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Abstract:
The occurrence of spontaneous pneumothorax (SP) in young adults is not uncommon.  It is generally attributed to the rupture of sub-pleural blebs or emphysematous bullae. However, SP could be secondary to an underlying pulmonary pathology such as pulmonary tuberculosis, eosinophilic granuloma, and rarely lung neoplasm either primary or secondary lung tumors. Presence of SP in pulmonary malignancy especially, primary lung cancer is rare. There are several theories that explained this association. The aim of this work was to review the literature in order to study the association between SP and primary lung cancer.
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I. Background:

The occurrence of spontaneous pneumothorax (SP) in young adults is not uncommon. It is estimated to be around 5 – 10 / 100.000 persons each year. Moreover, it is as high as 1 /500 persons in younger men [1, 2]. It is generally attributed to the rupture of sub-pleural blebs or emphysematous bullae [3, 4, 5]. However, SP could be secondary to an underlying pulmonary pathology such as pulmonary tuberculosis, eosinophilic granuloma, and rarely lung neoplasm either primary or secondary lung tumors [1, 3, 6 – 11].

Presence of SP in pulmonary malignancy is rare. Its association with pulmonary metastases was first described by Barrin in 1937 [1, 2]. The tumors associated with pneumothorax include Ewing’s sarcoma, teratoma, carcinoma of the cervix, pancreas or kidney, lieomyosarcoma of the uterus and osteogenic sarcoma [1, 6]. Sarcomas are the most common neoplasm that causes pneumothorax [3, 4, 7]. SP that is related to primary pulmonary carcinoma is rare [4, 10].

II. Incidence:
The estimated rate of joint occurrence of SP in primary lung cancer is approximately 0.03 – 0.05% [3, 4]. This incidence could be a little bit higher due to missed cases in clinical practice or under reporting of the cases. 
III. Patho-physiology:
Pneumothorax and lung cancer can occur concomitantly [12]. Moreover, pneumothorax can occur few months before or after the diagnosis of pulmonary carcinoma [3, 8, 12, 13, 14]. On the other hand, it can be discovered accidently during management of SP or bullous lung disease [15].
Steinhauslin and Cuttat [4] classified the patients into two categories. First category includes the patients in whom the SP is the primary manifestation. This group is estimated; approximately; to involve seventy five percent of all patients. While the second category involves patients who already have lung cancer but at certain time later, they got SP. Furthermore, authors have subdivided those patients in the second group into two subcategories, those with progressive malignancy and other patients who are responding to the treatment. O’connor et al. [12] and Rowinsky et al. [16] have reported occurrence of pneumothorax related to therapy in patients who received chemotherapy and/or radiotherapy for lung cancer.
Several mechanisms for occurrence of pneumothorax have been described in literature [4, 10, 13, 12]. The first theory is the check-valve mechanism. It is usually explained by the presence of endo-luminal lesion that results in obstruction and subsequent over-inflation. The over-inflated alveoli or bullae caused by this mechanism may rupture resulting in pneumothorax [13]. This theory is the most commonly used one by the majority of authors in explaining the occurrence of SP associated with lung cancer.
The second theory is explaining the occurrence of SP by the development of broncho-pleural fistula due to necrosis of the peripheral lung cancer [9]. The high incidence of association of SP with pulmonary carcinoma in patients receiving therapy; in the form of chemotherapy; can be explained by this theory as this type of treatment can lead to rapid and significant necrosis of lung cancer [10, 13].

The third theory involves the role of radiotherapy. It explained the occurrence of SP following radiotherapy. It stated that SP can occur in patients receiving radiation due to occurrence of radiation fibrosis or due to partial resolution of the total bronchial obstruction by radiotherapy [13, 16].

In our opinion, the partial resolution of the total bronchial obstruction by radiotherapy could be considered part of the first theory which explained occurrence of the SP in lung cancer by presence of endo-luminal lesion and partial obstruction of the bronchi that results in hyper-inflation then rupture of the hyper-inflated alveoli.
The fourth theory is fortuitous association [3]. Most of the patients with lung cancer suffer from chronic bronchitis, obstructive pulmonary disease (COPD), emphysematous lung or lung bullae. Those bullae may rupture following the disturbance of lung architecture due to pulmonary carcinoma [4, 13] resulting in pneumothorax.

The fifth theory states that SP and lung cancer are two independent and incidental processes that are not related to each other [3, 9]. On the other hand, the sixth theory is stating that the association of SP with lung cancer is due to unknown causes. This theory was documented by a report published by Ito et al. [17].

Association of SP with lung cancer is predominant in males [3, 18]. This could be explained by that most of the males are heavy smokers. Moreover, there is high prevalence of lung cancer among males. Age ranged in most of studies between 30 and 75 years [3, 18-23] however, most of patients were around 50 years in age in the majority of the published series [1, 3, 18, 19, 22].

IV. Clinical presentation:
As it was mentioned before [3, 19, 22], patients may be present with symptoms and signs of SP like sudden chest pain, dyspnea, cough, diminished air entry on one side of the chest, hyper-resonance on percussion of the chest. On the other hand, patients may present with symptoms and signs of lung carcinoma [24] like hemoptysis, chest pain, atelectasis and cough. Clinical presentation depends on which disease entity is firstly presenting.

V. Management:
Review of the literature revealed up to sixty-one publications regarding association of SP with primary lung cancer. These publications were either in the form of small series or case reports. This paper focused on the recent publications starting from 2000 until now (Table 1). This is in order to avoid the era during which the technology was not advanced in comparison to nowadays.
Management of patients who are presented with SP in association with primary pulmonary carcinoma should start with meticulous history taking including the history of bronchial asthma, chronic bronchitis or emphysema. History of exposure to carcinogenic materials and history regarding smoking are of utmost importance and should be emphasized on. Moreover, physicians should inquire about previous episodes of SP and the response to treatment that was provided. 

On revision of the literature, it was found that there are some important risk factors for association of primary pulmonary carcinoma in patients presented with SP. They are listed in Table 2. These risk factors should be inquired about in each patient presented with SP.

Moreover, an algorithm for the management is proposed for those patients (Figure 1). The management could differ according to the two categories of the patients previously described as shown in the management algorithm, where the patients were classified into two main groups. However, the management starts in any patient of these two groups with relieve of pneumothorax by insertion of intercostal tube and under-water seal for drainage of the pneumothorax then re-evaluation of the patient.

In group I, the SP was the primary manifestation and patients do not have any previous symptoms alarming for the presence of lung carcinoma. Management in this group should start as usual with radiological assessment in the form of Chest X-ray poster-anterior and lateral views (Chest X-ray PA and Lat. views) and even CT-chest. If radiology revealed suspicious lung lesion, assessment of the lesion, taking a biopsy and if proved primary lung cancer; staging followed by its treatment according to its stage should be performed.

Meanwhile, if radiology was negative for any mass, continue management of the SP and re-evaluate the patient for the risk factors mentioned in the table 2; calculating the risk degree according to the scoring system of lung cancer association with SP proposed by the authors (Table 3). Then, one should manage according to the score obtained and recommendations mentioned. Score (0-2) signifies low possibility of association of pulmonary carcinoma with SP. This needs no further investigations. The score (3-6) necessitates close follow-up every 3-6 months by CXR or CT-Chest. The highest score (> 6) needs screening for lung cancer and further evaluation like PET-scan.

On the other hand, if any of the patients treated with VATS bullectomy and there was an accidental discovery of pulmonary carcinoma by histo-pathological examination, formal re-evaluation for lung cancer and staging should be obtained and treatment of lung cancer according to the stage including re-surgery should be planned. 

Concerning the group II, this group involves considerable number of patients. It includes patients who already have lung cancer and they are further divided into two sub-groups; sub-group A that include those patients who have started another line of treatment other than surgery like chemotherapy or radiotherapy or Stereotactic Body Radiation Therapy (SBRT); and they actually responding well to the treatment. In this sub-group of patients, surgeon should treat pneumothorax with chest tube drainage and their treatment should be continued as it was planned before.

The other sub-group of patients; sub-group B; included those patients who are having advanced and progressive primary lung cancer instead of the treatment received or that they are receiving and those patients who have refused receiving treatment for lung cancer. In that sub-group of patients, relief of pneumothorax should be achieved with intercostal tube drainage. However, if they have persistent air leak, insertion of Heimlich valve should be done. Palliative measures should be provided for those patients as well.
VI. Conclusion:

In conclusion, SP could be either an early alert for associated primary lung cancer in a high risk group of patients. Detailed work-up should be performed in those patients with high risk factors to exclude association of pulmonary carcinoma in them. Moreover, spontaneous pneumothorax could be a late unusual manifestation of pulmonary carcinoma in those patients who are under treatment with chemotherapy or radiotherapy. Management of pneumothorax is simple and usually starts and ends with simple intercostal tube drainage and under-water seal. Rarely, surgical interventions are needed. Patients should be formally evaluated and associated lung cancer should be staged and treated accordingly.
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Figure legends:

Figure 1:

Algorithm for management of patients who have primary lung cancer and spontaneous pneumothorax

Table 1: List of publications documented pneumothorax in association with primary lung cancer during 2000s

	Serial
	Author
	Publication Year
	Number of patients

	1
	Kim Y. II et al. [25]
	2000
	1

	2
	Regueiro F. et al [18]
	2000
	3

	3
	Galabas C.J.M. et al. [8]
	2001
	1

	4
	Marco A.M. et al. [20)
	2001
	1

	5
	Okada D. et al. [26]
	2002
	2

	6
	Mori M. et al. [27]
	2005
	1

	7
	Yilmaz A. et al. [3]
	2005
	6

	8
	Lee H.W. et al. [28]
	2005
	1

	9
	Kai-Yiu Y. et al. [29)
	2006
	1

	10
	Solak O. et al. [1]
	2006
	1

	11
	Sakai S.et al. [30]
	2006
	1

	12
	Ohnishi K.et al.  [31]
	2009
	1

	13
	Vencevičus V. et al. [32]
	2009
	1

	14
	Abu Arab W. et al. [15]
	2009
	1

	15
	Ren S.X. et al. [33]
	2010
	1

	16
	Cicènas S. et al. [24]
	2011
	27

	17
	Hokka D. et al. [34]
	2012
	2

	18
	Tsukioka T. et al. [35]
	2012
	1

	19
	Zeybek A. et al. [36]
	2013
	1

	20
	Jiang H. et al. [37]
	2013
	1

	21
	Yamakawa H. et al. [23]
	2014
	1

	22
	Maji A. [22]
	2014
	1

	23
	Reis  R. et al. [21]
	2014
	1




*N/A = Non-applicable

Table 2: Risk factors for association of spontaneous pneumothorax with primary lung carcinoma 

	Serial
	Risk Factor

	

	1
	Age more than forty years.

	2
	Male patients.

	3
	History or active smoking.

	4
	Exposure to occupational hazards.

	5
	Recurrent spontaneous pneumothorax.

	6
	COPD, chronic bronchitis, emphysema.


COPD= Chronic Obstrucive Pulmonary Disease
Table 3: Scoring system for risk assessment of pulmonary carcinoma in patients presented with spontaneous pneumothorax

	Parameter
	Category & Score

	Age
	< 40 years
	40-60 years
	>  60 years

	
	0
	1
	2

	
	
	
	

	Sex
	
	Female
	Male

	
	
	1
	2

	
	
	
	

	Cigarette smoking
	No smoking
	History of smoking
	Active smoking

	
	0
	1
	2

	
	
	
	

	Exposure to occupational hazards
	No exposure
	Pre-exposure
	Active exposure

	
	0
	1
	2

	
	
	
	

	COPD
	
	COPD -ve
	COPD +ve

	
	
	0
	1

	
	
	
	

	Spontaneous Pneumothorax
	No
	1st attack
	2nd attack

	
	0
	1
	2

	
	
	
	

	
	
	
	

	Probability of associated pulmonary carcinoma in patients with spontaneous pneumothorax
	Low probability
	Moderate probability
	High probability

	Score
	0-1
	2-5
	> 5


14

