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Abstract
Introduction: Surgical treatment of neoplastic lung metastases is a big therapeutic problem, at the stage of qualifying for the 
procedure, in the surgical technique itself, and in the tactics of managing subsequent disease relapses. The most doubtful aspect 
is determining which factors influence the prolongation of survival in patients with such a diagnosis.
Aim: To determine which factors influence the effectiveness of surgical treatment of neoplastic metastases to the lungs.
Material and methods: A group of 577 patients was subjected to the study. An analysis of all performed operations (1009) was 
also carried out according to the set goals. Statistical analysis was performed using the estimates of the c2 test, Kaplan-Meier 
estimator, and log-rank test.
Results: It was established what statistically significant factors may improve the treatment effectiveness. It was found that the 
lack of radicalism was influenced by: the number of lung metastases, the presence of changes in the lymph nodes, age, histol-
ogy of the primary tumor and its location, and the number of treatments. Nodal metastases are more common in non-radical 
procedures, depend on the patient’s age, are more often found in unilateral procedures, and depend on the location and histol-
ogy of the primary tumor.
Conclusions: It was found that the radical nature of the procedure did not affect the progression of the disease, but it did have 
an impact on survival. Relapses are more common in bilateral procedures, reducing survival. Lymph node metastases worsen 
the prognosis. 
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Introduction
Surgical treatment of neoplastic lung metastases is 

a big therapeutic problem, both at the stage of qualifying 
for the procedure and the surgical technique itself, as well 
as the tactics of managing subsequent disease relapses. 
The most questionable aspect is determining which factors 
influence the prolongation of survivals. Knowing that only 
a few percent of patients with secondary neoplastic disease 
can undergo surgery, we usually lose sight of the remain-
ing group of patients. We study survival only in selected 
patients and therefore we cannot objectively compare the 
results of surgical treatment to other methods. At the same 
time, it should be remembered that only some patients can 
undergo non-surgical oncological treatment due to the his-
tological type of the tumor, the stage of the disease and, 
finally, the presence or absence comorbidities. These fac-
tors often exclude the possibility of any causal treatment. 
Another problem that reduces the value of research is the 

need to perform a retrospective evaluation. In the available 
literature, there are practically no publications taking into 
account the group of patients who, despite meeting the 
criteria, did not undergo surgical treatment. Some authors 
believe that the benefit of surgical treatment is neither im-
mediate nor unquestionable [1–3]. On the other hand, it is 
easier to make a decision about surgical treatment than 
to look for arguments against its futility. Another issue 
that makes it difficult to obtain correct conclusions is the 
heterogeneity of the studied groups. It should be remem-
bered that metastases are closely related to the properties 
of the primary tumor. Each of them has different spread-
ing characteristics. It is known that the invasion can take 
place via the lymphatic or bloodstream route. This is related 
to the histological diversity of the primary tumor as well 
as its location, which further complicates obtaining objec-
tive results. In this case, for research purposes, it seems 
right to distinguish the group of neoplasms of epithelial 
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origin without the necessity to define the starting point 
of the disease. Undoubtedly, sarcomas, germinal tumors 
and melanomas constitute a separate group. The creation 
of a homogeneous study group should allow for approxi-
mate determination of the predictive factors influencing 
the achieved therapeutic results. This, however, is usually 
not possible due to the insufficient database available in 
one treatment center. It seems that the published multi-
center data are burdened with a greater error related to, for 
example, various criteria for qualifying for surgical treat-
ment (despite generally accepted standards) They differ 
in terms of the surgical technique itself and postoperative 
management both at the early stage after surgery and the 
adopted criteria for qualifying for subsequent metastasec-
tomy, which it is necessary in about 40–50% of patients. 
On the other hand, the conclusions published by Pastorino 
years ago based on a multicenter database are generally 
consistent with single-center publications. On the basis of 
our research to date, doubts arise mainly about the answer 
to the question of whether and why more operations re-
sult in longer survival. This does not seem to be logical. On 
the other hand, however, we can assume that patients who 
underwent only one or two operations lived shorter due 
to the greater progression of the disease, and thus were 
disqualified from subsequent surgical procedures. It should 
also be remembered that survival is influenced by other 
factors, such as the histological type of the tumor, the num-
ber and size of lesions in the lungs, and finally the presence 
or absence of metastases to the lymph nodes. Nor can we 
expect a permanent cure for a patient with secondary pro-
liferative disease. The goal of surgical treatment is to ex-
tend the periods of remission by implementing standards 
of treatment that can only be defined on the basis of retro-
spective studies of large groups of patients.

Aim
The aim of the study is to find out what factors influ-

ence the effectiveness of surgical treatment. The depen-
dencies affecting the radicality of the procedure, which is 
one of the main prognostic factors, will be analyzed. More-
over, an attempt was made to investigate the relationships 
related to the occurrence of relapse after resection. In the 
previous article, Surgical Treatment of Neoplastic Lung Me-
tastases, there were some uncertainties that require fur-
ther research. They concerned longer survival of patients 
who underwent multiple metastasectomy, as well as longer 
survival of patients with recurrence after resection, and 
the lack of a relationship between metastases to the chest 
lymph nodes and survival. Currently, an attempt has been 
made to clarify these doubts.

Material and methods
Due to the fact that some patients were operated ini-

tially outside the Institute of Tuberculosis and Lung Dis-
eases in Warsaw, the data on treatment were not always 
complete. A group of 577 patients with secondary neoplas-
tic disease involving the lungs was analyzed. At the same 

time, the available detailed data related to 1,009 opera-
tions. Only the group of patients for which the data were 
complete was analyzed. The factors influencing the lack of 
radicality during resection of metastatic lesions from the 
lungs and the relationships related to the occurrence of 
metastases to the chest lymph nodes were analyzed. In ad-
dition, the impact of the radical nature of the procedure 
on relapse after resection and the importance of unilateral 
and bilateral operations on disease relapse were exam-
ined. In order to objectify the obtained results in terms of 
the impact of disease relapse on survival, 2 homogeneous 
groups of patients were separated. The first group included 
patients operated on twice and having initially metastat-
ic changes in both lungs. They were operated on at least  
3 weeks apart from the first surgery. In justified cases, the 
surgery was postponed until it was fully functional after 
the first resection. The second group included patients who 
were also operated on twice. Initially, they had lesions in 
one lung. Another operation was performed due to a re-
lapse in the lung that had been operated on or in the op-
posite one. Patients with metastatic changes in the lymph 
nodes were also thoroughly analyzed. In the previous work, 
in statistical studies of the entire data set, no statistically 
significant differences in survival were found for patients 
with or without lymph node involvement. At the same time, 
it has not been unequivocally demonstrated so far that 
their removal in a secondary neoplastic disease prolongs 
survival. At that time, when analyzing the group of patients 
with lymph node metastases, the survival from the first (or 
only) metastasectomy to the date of death was assessed. 
Survival from the day of surgery, during which lymph node 
metastases were found, has now been studied. Such an 
assumption objectifies the obtained results. It allows for 
a real study of the survival of a group of patients with or 
without metastases to the lymph nodes.

Statistical analysis
The data were presented in two ways. The analysis 

of the factors influencing the lack of radicalism and the 
occurrence of lymph node metastases was performed in 
conjunction with surgery as the unit for analysis. The ex-
periences were examined in relation to the patient as the 
analyzed record. Factors influencing radicalism and the in-
cidence of lymph node metastases were investigated using 
descriptive statistics and statistical significance assessed 
using c2 test estimates. Patient survival was analyzed using 
Kaplan-Meier estimates and the log-rank test. The analy-
sis was performed using the R statistical software version 
4.0.2 (R Core Team 2020). R: Statistical computing language 
and environment. R. Foundation for Statistical Computing, 
Vienna, Austria. URL https://www.R-project.org/).

Results
The database was created on the basis of retrospective 

studies. It contains data from 1009 operations performed 
on 577 patients. Information about the radical nature of the 
operation was available in 943 records. Information on me-
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tastasis was available in 936 records. The number of miss-
ing data is given in each table. The missing information was 
completely accidental and unrelated to the patient’s condi-
tion. The factors influencing the lack of radicality in resec-
tion of metastatic lesions to the lungs were investigated. 
The following findings were made:
1.  The percentage of non-radical procedures increases sta-

tistically significantly with the number of metastases. 
2.  If there were lymph node metastases, the percentage of 

non-radical operations was significantly higher; the dif-
ference was statistically significant.

3.  The percentage of non-radical operations was the high-
est in the age group under 50; it decreased significantly 
with the patient’s age.

4.  Statistically significant relationships were observed 
between the primary starting point of the proliferative 
disease and the fact of performing a non-radical me-
tastasectomy. Their highest percentage was found at 
the primary location of the disease in the liver, followed 
by the location (other) where the pancreas, larynx and 
thyroid were the dominant primary lesions. The next lo-
cation was the osteoarticular system/muscles, another 
breast, and the reproductive organ. The kidney and the 
large intestine were in further places. It should be em-
phasized that the above-mentioned calculations were 
obtained on the basis of the total number of operations 
in all examined patients.

5.  There was also a correlation between the histological 
type of the tumor and the radical nature of the metas-
tasectomy. The most frequent lack of radicality was in 
sarcomas, then melanomas, squamous cell carcinoma, 
clear cell carcinoma, and adenocarcinoma.

6.  In subsequent operations in the same patient, the per-
centage of non-radical operations increased statistically 
significantly (Table I).
The relationships between the occurrence of relapse 

after resection and the radicality of the procedure were 
analyzed successively. When analyzing the operated cases, 
it was not completely determined whether the recurrence 
occurred in the non-radical operated site or in a different 
location of the pulmonary parenchyma. Such methodology 
resulted from objective difficulties in establishing this in-
formation in a large number of cases. Nine hundred and 
forty-three procedures performed in 562 patients were an-
alyzed. No radicality was found during 106 operations per-
formed in 53 patients. Accordingly, radicality was achieved 
during 837 operations performed in 509 patients. Percent-
age of relapse after resection or no relapse was compared 
between the study groups. There was no statistical signifi-
cance of the recurrence of the disease depending on the 
radicality of the procedure (Table II). However, no conclu-
sion should be drawn that the completeness of the proce-
dure did not affect the survival. Patients undergoing such 
surgery live shorter lives, which was confirmed in our previ-
ous studies. The mean survival time was 47 months in the 
case of radical surgery versus 28 months in the absence 
of radical surgery. With a complete operation, the 3- and 

5-year survival rates were 60% and 43%, respectively, com-
pared to 44% and 26% with an incomplete operation. An 
attempt was also made to determine the effect of the pres-
ence of metastases in one or both lungs on relapse. There 
was a higher incidence of relapses in bilateral procedures 
of approximately 20%. In cases of unilateral operations, re-
currences were found in 10% of cases. These results were 
statistically significant (Table III).

Factors influencing the occurrence of lymph node me-
tastases in the thoracic region were also investigated. The 
number of metastases in the lung parenchyma, their size, 
the radical nature of the operation, recurrence after resec-
tion, sex, age, the number of operations performed, uni-
lateral or bilateral surgery, the location of the primary tu-
mor, and the histological type of the tumor were taken into 
account, and the next surgery was followed by the most 
frequent metastatic lesions in lymph nodes. The following 
results were found to be statistically significant:
1.  Lymph node metastases are more common during non-

radical surgery.
2.  Lymph node metastases were most often found in the 

50–60 age group.
3.  Lymph node metastases were found more frequently 

during unilateral surgery. At the same time, it should be 
emphasized that some of these patients had metastases 
on the other side, but were not qualified for further sur-
gical treatment.

4.  A statistically significant association was observed be-
tween the location of the primary tumor focus and the 
occurrence of metastases to the lymph nodes. They were 
most often found in the case of testicular neoplasms, fol-
lowed by breast and kidney tumors.

5.  The histological type also statistically significantly differ-
entiated the occurrence of lymph node metastases. They 
most often occurred in germinal tumors, then in epithe-
lial carcinomas classified as other epithelial groups (65 
cases including pancreatic, laryngeal, reproductive organ, 
breast, integumentary, thyroid, salivary gland, prostate 
and bladder cancer), then in renal cancer (Table IV).

Discussion 
Subsequent metastasectomy obviously correlates with 

relapses after resection. According to various researchers, 
multiple lung resections enable longer survival. Welter et al. 
concluded that repeated resections of lung metastases 
(a study on metastasis of colorectal cancer) were safe and 
provided longer survival [4]. The authors reported 5-year 
survival in 53.8% of cases with repeated resection. The 
median survival was 47 months in patients after a single 
metastasectomy; with more operations it increased to  
72 months. Kandioler et al. studied a group of 330 patients 
who had undergone at least two metastasectomies. These 
authors suggest that patients who are permanently dis-
ease-free at the original site, but who have recurrent re-
sectable metastatic lung disease, are likely to benefit from 
surgery a second, third, or even fourth time [3]. According to 
the International Registry of Lung Metastases (IRLM), after 
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Table I. Factors influencing the lack of radicalism of metastasectomy where the unit of calculation for statistical purposes is the opera-
tion (not the patient)

Parameter N Missing data Total number Non-radical Radical P-value

Total, N (%) 943 106 (11.2) 837 (88.8)

1 Number of metastases 920 23 1 448 20 (4.5) 428 (95.5) < 0.001

   2 163 18 (11.0) 145 (89.0)  

   3+ 309 61 (19.7) 248 (80.3)  

2 Range of tumor size 910 33 < 1 214 20 (9.3) 194 (90.7) 0.147

 1–2 333 36 (10.8) 297 (89.2)

 2–3 153 10 (6.5) 143 (93.5)

 > 3 210 29 (13.8) 181 (86.2)

3 Lymph node 905 38 No 854 88 (10.3) 766 (89.7) 0.007
 

 metastases   Yes 51 12 (23.5) 39 (76.5)

4 Sex 943 0 Female 398 37 (9.3) 361 (90.7) 0.131

 Male 545 69 (12.7) 476 (87.3)

5 Age ranges 943 0 (0, 50] 286 48 (16.8) 238 (83.2) 0.001
 
    (50, 60] 268 29 (10.8) 239 (89.2)

   (60, 90] 389 29 (7.5) 360 (92.5)

6 Unilateral operation 940 3 1 402 39 (9.7) 363 (90.3) 0.258
 

Bilateral operation   2 538 66 (12.3) 472 (87.7)

7 Primary tumor site 942 1 Kidney 276 26 (9.4) 250 (90.6) 0.010

 Colon 254 18 (7.1) 236 (92.9)

 gynecologic 50 5 (10.0) 45 (90.0)

 Liver 18 5 (27.8) 13 (72.2)

 germ cell 28 2 (7.1) 26 (92.9)

 Bones/soft tissue 174 28 (16.1) 146 (83.9)

 Others 105 18 (17.1) 87 (82.9)

 Breast 37 4 (10.8) 33 (89.2)

8 Histological type 941 2 Renal cell ca 263 23 (8.7) 240 (91.3) 0.001
 
 
 
 
 
 

   Adenocarcinoma 299 23 (7.7) 276 (92.3)

   Sq. Cel carcinoma 32 4 (12.5) 28 (87.5)

   Sarcoma 205 39 (19.0) 166 (81.0)

   germ cell tu 28 2 (7.1) 26 (92.9)

   Melanoma 30 5 (16.7) 25 (83.3)

   Others 76 7 (9.2) 69 (90.8)

9 Number of operation 943 0 1 560 53 (9.5) 507 (90.5) 0.036
 

 2 242 29 (12.0) 213 (88.0)

   3+ 141 24 (17.0) 117 (83.0)

1The percentage of non-radical operations increases statistically significantly with the number of metastases. 2There were no statistically significant differences 
between the maximum tumor size and the percentage of non-radical operations. However, the largest number of non-radical operations were performed in 
situations where the largest lesion in the pulmonary parenchyma was over 3 cm in diameter. 3If there were lymph node metastases, the percentage of non-radical 
operations was significantly higher; the difference was statistically significant. 4Men underwent non-radical surgery slightly more often, but the difference was 
not statistically significant. 5The percentage of non-radical operations was the highest in the age group up to 50 years; it decreased statistically significantly with 
the patient’s age. 6There was no statistically significant relationship between the percentage of non-radical operations and one/two-sided operations. 7There were 
statistically significant differences between the location of the primary tumor and the fact of performing a non-radical operation. Their highest percentage was 
observed for liver operations, followed by the location (other) where the pancreas, larynx and thyroid were the dominant primary focus. The next location was the 
osteoarticular system/muscles, another breast, and the reproductive organ. The kidney and the large intestine were in further places. It should be emphasized that 
the above-mentioned calculations were obtained based on the total number of operations in all examined patients. 8There was also a relationship between the 
histological type of the tumor and the radicalism of the metastasectomy. Here it was found that the most frequent lack of radicalism was in sarcomas, followed by 
melanomas, squamous cell carcinomas, clear cell carcinomas, and adenocarcinomas. 9In subsequent operations on the same patient, the percentage of non-radical 
operations increases statistically significantly.
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the second resection, 44% of patients survive for 5 years, 
and 29% for 10 years. 34% and 25% of patients who have 
undergone only one resection survive for 5 and 10 years, re-
spectively. In our studies to date, the results achieved also 
indicate longer survival of patients operated on several oc-
casions. After the first resection for 5 years, 38% survive; 
after the second, 46%; and with more procedures (three or 
more), 48% (Table V). It is impossible to objectively assess 
whether multiple operations to remove lung metastases 
prolong survival, because it is difficult to find a compara-
tive group [3, 4]. It is also obvious that patients qualified for 
subsequent treatments must meet oncological criteria that 
give a chance for radical surgery. In order to objectify the 
obtained results, in terms of the impact of the relapse of the 
proliferative process on survival, an attempt was made to 
create two groups of patients that could be compared with 
each other. The survival of patients who underwent only 
two metastasectomies was examined. Longer survival was 
observed in the group of patients without relapse – with 
initial metastases in both lungs (median survival 71 months 
vs. 36 months). These results were statistically significant 
(Figure 1). Another issue that requires more attention is the 
question of how important a predictor of secondary pro-
liferative disease is the presence or lack of metastasis to 
regional lymph nodes. It is obvious that tumors spreading 
through the lymphatic route more often metastasize to 
nodes; the primary location of the tumor and its histologi-
cal type are of similar importance. Therefore, the mere fact 
of the presence of metastases in the thoracic nodes does 
not necessarily indicate the same degree of progression 
of the proliferative disease for different types and primary 
tumor locations. For example, the frequency of nodal me-
tastases is low in colorectal adenocarcinoma (9%) and sar-
coma (6.6%), average in head and neck and urinary tract 
cancers (12–18%) and high in melanoma, uterine cancers, 
ovaries, breast cancer and germ cell tumors (33%, 38%, 
54% and 100%, respectively) [5–7]. Lymphadenectomy per-
formed in secondary proliferative disease does not prolong 
survival. However, it allows for a more accurate determina-
tion of the stage of the disease and thus gives a chance for 
systemic treatment. According to the majority of research-
ers, there is a statistically significant association of survival 
with metastases to the lymph nodes. The invasion of can-
cer cells into the lymphatic vessels results in a greater like-
lihood of the formation of further metastases, relapses of 

the disease and, therefore, shorter survival times. However, 
it has also been reported that the group of patients with 
the presence of nodal metastases has no worse prognosis 
than patients without their involvement [8–10]. In the pre-
vious work, in statistical studies of the entire data set, no 
statistically significant differences in survival were found 
for patients with or without lymph node involvement. How-
ever, it should be remembered that the analysis covered 
a selected group of patients who initially qualified for sur-
gical treatment. When qualified for metastasectomy in im-
aging studies (CT and possibly PET-CT), they did not have 
significantly enlarged nodes and/or increased FDg uptake 
in them. It seems reasonable to determine at which surgery 
(multiple operations were performed in about 40% of cas-
es) metastatic changes were found in the nodes. This may 
answer why we did not observe previously statistically sig-
nificant differences in survival in patients with and without 
lymph node metastases. If node involvement occurs during 
the first operation, the prognosis is worse. However, the 
situation is different when, after a long treatment period 
and multiple operations, metastases appear, which prevent 
further therapy. Previously, when analyzing the group of pa-
tients with and without metastatic changes in nodes, the 
moment of their involvement in the disease process was 
not taken into account. Survival from the day of surgery 
where nodal metastases were found has now been inves-
tigated. It was found that the median survival is longer in 
patients without nodal metastases compared to those with 
nodal involvement (47 months vs. 26 months) (Figure 2). An 
additional element that was examined was the determina-
tion of the extent of resection at which metastases in the 
lymph nodes were most often detected. According to some 
authors, they were found more often in anatomical resec-
tions in relation to marginal or wedge resections (23% to 
12%) [11–14]. Our studies have not confirmed this opinion. 
A total of 728 wedge resections were performed, revealing 
lymph node metastases in 38 cases. 195 anatomical resec-
tions were also performed, confirming nodal involvement 
in 12 patients. These values were 6.15% and 5.21%, respec-
tively. Summarizing the obtained results, longer survival 
was found in patients without disease recurrence (median 
survival 71 months vs. 36 months). At the same time, the 
occurrence of disease recurrence was not statistically sig-
nificantly dependent on the radicality of the procedure. The 
reason for such results of the current research is the fact 

Table II. Relapse after resection depending on the radicalism of 
the operation

Operation N Total No relapse Relapse P-value

Non-radical 943 106 93 (87.7) 13 (12.3) 0.189

Radical 837 687 (82.1) 150 (17.9)

Total 1009 844 (83.6) 165 (16.4)

Non-radical 562 53 40 (75.5) 13 (24.5) 0.552

Radical 509 359 (70.5) 150 (29.5)

Total 572 407 (71.2) 165 (28.8)

Table III. Recurrence after resection depending on the presence of 
unilateral or bilateral metastases

Operation N Total No relapse Relapse P-value

Unilateral 1009 440 393 (89.3) 47 (10.7) < 0.001

Bilateral 566 449 (79.3) 117 (20.7)

Total 1009 844 (83.6) 165 (16.4)

Unilateral 570 349 302 (86.5) 47 (13.5) < 0.001

Bilateral 221 104 (47.1) 117 (52.9)

Total 572 407 (71.2) 165 (28.8)
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Table IV. Factors influencing the occurrence of lymph node metastases where the unit of calculation for statistical purposes is the op-
eration (not the patient)

Parameter N Missing 
data

Total
number

No metastases 
or not investigated

Metastases P-value

Total number of oper.    936 882 (94.2) 54 (5.8)  

1 Number of metastases 887 49 1 436 408 (93.6) 28 (6.4) 0.697
 
 

   2 153 145 (94.8) 8 (5.2)

   3+ 298 283 (95.0) 15 (5.0)

2 Range of tumor size 876 60 < 1 cm 202 195 (96.5) 7 (3.5) 0.182
  1–2 cm 320 304 (95.0) 16 (5.0)

 2–3 cm 150 137 (91.3) 13 (8.7)

   > 3 cm 204 191 (93.6) 13 (6.4)

3 Radicalism 905 31 No 100 88 (88.0) 12 (12.0) 0.007
    Yes 805 766 (95.2) 39 (4.8)

4 Relapse after resection
(number of patients) 

559 377 No 399 373 (93.5) 26 (6.5) 0.841
   Yes 160 151 (94.4) 9 (5.6)

5 Relapse after resection
(number of operation) 

936 0 No 776 731 (94.2) 45 (5.8) 1.000
   Yes 160 151 (94.4) 9 (5.6)

6 Sex 936 0 Female 389 365 (93.8) 24 (6.2) 0.764
    Male 547 517 (94.5) 30 (5.5)

7 Age ranges 936 0 (0, 50] 282 267 (94.7) 15 (5.3) 0.026
 
 

   (50, 60] 271 247 (91.1) 24 (8.9)

   (60, 90] 383 368 (96.1) 15 (3.9)

8 Unilateral operation
Bilateral operation 

933 3 1 406 374 (92.1) 32 (7.9) 0.024
   2 527 505 (95.8) 22 (4.2)

9 Primary tumor site 935 1 germ cell tumor 32 26 (81.2) 6 (18.8) < 0.001
  Breast 39 32 (82.1) 7 (17.9)

 Kidney 279 (100) 252 (90.3) 27(9.7)

 Other 105 100 (95.2) 5 (4.8)

 Colon 248 (100) 241 (97.2 7(2.8)

 gynecologic 48 (100) 47 (97.9)

 Bones/soft tissue 167 166 (99.4) 1 (0.6)

   Liver 17 17 (100.0)

10 Histological type 933 3 germ cell tumor 31 25 (80.6) 6 (19.4) < 0.001
 
 
 
 
 
 

   Other epithelial 75 66 (88.0) 9 (12.0)

   Renal cell ca 267 (100) 242 (90.6) 25(9.4)

   Melanoma 30 28 (93.3) 2 (6.7)

   Adenocarcinoma 296 (100) 285 (96.3 11(3.7

   Sarcoma 196 (100) 195 (99.5) 1(0.5)

   Sq. cell carcinoma 30 30 (100.0)

11 Sequence of operation 936 0 1 560 525 (93.8) 35 (6.2) 0.741
  2 234 222 (94.9) 12 (5.1)

   3+ 142 135 (95.1) 7 (4.9)

1There is no statistically significant correlation between the number of lung metastases and the occurrence of lymph node metastases. 2There is no statistically 
significant relationship between the size of the metastasis and the occurrence of lymph node metastases. 3Lymph node metastases are statistically significantly 
more common in non-radical surgery. 4There is no significant relationship between the fact of relapse after resection and the presence of lymph node metastases 
(calculation unit – patient). 5There is no significant relationship between the fact of recurrence after resection and the presence of lymph node metastases 
(calculation unit – operation). 6There is no statistically significant relationship between the patient’s sex and the occurrence of lymph node metastases. 
7Statistically significant differences in the frequency of lymph node metastases depending on age were observed. The highest percentage was in the age group  
50–60, the lowest in the group over 60 years old. 8The percentage of lymph node metastases was lower in the group of bilaterally operated patients.  
9The incidence of lymph node metastases differs statistically significantly depending on the type of initial surgery – the highest in the case of testicular, breast and 
kidney surgery. 10The incidence of lymph node metastases differs statistically significantly depending on the histology – they often occur in the case of germinal 
tumors, epithelial carcinomas (other group), and kidney cancer. 11There is no statistically significant relationship between the occurrence of lymph node metastases 
and subsequent metastasectomies.
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Table V. Survival by the number of operations

Number of operations
on the patient

Number 
of cases

Number 
of deaths

Median survival time
(95% CI)

3-year survival
(95% CI)

5-year survival
(95% CI)

P-value

1 230 140 42.0 (36.0–51.0) 54.7 (48.4–61.8) 38.5 (32.0–46.2) 0.111

2 147 80 60.0 (44.0–71.0) 62.2 (54.6–70.8) 46.4 (38.1–56.4)

3+ 73 46 60.0 (44.0–87.0) 67.4 (57.22–79.3) 47.7 (37.2–61.2)

Relapse after 
resection

Number Deaths Median survival 
time (95% CI)

P-value

Yes 106 69 36 (26–47)
< 0.001

No 75 35 71 (60–NE*)

NE – not exists.

Lymph node 
metastasis

Number Deaths Median survival 
time (95% CI)

P-value

No 514 305 47 (44–58)
0.0025

Yes 47 36 26 (18–48)

Figure 1. Survival after metastasectomy depending on the disease 
recurrence

Figure 2. Survival depending on the lymph node metastasis
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that patients undergoing non-radical surgery live shorter 
lives, which was confirmed in previous studies. Therefore, 
we do not observe any relapse that could be treated surgi-
cally. Relapses were found to be more frequent in patients 
undergoing bilateral metastasectomy. It was also found 
that the median survival is longer in patients without nod-
al metastases compared to those with nodal involvement  
(47 months vs. 26 months). Moreover, it was established 
what factors influence the radicality of the operation in 
secondary proliferative disease with lung involvement. 
These are mainly the number of metastatic lesions, coex-
istence of metastases in the lymph nodes, the location of 
the primary tumor, the histological type of the tumor and 
the number of operations. In turn, the occurrence of me-
tastases to the chest lymph nodes is influenced by non-
radical metastasectomies, the age range (50–60 years), 
the location of the primary focus and the histological type. 
Moreover, more frequent occurrence of metastases in the 
thoracic lymph nodes was found in unilateral surgery. How-
ever, no conclusions should be drawn from this that could 
suggest that unilateral involvement of the lymph nodes 

affects the prognosis. Patients with metastatic changes in 
nodes at the first operation were disqualified from further 
metastasectomy and in statistical studies were included in 
the group of patients undergoing single/unilateral surgery. 
This in turn influenced the obtained results.

Disclosure
The authors report no conflict of interest.

References
1. Treaseur T, Farewell V, Macbeth F, Monson K. Pulmonary metastasectomy 

versus continued active monitoring in colorectal cancer (PulMiCC): a multi-
centre randomised clinical trial. Trials 2019; 12: 718.

2. Erhunmwunsee L, D’Amico T. Surgical management of pulmonary metasta-
ses. Ann Thorac Surg 2009; 88: 2052-2060.

3. Kandioler D. Kromer E. Tuchler H. Long-term results after repeated surgical 
removal of pulmonary metastases. Ann Thorac Surg 1998; 65: 909-912.

4. Welter S, Jacobs J, Krbek T, Krebs B, Stamatis g. Long-term survival after 
repeated resection of pulmonary metastases from colorectal cancer. Ann 
Thorac Surg 2007; 84: 203-210.

5. Veronesi g, Petrella F, Leo F, Solli P. Prognostic role of lymph node involve-
ment in lung metastasectomy. J Thoracic Cardiovasc Surg 2007; 133: 967-972.



Kardiochirurgia i Torakochirurgia Polska 2021; 18 (3)138

Factors influencing the effect of surgical treatment in secondary proliferative disease with lung involvement

6. Ercan S, Nichols F, Trastek V. Prognostic significance of lymph node metasta-
sis found during pulmonary metastasectomy for extrapulmonary carcinoma. 
Ann Thorac Surg 2004; 30: 1786-1791.

7. Putnam J. Secondary tumors of the lungs. In: general Thoracic Surgery.  
5th ed. Shields T, LoCicero J, Ponn R (eds.). Lippincott Williams, Philadelphia 
2000; 1555-1576.

8. Londero F, Morelli A, Parise O, grossi W. Lymphadenectomy during pulmo-
nary metastasectomy: impact on survival and recurrence. J Surg Oncol 2019; 
120: 768-778.

9. Loehe F, Kobinger S, Hatz R. Value of systematic mediastinal lymph node 
dissection during pulmonary metastasectomy. Ann Thorac Surg 2001; 72: 
225-229.

10. Kamiyoshihara M, Hirai T, Kawashima O. The surgical treatment of metastat-
ic tumors in the lung: is lobectomy with mediastinal lymph node dissection 
suitable treatment? Oncol Rep 1998; 5: 453-457.

11. gonzales M, Brunelli A, Szanto Z, Passani S, Falcoz P. Report from the Europe-
an Society of Thoracic Surgeons database 2019: current surgical practice and 
perioperative outcomes of pulmonary metastasectomy. Eur J Cardiothoracic 
Surg 2021; 59: 996-1003.

12. Londero F, grossi W, Morelli A, Parise O, Masullo g, Tetta C, Livi U, Maes-
sen Jg, gelsomino S. Surgery versus stereotactic radiotherapy for treatment 
of pulmonary metastases. A systematic review of literature. Future Sci OA 
2020; 6: FSO471.

13. gawrychowski J, Kaczor T, Malinowski E. Resekcja chirugiczna przerzutów 
nowotworowych do płuc: lobektomia czy resekcja klinowa. Pol Przeg Chir 
2005; 10: 1032-1046.

14. gabryel P, Piwkowski C, Zieliński P, Kasprzyk M, Roszak M, Dyszkiewicz W. 
Dwuetapowa obustronna torakotomia w leczeniu mnogich przerzutów do 
płuc za pomocą lasera. Kardiochir Torakochir Pol 2012; 9: 46-51.


