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Background: The optimal treatment for pulmonary metastases has not been determined, and the survival 
benefit of surgical resection in selected patients remains controversial. The purpose of this retrospective 
study was to explore whether surgery can prolong survival in patients with pulmonary metastases compared 
with chemotherapy, and to analyze the factors that may affect the long-term survival of patients with 
pulmonary metastases.
Methods: We retrospectively analyzed the medical records of patients with pulmonary metastases from 
June 2012 to June 2019. Propensity score matching (PSM) was used to balance factors that might affect 
survival between the two groups. The data were analyzed by Kaplan-Meier survival analysis and Cox 
proportional hazards models to compare the survival of the surgery group and the chemotherapy group.
Results: A total of 202 patients with pulmonary metastases were enrolled in the study, with 43 patients 
in the surgery group and 43 in the chemotherapy group after screening and PSM. After PSM, patients in 
the surgery group had better survival than those in the chemotherapy group, with 5-year overall survival 
(OS) rates of 75.1% and 48.0%, respectively (P=0.017). Univariate analysis of the two groups of patients 
found that the treatment method, the number of metastases, and the total diameter of metastases were 
prognostic factors, but multivariate analysis did not find independent prognostic factors. In the surgical 
group, univariate analysis found that disease-free interval (DFI), the number of metastases, surgical methods, 
resection scope and surgical route were prognostic factors, and multivariate analysis showed that only DFI 
was an independent prognostic factor. In the chemotherapy group, DFI and the response of metastases to 
chemotherapy were found to be prognostic factors in univariate analysis, but no independent prognostic 
factors were found in multivariate analysis.
Conclusions: Surgery does not provide a significant survival advantage. For patients undergoing surgery, 
longer DFI predicts better survival.
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Introduction

Cancer mortality in the United States declined from 1991 
to 2017, with an overall decline of 29%, according to the 
American Cancer Society (1). However, tumor metastasis 
is a common cause of death. Davidson et al. reported that 
25–30% of patients with malignant tumors had pulmonary 
metastases at autopsy (2). A retrospective analysis of 5,206 
patients with pulmonary metastases from 18 healthcare 
facilities in the United States, Canada, and Europe, 
namely, the International Registry of Lung Metastases 
(IRLM), provides evidence that metastasectomy appeared 
to be associated with better survival (3). Since then, a 
large number of retrospective studies have reported and 
confirmed the benefits of surgical treatment in patients with 
pulmonary metastases (4). While surgical treatment seems 
to be associated with better survival, there are some things 
we should know. First of all, lung metastasis progresses 
slowly, and it is difficult to judge the survival benefit 
brought by pulmonary metastasectomy (PM) for this inert 
biological behavior. Second, PM needs to meet demanding 
surgical indications. It has been reported that for patients 
with primary colorectal cancer (CRC), only 4.1% of 
synchronous lung metastases and 14.8% of metachronous 
lung metastases can be treated with PM (5). It can be 

seen that the patients who underwent surgery were highly 
selected to exclude those with a poor prognosis. Finally, 
for selected patients, surgery is a recognized standard of 
practice, and the evidence of improving overall survival 
(OS) is mostly retrospective studies. It has been reported 
that we should not be assumed with the benefits brought by 
surgery and ignore the importance of randomized clinical 
trial (RCT) (6,7), which shows that it is urgent for us to use 
RCT to verify and find the best treatment method for lung 
metastases.

Pulmonary Metastasectomy in Colorectal Cancer 
(PulMiCC), a randomized controlled trial funded by 
Cancer Research UK in 2010 (8), is the first and currently 
only prospective randomized controlled trial of pulmonary 
metastases in the world. During the implementation of 
PulMiCC, clinicians (rather than patients) were unwilling 
to randomly select patients according to the previous 
concept, which led to the early end of the study due to poor 
recruitment and deterioration of the situation (9). Yang  
et al. believe that RCT faces great challenges, and further 
and larger retrospective studies may be helpful (10).

Therefore, we retrospectively analyzed and studied 
patients with pulmonary metastases who received surgery 
and chemotherapy as the main treatment in our hospital 
in recent years and adjusted the background characteristics 
of the two groups of patients by propensity score-matched 
(PSM) analysis. Then, we analyzed the effects of surgery 
and chemotherapy on disease prognosis in the matched 
cohort. The aim of this study is to provide a basis for clinical 
treatment decisions and prospective clinical trial planning of 
pulmonary metastases. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-22-
2286/rc).

Methods

Patients

In this study, the clinical data of patients with pulmonary 
metastases diagnosed in our hospital from June 2012 to June 
2019 were collected from the first page of medical records. 
Patient demographic information, course of treatment, 
tumor characteristics, and radiological images were obtained 
from the hospital’s electronic medical record system. 
The following factors were assessed: age, sex, disease-
free interval (DFI), smoking history, pathological types of 
primary lesions, complete resection, number of metastases, 
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chemotherapy.
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chemotherapy.
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number and total diameter of lung metastases in the chemotherapy 
group were still significantly larger than those in the surgery 
group. However, on the premise that the surgery group had good 
prognostic disease characteristics, a multivariate analysis of the 
prognosis of the two groups did not support the treatment method 
(surgery vs. chemotherapy) as an independent prognostic factor.
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•	 We need to rethink the rationality of surgical treatment of lung 

metastases, emphasizing the importance and urgency of large-scale 
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total diameter of metastases, adjuvant treatment plan of 
pulmonary metastases, the surgical method, resection range, 
lymph node management, lymph node pathology, specimen 
pathology, R0 resection, and chemotherapeutic efficacy.

To minimize the inherent bias of the retrospective 
study, the cases in this study needed to meet the following 
requirements: (I) pathology, radiology, history, and disease 
features supporting pulmonary metastases; (II) the diagnosis 
of the primary lesion was clear; (III) the primary lesion 
was a solid tumor. In addition, we excluded the following 
conditions: (I) the primary lesion recurred before treatment 
for lung metastases; (II) primary tumor without surgical 
treatment; (III) the primary tumor was lung cancer; (IV) 
the treatment process was not detailed; (V) in addition to 
surgery and chemotherapy, other treatment options were 
the mainstay of lung metastases; and (VI) nonneoplastic 
causes of death.

Outcome definition and follow-up

OS was defined as the time between the date of surgery 
or chemotherapy for pulmonary metastases and the date 
of death or last follow-up. DFI was defined as the time 
between the date of surgery for the primary tumor and 
the first sign of metastasis to distant organs (lungs, liver, 
brain, etc.). Adjuvant therapy was defined as the treatment 
of pulmonary metastases in addition to surgery and 
chemotherapy, such as targeted drugs, radiation therapy, 
and immunotherapy. Combination therapy was defined 
as the application of two or more adjuvant therapies. 
Complete resection was defined as the surgeon’s empirical 
opinion that all metastases could be resected with a margin 
of at least 1 cm, regardless of the number of metastases, by 
radiographic evaluation of lung metastases prior to surgery 
or chemotherapy. Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1 was used to evaluate the efficacy 
of chemotherapy groups. Complete response (CR) was 
defined as the disappearance of all metastases, and the short 
diameter of all pathological lymph nodes must be reduced 
to less than 10 mm. Partial response (PR) was defined as 
a reduction of at least 30% in the sum of lung metastases 
from baseline. Progressive disease (PD) was defined as a 
minimum of the sum of the diameters of all lung metastases 
measured throughout the course of treatment, with a 
relative increase of at least 20%, and the absolute increase 
in diameters must be greater than 5mm (baseline was used 
as a reference if baseline measurements were minimal; the 
presence of one or more new lesions is also considered PD). 

Stable disease (SD) was defined as lung metastases that did 
not decrease to the level of PR and did not increase to the 
level of PD. Patient survival data were mainly obtained from 
telephone follow-up and previous medical records, and a 
few results were obtained from direct patient inquiries. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Medical Ethics Committee of Henan Cancer Hospital 
(No. 2015051) and individual consent for this retrospective 
analysis was waived.

Statistical analysis

All data were statistically analyzed using IBM SPSS 
Statistics 26.0. The Mann-Whitney U test for continuous 
variables and the chi-square test or Fisher’s exact test for 
categorical variables were used to compare the baseline 
characteristics of patients in the surgery and chemotherapy 
groups. Factors including PSM were as follows: age, 
sex, DFI, smoking history, pathological types of primary 
lesions, complete resection, and adjuvant treatment plan. 
During the matching process, a caliper was defined as 
0.15 of the standard deviation of the propensity score 
logit, and no replacement was made during the matching 
process. OS was estimated using the Kaplan-Meier method. 
Differences in survival were assessed using log-rank tests. 
Kaplan-Meier method was used for univariate analysis 
and Cox proportional hazards regression model was used 
for multivariate analysis. All tests were bilateral with a 
significance level of 0.05.

Results

Patient demographics

After preliminary screening, we enrolled a total of 122 
patients who met the requirements, and 86 patients were 
used for further analysis after PSM. A flow diagram of the 
study is shown in Figure 1. In the chemotherapy group, 
there were 3 patients with concurrent liver metastases and 
1 patient with concurrent brain metastases. After PSM, the 
patients in both groups had simple lung metastases. Before 
PSM, there were 1 and 7 cases of synchronous pulmonary 
metastases in the surgery group and chemotherapy group, 
respectively. After PSM, there were 1 and 3 cases of 
synchronous pulmonary metastases in the surgery group 
and chemotherapy group, respectively. Patients diagnosed 
with pulmonary metastases during treatment of the primary 
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lesion and regular reviews accounted for 85% (73/86), and 
only 15% (13/86) of the patients had symptoms such as 
cough, expectoration, or chest pain. Compared with the 
chemotherapy group, patients in the surgery group had 
a longer DFI, fewer pulmonary metastases, and a shorter 
total diameter. The baseline characteristics of patients with 
pulmonary metastases are shown in Table 1. Pathological 
types of primary lesions in the surgery group and 
chemotherapy group were shown in Table S1 and Table S2.

Treatment and follow-up

The maximum number of metastases in the surgery group 
was six, all of which were located in the upper lobe of 
the right lung and were removed completely by open 
surgery and lobectomy. Only one patient had pulmonary 
metastases on both sides of the lung with a total diameter 
of 12 mm, and the lesions on both sides were removed by 
video-assisted thoracic surgery (VATS) without serious 
postoperative complications. Lymph node dissection was 

performed in 28% (12/43) of patients, and lymph node 
sampling was performed in 21% (9/43) of patients. All 
patients in the surgery group were confirmed to achieve 
R0 resection, and no positive lymph nodes were found 
by postoperative pathology. There were no perioperative 
deaths. The details of metastasis resection are shown in 
Table 2. In the chemotherapy group, most of the patients 
received platinum-based chemotherapy, and the specific 
chemotherapy regimen and chemotherapy period were 
determined according to the primary disease.

The final follow-up date was March 2021, and 8% 
(10/122) of patients were lost to follow-up. The median 
follow-up time after diagnosis of pulmonary metastases was 
44 months, and the numbers of deaths in the surgery group 
and chemotherapy group were 13/43 (30%) and 47/79 
(59%), respectively.

Survival data for patients

The survival of the surgery group was significantly better 

Patients with pulmonary metastases 

from June 2012 to June 2019

(N=202)

Eligible patients

(N=122)

Excluded 80 cases

Propensity score matching

Parameters for matching:

age, sex, DFI, smoking history, pathological 

types of primary lesions, complete resection, 

adjuvant or not

No surgery of primary disease (N=21)

Lung cancer as the primary disease (N=11)

Ablation (N=14)

Radiotherapy (N=13)

Other treatments (N=7)

Unknown treatment details (N=14)

Surgery group

(N=43)

Surgery group

(N=43)

Excluded

(N=0)

Excluded 

(N=36)

Chemotherapy group

(N=79)

Chemotherapy group

(N=43)

Figure 1 Flow diagram for the study. Other treatments: immunotherapy, targeted therapy, Chinese medicine therapy. DFI, disease-free 
interval; N, number.

https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
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Table 1 Baseline characteristics of patients with pulmonary metastases

Characteristic
Primary cohort Matching cohort

Surgery Chemotherapy P value Surgery Chemotherapy P value

N 43 79 43 43

Age, years [median] 53 [41–58] 54 [39–60] 0.891† 53 [41–58] 51 [38–59] 0.688†

Sex, female 20 [47] 44 [56] 0.332 20 [47] 22 [51] 0.666

DFI, months [median] 24 [13–36] 21 [7–44] 0.459† 24 [13–36] 20 [6–27] 0.083†

Smoking, yes 11 [26] 15 [19] 0.396 11 [26] 7 [13] 0.289

Pathology for primary lesion 0.096 0.239

Cancer 31 [72] 63 [80] 31 [72] 33 [77]

Sarcoma 12 [28] 12 [15] 12 [28] 8 [19]

Germ cell tumor 0 4 [5] 0 2 [4]

Completely removed 43 [100] 54 [83] 0.003‡* 43 [100] 43 [100]

No. of metastases <0.001* <0.001*

Single 36 [84] 7 [9] 36 [84] 6 [14]

2–3 6 [14] 22 [28] 6 [14] 16 [37]

>3 1 [2] 50 [63] 1 [2] 21 [49]

Adjuvant therapy 0.240‡ 0.848‡

No 24 [56] 28 [35] 24 [56] 20 [46]

Targeted therapy 1 [2] 6 [8] 1 [2] 1 [2]

Radiotherapy 3 [7] 12 [15] 3 [7] 5 [12]

Combination therapy 8 [19] 18 [23] 8 [19] 11 [26]

Else 7 [16] 15 [19] 7 [16] 6 [14]

Adjuvant or not 0.030* 0.388

No 24 [56] 28 [35] 24 [56] 20 [46]

Yes 19 [44] 51 [65] 19 [44] 23 [54]

Diameter, mm§ [median] 20 [14–30] 45 [30–74] <0.001†* 20 [14–30] 40 [27–78] <0.001†*

The median is followed by the interquartile range; data are expressed as n [%] unless otherwise specified. †, Mann-Whitney U test; ‡, 
Fisher’s exact test; §, sum of the diameter for metastatic lesions; *, P<0.05. N, number; DFI, disease-free interval.

Table 2 Details of patients with pulmonary metastases who underwent surgery

Items Subgroups (n, %)

Methods of diagnosis CT (30, 70%), CT + PETCT (12, 28%), CT + pathology (1, 2%)

Distribution Left (16, 37%), right (25, 58%), bilateral (2, 5%)

Treating strategy Surgery alone (24, 56%), surgery + adjuvant therapy (19, 44%)

Surgical route Open (14, 33%), VATS (29, 67%)

Resection scope Wedge (26, 61%), lobectomy (16, 37%), total pneumonectomy (1, 2%)

Lymph node management Untouched (22, 51%), sampling (9, 21%), dissection (12, 28%)

n, number; CT, computed tomography; PETCT, positron emission tomography/computed tomography; VATS, video-assisted thoracic 
surgery.



Gao et al. Treatment of pulmonary metastases590

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2023;12(3):585-594 | https://dx.doi.org/10.21037/tcr-22-2286

0	 12	 24	 36	 48	 60	 72	 84	 96	 108	 120
OS, months

Number at risk
79	 75	 63	 50	 33	 19	 11	 7	 5	 1	 0
43	 41	 36	 30	 23	 13	 9	 6	 2	 1	 0

Log-rank P=0.003

Chemo
Surgery

Chemo	 Surgery

100

75

50

25

0

S
ur

vi
va

l p
ro

ba
bi

lit
y,

 %

0	 12	 24	 36	 48	 60	 72	 84	 96	 108	 120
OS, months

Number at risk
43	 41	 33	 25	 15	 10	 6	 5	 4	 1	 0
43	 41	 36	 30	 23	 13	 9	 6	 2	 1	 0

Log-rank P=0.017

Chemo
Surgery

Chemo	 Surgery

100

75

50

25

0

S
ur

vi
va

l p
ro

ba
bi

lit
y,

 %

Figure 3 Survival curves of patients with pulmonary metastases 
in the surgery and chemotherapy groups (after PSM). Chemo, 
chemotherapy; PSM, propensity score matching; OS, overall 
survival.

Figure 2 Survival curves of patients with pulmonary metastases 
in the surgery and chemotherapy groups (before PSM). Chemo, 
chemotherapy; PSM, propensity score matching; OS, overall 
survival.

Table 3 Cox multivariate prognostic analysis of patients in surgery 
group

Characteristic P HR 95% CI

DFI 0.004* 24.014 2.804–205.704

No. of metastases 0.092 3.295 0.825–13.162

Surgical route 0.130 3.447 0.694–17.113

Resection scope 0.301 3.526 0.323–38.496

Lymph node management 0.820 0.796 0.112–5.653

*, P<0.05. DFI, disease-free interval; HR, hazard ratio; CI, confidence 
interval.

than that of the chemotherapy group before matching 
(Figure 2) (P<0.05), and the result was still the same after 
matching (Figure 3) (P<0.05). After matching, the 3-year 
OS rates of the surgery and chemotherapy groups were 
85.1% and 67.1%, respectively, the 5-year OS rates were 
75.1% and 48.0%, and the median OS were 79 months (95% 
CI: 61.99–96.02 months) and 53 months (95% CI: 28.31–
77.69 months), respectively. Before matching, the 3- and 
5-year OS rates of the chemotherapy group were 70.4% 
and 42.7%, respectively, and the median OS was 51 months 
(95% CI: 42.50–59.50 months).

Prognostic analysis of patients

In the two groups, univariate prognostic analysis showed 
that the following factors significantly affected the survival 
of patients: number of lung metastases, total diameter of 
lung metastases, and treatment method. Cox multivariate 
analysis of the above three prognostic factors did not find 
independent prognostic factors. The results of univariate 
analysis were shown in Table S3, and the survival curve was 
shown in Figure S1.

In the surgery group, univariate prognostic analysis 
showed that the following factors predicted better survival: 
longer DFI (≥24 months), number of lung metastases 
(single), VATS, wedge resection, and untreated lymph 
nodes. Cox multivariate analysis of the above factors showed 
that only longer DFI (≥24 months) was an independent 
prognostic factor, as shown in Table 3. Univariate results 
were shown in Table S4, and survival curves were shown in 
Figure S2.

In the chemotherapy group, univariate prognostic 
analysis showed that the following factors influenced 
survival: DFI and chemotherapy response. Univariate 
results were shown in Table S5, and the survival curve were 
shown in Figure S3. Cox multivariate analysis of these 
factors did not find independent prognostic factors.

Discussion

The treatment of pulmonary metastases is  a very 
controversial issue, and treatment methods include surgery, 
chemotherapy, radiotherapy, ablation therapy, targeted 
therapy, immunotherapy, and combination therapy. The 
main treatment methods are surgery and chemotherapy. 
Treatment of this condition began to make great strides in 

https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
https://cdn.amegroups.cn/static/public/TCR-22-2286-supplementary.pdf
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the 1970s with the introduction of chemotherapy. However, 
since IRLM has reported the advantages of surgery in 
selected patients with pulmonary metastases, surgery has 
been increasingly recognized and implemented in clinical 
practice. Between 2000 and 2011, despite all the advances 
in the systematic treatment of pulmonary metastases, 
the proportion of surgeries increased substantially (11). 
The results show that surgical treatment of pulmonary 
metastases has been recognized by doctors and patients. 
However, what is universally accepted in the clinic is not 
necessarily true. It would be wrong to try to compare 
patients in the surgery and chemotherapy groups, as 
they are in different stages of the disease. It is difficult to 
determine how much of the favorable prognosis is due to 
selective bias and how much is due to surgical treatment. 
RCTs could answer this question, but they are so difficult to 
conduct that only one RCT on pulmonary metastases has 
been conducted thus far.

In March 2010, PulMiCC, a randomized controlled trial 
funded by Cancer Research UK, began recruiting patients 
with pulmonary metastases after CRC surgery (8). After 
10 years, the results of the trial showed that the control 
group had better survival than the expectation of “close to 
zero” 5-year survival, with estimated 5-year survival rates 
of 36.4% in the resection group and 29.6% in the control 
group (12). As the world’s first randomized clinical study, 
the results are surprising and not only upend the concept 
of treatment but also make us rethink whether we should 
continue to pursue aggressive surgery. A limitation of the 
PulMiCC trial was poor and worsening recruitment (9). It 
is difficult to carry out RCT in the clinic, and even Yang  
et al. believe that only a large retrospective study after PMS 
can answer this question (10). However, lung metastases 
resection is widely performed in Western countries and in 
large cities such as Beijing, Shanghai, and Guangzhou in 
China, which makes matching difficult. However, as there 
is no international RCT guideline for the treatment of lung 
metastases, the treatment in our hospital has always tended 
to be conservative. A large number of patients with low-
risk factors did not undergo surgery. Therefore, patients 
with low risk factors (surgery vs. chemotherapy) can be well 
matched, which lays the foundation for the answer to this 
question.

IRLM analysis of 5,206 patients with postoperative lung 
metastases showed that there was no significant difference 
in survival between patients with primary cancer and 
sarcoma (3). Considering the small number of cases in this 
study, patients were divided into cancer, sarcoma and germ 

cell tumor according to primary pathological type.
In our study, the survival of the surgery group was 

significantly better than that of the chemotherapy group 
before and after PSM, which was consistent with most 
studies (13-17). After PSM, the 5-year OS rates of the 
surgery and chemotherapy groups were 75.1% and 48.0%, 
respectively, and the median OS rates were 79 months 
(95% CI: 61.99–96.02 months) and 53 months (95% CI: 
28.31–77.69 months), respectively. The 5-year survival rates 
reported by Zhao et al. (75.5% and 47.8%, respectively) 
in the surgical and non-surgical groups with pulmonary 
metastases of nasopharyngeal carcinoma were similar to 
ours (13). Univariate prognostic analysis showed that the 
number of lung metastases, the total diameter of lung 
metastases and the treatment method affected the survival 
of patients. Cox multivariate analysis found no independent 
prognostic factors. An analysis of the CRC simple lung 
metastases population based on the National Cancer 
Institute in the United States SEER database showed that 
resection of lung metastases had no significant effect on OS 
compared with non-surgical treatment (HR =0.86, 95% 
CI: 0.65–1.14, P=0.280) (18), this is consistent with our 
prognostic analysis. The results of multifactorial analysis 
again cast doubt on the usefulness of surgery.

In the surgical group, we preferred minimally invasive 
surgery; 61% (26/43) of patients underwent wedge 
resection, and 67% (29/43) of patients underwent VATS. 
The treatments were similar to those in some other studies. 
A Dutch analysis of surgical methods for pulmonary 
metastases from 2012 to 2017 found that 74% of patients 
underwent minimally invasive procedures such as VATS 
and robot-assisted thoracic surgery (RATS), and 70.7% 
underwent wedge resection (19), the incidence of which 
was slightly higher than in our study. Another study, based 
on data from the European Society of Thoracic Surgeons 
database, found that the rate of VATS procedures for 
patients with pulmonary metastases increased from 15% in 
2007 to 58% in 2018 (20).

In the surgical group, we also found better survival in 
three subgroups: VATS, wedge resection, and untouched 
lymph nodes (P<0.05). Further analysis revealed that 
the number and total diameter of metastases in the 
three subgroups were smaller than those in the other 
corresponding subgroup, and there was a significant 
difference in the total diameter of metastases between 
wedge resection and lobectomy (P<0.05). One study 
showed that the number and size of metastases significantly 
influenced prognosis (21). Therefore, we believe that better 
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survival may be associated with a lower tumor load and 
not with differences in surgical treatment. In our study, 
open surgery did not improve survival compared with 
VATS, suggesting that high-resolution CT and adequate 
preoperative preparation could compensate for missed 
metastases due to the inability to touch the lungs with the 
hand in VATS. This is consistent with one study (22). In 
addition, one of the characteristics of metastatic tumors is 
that they are prone to recurrence. As long as R0 resection 
can be guaranteed, wedge resection is a better choice than 
lobectomy, which can preserve more lung tissue and provide 
sufficient lung tissue for re-resection after recurrence. In 
our study, a patient with left total pneumonectomy had a 
survival of only 4 months, suggesting the importance of 
preserving adequate lung tissue.

Whether it is necessary to deal with lymph nodes during 
surgery is also controversial, and the Society of Thoracic 
Surgeons expert consensus recommended routine lymph 
node dissection to predict patient survival and guide 
postoperative treatment (23). In our study, 49% (21/43) of 
the patients were treated with lymph nodes. Postoperative 
pathology indicated that there was no positive lymph node 
metastasis, while the patients without lymph node treatment 
had a better survival, which may be due to the choice of 
the patients by the surgeon. Further studies are needed to 
determine whether lymph node dissection is beneficial for 
survival.

In  the  surgery  group ,  49% pat ient s  had  DFI  
<24 months, 3-year and 5-year OS were 79.3% and 52.8%, 
and 51% patients had DFI ≥24 months, 3-year and 5-year 
OS were 90.9% and 81.8%, respectively (P<0.05). Both 
univariate and multivariate analyses suggested that DFI 
was a prognostic factor. In some studies, although the 
primary lesion and DFI were inconsistent, the results of 
univariate or multivariate analysis suggested that longer 
DFI predicted better survival (24-26). However, there is 
also a study that does not support this view (27). The reason 
for the difference between the studies may be the different 
pathological types of the primary lesions, and another 
important reason is the different definitions of DFI. In 
this study, DFI was defined as the time between the date 
of primary tumor surgery and the first sign of metastasis 
in distant organs (lung, liver, brain, etc.), which can better 
evaluate disease progression. However, many studies define 
DFI as the time between the date of primary tumor surgery 
and the first sign of lung metastases or the date of resection 
of lung metastases. Unless otherwise specified, such a 
definition extends the DFI relative to the true transfer time. 

Because it is uncertain whether extrapulmonary metastases 
have occurred before lung metastases. For example, 
liver metastases are most frequently found in CRC, 
followed by lung metastases. In addition, when suspicious 
pulmonary nodules are found during the follow-up period 
after the treatment of the primary tumor, it is generally 
recommended to regularly review CT monitoring, and 
perform surgical treatment when there is significant 
progress. Therefore, PM may not be performed until 
months or even years after the first detection. In our study, 
2 patients were diagnosed with pulmonary nodules at the 
time of primary diagnosis, and pulmonary nodules were 
found to be progressive after 19 and 2 months of follow-up, 
respectively, and were confirmed as pulmonary metastatic 
tumor by postoperative pathology. Therefore, our definition 
of DFI can more accurately reflect the real progress of the 
disease.

In the chemotherapy group, univariate analysis found 
that DFI and the response of metastases to chemotherapy 
were prognostic factors. Patients with DFI <20 months 
had better prognosis compared with DFI ≥20 months, 
and patients with PR had better prognosis than those with 
PD. However, multivariate analysis found no independent 
prognostic factors. We consider this to be related to the 
following two aspects: (I) differences in primary lesions lead 
to different responses to chemotherapy; and (II) regular 
postoperative review of the primary lesion in patients with 
short DFI can timely detect the traces of lung metastases, 
while the statistical results of DFI in patients with long DFI 
are not accurate due to irregular postoperative review. Li  
et al. showed that the assessment of the first response to 
first-line chemotherapy for CRC was an independent factor 
in predicting OS, and there was a significant difference in 
survival among patients with PR, SD and PD (28). This is 
similar to our results and suggests that timely evaluation 
is needed after chemotherapy and that timely adjustments 
of treatment should be made if there is no response to 
chemotherapy.

Although our study excluded obviously unresectable 
patients from the chemotherapy group and balanced the 
factors that might affect survival between the two groups 
by PSM, the limitations of our retrospective study cannot 
be ignored. First, as a retrospective study, this study cannot 
avoid selective bias. Secondly, the sample size of this 
study is small. Finally, after PSM, the number and total 
diameter of lung metastases in the chemotherapy group 
were still significantly larger than those in the surgery 
group. However, on the premise that the surgery group 
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had good prognostic disease characteristics, a multivariate 
analysis of the prognosis of the two groups did not support 
the treatment method (surgery vs. chemotherapy) as an 
independent prognostic factor. This suggests that we need 
to rethink the rationality of surgical treatment of lung 
metastases, emphasizing the importance and urgency of 
large-scale RCT.

Conclusions

For selected patients with pulmonary metastases, surgery 
does not provide a significant survival advantage. For 
patients treated with surgery, a longer DFI predicted better 
survival.
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Table S1 Pathological types of primary tumors in the surgery 
group

The surgery group
Before/after PSM 

(N=43), n (%)

Colorectal cancer 16 (37.2)

Soft tissue sarcoma 10 (23.3)

Osteosarcoma 2 (4.7)

Renal cell carcinoma 4 (9.3)

Cervical squamous carcinoma 3 (7.0)

Breast cancer 2 (4.7)

Hepatocellular carcinoma 2 (4.7)

Cervical adenocarcinoma 1 (2.3)

Adenosquamous carcinoma of the cervix 1 (2.3)

Head and neck squamous cell carcinoma 1 (2.3)

Gastric carcinoma 1 (2.3)

PSM, propensity score matching; N/n, number.

Table S3 Univariate analysis of the prognosis of patients in the two 
groups after PSM

Characteristic N [%]
OS, %

P
3 years 5 years

Age, years 0.716

≤52 43 [50] 79.6 65.5

>52 43 [50] 72.8 57.8

Sex 0.219

Male 44 [51] 80.7 72.4

Female 42 [49] 71.3 50.1

DFI, months 0.808

<21 42 [49] 82.3 59.3

≥21 44 [51] 70.4 63.5

Smoking 0.313

Yes 18 [21] 79.4 63.6

No 68 [79] 75.2 57.4

Pathology for primary lesion 0.455

Cancer 64 [75] 79.8 62.3

Sarcoma 20 [23] 62.9 55.9

Germ cell tumor 2 [2] – –

No. of metastases 0.015*

Single (=1) 42 [49] 86.9 78.1

Multiple (≥2) 44 [51] 65.7 47.7

Adjuvant therapy 0.188

No 44 [51] 80.3 72.3

Yes 42 [49] 72.6 52.1

Diameter, mm§ 0.014*

≤30 52 [60] 87.3 69.7

>30 34 [40] 58.8 48.2

Treatment method 0.017*

Surgery 43 [50] 85.1 75.1

Chemotherapy 43 [50] 67.1 48.0

*, P<0.05; §, sum of the diameter for metastatic lesions. PSM, 
propensity score matching; N, number; OS, overall survival; DFI, 
disease-free interval.

Table S2 Pathological types of primary tumors in the chemotherapy 
group

The chemotherapy group
Before PSM  
(N=79), n (%)

After PSM  
(N=43), n (%)

Colorectal cancer 25 (31.6) 14 (32.6)

Breast cancer 22 (27.8) 9 (20.9)

Soft tissue sarcoma 9 (11.4) 6 (14.0)

Osteosarcoma 3 (3.8) 2 (4.7)

Esophageal squamous cell 
carcinoma

4 (5.1) 3 (7.0)

Germ cell tumor 4 (5.1) 2 (4.7)

Cervical squamous carcinoma 3 (3.8) 3 (7.0)

Cervical adenocarcinoma 3 (3.8) 2 (4.7)

Adenoid cystic carcinoma 2 (2.5) 0

Gastric carcinoma 1 (1.3) 1 (2.3)

Pancreatic cancer 1 (1.3) 1 (2.3)

Hepatocellular carcinoma 1 (1.3) 0

Ovarian carcinoma 1 (1.3) 0

PSM, propensity score matching; N/n, number.

Supplementary
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Table S4 Univariate analysis of the prognosis of patients in the 
surgery group after PSM

Characteristic N [%]
OS, %

P
3 years 5 years

Age, years 0.165

≤53 22 [51] 85.3 64.0

>53 21 [49] 85.7 71.4

Sex 0.143

Male 23 [53] 86.2 75.5

Female 20 [47] 84.1 60.1

DFI, months 0.005*

<24 21 [49] 79.3 52.8

≥24 22 [51] 90.9 81.8

Smoking 0.935

Yes 11 [26] 77.9 51.9

No 32 [74] 87.1 72.6

Pathology for primary lesion 0.153

Cancer 31 [72] 93.2 85.4

Sarcoma 12 [28] 65.6 52.5

No. of metastases 0.038*

Single (=1) 36 [84] 90.6 84.1

Multiple (≥2) 7 [16] 57.1 38.1

Adjuvant therapy 0.925

No 24 [56] 87.1 77.4

Yes 19 [44] 83.2 72.8

Diameter, mm§ 0.141

≤20 24 [56] 95.2 86.6

>20 19 [44] 73.7 61.4

Surgical route 0.014*

Open 14 [33] 61.9 44.2

VATS 29 [67] 96.4 82.7

Resection scope 0.027*

Wedge 26 [60] 90.9 77.9

Lobectomy 17 [40] 62.3 51.9

Lymph node management 0.037*

Untouched 22 [51] 95.5 86.8

Sampling and dissection 21 [49] 72.9 60.8
§, sum of the diameter for metastatic lesions; *, P<0.05. PSM, 
propensity score matching; N, number; OS, overall survival; DFI, 
disease-free interval; VATS, video-assisted thoracic surgery.

Table S5 Univariate analysis of the prognosis of patients in the 
chemotherapy group after PSM

Characteristic N [%]
OS, %

P
3 years 5 years

Age, years 0.272

≤51 22 [51] 68.8 61.2

>51 21 [49] 65.4 36.0

Sex 0.701

Male 21 [49] 74.1 56.0

Female 22 [51] 60.1 40.6

DFI, months 0.026*

<20 21 [49] 84.7 65.9

≥20 22 [51] 49.9 33.3

Smoking 0.289

Yes 7 [16] 80.0 40.0

No 36 [84] 64.7 43.4

Pathology for primary lesion 0.415

Cancer 33 [76] 67.5 42.1

Sarcoma 8 [19] 57.1 38.1

Germ cell tumor 2 [5] – –

No. of metastases 0.636

Single (=1) 6 [14] 66.7 44.4

Multiple (≥2) 37 [86] 67.3 49.3

Adjuvant therapy 0.128

No 20 [47] 72.2 65.0

Yes 23 [53] 63.6 34.3

Diameter, mm§ 0.512

≤40 22 [51] 73.7 43.8

>40 21 [49] 60.0 49.5

Response of chemotherapy 0.024*

PR 16 [43] 72.0 54.9

SD 15 [41] 84.6 65.3

PD 6 [16] 33.3 16.7
§, sum of the diameter for metastatic lesions; *, P<0.05. PSM, 
propensity score matching; N, number; OS, overall survival; DFI, 
disease-free interval; PR, partial response; SD, stable disease; 
PD, progressive disease.
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Figure S1 Survival curve of univariate prognostic analysis in the two groups after PSM. (A) Survival curve for the number of metastases (single 
vs. multiple); (B) survival curve of pulmonary metastases diameter (≤30 vs. >30 mm). PSM, propensity score matching; OS, overall survival; M, 
month.
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Figure S2 Survival curve of univariate prognostic analysis in surgery group after PSM. (A) Survival curve of DFI (≥24 vs. <24 M); (B) 
survival curve for the number of metastases (single vs. multiple); (C) survival curve of surgical route (VATS vs. open); (D) survival curve of 
resection scope (wedge vs. lobectomy); (E) survival curve of lymph node management (treat vs. untouched). OS, overall survival; M, month; 
PSM, propensity score matching; DFI, disease-free interval; VATS, video-assisted thoracic surgery.
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Figure S3 Survival curve of univariate prognostic analysis in the chemotherapy group after PSM. (A) Survival curve of DFI (≥20 vs. <20 M); 
(B) survival curve of response to chemotherapy (PR vs. PD vs. SD). OS, overall survival; M, month; PSM, propensity score matching; DFI, 
disease-free interval; PR, partial response; PD, progressive disease; SD, stable disease.


