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            Abstract

            
               
Introduction: Lung cancer is one of the most common causes of cancer related mortality. Various methods for cytological diagnosis like fine
                  needle aspiration (FNA) along with exfoliative cytology by bronchial brushings play a pivotal role in the diagnosis as well
                  as categorization of Non small cell lung carcinoma (NSCLC); especially in advanced stages and cases where biopsy may not be
                  feasible.
               

               Aims & Objectives: The aim of the study was diagnosis and subclassification of Non small cell lung carcinoma (NSCLC) from cytosmears of bronchial
                  brushings and Fine needle aspiration cytology (FNAC) samples followed by histopathological and clinicopathological correlation.
               

               Materials and Methods: The present study is both prospective & retrospective study done in Department of Pathology for a period of 2 years (September
                  2018- September 2020). A total of 46 cases were included in the study group. Categorization of lung cancer was done based
                  upon the 2015 World Health Organization (WHO) criteria of cytodiagnosis. Histological correlation was done wherever available.
                  Correlation with clinicopathological parameters was also done.
               

               Results: Total 46 patients were included in the study. The age range of was 32-81 years with a mean age of 59.2years. Male to female
                  ratio was 2. 06:1. Smokers were affected in 26 cases (56.52%). The incidence of Adenocarcinoma (ADC) was commonest in our
                  study comprising of 15 cases (32.61%). This was followed by squamous cell carcinoma (SCC) in 11 cases (23.91%), NSCLC-favours
                  ADC in 8 cases (17.39%), NSCLC-NOS in 4 cases (8.70%), suspicious of malignancy in 3 cases (6.52%) and 2 cases (4.35%) each
                  of NSCLC favours SCC & atypical and one case (2.17%) of ADC-lepidic pattern. Cyto-histological correlation was possible in
                  25 core biopsy cases with 68% concordance.
               

               Conclusion: Cytological techniques are safer, economical and provide quick results. But a comprehensive clinicopathological approach is
                  needed for labelling a correct diagnosis.
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               Introduction

            Carcinoma of lung is the most common cancer worldwide and also the most common cause of cancer related mortality in developed
               countries with increasing incidence in developing countries.1  It is more common in males than females but this trend is decreasing nowadays.2 The most common age range is 40-70 years with peak incidence in 50-60 years. Only few cases present before the age of 40
               yrs.3 Annually it accounts for 1-5million deaths worldwide and 2.5 million deaths in developing countries.4 The overall 5 year survival rate is approximately 15% in developed countries and 5% in developing countries.5 Every year approximately 63,000 new cases are reported in India.6  There has been significant rise in the incidencein metropolitan cities of India due to industrial hazards and air pollution.7 The incidence and types of lung cancer differ according to geographic region and ethnicity. 
            

            Etiology of lung cancer is multifactorial. The foremost and leading cause is tobacco smoking.

            It also reflects the prevalence and pattern of smoking.8 80% of lung cancer occurs in active smokers or who have recently stopped smoking. Passive smoking increases risk of cancer
               twice than non-smokers. Others factors are industrial hazards, air pollution and genetics involving mutation of Tp53, EGFR,
               RB and KRAS genes.9 

            Previous categorization of lung carcinoma into small cell and non small cell type is now replaced by more detailed and specific
               diagnosis- Adenocarcinoma (ADC), Squamous cell carcinoma (SCC), Large cell carcinoma (LCC), Non small cell lung carcinoma
               - Not otherwise specified (NSCLC-NOS) and others according to revised WHO(World health organisation) classification of lung
               tumors in 2015.4 

            More than 70 percent cases of lung cancer present clinically in advanced stage and are unresectable. Only small biopsy and
               cytology samples are available for diagnosis and further management.4 Various methods for harvesting small biopsies and cytology samples are fine needle aspiration cytology, bronchial brush cytology,
               bronchiloalveolar lavage fluid, sputum analysis, effusion fluid analysis with or without cell blocks along with small needle
               biopsies.4, 10  These methods are cheap & less traumatic with decrease risk of haemorrhage allowing rapid on site evaluation and more so
               the procedures can be done multiple times if sample is not adequate.
            

         

         
               Aims & Objectives

            
                  
                  	
                      Diagnosis and subclassification of Non small cell lung carcinoma (NSCLC) from cytosmears.

                  

                  	
                      Cyto-histomorphological correlation where ever available.

                  

                  	
                      Correlation with clinico-pathological parameters.

                  

               

            

         

         
               Materials and Methods

            
                  Case selection

               This was both prospective and retrospective study conducted in the Department of Pathology, Kalinga Institute of Medical Sciences
                  (KIMS), Bhubaneswar, Odisha over a period of 2 years from September 2018 to September 2020. This was approved by institutional
                  ethics committee (IEC). Informed consent before the procedure and staining was taken from all the patients. 
               

               Total 57 cases were selected initially for cytodiagnosis. Eleven cases were rejected because of low cellularity, obscuring
                  factors and processing artifacts. So total 46 cases of NSCLC diagnosed cytologically were included in the study group showing
                  mass lesion radiologically. Out of these cases, 10 cases were archived smears. The cytosmears included were bronchial brush
                  smears, bronchoscopic guided Trans bronchial needle aspiration (TBNA) & CT guided Trans thoracic needle aspiration (TTNA)
                  smears showing malignant cells. In our study correlation between cytology & histomorpholoy was possible in 25 cases. Patient’s
                  clinical data (i.e. age, sex, smoking status, clinical history and radiological findings) and other relevant data of all the
                  cases were also collected and recorded.
               

            

            
                  Inclusion criteria

               
                     
                     	
                        Lung masses suspicious of malignancy radiologically.

                     

                     	
                        Bronchial brush smears, TBNA & TTNA smears showing malignant cells.

                     

                     	
                        Core needle biopsy samples where ever available.

                     

                  

               

            

            
                  Exclusion criteria

               
                     
                     	
                        Cytosmears showing scanty cellularity with few tumor cells.

                     

                     	
                        Obscuring factors like extensive areas of haemorrhage with tumor diathesis.

                     

                     	
                        Crushing or drying artefacts in the smear.

                     

                  

               

            

            
                  Methods

               All cases were selected as per radiological and cytological evidence of malignancy. Bronchial brush cytosmears& TBNA smears
                  from Department of Pulmonary Medicine and cytosmears done by CT guided TTNA from Department of Radiodiagnosis were obtained.
                  Bronchial brush smears were obtained with help of Olympus Fibreoptic flexible bronchoscope after sedation of the patient.
                  With the inbuilt brush in the bronchoscope, the Pulmonologist took samples from the surface of tumor sites or from suspicious
                  areas of mucosa from desired segment of bronchi. This brush was subsequently rubbed on uncoated glass slides to prepare smears.
                  Then smears were immediately fixed in 95% alcohol for two minutes in coplin jars and the same were sent to the Department
                  of Pathology, KIMS, Bhubaneswar. CT guided TTNA samples were obtained using 20 Gauge needle attached to 10ml syringe holder.
                  These smears were also fixed in 95% alcohol. All the smears (bronchial brushings, TBNA & TTNA)were stained with Hematoxylin
                  & Eosin(H & E)and Papanicolaou (PAP) stains followed by DPX mounting.CT guided core needle biopsy samples were obtained using
                  20 gauge automated cutting biopsy needle. The needle biopsy samples were received in 10% buffered formalin. These formalin
                  fixed samples were processed by automated tissue processor for 16 hours. Paraffin embedded tissue blocks were made. 3 to 4
                  micrometer thick sections were taken by Leica microtome. The histopathology slides were stained with H&E. These cases were
                  correlated with cytological diagnosis wherever possible. Cytodiagnosis was done based on 2015 WHO classification of lung tumors
                  in small biopsy and cytology samples.11 All the cases were correlated with clinicoradiological parameters.
               

               Certain cytomorphological clues point toward broadly categorizing lung carcinoma into NSCLC or SCLC. In SCLC the cells have
                  high nucleocytoplasmic ratio with nuclear molding showing salt and pepper chromatin with inconspicuous nucleoli and scant
                  delicate cytoplasm. Crushing artifacts and apoptotic bodies are also seen.12, 13  In NSCLC- favouring SCC, the cells are polygonal to spindloid having orangeophilic cytoplasm with distinct cell borders,
                  intercellular bridges and hyperchromatic nuclei.12, 13  In NSCLC- favouring ADC, cells are round to oval arranged in 3-dimensional clusters, glandular patter and some showing papillary
                  fragments. Cells show indistinct cell borders, intracytoplasmic mucin with vesicular opened up chromatin showing prominent
                  nucleoli.14, 15, 16, 17  In ADC lepidic pattern the tumor cells are arranged in balls with absence of nuclear moulding and papillary pattern of arrangement.
                  The cells may have cytoplasmic microvilli along with vacuolation and round to oval nuclei having granular chromatin and inconspicuous
                  nucleoli.11

            

         

         
               Observations & Results

            Total 46 cases were included in the study group, of which the age range was 32-81 years with mean age of 59.2years. The age
               group of 51-60yrs and 61 -70 years had the highest number of cases, 16 cases (34.78%) in each group. Lowest number of cases
               was in age group of 81-90 years followed by 31-40 years. (Table  1)
            

            
                  
                  Table 1

                  Distribution of cases according to age range (N=46)

               

               
                     
                        
                           	
                              
                           
                            Age range

                           
                        
                        	
                              
                           
                            Number

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            31-40

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            4.35

                           
                        
                     

                     
                           	
                              
                           
                            41-50

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            17.39

                           
                        
                     

                     
                           	
                              
                           
                            51-60

                           
                        
                        	
                              
                           
                            16

                           
                        
                        	
                              
                           
                            34.78

                           
                        
                     

                     
                           	
                              
                           
                            61-70

                           
                        
                        	
                              
                           
                            16

                           
                        
                        	
                              
                           
                            34.78

                           
                        
                     

                     
                           	
                              
                           
                            71-80

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            6.52

                           
                        
                     

                     
                           	
                              
                           
                            81-90

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2.17

                           
                        
                     

                     
                           	
                              
                           
                            Total cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100%

                           
                        
                     

                  
               

            

            In our study the overall incidence of lung cancer was more common in males comprising of 31 cases (67.39%) as compared to
               females, 15 cases (32.61%). Male to female ratio was found to be 2.06:1. (Table  2) Smokers were more affected which were 26 cases (56.52%) than non-smokers, 20 cases (43.48%). The smoker to nonsmoker ratio
               was 1.3 to1. (Table  3)
            

            
                  
                  Table 2

                  Distribution of cases according to gender (N=46)

               

               
                     
                        
                           	
                              
                           
                            Sex

                           
                        
                        	
                              
                           
                            Number

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            67.31

                           
                        
                     

                     
                           	
                              
                           
                            Female

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            32.69

                           
                        
                     

                     
                           	
                              
                           
                            Total cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100

                           
                        
                     

                  
               

            

            
                  
                  Table 3

                  Distribution of cases according to smoking status (N=46)

               

               
                     
                        
                           	
                              
                           
                            Smoking status

                           
                        
                        	
                              
                           
                            No of cases

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Smoker

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            56.52

                           
                        
                     

                     
                           	
                              
                           
                            Non smoker

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            43.48

                           
                        
                     

                     
                           	
                              
                           
                            Total cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100

                           
                        
                     

                  
               

            

            Right lung was less affected than left side. 31 cases (67.39%) had involvement of left lung and 15 cases (32.61%) had involvement
               of right lung.(Table  4) Right upper lobe was affected in 25cases (54.35%) in our study. In 24 cases (52.37%) mass was detected in central location
               and in 22 cases (47.38%) it was in peripheral location. (Table  5)
            

            
                  
                  Table 4

                  Distribution of cases according to side of lung involved on radiology (N=46)

               

               
                     
                        
                           	
                              
                           
                            Side

                           
                        
                        	
                              
                           
                            No of cases

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Right lung

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            32.61

                           
                        
                     

                     
                           	
                              
                           
                            Left lung

                           
                        
                        	
                              
                           
                            31

                           
                        
                        	
                              
                           
                            67.39

                           
                        
                     

                     
                           	
                              
                           
                            Total cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100

                           
                        
                     

                  
               

            

            
                  
                  Table 5

                  Distribution of cases according to site of involvement in radiology (N=46)

               

               
                     
                        
                           	
                              
                           
                            Site

                           
                        
                        	
                              
                           
                            No of cases

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Central

                           
                        
                        	
                              
                           
                            24

                           
                        
                        	
                              
                           
                            52.17

                           
                        
                     

                     
                           	
                              
                           
                            Peripheral

                           
                        
                        	
                              
                           
                            22

                           
                        
                        	
                              
                           
                            47.83

                           
                        
                     

                     
                           	
                              
                           
                            Total Cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100

                           
                        
                     

                  
               

            

            Out of 46 number of cases, 35 cases (76.09%) were bronchial brush smears followed by 6 cases (13.04%) of TTNA and 5 cases
               were of TBNA (10.87%) smears.(Table  6)
            

            
                  
                  Table 6

                  Distribution of cases according to cytological procedures (N=46)

               

               
                     
                        
                           	
                              
                           
                            Type of procedure

                           
                        
                        	
                              
                           
                            No of cases

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Bronchial brush smears

                           
                        
                        	
                              
                           
                            35

                           
                        
                        	
                              
                           
                            76.09

                           
                        
                     

                     
                           	
                              
                           
                            TBNA smears

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            10.87

                           
                        
                     

                     
                           	
                              
                           
                            TTNA smears

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            13.04

                           
                        
                     

                  
               

            

            Most common cases were ADC (Figure  1) in our study comprising of 15 cases (32.69%) followed by 11 cases (23.91%) of SCC (Figure  2), 8 cases (17.39%) of NSCLC-favours ADC, 4 cases (8.70%) of NSCLC-NOS, 3 cases (6.52%) of suspicious of malignancy, 2 cases
               (4.35%) each of NSCLC-favours SCC & atypical cells and one case (2.17%) of ADC-lepidic pattern. (Table  7)
            

            

            
                  
                  Table 7

                  Distribution according to cytomorphological diagnosis (N=46)

               

               
                     
                        
                           	
                              
                           
                            Cytodiagnosis

                           
                        
                        	
                              
                           
                            Number

                           
                        
                        	
                              
                           
                            %

                           
                        
                     

                     
                           	
                              
                           
                            Adenocarcinoma

                           
                        
                        	
                              
                           
                            15

                           
                        
                        	
                              
                           
                            32.61

                           
                        
                     

                     
                           	
                              
                           
                            Squamous cell carcinoma 

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            23.91

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-favours Adenocarcinoma 

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            17.39

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-favours Squamous cell carcinoma 

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            4.35

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-Not otherwise specified 

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            8.70

                           
                        
                     

                     
                           	
                              
                           
                            Suspicious of malignancy 

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            6.52

                           
                        
                     

                     
                           	
                              
                           
                            Atypical cells

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            4.35

                           
                        
                     

                     
                           	
                              
                           
                            Adenocarcinoma-lepidic pattern 

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2.17

                           
                        
                     

                     
                           	
                              
                           
                            Total cases

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            100%

                           
                        
                     

                  
               

            

            In our study correlation between cytology and histomorpholoy was possible in 25 cases. Concordance was present in 17 cases
               (68%). 7 (28%) of each diagnosed as SCC and ADC in cytology showed similar results in histology. In this group, one case each
               which was diagnosed as NSCLC-favours SCC, NSCLC-favours ADC & NSCLC-NOS cytomorphologically, were diagnosed as SCC, ADC-lepidic
               pattern & NSCLC-NOS respectively histopathologically. Out of the rest 10 cases, 6 cases (24%) which were diagnosed NSCLC-ADC
               cytomorphologically, 2 cases were given SCC, 3 cases no opinion possible and one case was diagnosed as ADC in histology. The
               remaining 4 cases (16%) out of 10 cases, diagnosed as NSCLC-NOS, suspicious of malignancy, ADC, NSCLC-favours SCC cytologically,
               in three cases no opinion was given in histology and in one case which was diagnosed as NSCLC-NOS in cytology was reported
               same in histology. Thus, in our study cyto-histo concordance was present in17/25 (68%) cases.(Table  8)
            

            
                  
                  Table 8

                  Comparison of cytomorphological diagnosis with other studies (N=46)

               

               
                     
                        
                           	
                              
                           
                            Authors

                           
                        
                        	
                              
                           
                            Year of study

                           
                        
                        	
                              
                           
                            Sample size

                           
                        
                        	
                              
                           
                            ADC cases (%)

                           
                        
                        	
                              
                           
                            SCC cases (%)

                           
                        
                     

                     
                           	
                              
                           
                            Nizzoli et al.

                           
                        
                        	
                              
                           
                            2011

                           
                        
                        	
                              
                           
                            186

                           
                        
                        	
                              
                           
                            56

                           
                        
                        	
                              
                           
                            44

                           
                        
                     

                     
                           	
                              
                           
                            Sinna EA et al.

                           
                        
                        	
                              
                           
                            2013

                           
                        
                        	
                              
                           
                            40

                           
                        
                        	
                              
                           
                            27.5

                           
                        
                        	
                              
                           
                            30

                           
                        
                     

                     
                           	
                              
                           
                            Van Zyl et al.

                           
                        
                        	
                              
                           
                            2019

                           
                        
                        	
                              
                           
                            271

                           
                        
                        	
                              
                           
                            74.0

                           
                        
                        	
                              
                           
                            19.6

                           
                        
                     

                     
                           	
                              
                           
                            Roh et al.

                           
                        
                        	
                              
                           
                            2015

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            46.15

                           
                        
                        	
                              
                           
                            7.69

                           
                        
                     

                     
                           	
                              
                           
                            Present case

                           
                        
                        	
                              
                           
                            2018

                           
                        
                        	
                              
                           
                            46

                           
                        
                        	
                              
                           
                            34.78

                           
                        
                        	
                              
                           
                            23.91

                           
                        
                     

                  
               

            

            No opinion was possible in six cases of histopathological study. So, we evaluated cyto-histopathology correlation in remaining
               19 cases. Out of 10 cases of ADC in cytodiagnosis, 8 cases were same in histology but two cases came out to be SCC in histology.
               All the 7 cases of SCC in cytology were diagnosed as same in histology. 2 cases of NLCLC-NOS in cytology were same in histodiagnosis.
               Detailed analysis showed the diagnostic accuracy of cytology for classification of NSCLC was 89.47% (17/19) in our study.
               (Table  10)
            

            
                  
                  Table 9

                  Correlation between cytomorphological and histomorphological diagnosis (N=25)

               

               
                     
                        
                           	
                              
                           
                           
                              Cytomorphological diagnosis
                              
                           

                           
                        
                        	
                              
                           
                           
                              Histopathological diagnosis
                              
                           

                           
                        
                        	
                              
                           
                            Number of cases

                           
                        
                        	
                              
                           
                           
                              Concordance in 
                              17/25 cases (
                              68%) 
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-ADC

                           
                        
                        	
                              
                           
                            ADC-Lepidic Pattern

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-SCC

                           
                        
                        	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-NOS

                           
                        
                        	
                              
                           
                            NSCLC-NOS

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-ADC

                           
                        
                        	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                     
                           	
                              
                           
                            No Opinion

                           
                        
                        	
                              
                           
                            3

                           
                        
                     

                     
                           	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Suspicious of Malignancy

                           
                        
                        	
                              
                           
                            No Opinion

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            NSCLC-SCC

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                  
               

            

            

            
                  
                  Table 10

                  Statistical analysis for diagnostic accuracy of cytology in cyto-histopathogical correlation (N=18)

               

               
                     
                        
                           	
                              
                           
                            Cytodiagnosis

                           
                        
                        	
                              
                           
                            Histodiagnosis

                           
                        
                     

                     
                           	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            NOS

                           
                        
                     

                     
                           	
                              
                           
                            ADC

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            SCC

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            0

                           
                        
                     

                     
                           	
                              
                           
                            NLCLC-NOS

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            2

                           
                        
                     

                  
               

            

            

            
                  
                  Figure 1

                  (ADC): a: Cytosmear showing dyschesive clusters of pleomorphic atypical cells (H&E 100X); b: Cytosmear shows tumor cells arranged in glandular pattern (H&E 200X); c: Cytosmear shows pleomorphic tumor cells having high N:C ratio, hyperchromatic nuclei scattered singly(H&E 400X) d: Pap stained smear showing tumor cells arranged in vague acinar pattern & loose clusters (400X); e: Section showing tumor cells arranged in papillary pattern (H&E 200X)
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                  Figure 2

                  (SCC): a: Cytosmear showing dyschesive clusters of pleomorphic atypical cells (H&E 100X); b: Cytosmear shows tumor cells arranged in loose clusters (H&E 200X); c: Cytosmear shows scattered pleomorphic tumor cells having high N:C ratio, hyperchromatic nuclei with moderate amount of dense
                     cytoplasm (H&E 400X); d: Pap stained smear showing dyskeratotic cells, tadpole cells & spindloid cells (400X); e: Lung biopsy of SCC (H&E 200X)
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               Discussion

            Lung cancer poses a great diagnostic and therapeutic problem worldwide. It is the most common cause of cancer related morality
               in developed countries with an increasing trend in developing countries.1  Previously lung cancer was broadly divided into SCLC and NSCLC. With introduction of newer personalized treatment modalities,
               targeted therapies & molecular analysis, new WHO classification of lung cancer was introduced in 2015 which took into consideration
               of small biopsy and cytology samples.11  Presently according to WHO 2015 classification of lung cancer, it has become important for subtyping of NSCLC lung into
               ADC, SCC, LCC, NSCLC-NOS & others.10  This new updated classification gave better understanding of tumors and created a good harmony between pathologist and clinician
               by avoiding confusing terminologies.11 Also it has benefited patients to receive therapy with lower side effects, higher therapeutic response and gives further
               knowledge of mutational analysis (EGFR mutation and ALK rearrangement).9 Many older entities were removed and newer ones were introduced.
            

            Nowadays studies are more focused on specific diagnosis based on cytology rather than histology as most of the cases present
               in advanced stages and only small biopsy and cytology samples are available for examination. With less manipulation, more
               material is preserved for molecular testing with higher efficacy in cytology. Cytomorphologically with routine stains like
               H&E and Pap, many of the cases have been diagnosed correctly and also correlated with clinicoradiological findings. The chromatin
               and DNA preservation is better in cytology than histology which also helps in different molecular diagnostic methods of study.18

            A clear distinction between NSCLC and SCLC is important as bears treatment implications. Sometimes in cytosmear analysis of
               lung malignancies, sampling bias and tumor heterogeneity becomes the cause for misdiagnosis of ADC as SCC. This may be due
               lack of recognition of keratinised cells. The artifactual vacoulisation, pseudoacinar structure, poor staining or smearing
               technique error and tumor necrosis also poses to erroneous diagnosis. Poorly differentiated carcinoma with pleomorphic cells
               in sheets and necrotic background also implies inability to subtype NSCLC.Radiological correlation also gives clue to the
               diagnoses of lung malignancy. It is important to know the relationship between the radiological location and subtypes of NSCLC,
               as subtyping is important for the new modality of treatment. 
            

            In this study we have included 57 cases showing mass lesion in lungs radiologically. Total 46 out of 57 cases of NSCLC were
               taken into study group and rest 11 samples were rejected due to above mentioned criteria. Out of 46 cases, 35 cases (76.09%)
               were bronchial brush smear, 6 cases (13.04%) & 5 cases (10.87%) were smears of TTNA and TBNA.
            

            The age range was from 32-81 yrs of age with mean age of 59.2yrs. Rohtagi et al.19 and Raiza et al.20 in their study also revealed most cases in 5th and 6th decades of life. The overall incidence of lung cancer was more common
               in males 31 cases (67.39%) as compared to females 15 cases (32.61%) with M:F ratio of 2.06:1. This ratio was comparable to
               study by Sinna EA et al.21 & Pavani et al.22 where sex ratio was 2.3:1.
            

            Smokers were more affected which were in 26 cases (56.52%) than in non-smokers in 20 cases (43.48%). It was comparable to
               study by Rohtagi S et al.19  & Gupta et al.23  which also showed that smokers are affected more than non-smokers.
            

            In our study, 31 cases (67.39%) cases had involvement of left lung and 15 cases (32.61%) had involvement of right lung. But
               Gupta et al.23 found right lung was affected more than left which was disconcordant with our study. In our study mass was detected in central
               location in 24 cases (52.37%) and in peripheral location in 22 cases (47.38%) radiologically. Our study was concordant with
               study by Gupta et al.23 & Rohtagi et al.19 which showed mass in central location in 75% and 61.22% cases respectively.
            

            Most common symptom in our study was cough in 35 cases (76.09%). In study by Gupta et al.,23 Devesa SS et al.24  & Brevet M et al.25 cough was also the most common symptom.
            

            Out of 46 cases, most common cases were ADC comprising of 16 cases (34.78%). The most common age group for ADC was 61-70 years,
               with male to female ratio is 1.6: 1.0. This was similar to the study done by Atta I S et al.,26 and Alekhya et al.27  ADC was common in peripheral location with involvement of right upper lobe in our study which was concordant with study
               by Rawat et al.27 and data followed by WHO lung cancer 2015 statistics.11 
            

            SCC was less common type of primary lung cancer after ADC comprising of 11 cases (23.91%). This matches study with Gruda et
               al.28 and Van Zyl A et al.28, 29 The average age for SCC was 59.7 years with a range of 50 years to 72 years. Maximum number of cases was between 51-60 years.
               
            

            In our study correlation between cytology and histomorphology was possible in 25 cases. Concordance was present in 17 cases
               (68%). Detailed analysis shows the diagnostic accuracy of cytology for classification of NSCLC was 89.47% (17/19) in our study.
               (Table  10)
            

         

         
               Conclusion

            Early diagnosis of lung cancer plays a pivotal role in reducing the death rate. Cytology can play an excellent role in initial
               evaluation of lung cancer by giving an early diagnosis. Subclassification of NSCLC can be difficult in some cases on cytomorphology
               alone. Further ancillary investigations like Immunocytochemistry in cytology samples and Immunohistochemistry on cell block
               and biopsy samples can be useful in categorization of lung cancer in core biopsy or cytology samples. 
            

         

         
               Limitation of Our Study

            In our study, there was crushing atrefacts along with obscuring factors like haemorrhage and necrosis for which we had to
               reject 11 cases. In some cases we had discordant results in cyto-histo correlation, which may be due to sampling site error
               during procedures. Sometimes if samples are collected from solid areas of ADC, these cases may be misdiagnosed as SCC cytologically,
               which we faced in 2 cases which were given as NSCLC-ADC in cytology came out to be SCC histologically. In these cases ICC
               plays an important role for conclusive opinion. So, further prospective study with larger sample size along with other molecular
               markers is necessary to validate our approach.
            

         

         
               Source of Funding

            The researchers did not receive any grant from outside funding agencies. This was a self funding study.

         

         
               Ethical Approval

            This study was conducted with approval from the clinical department and as per the approval of Institutional Ethics committee.
               Informed consent was taken from all the patients before the tests and procedures.
            

         

         
               Conflicts of Interest

            The authors declare that they have no conflict of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Edge, SB & Compton, CC,   (2010). The American Joint Committee on Cancer: the 7th Edition of the AJCC Cancer Staging Manual and the Future of TNM.
                        Ann Surg Oncol, 17(6), 1471–4. 10.1245/s10434-010-0985-4

                  

                  
                     
                        2 
                              

                     

                     Siegel, R, Ma, J, Zou, Z & Jemal, A,   (2014). Cancer statistics, 2014. Cancer J Clin, 64(1), 9–29. 10.3322/caac.21208

                  

                  
                     
                        3 
                              

                     

                     Cruz, CSD, Tanoue, LT & Matthay, RA,   (2011). Lung Cancer: Epidemiology, Etiology, and Prevention. Clin Chest Med, 32(4), 605–44. 10.1016/j.ccm.2011.09.001

                  

                  
                     
                        4 
                              

                     

                     Gupta, N, Sekar, A & Rajwanshi, A,   (2015). Role of FNAC, fluid specimens, and cell blocks for cytological diagnosis of lung cancer in the present era. J Cytol, 32(4), 217–22. 10.4103/0970-9371.171219

                  

                  
                     
                        5 
                              

                     

                     Raina, V & Malik, PS,   (2015). Lung cancer: Prevalent trends & emerging concepts. Indian J Med Res, 141(1), 5. 10.4103/0971-5916.154479

                  

                  
                     
                        6 
                              

                     

                     Ganesh, B, Sushama, S, Monika, S & Suvarna, P,   (2011). A Case-control Study of Risk Factors for Lung Cancer in Mumbai. India. Asian Pac J Cancer Prev, 12, 357–62.
                     

                  

                  
                     
                        7 
                              

                     

                      Indian Council of Medical Research; 2013. National Cancer Registry Programme. Three Year Report of Population Based Cancer
                        Registries: 2009-2011.    
                     

                  

                  
                     
                        8 
                              

                     

                     Parkin, DM, Bray, F, Ferlay, J & Pisani, P,   (2002). Global cancer statistics. CA Cancer J Clin, 55, 74–108.
                     

                  

                  
                     
                        9 
                              

                     

                     Abbas, AK,   (2003). The control of T cell activation vs. tolerance. Auto Rev, 2, 115–8. 10.1016/s1568-9972(03)00028-4

                  

                  
                     
                        10 
                              

                     

                     Johnston, W W & Elson, C E,   (2008). Respiratory tract. In: Bibbo M & Wilbur D (Eds.), Comprehensive Cytopathology. Philadelphia, PA.   Saunders Elsevier. (pp. 303–371) 
                     

                  

                  
                     
                        11 
                              

                     

                     WD Travis, Brambilla, E, Burke, AP, Marx, A & Nicholson, AG,   (2015).  WHO Classification of Tumours of the Lung, Pleura, Thymus and Heart (4th Editionth ed.).  (Vol. Volume 7) 
                     

                  

                  
                     
                        12 
                              

                     

                     Shah, S, Shukla, K & Patel, P,   (2007). Role of fine needle aspiration cytology in diagnosis of lung tumors. A study of 100 cases. Indian J Pathol Microbiol, 50(1), 56–8.
                     

                  

                  
                     
                        13 
                              

                     

                     Basnet, SB, Thapa, GB, Shahi, R, Shrestha, M & Panthi, R,   (2008). Computed Tomography Guided Percutaneous Transthoracic Fine Needle  Aspiration Cytology in Chest Masses. J Nepal Med Assoc, 47(3), 171. 10.31729/jnma.307

                  

                  
                     
                        14 
                              

                     

                     Singh, JP, Garg, L & Setia, V,   (2004). Computed tomography (CT) guided transthorasic needle aspiration cytology in difficult thoracic mass lesions-not
                        approachable by USG. Indian J Radiol Imaging, 14, 395–400.
                     

                  

                  
                     
                        15 
                              

                     

                     Tan, KB, Thamboo, TP, Wang, SC, Nilsson, B, Rajwanshi, A & Salto-Tellez, ,   (2002). Audit of transthoaic fine needle aspiration of the lung: Cytological sub classification of bronchogenic carcinoma
                        and diagnosis of tuberculosis. Singapore Med J, 43, 570–5.
                     

                  

                  
                     
                        16 
                              

                     

                     Madan, M & Bannur, ,   (2010). Evaluation of FNAC in lung diseases. Turk J Pathol, 26, 1–6.
                     

                  

                  
                     
                        17 
                              

                     

                     Shankar, EJ, Pavani, B, Chandra, E, Reddy, R & Srinivas, M,   (2010). Computed Tomography Guided Percutaneous Thorasic: Fine Needle Aspiration Cytology in Lung and Mediastinum. J Cytol Histol, 01(03), 1–3. 10.4172/2157-7099.1000107

                  

                  
                     
                        18 
                              

                     

                     Jain, D & Chowdhuri, SR,   (2018). Molecular Pathology of Lung Cancer Cytology Specimens: A Concise Review. Arch Pathol Lab Med, 142(9), 1127–33. 10.5858/arpa.2017-0444-ra

                  

                  
                     
                        19 
                              

                     

                     Rohtagi, S, Khan, L, Pantola, C, Kumar, A & Singh, PK,   (2014). Correlation of fine needle aspiration cytology with bronchoalveolar lavage and brush smear cytology in pulmonary
                        lesions. J Evol Med Dent Sci, 3(25), 6957–64. 10.14260/jemds/2014/2846

                  

                  
                     
                        20 
                              

                     

                     Raiza, D, Rout, . S & Reddy, K,   (2014). Efficacy of Bronchial Wash and Brush Cytology and its correlation with Biopsy in Lung Lesions. Int J Health Res Modern Integr Sci, 1(1), 21–4.
                     

                  

                  
                     
                        21 
                              

                     

                     Sinna, EA, Ezzat, N & Sherif, GM,   (2013). Role of thyroid transcription factor-1 and P63 immunocytochemistry in cytologic typing of non-small cell lung carcinomas.
                        J Egypt Natl Cancer Inst, 25(4), 209–18. 10.1016/j.jnci.2013.05.005

                  

                  
                     
                        22 
                              

                     

                     Pavani, M, Geetha, C, Ericson, LP & Deshpande, AK,   (2017). Efficacy and utility of bronchial cytology in diagnosing lung lesions and its histopathological correlation. Indian J Pathol Oncol, 4(2), 221–6.
                     

                  

                  
                     
                        23 
                              

                     

                     Gupta, R, Chowdhary, I & Singh, P,   (2015). Clinical, Radiological and Histological profile of Primary Lung Carcinomas. JK Sci, 17(3), 146–51.
                     

                  

                  
                     
                        24 
                              

                     

                     Devesa, SS, Bray, F, Vizcaino, AP & Parkin, DM,   (2005). International lung cancer trends by histologic type: Male:Female differences diminishing and adenocarcinoma rates
                        rising. Int J Cancer, 117(2), 294–9. 10.1002/ijc.21183

                  

                  
                     
                        25 
                              

                     

                     Brevet, M, Arcila, M & Ladanyi, M,   (2010). Assessment of EGFR Mutation Status in Lung Adenocarcinoma by Immunohistochemistry Using Antibodies Specific to the
                        Two Major Forms of Mutant EGFR. J Mol Diagn, 12(2), 169–76. 10.2353/jmoldx.2010.090140

                  

                  
                     
                        26 
                              

                     

                     Atta, IS,   (2015). Thyroid transcription factor-1, Napsin-A, and p63 expression in small cell carcinoma versus adenocarcinoma of the
                        lung. Egypt J Pathol, 35(1), 87–94.
                     

                  

                  
                     
                        27 
                              

                     

                     Rawat, J, Sindhwani, G, Gaur, D, Dua, R & Saini, S,   (2009). Clinico-pathological profile of lung cancer in Uttarakhand. Lung India, 26(3), 74–6. 10.4103/0970-2113.53229

                  

                  
                     
                        28 
                              

                     

                     Gurda, GT, Zhang, L, Wang, Y, Chen, L, Geddes, S & Cho, WC,   (2015). Utility of five commonly used immunohistochemical markers TTF‐1, Napsin A, CK7, CK5/6 and P63 in primary and metastatic
                        adenocarcinoma and squamous cell carcinoma of the lung: a retrospective study of 246 fine needle aspiration cases. Clin Transl Med, 4(1), 16. 10.1186/s40169-015-0057-2

                  

                  
                     
                        29 
                              

                     

                     Zyl, AV, Schubert, PT & Koegelenberg, CFN,   (2019). The utility of TTF-1, napsin A, CK5 and p63 staining in the sub-classification of non-small cell carcinoma of the
                        lung. Cytopathology, 30(6), 586–91.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Study


      
        		
          Content
        


      


    
  

