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SUMMARY  

The first surgical resection of single lung metastases was reported by Weinlechner in 1882. This metastatectomy 

was done for a discrete pulmonary metastases which was discovered during resection of a chest wall sarcoma (1). 

The patient died on the first day after surgery. One year later, Kronlein performed same operation successfully (2). 

During surgery of a recurrent sarcoma of the chest wall in an 18-year-old girl, he noticed a pulmonary metastases in 

the size of a walnut. He removed it with a wedge resection and the patient survived for 7 years later but unfortunately 

died due to a second recurrence. In spite of this successful metastatectomy, there was a long period of suspicion about 

metastatectomy among physicans. It was considered that the presence of metastasis indicates spreading of the disease 

so that, surgery is not useful. In spite of this belief, many efforts were done for surgical treatment of patients with 

pulmonary metastases (3,4). The advent of chemotherapy during 1960-70 caused an important impact on the 

treatment of pulmonary metastases. The majority of patients suffering from different malignancies survived for a 

longer period of time by this method, and some of them referred with solitary and removable pulmonary metastasis. In 

addition, the surgical methods were improved, and postoperative mortality was decreased. 

Nowadays, pulmonary metastasectomy is a part of treatment in most malignancies, and controversies are only 

with regard to operation indication and selection of patients. This procedure had good results in numerous reports (5-

10). Nevertheless, the total cure rate is around 20%, and successful results have been reported mainly in selected 

patient groups. Thus, we do not recommend metastasectomy as a routine procedure in all patients who have 

metastases. With good selection of patients and surgical approaches, nearly one third of all patients presenting with 

pulmonary metastases as the only site of the disease may benefit from resection of their metastases. (Tanaffos 2003; 

2(6): 7-24) 

 

INTRODUCTION 

The history of metastatectomy in Iran: 

   Thoracic surgeons have removed pulmonary 

metastatic tumors individually in recent years. 

Developing oncology and multimodality therapy    

for malignancies  in  our  country  caused   increasing  
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number of patients who were selected for pulmonary 

metastatectomy. To our knowledge, no review 

articles have been published in Iran. Most of the 

reports have either been medical thesis (1-8 Persian) 

or case reports (9-10 Persian). Some discussions 

regarding pulmonary metastatectomy have been 

considered in native lectures and congresses (11- 
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Persian). As the thoracic surgeons have actively 

participated in the treatment of pulmonary metastatic 

cancers, we hope that noticeable articles and 

researches would be presented in our country. 

Basic Mechanisms of metastasis  

The best definition for metastasis may be 

“derangement of balance between tumor and host”. 

In fact, metastasis is caused by interaction of tumor 

and host cells. It presents when a series of reactions 

occurs. These reactions include tumor growth, 

producing a network of new vessels within tumor, 

invasion, transmission of tumor cells into the vessels, 

survival of detached cells, ceasing and emission of 

wandering tumor cells from the vessels, attachment 

and multiplication of separated cells in other place, 

and finally repeating of metastasis in the new tumor  

(11-13).  

Metastasis is a well-developed event and acts 

selectively in different tissues. Alive metastatic cells 

have different immunological, biological, and 

antitoxic characteristics comparing with primary 

tumor cells; they overcome host defense mechanism. 

For early recognition, prevention, and effective 

therapy of metastases, this phenomenon must be 

assessed at the genetic and molecular level. 

Various diagnostic and therapeutic aspects of 

pulmonary metastasis are shown in table 1 and will 

be discussed in this review. 

 

Table 1. Various diagnostic and therapeutic aspects of metastatectomy 

in pulmonary metastasis. 

 

1- Clinical symptoms 

2- Radiologic findings 

3-  Bronchoscope 

4- VATS * 

5- Surgical precedures 

6- Characteristics of various matastatic tumors (osteosarcoma, soft 

tissue sarcoma, germ cell tumors, melanoma,tumors of colon, breast, 

kidney, …) 

7- Researching methods 

8- Therapeutic outcome and staging 

* VATS= Video-Assisted Thoracoscopic Surgery 

1. Clinical symptoms: 

Pulmonary metastases rarely cause clinical 

symptoms, and diagnosis is usually based on chest  

X-ray during follow-up of a patient whose primary 

tumor is under treatment. The pain is usually not 

present except in case of pleural involvement. Few 

patients may have symptoms like dyspnea, cough and 

hemoptysis. Pneumothorax is rarely seen and is due 

to tearing of pulmonary parenchyma in peripheral 

metastatic nodules (14). If a patient has history of 

treatment of a cancer specially sarcoma, we should 

consider pulmonary metastasis. 

The presence of clinical symptoms in pulmonary 

metastases is often due to disease progression and 

inability of complete pulmonary metastasectomy. 

When diffuse involvement of bronchus, pleura, 

mediastinum, pericardium and other important 

organs inside the thorax exist, these signs and 

symptoms will present. 

2. Radiological findings 

The classical radiological finding in chest X-ray is 

detecting one or more pulmonary nodule with 

distinct and soft margin which is located mainly in 

periphery. In fact, in most cases pulmonary 

metastases are detected by simple chest X-ray (15-

17). These images can be observed more clearly in 

computed tomography scan (CT-Scan) (18,19). 

Detection of multiple pulmonary nodules in chest X-

ray in a patient with cancer usually confirms 

metastasis. Unfortunately, radiological characteristics 

of these nodules are not specific, and in the absence 

of history of cancer, there would be differential 

diagnosis with other pulmonary diseases. However, 

many researchers have attempted to find similar 

characteristics for confirming metastatic nodules 

with regard to their size, degree of growth, number, 

characteristic of margin, calcification, cavitation, and 

type of distribution in the lung (20-27). 

Other radiological findings of pulmonary 

metastases in chest X-ray, other than presence of 
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peripheral nodules, may be as follows: 

reticulonodular images, enlargement of mediastinal 

or hilar lymph nodes, pleural effusion, a large mass, 

cavity with thick wall and atelectasis in a part of 

lung. The sensitivity of chest X-ray for diagnosing 

small metastatic nodules is low, while the majority of 

pulmonary metastases are small (less than 1 cm) (27-

30). On the other hand, in the smaller pulmonary 

nodules, there is less possibility of metastasis. 

A study showed that the possibility of metastasis in 

nodules larger than 2.5cm is more than smaller ones 

(31). In a study which was conducted on postmortem 

examination of patients that had died due to different 

reasons, only 48% of pulmonary metastatic nodules 

had been recognized in the radiography before death 

(32). Although CT-scan is more sensitive in detecting 

pulmonary nodules than simple X-ray; however, it is 

less specific (33-35). CT-scan not only detects more 

numbers of nodules but also demonstrates other 

characteristics related to metastasis like presence of 

adenopathy in mediastinum, invasion to the vessels 

and bronchi, and ability to resect the lesion. Even 

CT-scan does not recognize real number of 

metastases, and usually during operation more 

numbers are detected rather than those in reported 

CT-scan. In the patient whose CT-scan has multiple 

metastases and is candidated for surgical operation, 

spiral CT-scan is better than conventional CT-scan 

for more accurate determination of true number of 

metastases (36). 

The role of MRI (magnetic resonance imaging) in 

evaluation of pulmonary metastatic nodules is not 

clearly understood. For detection of vascular 

involvement in tumors which are near mediastinum 

and skeletal involvement in tumors adjacent to the 

vertebral column, MRI has more diagnostic value 

comparing to CT-scan. However, sensitivity of MRI 

is not different from CT-scan. 

The ability of PET (positron emission tomography) 

in diagnosis of pulmonary metastasis is similar to 

CT-scan; however, the former can reveal the 

presence of metastasis in other parts of human body 

in addition to detection of tumor recurrence in 

primary focus. It seems that PET-scan is more 

specific than CT-scan in diagnosis of metastases. 

Some researchers believe that PET-scan should be a 

part of diagnostic and therapeutic strategy in all 

patients afflicted by pulmonary metastases (37). 

3. Bronchoscopy:  

In a patient with small and peripheral pulmonary 

nodules, bronchoscopy usually does not show 

abnormal findings. Therefore, it is better to delay 

bronchoscopy in these patients to be done at the time 

of operation and under general anesthesia. 

However, if the patient has signs and symptoms of 

an endobronchial involvement (like atelectasis, 

hemoptysis and cough), bronchoscopy is necessary 

before surgery to assess accurately endobronchial 

lesion for size, location, and  extent of involvement. 

Then, we can adjust, based on these data, the surgical 

program in order to determine kind of operation, type 

of incision, amount of pulmonary resection, necessity 

of bronchoplasty, and sleeve-resection. The 

prevalence rate of endobronchial and endotracheal 

metastases is about 2-5% (38). Nevertheless, if direct 

invasions from pulmonary parenchymal tumors or 

lymph nodes into the bronchi are considered as 

endobronchial metastasis, this rate will reach to 30-

50% (39). The tumors which may invade bronchi 

more than others include tumors of colon, breast, 

kidney, urinary tract, melanoma, and sarcoma 

(40,41). The patients with endobronchial metastases 

usually have symptoms like cough and hemoptysis. 

4. VATS: 

Thoracoscopy has an important diagnostic role in a 

number of patients with pulmonary metastasis. It can 

be useful in evaluating causes of pleural effusions 

(42), and determining extent of lesion in a patient 

with border- line condition to operate or doubt in 

total resectability of the lesion (43). 

Thus, sometimes bilateral throracoscopy is 

necessary to assess total resectability of a lesion. The 
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therapeutic role of the VATS in pulmonary 

metastases is controversial, the reasons may be as 

follows: 

1- Some nodules have small size and have not 

been recognized with imaging techniques 

including      CT-scan, but they are found during 

open surgery with palpation by surgeon’s hand; 

some of these tumors may be missed with VATS. 

2- The resection of large number of nodules in 

VATS is more difficult than with open surgery 

and the time of operation would be longer. The 

best condition for using VATS as a therapeutic 

procedure is for a peripheral metastatic nodule 

with small size (figure 1). However, the most 

sensitive way to find other metastases which had 

been missed by imaging techniques is palpation 

of the lung by the hand of surgeon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The patient had osteosarcoma of the extremities 5 years ago 

and now is candidate for the surgery because of a pulmonary nodule in 

the right lower lobe. 

 

5- Surgical procedures: 

The aim of surgery in pulmonary metastatectomy is 

removal of all existing tumors and suspicious lesions. 

For this purpose, we must avoid from limited 

incisions and palpate the whole of lung during 

thoracotomy and look for the metastasis. Also, both 

mediastinum and lymph nodes should be assessed. If 

only a part of tumor remains, the outcome is not 

good for the patient (44). Furthermore, the most 

important role of the surgeon in evaluation and 

selection of the patient is answering two important 

questions  

1. Regarding to general condition of the 

patient, can he or she tolerate operation? 

2. Is extension of the lesions appropriate to 

remove all of them in one or several 

surgical procedures? 

In few cases, despite impossibility for removing 

tumor totally, the surgical operation is performed to 

increase response of chemotherapy. Even removing a 

part of a huge germ cell tumor may have a positive 

effect on the response to chemotherapy (45). 

 

SURGICAL INCISION 

The incisions used for metastatectomy include 

midsternotomy, clamshell, standard postero-lateral 

thoracotomy or its modified forms, and VATS. To 

remove pulmonary metastases, one should apply an 

incision which provides availability to whole lung 

and mediastinum. The best exposure to these regions 

is through a “standard postero-lateral thoracotomy” 

incision. 

Today, we are able to apply lateral incision instead 

of postero-lateral one along with protection of chest 

wall muscles by using double lumen endotracheal 

tubes and surgical staplers. Serratus anterior and 

latissimus dorsi muscles are not divided in this 

incision, and are mobilized by broad flaps making 

submusculo-cutaneously. Ginsberg from Memorial 

Sloan- Kettering cancer center of New York and 

some other researchers recommend vertical 

transaxillary thoracotomy incision with protection of 

the chest wall muscles, without using 

musculocutaneous flaps (46-48). The location of 

surgical incision will be hidden under arm in this 

procedure (49). Figure 2, demonstrate the steps of 

this operation.  
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In this incision, the patient is placed in lateral 

decubitus position and the arm is put in 90° 

abduction. A vertical incision is made in midaxillary 

line. If needed, its length would be longer (firgure 2-

A). Subsequently, subdermal tissues and superficial 

fascia are cut, so posterior margin of serratus anterior 

muscle and anterior margin of latissimus dorsi 

muscle are exposed (figure 2-B). Then, latissimus 

dorsi muscle is lifted and pulled back, and serratus 

anterior muscle is pulled up and forward so 

appropriate intercostal space will be exposed in order 

to enter the chest (figure 2-C).  

No subdermel flap is made in this incision and an 

extra ecarteur is used for pulling aside the muscle 

(figure 2-D). The 5
th
 or 6

th
 intercostal space is usually 

chosen for penetrating into the pleural space. One 

can explore thorough out the lung and mediastinum 

and do segmental resections through each these two 

spaces. Furthermore, anatomic resections 

(lobectomy, pneumonectomy) may also be 

performed. The longer vertical cutaneous incision, 

would expose more portion of the intercostal space. 

 

Figure 2 (A-D): Thoracotomy with vertical cutaneous axillary incision 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. Cutaneous incision. The more length of cutaneous incision, 

the more exposed intercostal space. 

 

 

 

 

 

 

 

 

 

 

 

C. By pushing aside chest wall muscles, intercostal spaces will be 

exposed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

B. The chest wall muscles are exposed. 

 

 

 

 

 

 

 

 

 

 

 

 

D. 5th or 6th intercostal spaces are chosen to enter into the 

intrapleural space. An extra ecarteur is applied for pulling 

away the skin. 
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At first, the side of the thorax with more involvement 

would explored. If the metastases are removable, the 

opposite site should be searched at the same time or 

in another situations: this exploration is 

recommended even with negative radiologic 

examinations (in some of the tumors like germ cell 

tumor which has good sensitivity to chemotherapy, 

surgical exploration of the opposite site is not 

necessary, if imaging evaluations are negative). Post 

operative chemotherapy is usually performed after 

metastasectomy; however, it is controversial. 

 

MIDSTERNOTOMY INCISION 

This method is preferred to operate both sides of 

the chest at the same time, but approaching to the 

posterior parts of the lung is not easy. Therefore, the 

patients who has multiple lesions in the posterior 

parts of the lung can not be operated through this 

type of incision. Bilateral transverse thoracotomy 

incision with cutting the sternum, horizontally at the 

midline (clamshell incision), causes better approach 

on the lower and posterior parts of the lung rather 

than midsternotomy incision, but in comparison to 

lateral incisions this accessibility is less. 

Nowadays, many researchers suggest bilateral 

thoracotomy in two stages with one to three weeks 

interval. The author also believes that this procedure 

should be used for patients with bilateral multiple 

lesions. 

VATS is not recommended for metastasectomy. 

We cannot palpate lung with this procedure, in 

addition, some of the metastases may not be detected 

which is in contrast with principles of 

metastasectomy. Furthermore, resection of multiple 

tumors is more difficult and takes a longer time in 

VATS comparing to open surgical procedures. Some 

of the researchers recommend using VATS 

accompanying with open but restricted incisions like 

partial midsternotomy or limited thoracotomy. Thus, 

they can not only palpate the lung through the open 

incision and find small nodules but also perform 

resection using VATS (50,51). At present, open 

thoracotomy procedure with invasive approach for 

detection and removing all metastases is a standard 

method and VATS or minimal access procedures are 

used infrequently (52). 

 

THE EXTENSION OF RESECTION 

Most metastatic lesions are removed by 

nonanatomic resections (wedge resection), but 

sometimes lobectomy or pneumonectomy is required 

because of the large size of tumor or its location at 

the center of a pulmonary lobe. Before performing 

such resection, the surgeon should evaluate the 

patient’s respiratory condition and lung compliances 

accurately. Extensive pulmonary resections 

especially in cases with pleural and mediastinal 

involvement not only cause higher rates of morbidity 

and mortality but also does not support good results 

regarding total resection of tumor and the patient 

survival. 

Intact surgical margin surrounding the tumor: The 

growing pattern of metastatic pulmonary tumors is 

“growing in its own place”. In contrast with 

bronchogenic tumors, they do not grow via blood and 

lymphatic vessels. Therefore, anatomic resections 

like lobectomy and pneumonectomy are not required 

and only removing small margin of the tumors (less 

than 2cm) is adequate. Most of the surgeons consider 

that surgical margin of 5-10 mm would be enough. 

Due to probability of micrometastases around the 

metastatic tumors, it is recommended to evaluate the 

margins of pulmonary metastases after tumor 

resection with frozen section. Lobectomy or 

pneumonectomy is required, if metastases is large 

and located in central parts of the pulmonary lobe. As 

a whole, if the metastasis is less than 3 cm and 

located in outer one-third of the pulmonary 

parenchyma, it might be removed by a wedge 

resection (53). However, if the size of tumor is more 

than 3-4 cm, and located in the more central parts of 
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the lung, lobectomy is necessary. Of course, 

sometimes more greater tumors are completely in the 

periphery and can be removed by wedge resection. 

By using some newer technologies, we may avoid 

lobectomy in deep or large tumors. Among these, 

laser-assisted pulmonary resection (LAPR) is used 

for resection of large tumors (54-57) and cavitary 

ultrasonic aspirator (CUSA) used to resect deep 

small tumors (58,59). A useful practical procedure 

called precision resection is used for surgical 

resection of pulmonary metastasis. In this method, 

pulmonary parenchyma is cut by cauterization, laser 

or Argon in distance of 5-10mm from surrounding 

the tumor and all of the mass is removed. Via this 

incision the cut vessels and bronchi are ligated by 

metallic clips or sutures. In this type of incision, the 

tumor is usually removed as a cone which its base is 

located on the pleural surface, and the apex directed 

toward the pulmonary parenchyma. 

This procedure may be more useful for 

metastasectomy of the multiple nodules rather than 

surgical staplers or traditional method of placing 

clamp, cutting, and suturing (60). 

6- Characteristics of various metastatic tumors: 

Pulmonary metastases has been reported of 20 to 

54 percent in autopsy of the patients died from 

extrathoracic cancers (61-63). When a pulmonary 

metastatic tumor is diagnosed in a patient, the most 

common causes are cancer of breast, colon, kidney, 

uterus, prostate, and oropharynx, respectively (61,63, 

64). On the other hand, the malignancies with favor 

to cause metastasis in the lung, include 

choriocarcinoma, osteosarcoma, tumors of the testis, 

melanoma and Ewing’s sarcoma (64,65), but as these 

cancers have much lower prevalence, pulmonary 

metastases caused by them are seen with lower 

frequency in general population. 

 

OSTEOSARCOMA 

Nowadays, pulmonary metastasectomy is an 

important part of therapeutic strategy in patients 

afflicted by osteosarcoma. About 10-20% of these 

cases have detectable metastasis during distant 

regions on initial diagnosis; more than 85% of these 

metastases are pulmonary (66). The survival of 

patients with osteosarcoma has been increased by 

combination therapies (multi modality), including 

chemotherapy and conservative surgery (limb saving 

surgery). However, the patients with coincidence of 

osteosarcoma and pulmonary metastasis or those 

involved by metastase later may be cured if we could 

be resected the whole primary and metastatic tumors. 

At present, the best way for screening of the 

patients with osteosarcoma in order to find 

pulmonary metastases is using chest CT-scan with 

contrast. Magnetic resonance imaging (MRI) does 

not have more advantage than CT-scan; in addition, 

the role of PET-scan is still unclear. The whole body 

bone scan is not also useful in the follow-up because 

its sensitivity is high and specificity is low. A study 

showed that in 66 positive bone scans performed 

during follow up of the patients, only seven cases had 

recurrent tumor (67). However, if the patient has 

confirmed pulmonary metastasis, the whole body 

scan should be done before metastasectomy. 

 

SOFT TISSUE SARCOMA 

Like osteosarcoma, metastases in these tumors are 

restricted to the lung (68). If we are able remove all 

metastases surgically, curing or increasing survival 

of the patients is possible; the principles of 

metastasecotmy in these patients are similar to those 

with osteosarcoma and have been summarized in 

table 2. Occasionally, there are some indications for 

incomplete resection of pulmonary metastasis, 

including definite diagnosis of a suspected lesion and 

evaluation of residual radiologic abnormalities after 

chemotherapy. 

In case of appropriate conditions for 

metastasectomy, high survival may be expected in 

about one-third of the patients. Furthermore, if 

recurrency presents after pulmonary metastasectomy, 
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we can still resect the lesion for a longer life time 

(69). 

 

Table 2. Indications for metastatectomy in sarcoma  

 

1- The primary tumor must be eradicated 

2- All nodules be resectable in one operation or staged operations. 

3- The residual respiratory volume sufficient after surgery. 

4- No other extrathoracic metastasis is  present. 

 

There are some conditions which have better 

prognosis, including low number of metastases (>4, 

preferably one), long interval between diagnosis of 

primary tumor and metastasis (<36 months), 

appropriate histology (mean survival of 33 months 

for malignant fibrous histiocytoma vs 17 for other 

sarcomas), long doubling time (> 40 days), and the 

presence of pathology on one side of the chest (70-

73). 

Pre or postoperative chemotherapy is not efficient 

in the control of metastases but is effective on 

controlling of micro metastases; thus, it is better to be 

done (74). However, prospective clinical studies are 

not yet available for comparing benefit of 

chemotherapy (salvage chemotherapy) before 

metastasectomy of sarcomas with the surgery alone. 

 

COLORECTAL CARCINOMA 

About 2% of colon tumors relapse exclusively in 

lungs (75,76). Resection of colorectal metastases is 

indicated, if the patients have other indications for 

metastasectomy as follows: the patient can tolerate 

the operation, all lesions are removable, and the 

primary tumor is under control. The difference 

between indications of metastasectomy in colon 

tumors and sarcoma is that the metastasis is not 

necessary to be restricted to the lungs. In other 

words, if resectable metastases caused by colorectal 

carcinoma are present simultaneously in lung and 

liver the surgery and concomitant resections of liver 

and lung metastases will be indicated (77,78). 

Adjuvant and neoadjuvant therapies in a patient with 

pulmonary metastasis due to colorectal tumor have 

not had noticeable results (79-82) and are not 

recommended now. The measuring of CEA 

(carcinoembryogenic antigen) during follow up of 

the patients with metastases causing by colorectal 

tumors is indicated; it seems that the patients who 

have pulmonary metastasis with normal CEA, the 

prognosis is better after metastasectomy comparing 

to those with higher CEA (83-85). Thus, the higher 

CEA, the worse prognosis. Endobronchial metastases 

are seen in patients with metastatic colorectal tumors 

more than other tumors. A total resection is not 

possible usually in these patients and treatments are 

rather palliative including bronchoscopy and laser, 

for opening obstructed bronchus, controlling 

infection and hemoptysis. 

 

METASTASIS OF RENAL TUMORS 

About half of patients undergoing nephrectomy due 

to renal cell carcinoma, will be afflicted by 

metastasis later. 

Generally, metastasectomy will be required when 

metastases are restricted to the lung and there are 

appropriate indications like completely resectable 

lesions. Some reports indicated that if the metastasis 

is single, and interval between nephrectomy and 

presence of metastasis are long, the more survival is 

expected with metastasectomy (87). Additionally, 

pulmonary lymph nodes and mediastinal 

involvement are occasionally seen concurrently with 

pulmonary metastasis. Therefore, evaluation of 

lymph nodes is recommended before and during the 

operation. In patients with pulmonary metastasis due 

to renal tumor and have the necessary criteria for 

metastasectomy, five year survival rate has been 

reported about 36% (87,88). 

 

BREAST CANCER 

Intrathoracic metastases arising from the breast 

cancer contain main part of the patients referring for 

surgical consultation due to tumor metastases in the 

chest. Most patients have diffuse pulmonary and 

pleural involvements (like pleurisy) and only require 
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palliative surgical treatment, including discharge of 

fluid via chest tube, pleurodesis, and pleurectomy. 

About 20% of the women with breast cancer have 

pulmonary and pleural metastses during the period of 

disease and most of them require palliative surgical 

interventions. If we notice that about 10% of the 

women would be afflicted by breast cancer during 

their life, so we can conclude that of each thousand 

women, twenty would be consulted surgically due to 

pleural involvement and signs of pleurisy. 

Nevertheless, there are few numbers of the patients 

having indications for metastasectomy because of 

pulmonary metastases arising from breast cancer. 

Another important note regarding the metastases of 

breast cancer is a difficult differentiation between 

metastasis and primary pulmonary tumor. Detection 

of a pulmonary nodule in a patient with history of 

breast cancer may indicate a metastatic lesion, a 

primary pulmonary tumor or a benign lesion. Syn 

chronous or metachronous presentation of this nodule 

does not have a significant effect on the diagnosis, 

even time interval between primary tumor and 

presentation of nodule is not helpful. Some nodules 

which have been revealed 15 years later in the lung, 

had been metastastic. In contrast, occasionally we 

may observe pulmonary tumor and breast cancer 

concurrently (89,90). 

On the other hand, since the breast cancer 

metastatize from different ways in various regions, 

extensive clinical assessments should be performed 

to detect metastasis in other places, if a solitary 

metastatic nodule exists in the lung. These 

evaluations include CT-scans of brain, abdomen and 

pelvis and the whole body radioisotope scan. If the 

warning signs are present, more diagnostic imaging 

examinations should be performed like MRI of 

vertebral column, PET, etc. 

Anyway, if the metastasis of breast cancer is 

present simultaneously in other regions, 

metastasectomy is forbidden, but if it is restricted to 

the lungs and is resectable, the surgical treatment is 

indicated. However, combination therapies 

(multimodallity) like chemotherapy, hormonotherapy 

and immunotherapy are still preferred by some 

oncologists because despite of all assessments, the 

extension and number of lesions during 

metastasectomy are more than that of expected in 

preoperative evaluations. Thus, we suggest that the 

opposite site of the chest be explored during 

metastasectomy of the breast cancer or using 

incisions with capability of bilateral exploration. 

 

GERM CELL TUMORS 

About seventy percent of patients with pulmonary 

metastasis arising from seminoma have complete 

response to chemotherapy; meaning that not only 

lungs become clear radiologically, but also tumor 

markers reach to the normal limits. Even those not 

responding to initial chemotherapy, are improved in 

25% of cases with final chemotherapy (salvage 

chemotherapy); however, despite normalized tumor 

markers after chemotherapy, radiologic images are 

not cleared in a remarkable number of patients. There 

is no way to be assured whether the remaining 

radiologic images are alive tumor (or scar tissues). 

Since resection of remaining tumor is useful for these 

patients, they contain the main group of the patients 

with germ cell tumor referring to the surgeon for 

exploration and resection of the lesions. 

Chemotherapy is not efficient in a few numbers of 

the patients, and the levels of tumor marker remain 

high after chemotherapy. In such cases, the common 

belief is against the surgery, however, few studies 

have shown that even in these patients, 

metastasectomy sometimes causes improvement 

especially if the tumor is unilateral and resected 

totally (91).  

The resected pulmonary metastases in patients with 

non-seminoma tumor and normal tumor markers, 

have viable tumor only in 20% of the resected 

specimens and in others either fibrosis, necrosis or 
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mature teratoma have been observed (92-94). The 

status of seminoma is controversial. The remaining 

radiologic tumors after treatment of seminoma have 

less alive tumor rather than nonseminoma tumors 

(95,96). The tumor markers value is not also clear. 

Today, the removal of remaining radiologic tumors 

after chemotherapy of seminoma vs. follow-up alone 

remains controversial. Furthermore, due to 

employing radiotherapy in the treatment of 

seminoma, resection of related tumors is more 

difficult than that of nonseminomas. Some 

researchers have recommended to perform biopsy 

alone and avoidance of total resection. The others, 

with attention to more possibility of alive tumor in 

the remaining tumors with larger size, have 

suggested that the tumors more than 3 cm be resected 

or at least surgical biopsy be performed (97). 

 

METASTASIS OF MELANOMA TO THE 

LUNG 

The data have demonstrated that in patients with 

low number of pulmonary metastases and other 

favorable prognostic criteria (i.e. long doubling time 

and long interval between primary tumor and 

pulmonary metastasis), total resection of pulmonary 

metastases, caused by melanoma, is effective. 

Additionally, more survival and cure have been 

observed in these patients rather than those who have 

not undergone metastasectomy (98,99). In fact, in a 

patient with pulmonary metastases due to melanoma 

and no metastasis in other places, other therapies like 

immuonutherapy and chemotherapy have not 

significant effect on the patients’ cure. The reason is 

low complete response to different drug therapies. 

Recently, biologic therapies (biochemotherapy) like 

interferon- alpha (IFN-α) and interleukin-2 (IL-2) 

have been added to chemotherapy regimens to 

increase the rate of complete response. 

Unfortunately, the responses rate have been low. In 

spite of this fact, metastasectomy causes the best 

chance for curing of pulmonary metastatic melanoma 

in patients with mentioned appropriate criteria. It also 

has a complementary role in the treatment of the 

patients with incomplete response to chemotherapy. 

7- Researching aspects 

For better treatment of metastases, investigation 

has been continuing in different fields, including 

production of systemic drugs for more effective 

chemotherapy, perfusion the whole lung or part of it 

by anticancer drugs, genetic interventions for 

suppressing or eradicating tumor cells, amplification 

of immune system, employment of better surgical 

methods with less complications and making an 

appropriate staging system for pulmonary metastatic 

cancers. It seems that the most effective development 

in the treatment of pulmonary metastases would be 

possible when the better systemic treatment is 

available. At present, adjuvant and neoadjuvant 

therapies have not an important role in controlling of 

metastases either those removed by the surgery or 

non-resectable ones. The newer antimetastasis drugs 

like metalo-proteinase inhibitors and synthesized 

antibodies against vessel endothelial growth factor 

are favorable in the above mentioned therapies. The 

administration of intra-arterial anti neoplasm drugs 

and subsequently inducing a high tissue level of drug 

substrate in the lung without producing toxic 

complications in other regions has been employed 

more in animals with favorable results (106-108). 

To date, the best results in the treatment of 

pulmonary metastases have been achieved with 

surgery accompanying with resection of the 

metastases. Thus, we must use this therapeutic 

method in appropriate patients who take advantage of 

this operation. The complications of the surgery are 

low in hands of experienced surgeons and the 

mortality rate has been reported below 2% (109-112). 

However, less than one-third of the patients can be 
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cured with metastasectomy; thus, we should not 

operate the patients having high risk for the surgery, 

the spread tumor metastasis, and other inappropriate 

conditions which decrease the chance for operation. 

8- Therapeutic outcome and staging 

The selection of appropriate patient for 

metastasectomy is rather difficult. In numerous 

studies, different risk factors have been considered 

for the treatment outcome of the disease, but most of 

them have been studied small number of patients, 

thus, we cannot expect definite and valuable results. 

The only exception is about germ cell tumors 

because of its known reliable criteria for the 

treatment outcome. In 1991, thoracic surgery centers 

established “International Registry of Lung 

Metastase” (IRLM) in eighteen regions of Europe 

and North America, 5206 patients with pulmonary 

metastasis reviewed retrospectively with regard to 

prognostic variables and results of surgical resection 

using the three variables, resectability, disease-free 

interval, and number of metastasis, registry classified 

patients into prognostic groups that could serve as a 

staging system. Table 3 shows staging resulted from 

these evaluations. 

 

Table 3. Staging of pulmonary metastases for determination of surgical 

outcome 

 

Stage 1= resectable, absence of another risk factor * 

Stage 2= resectable, presence of one risk factor 

Stage 3= resectable, presence of two risk factors 

Stage 4= non- resectable 

* Risk factors: 1- time interval until tumor recurrency< 36 months 

      2- multiple metastases 

 

Germ cell tumors and willm’s tumor have not been 

considered in this staging (113). The surgical out 

come, based on this categorization, has been 

summarized in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The survival time after metastatectomy in IRLM staging 
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