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Metastatic tumors from various organs are found in pulmonary tissue because of the unique
anatomical function of the lungs as a filter for systemic venous return. A retrospective study
of the clinical factors used to assess the prognosis of 80 patients who underwent resections of
metastatic pulmonary tumors in our surgical department between September 1978 and De-
cember 2002 is presented. The overall 5-year survival rate in our study was 31.7%. We dem-
onstrated four significant factors used in predicting the prognosis of patients with resected
metastatic pulmonary tumors: diameter of the tumor (≤3.0 cm or >3.0 cm), number of tu-
mors (≤3 or >3), disease-free interval (≥3 years or <3 years), and ratio of the diameter of the
largest tumor to the diameter of the smallest tumor in patients with multiple metastases (≤3
or >3). Based on our results, we have applied the term “the law of 3” to these valuable prog-
nostic factors. Among these parameters, the ratio of the diameter of the largest to the diam-
eter of the smallest tumor may be applicable as a new prognostic parameter for surgery in
patients with multiple foci. (Ann Thorac Cardiovasc Surg 2003; 9: 290–4)
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Introduction

Various malignancies develop hematogenous metastases
in the lungs because of the unique anatomical function of
the lungs as a filter for systemic venous return. Friedel et
al. have recently reported improved control of metastatic
lung tumors using chemotherapy and hormonal treat-
ment.1) The active application of video-assisted thoraco-
scopic surgery has introduced further changes with re-
gard to surgical indications for metastatic lung tumors.2)

A retrospective study of clinical factors affecting the prog-
nosis of patients with metastatic pulmonary tumors
resected in our surgical department is presented.

Patients

This study included 80 patients (34 males, 46 females)

who underwent surgical resections for metastatic tumors
between September 1978 and December 2002. Patients
with primary lung cancer and with metachronous metas-
tatic tumors were excluded from this study. Patient ages
ranged from 7 to 81 years old, with a mean age of 51.9
years. A single lesion was detected in 41 patients, and
multiple foci were observed in 39 patients. Unilateral le-
sions were present in 69 cases; bilateral lesions in 11 cases.
As shown in Table 1, surgical techniques included partial
resection (65), lobectomy (19), and segmental resection
(6). As indicated in Table 2, primary tumors included
colonic or rectal cancer (28), soft tissue sarcoma (19),
osteosarcoma (13), breast cancer (9), renal cancer (7),
and bladder cancer (4).

Methods

In our surgical department, resecting criteria for pulmo-
nary metastases include 1) no distant metastasis without
pulmonary lesions, 2) satisfactory local control for pri-
mary lesions, 3) the possibility of complete resection for
pulmonary lesions, and 4) good risk for surgical inter-
vention. Patient records were examined retrospectively.



291

Prognostic Factors of Resected Pulmonary Metastases

Ann Thorac Cardiovasc Surg Vol. 9, No. 5 (2003)

The overall 5-year survival rate was determined and evalu-
ated with respect to diameter of the tumor (≤3.0 cm or
>3.0 cm), number of tumors (≤3 or >3), disease-free in-
terval (DFI) (≥3 years or <3 years), and ratio of the diam-
eter of the largest tumor to the diameter of the smallest
tumor in patients with synchronous multiple metastases
(≤3 or >3).

Statistical analysis
Survival duration was calculated using the date of the ini-
tial resection and the date of the last known follow-up or
death. The probability of survival was computed accord-
ing to the Kaplan-Meier method. The statistical signifi-
cance of the difference between survival curves was de-
termined using the log rank test. Clinical factors relating

to prognosis including gender, age, number of tumors,
diameter of the tumor, location of the tumor (unilateral/
bilateral), DFI, and ratio of the diameter of the largest
tumor to the diameter of the smallest tumor in multiple
metastases were analyzed for their independent effect on
survival by means of the Cox proportional hazard model.
A p<0.05 was considered significant. All statistical meth-
ods were performed using the Statistical Analysis Soft-
ware (SPSS, version 6.1J for the Macintosh NT, SPSS
Inc., Chicago, IL, USA, 1996).

Results

The cumulative survival rate for the 80 patients in this
study was 31.7% at 5 years, and the overall median sur-
vival rate was 20 months. Figure 1 demonstrates a statis-
tically significant difference in survival rates in patients
with tumors with a maximum diameter of ≤3.0 cm and
those with tumor diameters of >3.0 cm (p=0.0001). As
shown in Fig. 2, the cumulative survival rate for patients
with ≤3 metastases (65) was 40.2% at 5 years, and in
patients with >3 metastases (15), the survival rate was
18.1% at 2 years (p=0.006), a statistically significant dif-
ference. At 5 years, the survival rate for patients with a
DFI of ≥3 years (20) was 48.5%, and the survival rate for
patients with a DFI of <3 years (60) was 24.8% (p=0.028)

Gender
     Male
     Female
Age
     Average
     Range
No. of pulmonary metastasis
     One
     Two or more
Location of pulmonary metastasis
     Unilateral
     Bilateral
Mode of operation
     Partial resection
     Segmental resection
     Lobectomy

 
 34
 46

51.9
7-81
 
 41
 39
 
 69
 11
 
 65
   6
 19

No. of patients
Colonic or rectal cancer
Soft tissue sarcoma
Osteosarcoma
Breast cancer
Renal cancer
Bladder cancer

28
19
13

9
7
4

Table 1.  Characteristics of 80 patients with resection of
    pulmonary metastasis

Table 2.  Histologic type of the primary tumor

Fig. 1.  Patient survival by size of lesions (n=80).
Diameter ≤3.0 cm versus diameter >3.0 cm.

Fig. 2.  Patient survival by number of lesions (n=80).
Number ≤3 versus number >3.
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(Fig. 3). As shown in Fig. 4, 5-year survival rates based
on the ratio of the diameter of the largest tumor to the
diameter of the smallest tumor in patients with multiple
foci were 53.9% with a ratio of ≤3 (19), and 13.3% with
a ratio of >3 (21), respectively (p=0.012). Table 3 illus-
trates the Cox proportional hazard model for prognosis
based on clinical factors in all cases. They reveal that the
most significant factor was the size of the tumor (≤3.0
cm or >3.0 cm) followed by the number of tumors (≤3 or
>3) and the DFI (≥3 years or <3 years). Among the cases
with multiple pulmonary metastases (n=39), the ratio of
the diameter of the largest tumor to the diameter of the
smallest tumor in multiple metastases (≤3 or >3) was the

most significant parameter in Table 4.

Discussion

Metastatic tumors from various organs are found in the
lungs because of the unique anatomical function of the
lungs as a filter for systemic venous return. Approximately
30% of patients with a malignancy will develop lung
metastases.3) In 1965, Thomford et al.4) reported the fol-
lowing criteria as indications for surgical resection of
metastatic lung tumors: 1) the patient can withstand sur-
gery, 2) the primary focus is controlled, 3) there is no
remote metastasis or relapse detected in organs other than

Fig. 3.  Patient survival by DFI (n=80).
DFI ≥3 years versus DFI <3 years.
DFI: disease free interval

Fig. 4.  Patient survival by the ratio of diameter of the largest
tumor to the smallest tumor (n=40).
Ratio ≤3 versus ratio >3.

Age
Gender (female)
No. of tumor (≤3)
DFI (≥3 years)
Size ratio (≤3)

1.0002
0.8873
0.6499
1.8324
2.1390

Hazard ratio

0.9760-1.0249
0.5383-1.4624
0.3815-1.1070
0.9578-3.5056
1.1655-3.9256

95% confidence interval

0.9901
0.6390
0.1127
0.0673
0.0141

p valueIndependent prognostic factor

DFI: disease free interval
Size ratio: the ratio of diameter of the largest to the smallest tumor in multiple metastases

Table 4.  Multivariate analysis of prognostic factors (multiple metastases n=39)

DFI: disease free interval

Age
Gender (female)
Tumor size (≤3 cm)
No. of tumor (≤3)
DFI (≥3 years)

0.9975
0.9547
2.1796
0.6468
1.5498

Hazard ratio

0.9820-1.0132
0.6868-1.3272
1.5095-3.1472
0.4389-0.9532
1.0479-2.2922

95% confidence interval

0.7515
0.7828
0.0000
0.0276
0.0282

p valueIndependent prognostic factor

Table 3.  Multivariate analysis of prognostic factors (all cases n=80)
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the lung, and 4) lung metastasis is localized in the unilat-
eral lung. Since that time, however, surgery has been in-
dicated and aggressively performed in an increasing num-
ber of patients to treat multiple or bilateral lesions by one-
stage surgery. Furthermore, video-assisted thoracoscopic
surgery has been actively applied as a less-invasive sur-
gical procedure for the resection of metastatic lung tu-
mors.2) Even more recently, the control of distant me-
tastases from primary malignant tumors has improved due
to the advancement of chemotherapy or hormonal
therapy.1)

These developments of surgical strategies and
multidisciplinary treatments have introduced some
changes with regard to surgical indications for pulmo-
nary metastasis. At Miyazaki Medical College Hospital,
we have performed aggressive surgical treatment in pa-
tients with lung metastasis under the following conditions:
1) no distant metastasis without pulmonary lesions, 2)
satisfactory local control for primary lesions, 3) possible
complete resection of pulmonary lesions, and 4) good risk
for surgical intervention. Furthermore, surgical indica-
tion has also been considered in addition to the effects of
chemotherapy or hormonal therapy. To further improve
the surgical outcome of patients with pulmonary me-
tastases, however, prognostic factors must be clarified.

In this retrospective study, we assessed the effect of
clinical factors on the prognosis of patients with meta-
static pulmonary tumors resected in our surgical depart-
ment. In general, the overall 5-year survival rate follow-
ing surgical resection of metastatic pulmonary tumors has
been reported to be 35-50%.5) In our study, the overall 5-
year survival rate was 31.7%. Other studies have reported
that post-surgical prognosis is poorer as the number of
metastatic tumors increases, especially when there are
more than 4 metastases.6-8) Multiple pulmonary metastases
also result in a poorer prognosis. In our investigation,
patients with ≤3 foci had a significantly higher survival
rate than those with >3 metastases. It has also been re-
ported that long-term survival rates decrease when the
maximum diameter of the tumor is more than 5 cm.9) Our
study demonstrated a significant difference in survival
rates between patients with tumors of a maximum diam-
eter of ≤3.0 cm and those with tumors with a maximum
diameter of >3.0 cm. Some researchers have reported that
a prolonged DFI leads to a better prognosis7,8,10,11) while
others have indicated there is no association between DFI
and long-term results.12-15) Our study supports the theory
that patients with a DFI of ≥3 years had a better progno-
sis than those with a DFI of <3 years. We believe the new

parameter, the ratio of the diameter of the largest tumor
to the diameter of the smallest tumor (≤3 or >3) in pa-
tients with multiple pulmonary foci should prove helpful
in determining surgical indications for multiple pulmo-
nary metastases. Based on the results of our study, we
have applied the term “the law of 3” to these valuable
prognostic factors.

Our retrospective study, however, may have contained
“patient selection bias” such as performance status in
determination of surgical indication or “tumor individual
bias,” which includes tumor growth properties and the
biological behavior of the primary tumor. A prospective
study excluding any bias is needed in order to establish
surgical strategies to distinguish prognostic factors for
metastatic pulmonary tumors from each primary organ.

In summary, with regard to the prognosis of patients
with resected metastatic pulmonary tumors, our study
demonstrated that the most significant factors are the di-
ameter of the tumor (≤3.0 cm or >3.0 cm) followed by
the number of tumors (≤3 or >3), and the DFI (≥3 years
or <3 years). Also in patients with multiple pulmonary
metastases, the ratio of the diameter of the largest tumor
to the diameter of the smallest tumor (≤3 or >3) was the
significant factor for the prognosis. Among these param-
eters, the ratio of the diameter of the largest tumor to the
diameter of the smallest tumor appears to be useful as a
new prognostic factor for surgery in patients with mul-
tiple foci.
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