  signal  transduction  processes  and  

implicated  in  the  proliferation  and  

maintenance  of cancer  cells.  Mutation  or  

overexpression  of  EGFR,  as well  as  

erbB2,  can  lead  to  cellular  

transformation  andhas been linked to poor 

prognosis in cancer. Gefitinib,  a  novel  

low  molecular  weight  anilino-

quinazoline, produces  potent  inhibition  of  

EGFR/tyrosine  kinase activity  (IC50,  

0.027  μmol/L)  and  inhibits  EGF 

stimulated  tumor  cell  growth  with  an  

IC50  of  0.054 μmol/L[40]. Tyrosine  

kinase  triggers chemical  processes  that  

cause  the  cells, including  cancer  cells,  to  

grow,  multiply  and spread. Gefitinib 

attaches to EGFRs and thereby blocks the 

attachment of EGF and the activation of 

tyrosine kinase[41]. This mechanism for 

stopping cancer  cells  from  growing  and  

multiplying  is  very  different  from  the  

mechanisms  of  chemotherapy and 

hormonal therapy. TKIs of the 4-

anilinoquinazoline class competitively 

inhibit adenosine triphosphate (ATP) 

binding at the intracellular ATP-binding 

cleft of the catalytic tyrosine kinase domain 

and thereby block the HER- signalling 

pathway, resulting in decrease in tumour 

cell proliferation and growth, induction of 

apoptosis, and inhibition of angiogenesis 

and metastasis[42]. The structure of 

Gefitinib is shown in Figure 6.  

 
Figure- 6:  Gefitinib 

 
The potential benefit of gefitinib treatment 

for non-small cell lung cancer patients with 

brain metastasis has been discussed 

recently, while whether the drug can pass 

the blood–brain barrier remains unknown. 

However, the pharmacological effects of 

gefitinib could be expected to be more 

closely related to its concentrations at the 

site of action, i.e., in the central nervous 

system (CNS), than in serum. Such data 

would be important in light of recent 

findings on the potential importance of 

active transport proteins such as P-

glycoprotein for penetration of drugs into 

the CNS. In the last years several 

conventional HPLC-methods with optical 

detection were developed for the 

quantification of TKIs[43]. A disadvantage 

of classic HPLC-methods is their restricted 
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ability to distinguish between multiple 

components which cannot be separated 

chromatographically. Otherwise TKIs are 

ideal substances for LC-MS/MS 

measurements with positive ionization due 

to their chemical structures combined with 

their proton affinity. Therefore several LC-

MS/MS tests were developed recently. 

Because of its clinical advantages, there is 

an increase in the number of Gefitinib 

formulations in the market for a variety of 

indications. Therefore, there is a need for a 

sensitive and reliable analytical method for 

the estimation of Gefitinib in 

pharmaceutical formulations. 

LITERATURE REVIEW ON 

GEFITINIB 

Bouchet et al. 2011., described a rapid and 

specific method for quantification of nine 

TKIs in plasma samples[44]. 

Chromatography was performed on a 

Waters Acquity-UPLC® system with BEH 

C18-50*2.1 mm column, under a gradient 

of ammonium formate–acetonitrile. An 

Acquity-TQD® with electrospray 

ionization was used for detection. Samples 

were prepared by solid phase extraction 

(Oasis® MCX μElution) and eluate was 

injected in the system. Calibration curves 

ranged from 10 to 5000 ng/mL for imatinib, 

its metabolite, nilotinib, lapatinib, erlotinib 

and sorafenib and from 0.1 to 200 ng/mL 

for dasatinib, axitinib, gefitinibandsunitinib. 

Peaks of each compound (retention time 

from 0.76 to 2.51 min) were adequately 

separated. The mean relative extraction 

recovery was in the range of 90.3–106.5% 

thanks to the use of stable isotopes as 

internal standard. There was no significant 

ion suppression observed at the respective 

TKI retention times. This rapid, sensitive 

and specific UPLC/MS-MS method is able 

to perform simultaneous quantification of 

nine TKIs in human plasma and usable for 

routine therapeutic drug monitoring. 

Chandrashekara et al. 2013.,developed a 

simple and rapid reverse-phase high-

performance liquid chromatographic (RP-

HPLC) method and validated for the 

simultaneous separation and estimation of 

gefitinib (an anti-cancer drug) and its 

process-related impurities[45]. Five 

process-related impurities of gefitinib were 

separated on an Inertsil ODS-3V column 

(250 3 4.6 mm i.d.; particle size 5 mm) 

using 130 mM ammonium acetate and 

acetonitrile (63:37, v/v) as mobile phase 

(pH 5.0) with a photodiode array (PDA) 

detector. The correlation coefficients for 

gefitinib and its process- related impurities 

were in the range of 0.9991–0.9994 with 

limit of detection and limit of quantification 

in the range of 0.012–0.033 and 0.04–0.10 

mg/mL, respectively. The recovery values 

were in the range of 98.26–99.90% for 

gefitinib and 95.99–100.55% for process- 
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related impurities, while precision values 

were less than 3%. The method was found 

to be specific, precise and reliable for the 

determination of gefitinib and its impurities 

in gefitinib bulk drug. 

Deng et al. 2013.,developed a sensitive and 

simple liquid chromatography/electrospray 

mass spectrometry (LC-MS/MS) method 

for determination of gefitinib in rat plasma 

using one-step protein precipitation[46]. 

After addition of estazolam as internal 

standard (IS), protein precipitation by 

acetonitrile was used as sample preparation. 

Chromatographic separation was achieved 

on an SB-C18 (2.1 mm × 50 mm, 3.5 μm) 

column with methanol-0.1 % formic acid as 

mobile phase with gradient elution. 

Electrospray ionization (ESI) source was 

applied and operated in positive ion mode; 

multiple reaction monitoring (MRM) mode 

was used to quantification using target 

fragment ions m/z 447.0→127.7 for 

gefitinib and m/z 294.7→266.8 for the IS. 

Calibration plots were linear over the range 

of 5-2000 ng/mL for gefitinib in rat plasma. 

Lower limit of quantification (LLOQ) for 

gefitinib was 5 ng/mL. Mean recovery of 

gefitinib from plasma was in the range 

78.6-93.0 %. RSD of intra-day and inter-

day precision were both less than 15 %. 

This developed method is successfully used 

in pharmacokinetic study of gefitinib in 

rats. 

Gotze et al. 2012., developed and validated 

a specific, simple and rapid quantification 

method for various TKIs in human 

plasma[47]. A simultaneous test for six 

TKIs (erlotinib, imatinib, lapatinib, 

nilotinib, sorafenib, sunitinib) was 

developed using liquid chromatography 

tandem mass spectrometry in a multiple 

reaction monitoring mode. After protein 

precipitation the specimenswere applied to 

the HPLC system and separated using a 

gradient of acetonitrile containing 1% 

formic acid with 10 mM ammonium 

formiate on an analytic RP-C18 column. 

The calibration range was 10–1000 ng/mL 

for sunitinib and 50–5000 ng/mL for the 

other TKIs with coefficients of 

determination ≥0.99 for all analytes. The 

intra- and inter day coefficients of variation 

were ≤15%. and the chromatographic run 

time was 12min. Plasma specimens were 

stable for measurement for at least 1 week 

at 4 °C. Clinical applications of the assay 

are exemplarily discussed. 

Honeywell et al. 2010., developed  fast, 

sensitive, universal and accurate method for 

the determination of four different tyrosine 

kinase inhibitors from biological material 

using LC–MS/MS techniques[48]. Utilizing 

a simple protein precipitation with  

acetonitrile a 20 µl sample volume of 

biological matrixes can be extracted at 4 ◦C 

with minimal effort. After centrifugation 
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the sample extract is introduced directly 

onto the LC–MS/MS system without 

further clean-up and assayed across a linear 

range of 1–4000 ng/ml. Detection was 

performed using a turbo-spray ionization 

source and mass spectrometric positive 

multi-reaction-monitoring-mode (+MRM) 

for Gefitinib (447.1m/z; 127.9m/z), 

Erlotinib (393.9m/z; 278.2m/z), Sunitinib 

(399.1m/z; 283.1m/z) and Sorafenib 

(465.0m/z; 251.9m/z) at an ion voltage of 

+3500V. The accuracy, precision and limit-

of-quantification (LOQ) from cell culture 

medium were as follows: Gefitinib: 

100.2±3.8%, 11.2 nM; Erlotinib: 

101.6±3.7%, 12.7 nM; Sunitinib: 

100.8±4.3%, 12.6 nM; Sorafenib: 

93.9±3.0%, 10.8 nM, respectively. This 

was reproducible for plasma, whole blood, 

and serum. Themethodwas observed to be 

linear between the LOQ and 4000 ng/ml for 

each analyte. Effectiveness of the method is 

illustrated with the analysis of samples 

from a cellular accumulation investigation 

and from determination of steady state 

concentrations in clinically treated patients. 

Lankheet et al. 2012., developed a fast and 

accurate method for simultaneous 

determination of anticancer tyrosine kinase 

inhibitors (TKIs) dasatinib, erlotinib, 

gefitinib, imatinib, lapatinib, nilotinib, 

sorafenib and sunitinib in human plasma to 

support pharmacokinetic-guided dosing in 

individual patients using high-performance 

liquid chromatography and detection with 

tandem mass spectrometry (HPLC-

MS/MS)[49]. Stable isotopically labeled 

compounds of the eight different TKIs were 

used as internal standards. Plasma proteins 

were precipitated and an aliquot of 

supernatant was directly injected onto a 

reversed phase chromatography system 

consisting of a Gemini C18 column 

(502.0mm i.d., 5.0mm particle size) and 

then compounds were eluted with a 

gradient. This method was validated over a 

linear range from 20.0 to 10,000 ng/mL for 

erlotinib, gefitinib, imatinib, lapatinib, 

nilotinib and sorafenib, and from 5.00 to 

2500 ng/mL for dasatinib and sunitinib. 

Results from the validation study 

demonstrated good intra- and inter-assay 

accuracy (<13.1%) and precision (10.0%) 

for all analytes. This method was 

successfully applied for routine therapeutic 

drug monitoring purposes in patients 

treated with the investigated TKIs. 

Roche et al. 2009., developed a  highly 

sensitive and selective liquid 

chromatography tandemmass spectrometry 

(LC–MS/MS)method to quantify cellular 

levels of the tyrosine kinase inhibitors 

(TKIs) dasatinib and lapatinib[50]. Cellular 

samples were extracted with a tert-

butylmethyl ether: acetonitrile (3:1, 

v/v):1M ammonium formate pH 3.5 (8:1, 
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v/v) mixture. The TKIs were quantified 

using a triple quadrupole mass 

spectrometer which was operated in multi 

reaction-monitoring mode employing 

positive electrospray ionisation. The limit 

of detection and limit of quantification for 

lapatinib was determined to be 15 and 31 

pg on column, respectively. The limit of 

detection and quantification for dasatinib 

was 3 and 15 pg on column, respectively. 

The method allowed for sensitive and 

accurate determination of cellular levels of 

dasatinib and lapatinib. In addition, we 

examined the potential for this method to 

be utilised to quantitate other TKIs, using 

gefitinib, erlotinib, imatinib and sorafenib 

as examples. In principle, these agents were 

also quantifiable by this method, however, 

no drug specific validation studies were 

undertaken with these TKIs. The data 

indicates that in the cancer cell-linemodel, 

DLKP, significantlymorelapatinib 

accumulates in cells in comparison to 

dasatinib. Additionally, over-expression of 

the membrane protein drug transporter, P-

glycoprotein (P-gp) a common cancer drug 

resistance mechanism, greatly reduces the 

cellular accumulation of dasatinib but not 

of lapatinib. 

Venkataramanna et al. 2011., established 

degradation pathway for gefitinib is as per 

ICH recommendations by validated and 

stability indicating reverse phase liquid 

chromatographic method[51]. Gefitinib is 

subjected to stress conditions of acid, base, 

oxidation, thermal and photolysis. 

Significant degradation is observed in acid 

and base stress conditions. Two impurities 

are studied among which one impurity is 

found prominent degradant. The stress 

samples are assayed against a qualified 

reference standard and the mass balance is 

found close to 99.5%. Efficient 

chromatographic separation is achieved on 

a Agilent make XDB-C18, 50 × 4.6 mm 

with 1.8 µm particles stationary phase with 

simple mobile phase combination delivered 

in gradient mode and quantification is 

carried at 250 nm at a flow rate of 0.5 

mL·min–1. In the developed RPLC method 

the resolution between gefitinib and the 

potential impurities is found to be greater 

than 5.0. Regression analysis shows an r2 

value (correlation coefficient) of greater 

than 0.998 for gefitinib and the two 

potential impurities. This method is capable 

to detect the impurities of gefitinib at a 

level of 0.01% with respect to test 

concentration of 0.5 mg·mL–1 for a 4-µL 

injection volume. The developed RRLC 

method is validated with respect to  

specificity, linearity & range, accuracy, 

precision and robustness for impurities 

determination and assay determination. 

Zheng et al.2011., developed a specific, 

sensitive, and rapid method based on high-
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performance liquid chromatography 

coupled to tandem mass spectrometry (LC–

MS–MS) was  for determination of 

gefitinib in human serum and cerebrospinal 

fluid (CSF)[52]. The analyte was detected 

by tandem mass spectrometry operating in 

positive electrospray ionization mode with 

multiple reactions monitoring (MRM). 

Gefitinib was extracted from serum or CSF 

samples with ethyl acetate using icotinib as 

internal standard. The method was 

validated over the concentration range of 

1.00–1,000 ng mL-1 in human serum and 

0.05–50.0 ng mL-1 in CSF. For both 

matrices, inter- and intraday precision 

(CV%) were less than 15% and accuracy 

was within 85–115%. Average extraction 

recoveries were 78.9 and 61.8% in human 

serum and CSF, respectively. Linearity, 

recovery, matrix effects, and stability were 

validated in the two matrices. The method 

was successfully used for analysis of 

clinical samples from lung cancer patients 

with brain metastases treated with gefitinib 

in the dosage range of 250–500 mg day-1. 

Wang et al. 2011.,developed a novel, rapid 

and specific liquid chromatography-tandem 

mass spectrometric (LC-MS/MS) method 

and validated for the simultaneous 

quantification of gefitinib and its 

predominant metabolite, O-

desmethylgefitinib in human plasma[53]. 

Chromatographic separation of analytes 

was achieved on an Alltima C18 analytical 

HPLC column (150 mm × 2.1 mm, 5 μm) 

using an isocratic elution mode with a 

mobile phase comprised acetonitrile and 

0.1% formic acid in water (30:70, v/v). The 

flow rate was 300 μL/min. The 

chromatographic run time was 3 min. The 

column effluents were detected by API 

4000 triple quadrupole mass spectrometer 

using electrospray ionization (ESI) in 

positive mode. Linearity was demonstrated 

in the range of 5-1000 ng/mL for gefitinib 

and 5-500 ng/mL for O-desmethylgefitinib. 

The intra- and inter-day precisions for 

gefitinib and O-desmethylgefitinib were 

≤10.8% and the accuracies ranged from 

89.7 to 104.7% for gefitinib and 100.4 to 

106.0% for O-desmethylgefitinib. This 

method was used as a bioanalytical tool in a 

phase I clinical trial to investigate the 

possible effect of hydroxychloroquine on 

the pharmacokinetics of gefitinib. The 

results of this study enabled clinicians to 

ascertain the safety of the combination 

therapy of hydroxychloroquine and 

gefitinib in patients with advanced (Stage 

IIIB-IV) non-small cell lung cancer 

(NSCLC). 

Zhao et al. 2005., developed and validated 

a rapid, sensitive and specific method using 

liquid chromatography–tandem mass 

spectrometry (LC/MS/MS) for 

determination of gefitinib in human plasma 
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and mouse plasma and tissue[54]. Sample 

preparation involved a single protein 

precipitation step by the addition of 0.1 mL 

of plasma or a 200 mg/mL tissue 

homogenate diluted 1/10 in human plasma 

with 0.3 mL acetonitrile. Separation of the 

compounds of interest, including the 

internal standard (d8)-gefitinib, was 

achieved on a Waters X-Terra™ C18 (50 

mm × 2.1 mm i.d., 3.5 μm) analytical 

column using a mobile phase consisting of 

acetonitrile–water (70:30, v/v) containing 

0.1% formic acid and isocratic flow at 0.15 

mL/min for 3 min. The analytes were 

monitored by tandem mass spectrometry 

with electrospray positive ionization. 

Linear calibration curves were generated 

over the range of 1–1000 ng/mL for the 

human plasma samples and 5–1000 ng/mL 

for mouse plasma and tissue samples with 

values for the coefficient of determination 

of >0.99. The values for both within- and 

between-day precision and accuracy were 

well within the generally accepted criteria 

for analytical methods (<15%). This 

method was subsequently used to measure 

concentrations of gefitinib in mice 

following administration of a single dose of 

150 mg/kg intraperitoneally and in cancer 

patients receiving an oral daily dose of 250 

mg. 

Guetens et al. 2005., described the 

development of an on-column focusing 

gradient capillary LC method coupled to 

tandem mass spectrometry (quadrupole-

linear ion trap) for the quantitative 

determination of the anticancer agent 

ZD1839 (Gefitinib, Iressa) in blood 

plasma[55]. Plasma samples (0.2 ml) were 

extracted with methyl tert-butyl ether. The 

analytes of interest, ZD1839 and the 

internal standard [2H8] ZD1839 (ZD1839-

d8) were eluted on a 50 mm × 1 mm, 5 μm 

particle size, capillary ODS Hypersil 

column using an aqueous ammonium 

acetate gradient at 40 μl/min. Mass 

spectrometric detection was performed by a 

Q-Trap tandem mass spectrometer with 

electrospray positive ionisation, and 

monitored in the multiple reaction 

monitoring transitions 447 > 128 and 455 > 

136, respectively. The limit of 

quantification of ZD18395 was 0.1 ng/ml.  

CONCLUSION 

The present study covers all the emerging 

hallmarks and enabling characteristics of 

cancer. It represents the molecular basis 

and the incidence and mortality figures. 

Treatment modalities, its limitations, 

adverse effects and its resistance are nicely 

focused. 

A sensitive method for the analysis of 

gefitinib (a new generation of targeted 

therapeutic drug) in plasma is necessary in 

conducting therapeutic drug monitoring and 

pharmacokinetic studies. The developed 
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liquid chromatography tandem mass 

spectrometry (LC–MS/MS) method proved 

to be robust, allowing quantification with 

sufficient precision, accuracy and 

sensitivity and reached the level of 

reproducibility demanded by clinical 

patient sample analysis. Hence, the method 

can be readily incorporated into the routine 

testing of gefitinib. 
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