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the pulmonary alveoli; as well as inflammatory cells, 
microorganisms, foreign material, etc.[1]

Sputum can be collected by one of the following two 
methods:[1]

1. Early morning spontaneously produced sputum.
2. Aerosol-induced sputum.

The simplest sputum specimen is one in which a fresh, 
early morning specimen produced by deep cough is 
collected and brought to the laboratory without any 
fixative.[4,5]

Sputum examined as multiple samples will detect the 
more central tumors, whereas bronchial washings and fine 
needle aspirations will detect the remaining ones, usually 
occurring as subpleural lesions.[5] Cytological examination 
of sputum has a dual purpose:[1]

1. To determine the presence of tumor
2. To classify the tumor as accurately as possible

MATERIALS AND METHODS

The present study included 36 clinically suspected cases 
of carcinoma of lung. Combined clinical, radiological, 
bacteriologic and/or histological examinations subsequently 

INTRODUCTION

“Sputum cytology” is an example of exfoliative cytology, 
which is based on spontaneous shedding of cells derived 
from the lining of an organ into a cavity from where they 
can be removed by noninvasive means.[1] It is a simple, 
accurate, reliable, cost-effective and noninvasive procedure 
for the assessment of respiratory diseases, including 
preinvasive and invasive pulmonary malignancies.[2,3]

In the present study, the efficacy of sputum cytology in 
the detection of clinically suspected lung carcinoma is 
evaluated.

The sputum is the collection of mucoid material that 
contains cells derived from the buccal cavity, the 
pharynx, the larynx and trachea: the bronchial tree and 
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ABSTRACT

Aims: To evaluate the role of sputum cytology in the diagnostic work-up of patients with suspected lung cancer. Settings 
and Design: Spontaneously produced fresh sputum was analyzed in clinically suspected cases of lung cancer. Materials 
and Methods: Spontaneously produced fresh sputum was analyzed in 36 clinically suspected cases of lung cancer. 
It was carried out using the “fresh pick and smear” method, which employs examination of sputum for blood-tinged, 
discolored or solid particles and preparation of thin and even smears from these selected portions. Statistical Analysis 
Used: Average and means. Results: Sensitivity of sputum cytology was 60%, which increased with an increase in the 
number of samples examined. Conclusions: Sputum cytology in suspected cases of carcinoma of lung is a useful 
diagnostic tool. It may be called as a poor man’s bronchoscopy.
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confirmed the diagnoses of these patients. One or more 
sputum examinations were carried out. Wherever feasible, 
bronchoalviolar lavage fluid and biopsy were obtained for 
comparison.

A fresh early morning sputum specimen, produced by 
deep cough, was collected in a shallow, wide-mouthed, 
sterile bottle made of transparent glass or a disposable 
plastic container. The container was properly labeled and 
sealed with a tight-fitting lid. To obtain satisfactory sputum 
samples, patients were explained about the procedure and 
given proper instructions.

The sputum was decanted into a Petri dish and examined 
against a black background. When present, blood-tinged, 
discolored or solid particles were selected for examination. 
In uniform-looking samples, six different portions were 
taken up. These portions of the sputum samples were 
utilized for detection of abnormal cells, fungal elements 
and acid fast bacilli. Stains like Papanicolaou, May-
Grunwald, Ziehl-Neelsen and Gomori-Methenamine were 
used.

A small portion of sputum sample selected was transferred 
on a plain glass slide. With another clean glass slide, 
the particle on the glass slide was crushed with a rotary 
motion. Then, with overlapping horizontal strokes, the 
material was spread evenly over the slide so as to get a 
final preparation only slightly thicker than a blood smear. 
Few of the slides were fixed immediately in 95% ethyl 
alcohol fixative (for Papanicolaou stain) and the remaining 
slides were air-dried and fixed in 100% methanol (for 
May-Grunwald stain).

The results of the smears were reported as:
1. Normal/negative for malignancy[6]

 Moderate number of alveolar macrophages, pigmented 
macrophages and neutrophils. Few ciliated columnar 
cells and mucous spirals.

2. Inflammatory lesions[1]

a. Acute inflammatory lesions.
• Papanicolaou-stained smears are predominantly 

cyanophilic.
• Plenty of damaged and intact polymorphonuclear 

leukocytes.
• Necrotic material forming threads and 

amorphous masses.
b. Chronic inflammatory lesions.

• Good number of neutrophils, alveolar 
macrophages, few lymphocytes, monocytes, 
occasional neutrophil and goblets cells.

• Spherical or ovoid papillary cell clusters (Creola 
bodies) of benign bronchial cells. Binuclated 
and trinucleated giant cell macrophages.

• Epithelioid cells, Langhan type of giant cell, 
necrosis and predominant lymphocytes 
(suggestive of tuberculosis) [Figure 1].

3. Plenty of eosinophils, elongated rhomboid-shaped 
Charcot-Leyden crystals and/or eosinophil granules 

(suggestive of allergic inflammation)
4. Squamous metaplasia[1,5] [Figure 2]

a. Regular squamous metaplasia.
b. Squamous metaplasia with mild atypia.
c. Squamous metaplasia with moderate atypia.
d. Squamous metaplasia with marked atypia.

5. Positive for malignancy[5]

a. Squamous cell carcinoma [Figure 3]
• Well-differentiated (keratinizing) squamous cell 

carcinoma.
• Poorly differentiated squamous cell carcinoma.

b. Adenocarcinoma [Figure 4]
 • Acinar adenocarcinoma.
 • Bronchoalveolar carcinoma.
c. Large cell undifferentiated carcinoma.
d. Small cell undifferentiated carcinoma.

RESULTS

The study included 36 patients with clinically suspected 
carcinoma of lung. However, of these, 20 cases were 
subsequently confirmed as lung malignancy by histopathologic 
and/or radiographic and clinical evidences.[7,8] Thus, we have 
a total of 20 confirmed cases of carcinoma of lung in the 
present study.

Of the 20 cases in which a definitive diagnosis of lung cancer 
was made, there was cytologic (sputum/ bronchoalveolar 
lavage /pleural fluid) and/or histopathologic evidence of 
squamous cell carcinoma in 13 (65%) cases, adenocarcinoma 
in five (25%) cases and small cell anaplastic carcinoma in 
one (5%) case. However, in one (5%) case, typing of tumor 
could not be performed.

The ages of the patients ranged from 36 to 75 years, with 
a mean of 62.6 years for males and 60.6 years for females. 
The patients included 15 (75%) males and five (25%) 
females. Thus, the male to female ratio was 3:1.

A history of smoking more than 15 cigarettes per day and 
for longer than 5 years was given by 14 cancer patients. 
We thus have a striking majority of 70% smokers in cancer 
patients.

Of the 20 confirmed cases of carcinoma of lung, sputum 
cytodiagnosis was positive for malignancy in 12 (60%) 
cases, inflammatory in three (15%), regular squamous 
metaplasia in one (5%), squamous metaplasia with 
mild atypia in one (5%), squamous metaplasia with 
moderate atypia in one (5%) and squamous metaplasia 
with marked atypia in one (5%) case. Thus, in our series, 
the pick up rate of cancer lung by sputum cytology was 
60%. In 13  squamous cell carcinoma patients, sputum 
cytology was positive for malignancy in 10 cases. 
Thus, the sensitivity of sputum cytology was 76.9% 
for squamous cell carcinoma compared with 40% for 
adenocarcinoma.
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The first specimen of sputum was diagnostic of cancer 
in nine patients (45% of total), and the pick up rate 
increased to 55% by examination of second and to 60% 
by examination of third satisfactory sputum specimens.

Radiological and/or bronchoscopic studies revealed a 
central tumor in 11 cases, of which eight were positive 
for malignancy on sputum cytology, giving a pick up rate 
of 72.7% for central lesions compared with 44.4% (four 
cases) of nine peripheral lesions.

Bronchoalveolar lavage was done in 15 cancer cases. 
It was positive for malignancy in nine cases. Sputum 
cytology conducted in these cases showed malignancy in 
11 cases. Sputum and BAL cytology together detected 13 
of 15 cancer patients.

Thus, in these 15 cases, the following observations were 
made:
• Sensitivity of BAL cytology – 60%.
• Sensitivity of sputum cytology – 73.3%.

• Sensitivity of BAL and sputum cytology – 86.7%.

Bronchoscopic biopsy could be conducted in 14 (70%) 
cancer cases, of which 10 (71.4%) biopsies revealed 
malignancy. Sputum examination in these 14 cases 
detected malignancy in nine (64.3%) cases.

DISCUSSION

Sputum represents a highly specialized product of the 
respiratory tract. In patients with sputum production, one 
can glean information pertinent to the abnormality through 
the intelligent examination of this material. Cytological 
examination of Papanicolaou stain of sputum is accepted 
as a useful diagnostic tool in carcinoma of lung.

In this study, sputum samples, spontaneously produced by 
deep cough, were brought without any fixative. The delay 
was avoided as degeneration takes place after 8-10 hours 
of collection.[5,7,9-11] However, Koss (2006) has suggested 
that specimens with high mucous content, like sputum, 

Figure 3: PAP stain of sputum showing cells of adenocarcinoma 
(magnification, x400)

Figure 4: PAP stain of sputum showing squamous cell carcinoma 
(magnification, x400)

Figure 1: PAP stain of sputum showing Langhan’s type of giant cell 
with peripherally placed nuclei (magnification, x400)

Figure 2: PAP stain of sputum showing squamous cell metaplasia with 
atypia (magnification, x400)
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might be preserved for 12-24 hours, if refrigerated.[1] The 
other methods to induce sputum production are induction 
with a single dose of INS316 in patients with mild 
chronic bronchitis,[12] induction with hypertonic saline 
solution[13,14] and injection of neostigmineo.[15] However, it 
is suggested that the quality of spontaneously produced 
sputum and aerosol-induced sputum was comparable, 
with a better cell viability in the former.[5,16]

In the present study, sputum cytodiagnosis was carried out 
using the “fresh pick and smear” method, which employs 
examination of sputum for blood-tinged, discolored or 
solid particles and preparation of thin and even smears 
from these selected portions. This method enables effective 
concentration of diagnostic material by selection of 
suspicious areas. The pick and smear method is the most 
reliable method, and it has many advantages over other 
methods.[6]

The ages of the clinically confirmed lung cancer patients 
ranged from 38 to 75 years, with a mean of 62.1 years. A 
history of smoking more than 15 cigarettes per day and 
for more than 5 years was given by 70% of patients. When 
primary adenocarcinoma of lung, generally not related to 
smoking, is disregarded, we then had only one nonsmoker 
left in the primary lung cancer patients. The corrected 
incidence of smoking thus rose to 93.3%. Rossa, Joao and 
Eleonor noted 93% smokers in their study, which rose to 
98% after correction.[17]

Sputum cytology detected 12 of 20 confirmed cases of 
carcinoma lung. Thus, the sensitivity (pick up rate) was 
60%. It is comparable to 59.5% reported by Bocking Alfred, 
Stefan and Rene,[18] and 60.1% by Risse.[8] Sputum cytology 
in the early detection of malignant lung tumor is justifiably 
recognized as a time-honored method.[7,11,19] Hinston and 
Kuper have reported a 59.8% pick up rate.[20]

Sensitivity of sputum cytology increased with the number 
of satisfactory sputum samples examined, starting with 
45% for one satisfactory sample examined to 55% for two 
and up to 60% for three. The average sensitivity of sputum 
cytology as reported by Bocking et al. is 40.5% for the first 
satisfactory sample examined and 59.5% for three samples 
examined.[18]

In our study, eight of the 11 patients with central lesions 
were positive for malignancy on sputum cytology thus 
giving a pick up rate of 72.7% for central tumors compared 
with 44.4% (four to nine cases) for peripheral lesions. 
These pick up rates are comparable to the 81% for central 
and 42% for peripheral tumors as reported by Duguid 
et al.[21]

In the present study, the sensitivity of sputum cytology 
was 76.9% for squamous cell carcinoma compared 
with 40% for adenocarcinoma; these pick up rates are 
comparable to the 67% for squamous cell carcinoma 
and 42% for adenocarcinoma as reported by Hinston and 

Kuper[20] and 70% and 25% by Payne et al.[22] This can be 
explained by the fact that squamous cell carcinomas are 
usually located centrally and readily exfoliate cells into 
the sputum.

Brochoscopic biopsy could be obtained in 14 lung cancer 
patients. In 10 cases, biopsy contained tumor (sensitivity = 
71.4%); this pick up rate is comparable to 69% as reported 
by Payen et al.[22] It is important to know that in all the 
four cases with negative endoscopic biopsies, sputum 
cytology specimens showed malignant cells. The sputum 
cytology may establish the diagnosis of carcinoma of lung 
even when bronchoscopic biopsies are negative. This is 
particularly helpful when endoscopic biopsies suffer a 
low yield or can threat considerable danger to the patients 
(iatrogenic hemorrhage). Sputum cytology is also useful in 
places where facilities are not available. Mak et al. showed 
that for the maximum diagnostic yield in the diagnosis of 
lung cancer, biopsy should be combined with cytology 
using both washings and brushings.[23]

In the present study, squamous metaplasia with marked 
atypia was seen in three cases, of which two cases were 
diagnosed as squamous cell carcinoma on subsequent 
histopathologic study of bronchoscopic biopsies. Many 
authors, like Saccamanno[24] and Nasiell,[25] have suggested 
the possible role of squamous metaplasia as a precancerous 
lesion. However, it is advisable to investigate thoroughly 
and follow-up the cases showing squamous cell metaplasia 
with sever atypia.[7] Autofluorescence bronchoscopy (AFB) 
is now the gold standard for detecting preinvasive lesions. 
It is recommended that sputum cytology be followed by 
AFB as a screening regimen for high-risk groups with 
central lesions.[26] Sputum cytology examination followed 
by bronchoscopy is also a practical way of detecting early-
stage lung cancer in these lesions.[27]

CONCLUSION

In conclusion, carcinoma of lung is more common in the 
seventh decade of life, with male patients predominating. 
Sensitivity of sputum cytology is 60%, and it increases with 
the number of samples examined. It is more for the central 
lesion compared with the peripheral lesion, and for squamous 
cell carcinoma compared with adenocarcinoma. Use of both 
sputum and BAL cytology increases the detection rate of lung 
cancer. Need for careful evaluation is patients with a sputum 
cytodiagnosis of sever atypia cannot be overemphasized.
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