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Abstract 
Objectives: The objectives of the present study were to find if there is any correlation between patients' age, tobacco 

smoking and tumor malignancy and determine if these variables should be considered risk factors for malignancy.  

Patients and methods: The study included 145 patients with peripheral pulmonary tumors of less than 3 cm in diameter 

that received a video-assisted thoracoscopic (VATS) resection for tissue diagnosis between 1998 and 2009. 

Results: The mean patients' age was 62.60 years. The youngest patient was 17 years old, and the oldest - 82 years old. The 

study sample included 61 women and 84 men; the men were statistically significantly more than the women (57.3% and 

42.07%, respectively) (t=2.74, P<0.01). Of the 145 patients we operated, 69 (47.59%) had benign tumors, and 76 (52.41%) 

– malignant; of the latter, 41 (53.95%) had a primary lung carcinoma and 35 (46.05%) - lung metastases. All lesions had a 

diameter that was in the range of 0.30 cm to 3 cm (mean 1.41 cm). Malignant tumors were found to have their peak in the 

age between 61 and 70 years followed by tumors in patients over 70 years (χ2=14.06, df=6, P=0.029 ). Primary lung cancer 

found in smokers was 44.87%, which is about 2.5 times higher than primary lung cancer found in non-smokers (19.35 %). 

Conclusion: The results we had in this study suggest that age over 60 and tobacco smoking is important risk factors for 

malignancy. 
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1 Introduction 
A solitary pulmonary nodule is a single mass lesion of unclear etiology which is seen on X-rays as a well-marginated 

rounded opacity less than or equal to 3 cm in diameter and surrounded by normal lung parenchyma and unassociated with 

atelectasis or lymphadenopathy [1, 2]. More than 80 nosological entities have been known to present radiologically as 

peripheral rounded opacities. They range from benign lesions to primary bronchial carcinomas or pulmonary  

metastases [1-3].  
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The prevalence of the newly found solitary pulmonary nodules has recently been found to increase [2, 4].   

According to literature estimates, 30% to 68% of these lesions are malignant [2]. Bronchial carcinoma is the most frequent 
of these lesions and the only therapeutic modality known currently to be efficient in treating these tumours is immediate 
surgical resection. It is therefore important that a prompt and definitive tissue diagnosis be made [2, 5, 6].  

With the advent of such imaging techniques as HR-CT and PET in the last 20 years the diagnostic accuracy in this respect 
has been considerably improved without however solving definitively the problem with the histological identification of 
solitary pulmonary nodules which still present a serious diagnostic and therapeutic challenge [7-10]. The moment they are 
detected clinicians are faced with the dilemma of whether they should simply wait and observe or operate the tumours 
immediately. This problem is often hard to solve depending as it does on many other factors [11, 12].  

We therefore sought to find if there is any correlation between age of patients, tobacco smoking and tumour malignancy. 

2 Material and methods 
The present study included 145 patients (aged 17 through 82 years) who were diagnosed with solitary pulmonary nodules 
of unknown histological character; the nodules measured 3 cm in diameter and less, and were located in the lateral third of 
the lung and in the interlobar fissures. All patients underwent video-assisted thoracoscopic surgery (VATS), 5 of the 
patients bilaterally; a total of 150 surgical procedures were performed in the following clinics: 

 The Clinic of Thoracoabdominal Surgery in Plovdiv Medical University, Bulgaria - 21 patients operated between 
01.01.1998 and 30.06.2002. 

 The Clinic of Visceral, Vascular and Thoracic Surgery in the University Hospital of Aschersleben, Germany – 57 
patients operated in the period from 01.06.2005 to 31.07.2009. 

 The Clinic of Thoracic Surgery, University Hospital, Bremen-East, Germany – 67 patients between 01.05.2008 
and 31.07.2009.  

All patients were administered a standardised preoperative diagnostic procedure which included conventional X-ray 
study, lung CT, and bronchoscopy with cytological examination of bronchial secretion. Despite of all these investigations 
no definitive diagnosis could be made based on that. A transthoracic biopsy in operable patients for the purpose of 
presurgical diagnostics was considered redundant. 

All patients received at first an atypical lung resection in which we removed the tumor and made an intraoperative 
cryosection histologic test. In case the histology study finds malignant tissue the surgical procedure is adjusted 
accordingly as required by the oncological criteria for management of neoplasms. 

The statistical analysis used parametric, nonparametric and graphic methods to present the results and calculate them using 
SPSS v. v17. 

3 Results 
The youngest patient was 17 years old, the oldest - 82 years. The mean age of the patients was 62.60 years. The study 
sample included 61 women and 84 men; the men were statistically significantly more than the women (57.3% and 42.07%, 
respectively) (t=2.74, P<0.01). There was no significant difference between men and women in their age distribution 
(χ2=3.68, df=7, P>0.05). 

Seventy patients (48.28%) had a history of malignancy; the remaining 75 patients (51.72%) had no previous history of 
tumors. We found no statistically significant difference between these two groups (t=0.59, P>0.05). 
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Figure 1. Correlation between age of 
patients and histological character of 
tumor  

 

Out of the 145 patients we operated, 69 (47.59%) were found to have benign tumors and 76 (52.41%) had malignant 

tumors. Forty-one patients (53.95%) with malignant tumors had a primary lung carcinoma and 35 (46.05%) – lung 

metastases.  

The diameter of the nodules varied between 0.30 and 3 cm (mean diameter 1.41 cm). 

We sought to find if there is any difference in the frequency of malignant tumors in different ages. For this purpose we 

divided the patients into 7 age groups: a group with patients under 20, 5 groups at 10-year intervals, and a group of patients 

over 70. Figure 1 shows the distribution of patients by age and malignancy of tumor. 

Malignant tumors were found to increase considerably with age; their peak was in people 61-70 years of age followed by 

patients over 70 years (χ2=14.06, df=6, P=0.029). We found no malignant tumors in the 20-year-olds.  One patient in the 

group of 21-30-year olds had metastases from sarcoma, and 5 patients of the 31-40-year olds had malignant tumors: one 

bronchial carcinoma and four patients with metastases. 

 

 

 

 

 

 

Figure 2. Correlation between smoking 
and tumors histology  
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We sought to find if there was any correlation between tobacco smoking and the tissue diagnosis. All patients with lung 

metastases of extra pulmonary primary tumors (35) were excluded from the study out from the number of all 145 operated 

patients. Insufficient data about one patient reduced the study sample to 109 patients. Seventy-eight of them (71.55%) was 

smokers and 35 of these (44.87%) had primary lung cancer. The non-smokers group -31 patients (28.45%) had only 6 

patients (19.35%) with primary lung cancer. The distribution of patients by smoking history and tumor histological 

diagnosis is shown in Figure 2. 

We performed multiple factor regression analysis with the histological characteristic of the tumor as a variable coded as a 

binary parameter (zero for benign tumors and 1 for malignant tumors).  As a dependent variable we considered: 

 Smoking was coded as binary parameters (zero for non-smokers, and 1 for smokers; non-smokers were used as 
reference) 

 Patient’s age was analyzed as a continuous variable. 

 We found that with increasing age increases the risk for malignancy. In smokers it is 4 times higher than in non-smokers. 

Smoking is a statistically significant risk factor for malignancy. (Table 1) 

Table 1. Multiple factor regression analysis 

 Relative risk Exp(B) 95% CI P 

Smoking 
No * 
Yes 
Const 

 
1 
4.28 
0.22 

 
 
1.48 ; 12.33 
 

 
 
0.007 
0.002 

Age 
Const 

1.017 
0.388 

0.988; 1.048 
 

0.252 
0.318 

*referent category 

 

4 Discussion 
The prevalence of malignant cancer in patients with solitary nodules, as given in literature, ranges from 30 to 68% [2].  

Bergmann et al. have found that benign tumors in such cases are as frequent as 60% [2].   

In 2008 Varoli F et al. reported of 276 solitary lung nodules they removed and found 138 of them (50%) to be  

malignant [13].   

Our results are consistent with the findings in these studies - we found 54.55% malignant nodules and 45.45% benign 

tumors.  

The difference in the results reported in literature can probably be accounted for by the simple reason of preselecting the 

study patients – some of these studies did not include patients with history of cancer.   

In 2008 Dürkes P reported results similar to those we found [14]. The mean age of the patients with solitary lung nodules 
they operated was 60.4 years. The highest frequency of malignant lesions in their study was found just like in our study in 
the group aged between 61 and 70 years (68%). 

Schmidt W found that the age distribution of solitary lung nodules is similar to the age distribution of non-small cell 
bronchial carcinoma the most affected group in their study being that aged 61-70 years [15]. 
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According to Cardillo et al. the age of patients is a significant risk factor for malignancy. In their study they reported an 
increase in the prevalence of malignant tumors with age [16]. 

Also, Dürkes P reports of a relatively high incidence of malignant lesions in young patients: in 5 (42%) of their patients 
under 40 and in 8 (32%) of patients between 41 and 50 years the tumors were malignant. On the basis of these results they 
concluded that it was impossible to produce a statistically significant prognosis for the malignant character of these tumors 
and therefore the lesions should be first subjected to tissue diagnosis [14]. 

For precisely the same reasons Cardillo et al recommended a histologic diagnosis using VATS [16]. 

In the present study we found no malignant tumors in the patients under 20 years of age, sarcoma metastases in 1 patient 
(1.3%) in the group 21-30 years, while in the 31-40-year-olds there were 5 patients (6.5%) with malignant lesions (a 
primary lung carcinoma and 4 metastases).  

These data suggest that the patients' age is a significant risk factor for malignancy, although young age does not 
automatically exclude presence of malignant tumors.  

There has been done much research which demonstrates that tobacco smoking can be a primary risk factor for the 
occurrence of lung carcinoma [17, 18].  

Dürkes P reports that the relative percentage of primary lung carcinoma in smokers is about twice as great as the relative 
percentages of lung carcinoma in non-smokers. But the relative percentage of metastases and benign lesions is high in 
non-smokers. For this reasons they recommend that every newly found solitary lung nodules, regardless of the smoking 
history of the patient, should be subjected to tissue diagnosis [14]. 

We are of completely the same opinion: we think that smoking is a statistically significant risk factor for malignancy, 
although no smoking history does not preclude development of malignant lesions. 

On the basis of the results reported herein we can make the following conclusions: 

Patients’ age and tobacco smoking are significant risk factors for malignancy. Therefore these should always be taken into 
consideration in determining the individual risk profile of a patient and the respective diagnostic and therapeutic approach 
to this patient. 
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