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Possibilities and limitations of cytology in the diagnosis 
of lung tumors 

Milivoj Mermolja 

Institute for Respiratory Diseases Golnik, Slovenia 

The possibilities and limitations of pulmonary cytology are presented. In a two-year period, 744 

primary lung carcinomas were diagnosed. In 96.5 % of patients any kind of material was cytologically 

examined. The sensitivity of cytology was 92.0 % and the predictive value of positive cytologic

finding was 99.7%. The most frequently bronchoscopically obtained material (BOM), which gives 

the highest rate of positivity was examined. In 56.4 % of patients lung cancer was microscopically 

verified only by cytology. In 65. 7 % of histologically and cytologically diagnosed lung cancers 

cytologically determined type agreed with the histological typing. The main advantages of pulmonary 

cytology could be expressed as follows: the method is minimally invasive, inexpensive, rapid, saje 

and reliable. Yet, in some cases the nature of the material prevents additional stainings or 

immunocytochemistry and therefore in nonepithelial and poorly differentiated tumors the results are 

less satisfactory. 

Key words: lung neoplasms; cytodiagnosis 

Introduction 

Over the last decades the use of cytology in the 
diagnosis of lung cancer has gained in its fre­
quency and importance. 1 In its development, 
pulmonary cytology is going hand in hand with 
technical advances, such as fiberoptic broncho­
scopy and transthoracic needle aspiration 
biopsy (TNAB) performed under X-ray or com­
puted tomography guidance. At the same tirne 
pulmonary cytology has also been following 
modem trends in material processing. Standard 
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cytologic staining methods such as May-Gri.in­
wald-Giemsa and Papanicolaou have been 
accomplished by immunocytochemistry, elec­
tron microscopy, flow cytometry and image 
analysis. 

With the improvement of diagnostic and the­
rapeutic regimens for the treatment of lung 
cancer, precise diagnoses have become very 
important. In the evaluation of cytology two 
important questions arise. First, to what extent 
is the method capable of detecting the presence 
of malignant cells, and second, to what extent 
it can de termine the histologic type of cancer2

, 

or at least to what extent small-cell carcinomas 
could be cytologically 'distinguished from non­
small-cell lung cancers. 

To establish the real possibilities and limita­
tions of pulmonary cytology, the diagnostic 
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sensitivity and tumor typing accuracy were ana­

lysed in ali patients with primary lung cancer 

diagnosed in two-year period. 

Material and methods 

In patients with primary Jung cancer diagnosed 

during the years 1990 and 1992, the data on 

cytologically examined patients, materials, effi­

ciency of examinations of different materials, 

sensitivity of cytology and predictive value of 

positive cytologic findings have been retrospec­

tively analysed. Also the data on the efficiency, 

expedience and cost-effectiveness of thc exami­

nation of diffcrent materials havc been evaluat­

ed. The agreement betwecn cytological and 

histological typing of lung cancer has been 

assessed as well. 

Cytologically, severa! materials were cxami­

ned: sputum, bronchoscopically obtained mate­

rial (BOM), TNAB, pleural effusions and aspi­

ration biopsies of metastatic lcsions. In BOM 

the imprints of bronchial and transbronchial 

forceps biopsy specimens, brushings, perbron­

chial aspiration biopsies and bronchoalveolar 

lavage were included. Material obtained by 

TNAB may originate from thc lungs or media­

stinal lesions. 

In BOM the cytological examination is per­

formed first. If cytology of imprints is positive 

and the type of carcinoma is clearly determined, 

thc histology of forceps biopsy specimens is 

usually not performed. The exceptions are small 

celi Jung cancers which are in most cascs histo­

logically verified as well. 

Most of the cytological smears are stained by 

the May-Gri.inwald-Giemsa method. If the ma­

terial is appropriate, some smears are stained 

according to Papanicolaou. If cancer cannot be 

typcd on the basis of celi morphology, the 

smcars stained by Papanicolaou are used for 

appropriate immunocytochemical staining. 

Thc results of cytology were recorded as 

positive, suspicious or negative. The type of 

primary Jung cancer was in most cases determin­

ed on the basis of the morphology of malignant 

cclls. In patients with both cytologically and 

histologically verified Jung cancer, the accuracy 

of cytologic typing was compared with histolo­

gically cstablished diagnosis. The results of cy­

tological typing were classificd into three 

groups: 1) both typings werc in agreement, 2) 

typings were only partly in agreement, 3) typ­

ings were not in agreement. In thc first group 

those cases were inclucled in which the type was 

cytologically clearly dcfined and was in agrec­

ment with histologically determined type. 

The second group comprised the cases in 

which the typc had not been definitively cytolo­

gically detennined. For example, we noted that 

the cells probably belongcd cither to squamous 

celi carcinoma, small-cell or adenocarcinoma. 

In this group also those cases were included 

which had bcen cytologically classified as large­

cell carcinoma, while histologically they were 

classified as squamous celi carcinoma or adeno­

carcinoma. 
In thc third group there were the cases in 

which the type was cytologically definitively 

deterrnined howcver, later histology proved the 

diagnosis to be incorrect. 

Results 

In the years 1990 and 1992, 744 primary pulmo­

nary carcinomas were diagnosed at our Institu­

te. Any type of material was cytologically exa­

mined in 96.5 % of patients. Cytological find­

ings were positive in 661 patients (Table 1). In 

two patients cytological findings were false po­

sitive. Frorn these data it was concluded that 

the sensitivity of cytological examination was 

92.0 % and the predictive value of positive 

cytologic finding was 99. 7 % . 

Table l. Cytology in patients with Iung canccr: exami­
nations and rcsults. 

Patients 

Without cytology 
Cytologically examined 

positive 
- suspicious
- negative

AII patients

N 

26 
718 
661 

18 
39 

744 
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BOM was examined in most patients with 

Jung cancer. The examination of .this material 

yielded the highest rate of positivity (86.6 % ) 

(Figure 1). TNAB was examined in 9.3 % of 
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Figure l. Frequency ancl efficiency of cytology of 
severa! materials. SP = sputum; BOM = broncho­
scopically obtainecl material; TNAB transthoracic 
needlc aspiration biopsy; PL = pleural effusion; 
META metastatic lesions. 

patients, its sens1t1V1ty being 82.6 % . Rather 

poor positive results were obtained by the exa­

mination of sputum (22.5 % ) and pleural effu­

sions (34.8 % ). 

In most patients malignant cells were found 

only in one type of material. For example, in 

both BOM and sputum malignant cells were 

500 
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Figure 2. Microscopic verification of Jung cancer. 
N 774. CYT only cytologically verifiecl; CYT 
ancl HIST = cytologically ancl histologically verifiecl; 
HIST - only histologically verifiecl; UNYERIF =

without mieroscopic vcrification. 

found in six patients only while in BOM and 

TNAB they were found in seven patients only. 

In more than half of the patients the cancer 

was microscopically verified by cytology only 

(Figure 2). In nearly one third of cases cancer 

was verified both histologically and cytological­

ly, while in 2.4 % it was confirmed only histo­

logically. In 9.7 % of the patients cancer was 

not microscopically verified. Also, in most of 

the surgically treated patients, Jung cancer was 

preoperativelly microscopically verified only by 

cytology (Table 2). 

Table 2. Microscopic verification of lung cancer beforc 
surgcry. 

Verification 
Cytology only 
Cytology ancl histology 
Histology only 
Unverifiecl 

Ali paticnts 

]00 

8() 

"' 

� 

"' 

COMPI 

PA!rl"IAI, 1\GRl]•:MEN'l 
NONE 

N 

93 
17 
3 
2 

115 

Figure 3. Agreement of cytological and histological 
typing. N = 242. COMPL = both typings are in full 
agrecment; PARTL Y = both typings are in partial 
agrecmcnt; NONE histological ancl cytological 
typings are in disagrcement. 

The efficiency of cytological typing was 

assessed in 242 patients (Figure 3) in whom 

cancer was verified both cytologically and histo­

logically. In 65.7 % of cases the cytologic and 

histologic typings were in full agreement, in 

33.1 % of cases the typings were only in partial 

agreement, while in 1.2 % of patients the cyto­

logical typing of carcinoma was incorrect. 
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Table 3. Agrccmcnt of cytological typing with histo­
logy in diffcrcnt typcs of Jung canccr. 

Typc Numbcr of Corrcctly 
paticnts typcd 

N (¼) 

Squamous 52 37 71.2 

Small celi anaplastic 91 70 76.9 

Adcnocarcinoma 51 24 47.1 

Largc celi 32 19 59.4 

Ali paticnts 226 150 66.4 

Cytological typing was most successful in 
small-cell lung cancer where cytologically deter­
mined type was in agreement with histologically 
determined type in 76.9 % of cases, and in 
squamous celi carcinoma where the typings 
were in agreement in 71.2 % of cases. Less 
successful was cytological typing in adenocarci­
noma and large celi carcinoma where the typ­
ings were in agreement only in 47.1 % and 
59.4 '1/o of cases, respectively (Table 3). 

Discussion 

Among the methods available for the diagno­
stics of lung cancer, cytology plays a very 
important role. Different materials for cytologi­
cal examinations are available. However, each 
type of material has some advantages as well 
as drawbacks. For example, the examinations 
of sputum yield the diagnostic sensitivity of 
85 % or more when three or more sufficient 
samples are examined.3 However, the examina­
tions of sputum are rather time-consuming; 
besides, positive sputum cytology does not 
provide information on the extent and localisa­
tion of tumor. Therefore, in the past years 
sputum is examined only in patients in whom 
for various reasons a more aggressive method 
of sample taking is not indicated. 

Recently, examinations of BOM have been 
performed in most patients suspected of having 
Jung cancer. Since the sensitivity of BOM cyto­
logy is high, most lung cancers are proven by 
this examination. By bronchoscopy, different 
kinds of material for cytology may be obtained. 
The diagnostic sensitivity of different types of 
BOM was not analysed in our material. Bettcr 
results are usually obtained by the examination 

of imprints than by brushings. The results of 
imprint cytology are also better than those of 
histological examination of forceps biopsy spe­
dmens.4 The sensitivity of BOM cytology is 
higher in central than in periphery tumors.5 

TNAB is gencrally indicatcd for the diagnosis 
of nodules, masses or infiltrates that are not 
accessible by a bronchoscope. It provides a 
quick and accurate diagnosis. If performed in 
an early phase of diagnostic workup, it can save 
many other laboratory tests and examinations. 6 

It is also a reliable method for reducing the 
need for diagnostic thoracotomy. 7 At our Insti­
tute it is performed in 9.3 % of patients with 
Jung cancer. The diagnostic sensitivity of these 
examinations is usually high.8 In most cases the 
examinations are more efficient in pulmonary 
than in mediastinal lesions.9 In the mediastinum 
tumors of nonepithelial origin are rather fre­
quent ancl their iclentification requires aclclitio­
nal immunochemical stainings. 

Malignant pleural effusion is a sign of inope­
rability of lung cancer. So the cytology of 
pleural effusion is important not only for the 
cliagnosis but also for the staging of disease. 
However, the cytology of pleural effusion is 
complicated since in many cases, even in pa­
tients with lung cancer, the effusion is not clue 
to a clirect pleural involvement10 but may also 
be caused by a lymphatic or venous obstruction, 
endobronchial obstruction with atelectasis, 
postobstructive pneumonitis and severe hypo­
proteinemia.11 In cases where the pleura is not 
involved, malignant cells will not be founcl in 
the effusion. Even if there are few malignant 
cells in the effusion or effusion is very hemor­
rhagic, malignant cclls may not be present in 
the examined sample. Therefore it is clifficult 
to establish the real cliagnostic sensitivity of 
cytology of pleural effusion. Direct involvement 
of thc plcura might be establishecl only on 
autopsy, thoracotomy or thoracoscopy, but 
these are performed in a rather small number 
of patients with pleural effusion. 

However, in cytological examinations it is 
not enough to fincl malignant cells only. The 
type of primary Jung cancer shoulcl also be 
determinecl or at least small-cell carcinomas 
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should be differentiated from non-small-cell 

carcinomas. Undoubtedly, the histological typ­

ing is more reliable than the cytological one. 

Yet, many a sample from the Jung is suitable 

for cytologic examination only. In routine, cyto­

logical examinations are quick and inexpensive. 

Therefore, at our Institute in more than half of 

the patients with Jung cancer the preoperative 

microscopic diagnosis and typing of tumor are 

based on cytological finding only (Figure 2). 

The reliability of cytological typing may be 

improved if immunochemistry is applied in ad­

dition to standard stainings. Yet, some cytolo­

gical samples do not contain enough material 

or it is of poor quality for additional stainings. 

Therefore, cytologic diagnostics and typing are 

based mostly on the examination of routinely 

stained smears. Yet, in 65.7% of cases with 

cytologically and histologically verified Jung 

cancer, the cytological typing was in full agree­

ment with the histological type. Cytological 

typing was most efficient in small-cell and squa­

mous-cell Jung cancer. In prospective studies 

including a small number of patients, the results 

of cytological typing may be better 12
• 

13 than 

those indicated in our review. 

Yet, it should be considered that our criteria 

were very strict. Those cases in whom the type 

had not been cytologically clearly defined were 

included into a separate group. It is known that 

cytological typing is less reliable in poorly diffe­

rentiated non-small-cell Jung cancers which are 

mostly typed as large-cell carcinomas or adeno­

carcinomas. It is also evident that cytologically, 

non-small-cell Jung cancers are hardly ever fal­

sely typed as small-cell cancers or vice versa. 

According to our <lata it can be concluded 

that the basic advantages of pulmonary cytology 

are as follows: sample taking is relatively well 
tolerated by patients, the method is quick and 

cost effective, the yield of diagnostic sensitivity 

can reach up to 90 % or even more, the rate 
of false positive results is under 1 % and the 

accuracy of tumor typing exceeds 60 % . 

As to the disadvantages of pulmonary cytolo­

gy, it should be mentioned that for good diag­

nostic results severa! materials should be 

examined. If the material was sputum, examina-

tions should be repeated. The nature of the 

material often renders additional stainings im­

possible therefore particularly in nonepithelial 

and poorly differentiated tumors the results are 

not as good as it might be desired. 
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