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Summary. Histological classification of lung cancer is subjective and often difficult to reproduce on bronchoscopic 
biopsies. The aim of this study was to identify which of seven karyometric variables are of diagnostic value in 
distinguishing major histological types of lung carcinoma. Bronchoscopic mucosal samples from patients with 
squamous cell carcinoma (n=48), small cell carcinoma (n=41), and adenocarcinoma (n=35) of the lung were 
retrieved. Specimens were stained with hematoxylin and eosin, and measured by image analyzer. All measured 
nuclear variables were found to be significantly different between small cell carcinoma and non-small cell carcinoma 
(p<0.01). Using stepwise discriminant function analysis, a correct diagnosis was achieved in 92.7% of non-small cell 
carcinomas and 90.24% of small cell carcinomas. The total percent of correct classification was 91.93%. The best 
discriminant variables between these categories of lung carcinoma were nuclear perimeter and area. In conclusion, 
nuclear image analysis can be used to make distinction between major histological types of lung carcinoma in the 
biopsy specimens, especially between small cell lung carcinoma and non-small cell lung carcinoma. 
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Introduction 

With more than 1.1 million deaths annually world-
wide, lung cancer is the most frequent and one of the 
most deadliest cancer types. In men, 85-90% of cases 
can be attributed to tobacco smoking. The prognosis of 
lung cancer is still poor, with 5-years survival rates of 
approximately 10% in most countries (1). 

A histological classification should provide guide-
lines for tumor diagnosis in order to evaluate patient 
prognosis and therapy. Carcinomas of the lung are clas-
sified into four major types: small cell carcinomas, 
squamous cell carcinomas, adenocarcinomas and large 
cell carcinomas (1). While the WHO classification for 
lung carcinomas appears relatively straightforward, it 
may prove difficult to apply in individual cases. A ma-
jor reason for this is the histological heterogeneity of 
lung carcinomas (2). Histological phenotype is the result 
of multiple differentiation potentialities of individual 
tumor cells and different cell types can occur in the 
same tumor. Therefore, it is not surprising that an in-
terobserver variation is present in diagnoses made by 
expert pathologists (3). 

Malignant lung neoplasms are currently clustered in 
practice into two groups with distinct clinico-pathologi-
cal features: small cell carcinoma and non-small cell 
carcinoma. Although small cell carcinoma are usually 
treated by chemotherapy with or without radiotherapy, 
the best therapeutic opportunity for patients with non-
small cell carcinoma is surgery. The classification of 

lung neoplasms into these two major groups can be dif-
ficult when limited diagnostic material is available. In 
doubtful cases additional classification methods may be 
helpful, particularly karyometry. In order to define 
quantitative differentiating criteria, we performed image 
analysis of primary carcinoma of the lung in biopsy 
specimens. By quantitative nuclear image analysis the 
morphology of the nucleus is described by a number of 
mathematical parameters (4). 

The aim of this study was to identify which of seven 
karyometric variables are of diagnostic value in distin-
guishing major histological types of lung carcinoma.  

Material and Methods 
At the Institute of Pathology, University of Nis, 

formalin fixed, paraffin embedded bronchoscopic mu-
cosal samples from patients with squamous cell carci-
noma (n=48), patients with small cell carcinoma (n=41), 
and patients with adenocarcinoma (n=35) of the lung 
were retrieved from pulmonary pathology archives. Se-
rial histological sections of 4 μm thickness were stained 
with hematoxylin and eosin in linear staining sistem 
Leica ST 4040 (Leica Microsystems, Nussloch, 
Germany). The slides were measured by image analyzer 
Lucia M 3.51 ab (Laboratory Imaging, Prague, Czeck 
Republic), using a 40:1 objective (NA=0.65) of FXA 
microscope (Nikon, Tokyo, Japan). The binary images 
were manually edited. Seven nuclear variables were 
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estimated: nuclear area, equivalent diameter, volume of 
equivalent sphere, perimeter, mean chord, circularity 
and total optical density (5).  In each case a hundred of 
non-overlapping, non-crushed tumor cell nuclei were 
measured. 

The nuclear area is the number of pixels. 
The equivalent (Eq) diameter is the diameter of a cir-

cle having the same area as the corresponding object: 

Eq diameter = π⋅ /4 area . 

 Volume Eq sphere is the volume of the ball: 

Volume Eq sphere = ⋅
π
6

Eq diameter3. 

Perimeter is derived from four projections in the di-
rections 00, 450, 900 and 1350: 

Perimeter = π (Pr0 + Pr45 + Pr90+ Pr135) / 4. 
Mean chord is the mean value of secants in direc-

tions 00, 450, 900 and 1350: 
Mean Chord = 4 area / Pr0 + Pr45 + Pr90+ Pr135. 

Circularity is derived a shape measure, calculated 
from the area and perimeter: 

Circularity = 4π ⋅ area/ perimeter 2. 
Total optical density value is the sum of individual 

optical density (O.D.) of each pixel in the area being 
measured: 

O.D. = -log (Pixel Gray Value + 0.5) / 62.5 
For statistical analysis, stepwise linear discriminant 

analysis and the Mann-Whitney test were used. Dis-
criminant function analysis was used to determine 
which karyometric variables discriminate between ma-
jor histological types of lung carcinoma, with Wilks' 
lambda for the overall model that will result after re-
moving of respective variable, and partial lambda which 

is the Wilks' lambda associated with the unique contri-
bution of the respective variable to the discriminatory 
power of the model.  

Results 
The values of the nuclear variables from major histo-

logical types of primary lung carcinomas that were as-
sessed are listed in Table 1. All measured seven nuclear 
variables were found to be significantly different between 
squamous cell carcinoma and small cell carcinoma of the 
lung (p<0.01). The values of nuclear variables (except 
circularity) of squamous cell carcinoma of the lung were 
significantly larger than in small cell carcinoma. Simi-
larly, statistically significant differences were found be-
tween adenocarcinoma and small cell lung carcinoma 
(p<0.01). No significant differences were found among 
squamous cell carcinoma and adenocarcinoma of the lung 
for measured nuclear variables (p>0.05), except total op-
tical density. Total nuclear optical density in adenocari-
noma was significantly larger than in squamous cell car-
cinoma of the lung (p<0.05) (Table 1). 

Since no significant discrimination was possible 
between the squamous cell carcinoma and adenocarci-
noma (Wilks' lambda =0.93, F =3.03, p>0.05), the at-
tention was confined to the discrimination between 
small cell lung carcinoma (Fig. 1) and non-small cell 
lung carcinoma (Fig 2, squamous cell carcinoma and 
adenocarcinoma). All measured nuclear variables were 
found to be significantly different between these two 
categories of lung carcinoma (p<0.01). The values of 
nuclear variables (except circularity) of non-small cell 
carcinoma (Table 2) were significantly larger than in 
small cell lung carcinoma (p<0.01). Using stepwise lin-
ear discriminant function analysis, the best discriminant 
variables between these two categories of lung carcinoma 
were nuclear perimeter and area (Table 3). A correct di-

Table 1. Nuclear variables in squamous cell carcinoma, adenocarcinoma and small cell carcinoma of the lung  
Histologic. types of 
lung carcinoma 

Squamous cell 
carcinoma (n=48) 

Adenocarcinoma 
(n=35) 

Small cell carcinoma 
(n=41) 

Variables X±SD 
(95% CI) 

X±SD 
(95%CI) 

X±SD 
(95%CI) 

Nuclear area (μm2) 35.17±9.54 
(32.39-37.94)  

35.70±8.61 
(32.74-38.66) 

20.12±4.59* 
(18.67-21.57) 

Equivalent diameter 
(μm) 

6.53±0.85 
(6.28-6.77) 

6.59±0.79 
(6.32-6.86) 

4.98±0.56* 
(4.80-5.16) 

Volume of equivalent 
sphere (μm3) 

169.61±73.51 
(148.27-190.96) 

172.18±62.76 
(150.62-193.74) 

71.54±24.99* 
(63.65-79.43) 

Perimeter (μm) 
 

21.88±2.74 
(21.09-22.68) 

22.03±2.70 
(21.10-22.96) 

16.32±1.83* 
(15.75-16.90) 

Mean chord (μm) 
 

4.82±0.66 
(4.63-5.01) 

4.88±0.59 
(4.68-5.08) 

3.74±0.44* 
(3.60-3.88) 

Circularity 0.88±0.03 
(0.87-0.89) 

0.89±0.02 
(0.88-0.89) 

0.92±0.03* 
(0.91-0.93) 

Total optical  
density 

325.02±103.67 
(294.92-355.12) 

376.32±106.26** 
(339.82-412.82) 

250.03±52.07* 
(233.59-266.46) 

X − mean; SD − standard deviation; 95% CI − lower and  upper 95% confidence interval. 
*p<0.01 − small cell carcinoma versus other two types, **p<0.05 − squamous cell carcinoma versus adenocarcinoma 
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agnosis was achieved in 92.7% of non-small cell carci-
nomas and 90.24% of small cell carcinomas. The total 
percent of correct classification was 91.93% (Table 4).  

Table 2. Nuclear variables in non-small cell and small 
cell carcinoma of the lung  

 Non-small cell 
carcinoma of 

the lung (n=83) 

Small cell 
carcinoma 

(n=41) 
Variables X±SD 

(95% CI) 
X±SD 

(95%CI) 
Nuclear area 
(μm2) 

35.39±9.11 
(33.40-37.38) 

20.12±4.59* 
(18.67-21.57) 

Eq diameter 
(μm) 

6.56±0.82 
(6.38-6.74) 

4.98±0.56* 
(4.80-5.16) 

Volume Eq 
sphere (μm3 

170.69±68.79 
(155.67-185.71) 

71.54±24.99* 
(63.65-79.43) 

Perimeter (μm) 
 

21.95±2.71 
(21.35-22.54) 

16.32±1.83* 

(15.75-16.90) 
Mean chord (μm) 
 

4.85±0.63 
(4.71-4.98) 

3.74±0.44* 
(3.60-3.88) 

Circularity 0.89±0.03 
(0.88-0.89) 

0.92±0.03* 
(0.91-0.93) 

Total optical 
density 

346.66±107.20 
(323.25-370.06) 

250.03±52.07* 
(233.59-266.46) 

*p<0.01 − small cell carcinoma versus non-small cell carcinoma 

Six cases of non-small cell carcinoma were misclas-
sified in a small cell group by discriminant analysis. 
Two of them were a small cell variant of squamous cell 
carcinomas and four were adenocarcinomas. Four small 
cell carcinomas were misclassified in a non-small cell 
group, but after histological revision they were com-
bined small cell carcinomas (small cell carcinoma with 
squamous cell carcinoma). 

Discussion 
Although the lung is an organ in which many histo-

logical types of malignant epithelial tumor can develop, 
about 95% of cancers occurring there are of four major 
histological types: squamous cell carcinoma, small cell 
carcinoma, adenocarcinoma and large cell carcinoma. 
The distinction between these four major types of lung 
carcinoma on routine bronchoscopic biopsies sometimes 
presents diagnostic problem (2, 6). Materials obtained 
under fiberoptic bronchoscopic guidance are often very 
small and are sometimes crushed, particularly in the 
case of small cell carcinoma. Also, in small tissue frag-
ments, differentiated tumor features (such as a glandular 
structure or keratinization) may not be presented. His-
tological diagnosis of large cell carcinoma is made after 
the exclusion of squamous cell carcinoma, small cell 
carcinoma, adenocarcinoma, and other lung cancers of a 

  
Fig 1. Small cell carcinoma of the lung (HE, obj.x40).  Fig 2. Non-small cell carcinoma of the lung (HE, obj.x40). 

Table 3. Discriminant function analysis of non-small cell carcinoma (n=83) and small cell carcinoma (n=41) 
Variables Wilks Lambda Partial Lambda F-remove 

(1,121) 
p 

Perimeter (μm) 0.54 0.65 65.67 p< 0.01 
Area (μm2) 0.46 0.77 36.13 p< 0.01 

Table 4. Classification matrix of non-small cell carcinoma (n=83) and small cell lung carcinoma (n=41)  
Histopathologic 
classification 

Number of 
cases 

Percent of correct 
computer 

classification 

Non-small cell 
carcinoma 

Small cell 
carcinoma 

Non-small cell carcinoma     83 92.7   77   6 
Small cell carcinoma     41 90.24  4 37 
Total  124 91.93 81 43 
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specific type (especially main groups like large cell neu-
roendocrine carcinoma and carcinoids) (1). Because 
diagnosis of large cell carcinoma based on small tissue 
fragments may not agree with the one based on tissue 
from resected lung tumor, this major type of lung carci-
noma was excluded from the measurement procedure. 
As tumor differentiation is often variable within a given 
tumor, a diagnosis of large cell lung carcinoma requires 
examination of the entire tumor to rule out areas of 
squamous or glandular differentiation (7). 

Histological classification of lung cancer is subjec-
tive and often difficult to reproduce. Image analysis 
permits pathologists to obtain quantitative measure-
ments on histological specimens, so that visual impres-
sions can be augmented by quantitative morphometry 
(8). For correct results, standardization of staining prior 
to analysis is very important. In our study, a staining 
machine was used. Image analysis is cheaper than im-
munohistochemistry and therefore meaningful in routine 
diagnosis. In order to obtain additional differentiating 
criteria for major histological types of lung carcinoma, 
in the present study, we estimated seven quantitative 
nuclear image features. We identified significant differ-
ences with regard to nuclear size, shape and optical den-
sity between squamous cell carcinoma and small cell 
carcinoma of the lung. The mean values of all measured 
nuclear variables (except circularity) of squamous cell 
carcinoma were significantly larger than in small cell 
carcinoma of the lung. Our findings are in agreement 
with other studies (3, 9, 10). 

No significant differences were found among 
squamous cell carcinoma and adenocarcinoma of the 
lung for the measured nuclear variables except total 
optical density. Total optical density in adenocarinoma 
was significantly larger than in squamous cell carci-
noma of the lung.  

The results of this study show significant differences 
for all measured seven nuclear variables between small 
cell and non-small cell carcinomas in biopsy specimens. 
The best discriminant variables between these two cate-
gories of lung carcinoma were nuclear perimeter and 
area, reflecting nuclear size. In a study of Kavantzas and 
colleagues (11) statistically significant differences were 
found among small cell and non-small cell lung carci-
noma in nuclear size (minor axis), similarly to our re-

sults. The total percent of correct classification was 
91.93%, in agreement with result of other reports (3, 
12). Nuclear texture feature analysis has repeatedly been 
used to discriminate between malignant tumors of the 
lung. Nuclear texture features describe DNA distribu-
tion patterns in cell nuclei, and can be reliably measured 
by high resolution image cytometry, both in tissue sec-
tions as well as in single cell preparations such as 
smears from fine needle aspirates or cell suspension 
preparations. By applying the classification rule that 
described the granularity of the nuclear chromatin (de-
fined by four different parameters), Schmid and col-
leagues (12) correctly discriminated small cell and non-
small cell lung carcinoma in 93%. In the present study, 
the nuclear texture features were not estimated, but the 
overall percent of correct classification of the small cell 
and non-small cell lung carcinoma was very similar.  

Small cell variant of squamous cell carcinomas, 
which were misclassified in our study, were poorly dif-
ferentiated variants of squamous cell carcinomas with 
small tumour cells that retained cellular characteristics 
of a non-small cell carcinoma such as coarse chromatin, 
nucleoli, distinct cell borders and showed focal 
squamous differentiation, without areas of necrosis. 
Also, adenocarcinomas that were incorrectly classified 
were adenocarcinomas with small tumor cells as an ef-
fect of biopsy crushing. Combined small cell carcino-
mas, which were misclassified, were a mixture of 
squamous cell carcinoma and small cell carcinoma. 

Conclusion 
Quantitative nuclear image analysis can be used to 

make a distinction between major histological types of 
lung carcinoma in the biopsy specimens, especially 
between categories small cell lung carcinoma and non-
small cell carcinoma. This quantitative measurement 
should be used in clinical practice as an ancillary tech-
nique. Using discriminant function analysis, nuclear 
perimeter and area appeared to have a major potential 
for the therapeutically and prognostically important dif-
ferentiating small cell carcinomas from non- small cell 
carcinomas of the lung.   
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DISKRIMINANTNA ANALIZA NUKLEARNIH IMIDŽ VARIJABLI  
KARCINOMA PLUĆA 
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Kratak sadržaj: Histološka klasifikacija karcinoma pluća je subjektivna i često teško reproducibilna na bronhoskopskim 
biopsijama. Cilj rada bio je da se utvrdi koja od sedam kariometrijskih varijabli ima dijagnostički značaj u razdvajanju 
glavnih histoloških tipova karcinoma pluća. Izdvojene su bronhoskopske mukozne biopsije pacijenata sa planocelularnim 
karcinomom (n=48), mikrocelularnim karcinomom (n=41) i adenokarcinomom pluća (n=35). Uzorci su bojeni 
hematoksilinom i eozinom i mereni imidž analizatorom. Za sve merene nuklearne varijable nađene su signifikantne 
razlike između sitnoćelijskog i ne-sitnoćelijskog karcinoma pluća (p<0.01). “Stepwise” discriminantnom funkcionom 
analizom je korektna dijagnoza postignuta u 92,7% nesitnoćelijskih karcinoma i 90,24% sitnoćelijskih karcinoma. 
Ukupni procenat korektne klasifikacije je 91,93%. Najbolje diskriminantne varijable između ovih kategorija karcinoma 
pluća su nuklearni perimetar i areal. U zaključku, nuklearna imidž analiza se može koristiti za razlikovanje glavnih 
histoloških tipova karcinoma pluća na biopsijskim uzorcima, naročito sitnoćelijskog i ne-sitnoćelijskog karcinoma.  

Ključne reči: Kompjuterski asistirana dijagnoza, imidž analiza, karcinom pluća 
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