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A b s t r a c t: Lung cancer is the most common worldwide malignnant disease 
according to its incidence and mortality. The aim of our study was to evaluate the diag-
nostic value of the radiological and imaging methods, according to the TNM classifi-
cation, compared to postoperative histological diagnosis. 

Thirty-seven patients with pulmonary carcinoma were studied prospectively 
using native chest radiography (PA and LL view), computed tomography (CT) and mag-
netic resonance imaging (MRI) during ten days before thoracotomy. 

Radiological and imaging findings were reviewed separately and results were 
compared with surgical and pathohistological findings on the basis of the TNM classifi-
cation. All patients underwent chest x-rays, CT was performed in 36 patients and MRI 
in 12 of them. 

Imaging methods (CT and MRI) showed more accuracy in sensitivity and spe-
cificity compared with the native chest radiography in a great percentage. Generally no 
statistically significant differences were found between the two imaging methods for the 
evaluation of tumour extent (T) or lymph node metastases (N). MRI was slightly supe-
rior to CT in determination of the chest wall extent of the tumour. 

In conclusion CT remains the imaging modality of choice both for assessing 
patients with abnormal chest radiographs suspected of having lung cancer, and in sta-
ging patients with histologically proven pulmonary carcinoma. 
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Introduction 
 

 Lung cancer is the most common worldwide malignant disease accor-
ding to its incidence and mortality. A total of 611 new cases were diagnosed 
and 467 patients died from lung cancer, which was the leading cause of all 
cancer deaths in R. Macedonia in 2001. The five-year survival of the disease is 
not more than 10% to 15% [1]. 
 Pathological evaluation for lung cancer diagnosis may be based on se-
veral types of biopsy specimen, including bronchoscopic and transthoracic ne-
edle biopsies, as well as surgical biopsy procedures such as thoracoscopy, exci-
sional wedge biopsy, and lobectomy – pneumonectomy. Light microscopy is 
sufficient for diagnosis in virtually all cases of lung cancer.  

The international standard for histological classification of lung tumo-
urs has been proposed by the World Health Organization (WHO) and the Inter-
national Association for the Study of Lung Cancer (IASLC). There are four ma-
jor histological types [2]: 1) adenocarcinoma with its subtype bronchioloalveo-
lar carcinoma; 2) squamous cell carcinoma; 3) small cell carcinoma (SCLC) and 
4) large cell carcinoma. 

Complete surgical excision of carcinoma remains the most effective 
form of therapy and the only reasonable hope for a definitive cure of the patient. 
Thus, it is necessary to accept an adequate staging system which represents the 
extent of the disease. The main role of staging is to select patients who will be-
nefit from surgical resection and to determine the prognosis of the disease. The 
responsibility for accurate staging is shared by the pulmologists, radiologists, 
surgeons and pathologists. All of them should accept a uniform staging system. 

The last modification of the Lung Cancer Staging System which was 
established in 1997 contains two major components [3]:  

1. The anatomical extent of the disease (TNM), determined by the ex-
tent of primary tumour (T), presence of intrapulmonary, hilar or mediastinal lymph 
node metastases (N), and extrathoracic metastases (M). 

2. The cell type of the tumour. The present Staging System for lung 
cancer is exclusively related to the non-small-cell type of lung cancer (NSCLC). 
Patients with small cell lung carcinoma (SCLC) are still staged as with either 
limited or extensive disease according to the classification of the Veterans 
Administration Lung Cancer Group. 
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Different combinations of TNM subsets and stage grouping are presen-
ted in Table 1, according to the new revisions of the international system for lung 
cancer staging [3, 4]. 
 
Table 1 –  Tabela 1 

Levels of TNM classification 
Stepeni na TNM klasifikacijata 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Methods of staging 
 

A variety of techniques can be used to investigate T, N, and M para-
meters and to determine the relevant tumour stage. 

Native chest radiographs (PA and LL view) – most of them have been 
already established during the initial diagnostic workup. For example, chest ra-
diographs would reveal the size of circumscribed lung lesion and the degree of 
associated atelectasis or obstructive pneumonitis in the presence of airway ob-
struction. The chest radiograph would establish the presence or absence of pleu-

0  CA in situ 

IA  T1N0M0 
IB  T2N0M0 
IIA  T1N1M0 
IIB  T2N1M0 
  T3N0M0 

IIIA  T3N1M0 
  T1N2M0 
  T2N2M0 

       T3N2M0 

IIIB  T4N0M0 
  T4N1M0 
  T4N2M0 
  T1N3M0 
  T2N3M0 
  T3N3M0 

       T4N3M0 

IV            any T & N, M1 
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ral effusion, with exception of the situation when atelectasis or obstructive pne-
umonitis of a lower lobe obscures its presence (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1 –  Native CXR. Tu mass in right apex with rib destruction 
Slika 1 – Nativna radiografija.Tu masa desno apikalno so rebrena 

destrukcija 
 

In some cases, extrapulmonary spread of the tumour may be evident from 
only native chest radiographs. Evidence of invasion of the mediastinum may be 
suggested by marked elevation of hemidiaphragm (paralysis of the phrenical 
nerve), or by clinical signs of superior vena cava syndrome or laryngeal paralysis. 

Hilar (N1), ipsilateral (N2), or contralateral (N3) mediastinal lymph node 
metastases (according to the American Thoracic Society Classification System) 
are often present at the time of initial diagnosis of pulmonary carcinoma.  

If there are no such signs, it is necessary to resort to computed tomo-
graphy (CT) or magnetic resonance imaging (MRI) for adequate evaluation of 
both tumour extent (T) and lymph node (N) metastases. Patients with evidence 
of distant metastases (M) are not included in this category, since this group is 
immediately sent for an oncological and/or irradiation treatment as a first choice.  

In some instances, accurate staging and determination of appropriate 
treatment in patients with lung cancer can be done non-invasively with imaging 
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modalities alone, although in most instances some degree of mediastinoscopy 
and surgical staging is also necessary [5]. 

The majority of studies evaluating CT scan accuracy have used a short 
axis of > 1cm as a threshold for definition of abnormal mediastinal and hilar 
lymph nodes. These studies have also demonstrated that, regardless the thre-
shold size, an isolated CT scan finding could not be considered as conclusive 
evidence that lymph nodes were malignant. In other words, there are many false 
positive results that are detected by CT [6].  

Recently, a new method has aroused attention in tumour staging. This is 
positron emission tomography (PET), with-18 fluoro 2 deoxy D-glucose which 
relies on the biochemical difference between normal and neoplastic cells. Un-
fortunately, we do not have our own experience with this method.  

The diagnostic performance of radiological and imaging methods com-
pared with pathohistological diagnosis as a golden standard is the basic aim of 
this study. 

 
 

Material and methods 
 

The prospective study carried out during 2003–04 included 37 patients 
with diagnosis of primary lung cancer during no more than 10 days before tho-
racotomy, regardless of age or gender. The cohort consisted of 30 males with a 
mean age of 69.7 ± 7.8 years. The diagnosis of NSCLC was obtained either as a 
result of the cytology of the sputum or by needle biopsy of a lung nodule-mass, 
or by a flexible bronchoscopy biopsy specimen for the histopathology. 

The most frequent histological type was squamous cell carcinoma in 16 
patients, then adenocarcinoma in 14, large cell carcinoma in 4, and mixed forms 
– pleomorphic carcinoma – in 3 patients. The analyses were obtained from vari-
ous anatomicalarts of the lungs such as upper lobe / middle lobe – lingula / lower 
lobe in 22, 3 and 12 of the cases, respectively. 

Patients were excluded if the histological diagnosis was other than NSCLC, 
if there was clinical evidence of tumour dissemination or distant metastases M1, 
or if they had undergone chemotherapy or irradiation. Patients in whom CT (al-
lergy on i.v. contrast) or MRI imaging was contraindicated were also excluded. 

All study subjects underwent posteroanterior and lateral chest radio-
graphy followed by an imaging investigation regardless of the plain chest radio-
graphic findings, unless distant metastases were suspected. 

CT was performed as the first imaging investigation in 33 patients, in 3 
cases after MRI and in 1 patient it was not done. MRI was done on 12 patients, as 
the first investigation in 3 of them and in 1 patient as the single imaging method.  
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Statistical analysis:  

We used descriptive (frequencies, proportions and percentages) and ana-
lytical methods for the statistical analysis of the obtained data. Wilcoxon signed 
rank test and Spearman's (Ro-Nonparametric) test were used for comparison 
and correlation of the radiological and imaging techniques between each other 
as well as with the histological findings. Sensitivity, specificity, negative pre-
dictive value and positive predictive value were assessed through the receiver 
operator curves (ROC) with pathohistological diagnosis taken as a golden stan-
dard. Overall statistical analysis was performed by SPSS programme, release 10.  
 
 

Results 
 

The native chest x-ray could not be matched with the histological diagnosis 
(p < 0.01), demonstrating the existence of lower diagnostic performance for de-
tection of TNM stages. The CT did not differ significantly (p > 0.05) from the 
histological diagnosis, i.e. it appears that CT has comparable diagnostic perfor-
mance with the golden standard (histology). The same observation was obtained 
for the comparison of MRI and the histological diagnosis (p > 0.05). As expec-
ted, CT and MRI showed significantly better diagnostic performance than the na-
tive chest x-ray (p < 0.01 and p < 0.05, respectively). In contrast, there was no sta-
tistical difference between the diagnostic performance of CT and MRI (p > 
0.05) (Figure 2). 
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Figure 2 – TNM classification for all diagnostic methods 
Slika 2 – TNM klasifikacija za site dijagnosti~ki metodi 
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The Spearman's ρ(Ro)-nonparametric correlations are presented in Table 2: 
 
Table 2–  Tabela 2 

Spearman's ρ(Ro) - nonparametric correlation 
Neparametriska ρ(Ro)  korelacija spored Spirman 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The diagnostic performance data (ROC) analysis for the CT and MRI in 
comparison with the golden standard is presented in Figure 3. 
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Figure 3 – Receiver operating characteristic (ROC)-analysis 

Slika 3 – ROK analizi 

Correlated methods ρ coefficient p value 

ch.x-ray vs. hist.dg. 0,450 < 0,01 

CT vs. hist.dg. 0,719 < 0,01 

MRI vs. hist.dg.  0,644 < 0,05 

ch.x-ray vs. CT 0,552 < 0,01 

ch.x-ray vs. MRI 0,625 < 0,01 

MRI  vs. CT  0,990 < 0,01 
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In 24 patients a subanalysis was made for the pathohistological changes 
of lymph nodes with all investigation methods, revealing 46 hilar and mediasti-
nal lymph nodes. The results were interpreted according to the American Thora-
cic Society (ATS) system for lympho-nodal classification. 

Table 3 –   Tabela 3 
Results of lymphonodal classification 

Rezultati od limfonodnata klasifikacija 

 
 

Discussion 
 

From a technical point of view, MRI shows significant disadvantages 
compared to CT. It is a costly and time-consuming procedure, and the spatial 
resolution is less than that achieved by CT. Artifacts and blurring structures 
related to the respiratory and cardiac motions have been reduced with the use of 
cardiac gating techniques. Disadvantages of CT are related to the administration 
of intravenous contrast, ionization and poorer spatial resolution in MP (multi-
planar) reconstructions of the sagittal and coronal views [7]. 

In general, we obtained no statistically significant difference between 
imaging methods in the determination of T and N. In selected cases, as it will be 
discussed later, MRI can play a significant complementary role in the evalua-
tion and staging of the lung cancer. 
 

ATS classification Ms-changed Non-changed 

1 upper paratracheal   1   5 

4 lower paratracheal   3   9 

5 aorticopulmonary   1   7 

7 subcarinal   3   5 

8 paraesophageal   0   2 

9 ligg.pulmonary   0   3 

10 hilar – peribronchial   2   5 

summary 10 36 
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T – characterization 
 
We have confirmed with nearly identical statistical conclusions in sense 

of sensitivity and specificity of CT and MRI the previous observations of Mus-
set et a.l, Martini et al. [8, 9]. However, a more detailed analysis of our results 
has shown that particular attention has to be directed to some specific characte-
ristics of T and N. Hence, we did not confirm the potential advantage of MRI 
about histological differentiation of tumourous vs. non tumourous tissue in 
comparison with CT. In addition, we could not detect small peribronchial tu-
moural involvement or small-granulated pleural carcinosis with both imaging 
methods that were histologically confirmed thereafter. The utility of T2-WI was 
mainly assumed in differentiation between tumour vs. atelectasis, and in confir-
mation of the cystic portion of the tumours. 

A significant difference in the diagnostic performance of CT and MRI 
was found in detection of pathological changes of the bronchial wall, thoracic 
cage, mediastinum and pleura. The number of patients with these characteristics 
was 6, 3, 2 and 2, respectively. From 6 patients with invasion of the bronchial 
wall a combined CT-MRI investigation was performed on 4 of them. In 3 pa-
tients a significantly increased accuracy of CT in detection of endobronchial 
lesions or bronchial narrowing compared to MRI was found.  

Additionally, in the three cases with a superior sulcus tumour, rib 
destruction was detected on native chest radiograph and CT but not on MRI 
(Figure 4). 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 – CT of invasive Tu mass with thoracic cage destruction 

Slika 4 – KT na invazivna Tu masa so destrukcija na torakalniot yid 
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On the other hand, MRI was shown to have superior diagnostic performance in 
one case with thoracic cage invasion, i.e. invasion of the parietal pleura and 
surrounding soft tissues. Furthermore, in 2 cases of mediastinal invasion MRI 
was found as a superior method in delineation of tumour margins and invasion 
of mediastinal fat (with both T1-WI and T2-WI), as well as in pericardial 
affection in the second case (Figure 5). 

Figure 5 – Combined CT and MRI images of Tu invasion of pericardial 
and mediastinal fat infiltration. 

Slika 5 – KT i MRI snimki od Tu invazija na perikardot 
i medijastinalnata mast 

 
Two patients had pleural manifestation of the disease. MRI could not 

identify the suspected pleural plaques on CT in one of them. In contrast, MRI 
could delineate the tumour from the surrounding atelectasis in the other case. 

 
N – characterization 

In 24 patients a pathohistologycal lymph node investigation was perfor-
med, finding 46 hilar and mediastinal lymph nodes. The results were interpreted 
according to the American Thoracic Society (ATS) system for lymphonodal 
classification.  

Pathohistological findings confirmed malignancy in only 22% (10/46) 
of all biopsied lymph nodes. Metastases on only one lymph node level were 
found in 6 patients, while changes on two or more levels were found in the others. 

Hilar adenopathy N1 was confirmed in 8 patients. A false positive de-
termination of hilar lymph nodes with both methods (CT and MRI) was found 
in 4 patients. Indeed, the lymph nodes were only slightly enlarged but not meta-
statically changed (only reactive). 

We did not confirm the significant difference between T1-WI and T2-
WI reported by Webb et al. (10), relating to the greater diagnostic performance 
of T1-WI for metastatically changed nodes in comparison to T2-WI (due to 
better achieved contrast among the lymph node and high signal intensity from 
mediastinal fat). 

We compared the MRI and CT images in 12 patients: both methods 
confirmed metastatically changed lymph nodes in 30% while in 38% of cases 
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the diagnosis was not established by both methods; 17% were visualized with 
CT and 15% with MRI solely. The rate of sensitivity and specificity was higher 
in the enlarged lymph nodes (threshold level > 10mm in lower diameter). 
 
 

Conclusions 
 

CT and MRI have shown greater sensitivity and specificity as to the 
final pathohistological diagnosis compared to the native chest radiograph. The 
sensitivity of CT was moderately superior to MRI. MRI on the other hand was 
superior to CT in estimation of mediastinal and thoracic wall invasion. The dif-
ference between the two methods in evaluation of tumour extension or lymph 
nodal involvement in lung cancer was not statistically significant. 

Our opinion is that CT remains the imaging modality of choice for both 
assessments of patients with abnormal chest native radiographs and suspected 
lung cancer as well as staging of the patients with previously diagnosed pulmo-
nary carcinoma. 

The applicability and high diagnostic performance of the CT in the 
imaging staging of lung cancer could prevent inappropriate surgical treatment in 
inoperable patients, and could facilitate surgical approach in operable cases.  
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Spored incidencata i mortalitetot belodrobniot karcinom e naj-

zastapenoto maligno zaboluvawe {irum svetot. 
 Celta na studijata e da ja evaluirame dijagnosti~kata vrednost 

na radiolo{kite i „imaging“ metodite, vo sklad so TNM klasifikacijata, 
sporedeno so postoperativnata patohistolo{ka dijagnoza. 

Materijal i metodi: 37 pacienti so prethodno verificiran belo-
droben karcinom bea vklu~eni vo prospektivno dijagnosti~ko ispituvawe 
so nativna rtg radiografija (PA i LL pozicija), kompjuterizirana tomo-
grafija (KT) i magnetna rezonanca (MRI) vo tekot na deset dena pred to-
rakotomijata. Kaj site pacienti se napravi nativna rtg grafija, dodeka kaj 
36 napravivme KT, a MRI kaj 12 od niv. 

Rezultati: Radiolo{kite i „imaging“ naodite bea posebno pro-
ceneti i dobienite rezultati sporedeni so patohistolo{kiot naod vo sklad so 
TNM klasifikacijata. „Imaging“ metodite (KT i MRI) poka`aa izrazeno 
povisoki vrednosti za senzitivnost i specifi~nost vo odnos na nativnite 
radiogrami. Generalno ne zabele`avme statisti~ki signifikantna razlika 
pome|u dvete „imaging“ metodi pri evaluacijata na tumourskata ekspanzija 
(T) ili limfonodnite metastazi (N). MRI se poka`a umereno superiorna 
pri procenka na tumourskata invazija na gradniot ko{. 

Zaklu~ok: Kompjuteriziranata tomografija ostanuva „imaging“ me-
tod na izbor kaj pacientite so abnormalna gradna radiografija za adek-



 Radiological and "imaging" methods in TNM classification … 167 

Prilozi, Odd. biol. med. nauki XXVIII/1 (2007) 155–167 

vatna evaluacija na zaboluvaweto, kako i kaj slu~aite so ve}e dijagnostici-
ran nesitnokleto~en belodroben karcinom za odreduvawe na negoviot pre-
cizen stejxing.  
 
Klu~ni zborovi: KT, MRI, stejxing, TNM klasifikacija, NSKBK = nesitno-
kleto~en belodroben karcinom. 
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Table 1. Levels of TNM classification 
Tabela 1. Stepeni na TNM klasifikacijata 

 
 
 
                                                               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

0  CA in situ 

IA  T1N0M0 
IB  T2N0M0 
IIA  T1N1M0 
IIB  T2N1M0 
  T3N0M0 

IIIA  T3N1M0 
  T1N2M0 
  T2N2M0 

       T3N2M0 

IIIB  T4N0M0 
  T4N1M0 
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  T3N3M0 

       T4N3M0 

IV            any T & N, M1 
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Table 2. Spearman's ρ(Ro) - nonparametric correlation 
Tabela 2.  Neparametriska ρ(Ro)  korelacija po Spirman 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Correlated methods ρ 
coefficient p value 

ch.x-ray vs. hist.dg. 0,450 < 0,01 

CT vs. hist.dg. 0,719 < 0,01 

MRI vs. hist.dg.  0,644 < 0,05 

ch.x-ray vs. CT 0,552 < 0,01 

ch.x-ray vs. MRI 0,625 < 0,01 

MRI  vs. CT  0,990 < 0,01 
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Table 3.  Results of lymphonodal classification 
Tabela 3. Rezultati od limfonodnata klasifikacija 
 
 
 
 
 

 
 
 
 
 
 
 

 
Figure 1.  Native CXR. Tu mass in right 
apex with rib destruction 
Slika 1. Nativna radiografija.Tu 
masa desno apikalno so rebrena 
destrukcija 
                                                           
 
 
 
 
 

ATS classification Ms-changed Non-changed 

1 upper paratracheal 1 5 

4 lower paratracheal 3 9 

5 aorticopulmonary 1 7 

7 subcarinal 3 5 

8 paraesophageal 0 2 

9 ligg.pulmonary 0 3 

10 hilar - peribronchial 2 5 

summary 10 36 
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Figure 2. TNM classification for all diagnostic methods 
Slika 2. TNM klasifikacija za site dijagnosti~ki metodi 
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Figure 3. Receiver operating characteristic (ROC)-analysis 
Slika 3. ROK analizi 
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Fig. 4 - CT of invasive Tu mass with thoracic cage destruction 
Slika 4 - KT na invazivna Tu masa so destrukcija na torakalniot zid 
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Figure 5. Combined CT and MRI images of Tu invasion of pericardial and mediastinal fat 
infiltration.  
Slika 5. KT i MRI snimki od Tu invazija na perikardot i medijastinalnata 
mast 
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Spored incidencata i mortalitetot belodrobniot karcinom e 
najzastapenoto maligno zaboluvawe {irum celiot svet. 

 Celta na studijata e da ja evaluirame dijagnosti~kata vrednost na 
radiolo{kite i "imixing" metodite, vo sklad so TNM klasifikacijata, 
sporedeno so postoperativnata patohistolo{ka dijagnoza. 

Materijal i metodi: 37 pacienti so prethodno verificiran belodroben 
karcinom bea vklu~eni vo prospektivno dijagnosti~ko ispituvawe so nativna 
rtg radiografija (PA i LL pozicija), kompjuterizirana tomografija (KT) i 
magnetna rezonanca (MRI) vo tekot na deset dena pred torakotomijata. Kaj site 
pacienti se napravi nativna rtg grafija, dodeka kaj 36 napravivme KT, a MRI 
kaj 12 od niv. 

Rezultati: Radiolo{kite i "imixing" naodite bea posebno proceneti i 
dobienite rezultati sporedeni so patohistolo{kiot naod vo sklad so TNM 
klasifikacijata. "Imixing" metodite (KT i MRI) poka`aa izrazeno povisoki 
vrednosti za senzitivnost i specifi~nost vo odnos na nativnite radiogrami. 
Generalno ne zabele`avme statisti~ki signifikantna razlika pome|u dvete 
"imixing" metodi pri evaluacijata na tumourskata ekspanzija (T) ili 
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limfonodnite metastazi (N). MRI se poka`a umereno superiorna pri procenka 
na tumourskata invazija na gradniot ko{. 

Zaklu~ok: Kompjuteriziranata tomografija ostanuva imixing metod na 
izbor kaj pacientite so abnormalna gradna radiografija za adekvatna 
evaluacija na zaboluvaweto, kako i kaj slu~aite so ve}e dijagnosticiran 
nesitnokleto~en belodroben karcinom za odreduvawe na negoviot precizen 
stejxing.  
 
Klu~ni zborovi: KT, MRI, stejxing, TNM klasifikacija, NSKBK = 
nesitnokleto~en belodroben karcinom 
 
 
 


