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Abstract
Background: Lung cancer most common worldwide cancer, early diagnosis makes effective treatment in lung 

cancer. Liquid Based Cytology (LBC) for non-gynae specimens has gained popularity over conventional Cytology (CS) 
during last one decade because of increased sensitivity and specificity. 

Aim and objectives: To assess the diagnostic utility of LBC versus CS in fine needle aspirates of lung and 
mediastinal mass lesions. Compare cyto-morphological parameters in terms of adequacy, interpretation, concordance 
and diagnostic efficiency. 

Materials and Methods: Eighty -two cases suspected of lung or mediastinal mass lesions underwent imagine 
guided Transbronchial Needle aspiration (TBNA) or Trans Thoracic Needle aspiration (TTFNA). Fine needle passes 
were made for both conventional and LBC smears. All smears were examined and diagnosis was correlated in each 
case with histopathology as gold standard for final diagnosis. Results: Histopathology of 82 cases, 21 were non 
-neoplastic and 61 were malignant respectively.34 cases of adenocarcinoma, 15 cases of squamous cell carcinoma,
5 cases of adenosquamous cell carcinoma, 4 cases of small cell carcinoma, 1 cases of poorly differentiated 1 case of
carcinoid and 1 cases of germ cell tumor. LBC were diagnosed 17 non -neoplastic and 54 were malignant respectively. 
25 cases of adenocarcinoma, 11 cases of squamous cell carcinoma, 5 cases of adenosquamous cell carcinoma and
3 cases of small cell carcinoma, CS was diagnosed 4 non -neoplastic and 37 were malignant respectively. 24 cases
of adenocarcinoma, 7 cases of squamous cell carcinoma, 4 cases of adenosquamous cell carcinoma and 2 cases of
small cell carcinoma.

Conclusion: Concordance of LBC with histopathology was found in higher proportion (72%) as compared to 
conventional smear (48.8%) (p=0.004), because percentage of adequacy for LBC (85.37%) was higher as compared 
to CS (56.1%) (P<0.001). The assessment of all the morphological parameters were predominantly equal in both 
methods except in few cases.
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Introduction
Lung cancer is most common worldwide cancer [1]. Even though 

there is recent and marked advancements in molecular understanding 
of lung cancer and targeted therapies, the annual incidence of death rate 
high due to late presentation of clinical sign and symptoms [2]. Hence, 
early diagnosis is very instrumental in management. 

Fine Needle aspiration (FNA) cytology is well established as an 
alternate to open biopsies, for making definitive diagnosis, even though 
histopathological examination (HPE) remains the gold standard. FNA 
has proved to be quick, effective, physically non-traumatic, non-invasive 
and inexpensive method, which may provide equivalent results, if 
correlated with clinical history and CT or MRI scan to localize the mass 
lesions. There are two methods of smear preparation after aspiration 
i.e., Conventional Smearing (CS) and Liquid Based Cytology (LBC) [3].

Liquid Based Cytology (LBC) for non-gynae specimens has gained
popularity over conventional smear (CS) during last one decade
especially in developed countries; however in developing nations CS
is still popular.

Lung masses are usually evaluated by endoscopic biopsies and 
cytology. In present study we evaluated the diagnostic utility of 
aspiration cytology of lung and mediastinal mass lesions between 
the two methods of smear preparation (LBC vs CS). To establish the 
diagnostic ease and efficiency we compared cyto-morphological 
parameters in terms of adequacy, interpretation and concordance.

Material and Methods
A total of 102 cases were registered at our center for evaluation 

of lung and mediastinal aspirates during 2014-2015 (Endobronchial 
Ultrasound Trans Bronchial Needle Aspiration (EBUS-TBNA) and 
CT guided Transthoracic Fine Needle Aspiration (TTFNA)). Since 
biopsy sample was not available in 20 cases, hence 82 out of 102 cases 
were included in the study. 39 of them were EBUS-TBNA and 43 were 
TTFNA samples.

All the lesions were aspirated by a chest physician, at least 2-3 passes, 
adequate sample were collected and conventional smears were made, 
two fixed in 95% alcohol for Haemtoxylin and Eosin (H and E) staining. 
Fresh material by a separate prick was rinsed in LBC preservative 
(CytoRich-RED BDTM-Atlanta, USA). No split samples were taken. 
Samples were taken to cytology laboratory for further processing. 

The conventional and LBC smears were examined separately 
for cytological features. Cyto-histological correlation was made. 
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as 1 (i.e. LBC=CS) ( i.e., 5 cases of comparable adequacy). Hence 
the assessment cyto-morphological features of forty-one cases were 
predominantly equal as compared to conventional smear. However 
better preservation of nucleoli, chromatin texture, and cellular 
pleomorphism was found in LBC as comparison to conventional smear 
Table 3.

Overall accuracy of LBC with histological diagnosis was 
significantly higher than conventional (59/82; 72% vs 40/82; 48.8%). 
Hence our results suggest that LBC is no doubt a better method of 
smear preparation from cytological material obtained from lung 
aspirates (Table 4). 

Discussion
Use of LBC for non- gynae specimens as well has increased for the 

past decade [4]. Authors have studied the application of Thin Layer 
Cytology in exfoliative and aspiration cytology of pulmonary, urinary, 
gastrointestinal, endocrine, breast and salivary gland specimen and 
in the diagnosis of serous effusion. They found that ThinPrep was 
better than conventional [5,6] in samples from all the above sites they 
analysed. 

Food and Drug Administration (FDA) approved liquid based 
cytopreparatory techniques are ThinPrep (TP) method and SurePath 
(SP). ThinPrep (TP) method is based on filtration method and 
SurePath (SP) method based on centrifugation methods. Specimens 

Histopathology was considered as gold standard for final diagnosis in 
all cases, specifically where the results of cytology were equivocal.

Results
Of the histopatholgically diagnosed cases; benign were 25.6% while 

malignant cases were 74.4%. Among malignant cases, Non-Small Cell 
Lung Cancer (NSCLC (91.8%)) was more frequent histological type as 
compared to Small Cell Lung Cancer (SCLC (6.5%)) (Figures 1 and 2). 
Among NSCLC Adenocarcinoma (Figure 1a LBC and b CS) was most 
frequent followed by Squamous cell carcinoma (Figure 1c LBC and d 
CS).

Among 82 cases included in the present study the inadequacy rates 
were significantly lower for conventional smears as compared to LBC as 
shown in Table 1. When diagnostic efficacy of the smearing technique 
was compared to final tissue diagnosis LBC (80.9%) was significantly 
better in terms of identification of benign lesions as compared to CS 
(19%). Moreover the results in malignant diagnosis was also better but 
were no significant as seen in Table 2. 

Cytomorphologic features like cellularity, chromatin nucleoli were 
also evaluated in the present study. For statistical analysis of these 
variables in diagnosis, we normalized our observations by making 
following assumptions a) inadequate samples were excluded from the 
study (Table 1) and b) cyto-morphological features which were not seen 
or were not applicable in benign and malignant smears were counted 

Figure 1: a: LBC smear of Adenocarcinoma at X200, showing vesicular chromatin with prominent nucleoli. b: Conventional smear of Adenocarcinoma 
at X200, showing cells arrangement in acini pattern. c: LBC smear of Squamous cell carcinoma at X200, showing  few atypical squamous cell. d: 
Conventional smear of Squamous cell carcinoma at X200.
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for LBC technique are collected in preservative fluids provided by 
the manufacturer in both the techniques; for example CytoRich vials 
in SurePath BDTM system. CytoRich preservatives are of two types 
based on their compositions. CytoRich Blue is an alchol-based fixative 
including ethanol and methanol. CytoRich Red is a formalin based 
fixative including isopropanol, ethylene glycol, methanol, and formalin 
which is recommended for collection of hemorrhagic samples by the 
manufacturer. 

NSCLC was 91.8% of all diagnosed cancers in the present study. The 
above observation is quite close to the data of Molina et al. [7] who also 
observed NSCLC to be 85% of all lung cancer in their study. In NSCLC, 
adenocarcinoma was highest 34/56 (60.7%). Results were concordance 
with results of various workers in India have reported prevalence of 
lung cancer [8].

Adequacy rates of aspiration samples reported in literature ranges 
from 63-97% for conventional methods [9-12]. The total adequacy 
rates in lung masses of the present study were significantly lower as 
compared to the literature. Aspiration sample of lung masses is an 
invasive procedure done either under bronchoscopic or CT (Computed 
tomography) guidance. The expertise of the physician who is taking out 
the sample is very instrumental. One of the most important reasons 
of recommending use of LBC in aspiration samples of lung masses in 
our study is lower inadequacy rate; adequacy of samples determined 
by LBC (85.37%) was significantly higher than conventional methods 
(56.10%). This observation is because LBC (SurePath BDTM) uses 
automated technique to concentrate the cellular yield by standardized 

procedure. Moreover the washing of the aspiration needle in collection 
fluid ensures complete transfer of cellular material. In CS preparation 
part of material is retained in needle hub.

To improve the adequacy of CS onsite evaluation of conventional 
smears by using ultrafast Papnicolau stain has been recommended 
[13]. Preparation of LBC smears at the site of FNA is practically not 
possible. Inadequate cases 9.8% in CS while 8.8% in LBC were excluded 
for calculation of the concordance between LBC and CS in term of 
cellularity, morphology of cells, efficacy and ease of interpretation of 
diagnosis. 

As far as cyto-morphological parameters were concerned among 
adequate samples both the smear preparation techniques were equally 
good for evaluation of preserved cells. However better nucleoli 
preservation (19.5% in LBP and 9.7% in CS), chromatin clumping 
(26.8% in LBP and 24.4% in CS) and pleomorphism (17% in LBC and 
14.6% in CS.) were observed in LBC in comparison to CS. This perhaps 
was because of immediate delivery of material in the preservative fluid 
and the smears prepared by automate techniques leading to better 
visualization of nuclear details. These were concordant with studies 
of various authors where they found almost equal sensitivity and 
specificity of both techniques in interpretation of aspiration samples of 
TTFNA from peripheral nodular lesions of lung [14].

LBC techniques have been evaluated in past in lung samples which 
constituted mainly sputum, bronchial brushings, BAL [15,16]. Most of 
the authors have found LBC preparations better to CS in assessment of 
the above samples from lung masses. However, few with varying results 
have evaluated TBNA and TTFNA. Various authors observed better 
sensitivity and specificity of TBNA samples by using LBC [17]. They 
found that sensitivity of LBC was 82.1% while in CS it was 56%. The 
specificity of LBC was 87.5%, and for CS it was 82.5%. 

In our study, diagnosis by LBC was found to be concordant with 
the histology diagnosis in majority of cases, 80.95% benign cases and 
72.13% malignant cases. 

Liquid Based Cytology Conventional Cytology

No. % No. %

Adequate 70 85.37 46 56.1

Inadequate 12 14.63 36 43.9

Total 82 100 82 100

Table 1: Comparison of adequacy in conventional cytology and liquid based 
cytology. χ2=16.966; p<0.001.

Histological Diagnosis Total number of 
cases diagnosed 

by HPE

No. Of cases 
diagnosed by 
Conventional

No. Of cases           
diagnosed by LBC Statistical significance

No. % No. % χ2 P

Benign 21 4 19.05 17 80.95 16.095 <0.001

Adeno carcinoma 34 24 70.59 25 73.53 0.073 0.787

Squamous cell carcinoma 15 7 46.67 11 73.33 2.222 0.136

Adeno squamous carcinoma 5 4 80 5 100 1.111 0.292

Small cell carcinoma 4 2 50 3 75 0.533 0.465

Other carcinoma (carcinoid, germ cell tumor, poorly differentiated 
malignancy) 3 0 0 0 0 0 1

Table 2: Comparative diagnostic Efficacy of cytological techniques.

Cytomorpho-logical parameters Total
Conventional Equivalent to LBC LBC better than conventional Conventional better than LBC

No. % No. % No. %

Cellularity 41 21 51.22 11 26.83 9 21.95

Pleomorphism 41 28 68.29 7 17.07 6 14.63

Chromatin clumping 41 20 48.78 11 26.83 10 24.39

Nucleoli 41 29 70.73 8 19.51 4 9.76

Efficacy 41 22 53.66 9 21.95 10 24.39

Ease of Interpretation 41 21 51.22 10 24.39 10 24.39

Table 3: Cytomorphological details of parameters observed in liquid based and conventional cytology.
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We observed statistically significant difference in concordance 
between LBC and CS with respect to histology, (p=0.004). LBC 
showed a statistically significant increase in sensitivity as compared to 
conventional methods. 

Few authors in their study of LBC on TTFNA samples showed 
LBC had inferior yield of diagnosis as comparison to CS method [18]. 
Their observation was in contrast to other observations by others and 
our data, as far as lung aspirates were concerned. This could be due to 
smaller sample size of their study only 30 samples were analysed. The 
material obtained from 2-3 passes was used to make CS as compared to 
only single pass was used to collect LBC sample. So differential sample 
were a major drawback of their study [18].

Moreover there is always a learning curve in LBC interpretation 
and training is needed before someone starts interpreting these 
preparations because of fine alterations of morphology and cellular size. 
In the present study, conventional smear was found to be inadequate 
in 9.8% while in LBC inadequacy rate was 8.8% of cases but no false 
positive diagnosis was made in any of the case, thus specificity of both 
techniques beings 100% for diagnosis of malignancy.

An interesting observation was found when we evaluated the results 
in terms of histological diagnosis of NSCLC. Diagnostic concordance 
with histology was better by LBC in Squamous cell carcinoma (73.33% 
by LBC versus 46.67% by conventional method) and comparable for 

techniques as far as adenocarcinoma was concerned (73.3% by LBC 
and 70.6% by CS). 

In our study, we observed some advantages in LBC over CS. It 
was less time consuming as per interpretation with smaller screening 
area (13 mm), clear background. Our study supports the view of 
other studies who found that TP preparations are superior to CP 
with regard to clear background, monolayer cell preparation and cell 
preservation. Also, it is easier and less time consuming to screen and 
interpret TP preparation because the cells are limited to smaller areas 
on clear background with excellent cellular preservation. However, TP 
preparations are more expensive than CP and require some experience 
for interpretation.

LBC offers an advantage of cell- block preparation from left over 
material for further ancillary techniques but procedures like cytogenetic 
and molecular cannot be performed which requires unfixed cellular 
material.

Every technique has some advantages and disadvantages. LBC 
also has some disadvantages, which are loss of background during 
processing. Though some hint of it remains but majority is lost. 

Morphologically we found that smearing and molding were 
less pronounced in LBC smears in small cell carcinoma lung and 
some amount of cellular elongation was observed in these cases [19]. 
The above observation is due to suspension of cells in liquid media. 
However, dispersed population, monomorphic nuclei and chromatin 
clumping gave a clue to diagnosis (Figure 2). 

Conclusion
We recommend use of liquid based preparations in lung aspirates 

i.e., TTFNA and EUS-TBNA as they are obtained while either the 
patient undergoes CT or endoscopy due to better adequacy and ease 
of interpretation. Moreover the overall diagnostic accuracy is also 
significantly higher as compared to conventional smearing; thus a 

Histological Diagnosis
Conventional LBC

No. % No. %

Concordance 40 48.8 59 72

No concordance 34 41.5 15 18.3

Could not be commented 8 9.8 8 8.8

Table 4: Concordance of conventional and liquid based cytology with histology 
diagnosis. χ2=11.014 (df=2); p=0.004 (Chi-square test) (Significant).

Figure 2: LBC smear of Small cell carcinoma at X200, showing uniform small cells, with scant cytoplasm in clear background.
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cellular smear with better-preserved morphology obtained from LBC 
becomes furthermore obligatory. 
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