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Abstract. The aim of the present study was to validate 
prognostic indicators of pulmonary metastasis in patients with 
renal cell carcinoma (RCC) that have undergone nephrectomy 
treatment. The data from 356 patients who underwent nephrec-
tomy were investigated and subsequently divided into 2 groups, 
according to the pulmonary metastasis status. The risk factors 
for pulmonary metastasis were examined in all patients. 
In the subgroup analysis, the risk factors were additionally 
verified in patients with pulmonary nodules using univariate 
and multivariate logistic regression analyses. The status of 
pulmonary nodules and pulmonary metastasis were confirmed 
through preoperative chest radiography by two radiologists. 
Pulmonary metastasis was observed in 33 (9.3%) patients with 
a median follow‑up time of 54.4 months (interquartile range, 
38.8‑71.8). Patients with pulmonary nodules indicated signifi-
cantly increased rates of pulmonary metastasis, compared with 
patients without pulmonary nodules (24.2 vs. 6.1%; P<0.001). 
In multivariate analysis, the presence of pulmonary nodules 
[hazard ratio (HR)=3.15; P=0.0262], albumin (HR=0.42; 
P=0.0490) and pTstage (HR=3.63; P=0.0475) were indicated 
to be independent prognostic markers for pulmonary metas-
tasis. In subgroup analysis, pTstage was the only independent 
prognostic indicator for pulmonary metastasis in these patients 
(HR=9.81; P=0.0033). In patients with RCC, the presence of 

pulmonary nodules was associated with pulmonary metastasis. 
Furthermore, pTstage is a negative prognostic indicator in 
patients with pulmonary nodules. Therefore, a chest radiologic 
short‑term follow‑up is required for these patients.

Introduction

Since the 1970s, the incidence of renal cell carcinoma 
(RCC) has increased by an annual mean rate of 3‑4%, 
which in turn was associated with a more prevalent use of 
various radiological imaging methods for the evaluation of 
diverse abdominal problems (1,2). It has been reported that 
20‑30% of patients with RCC exhibit metastatic RCC (3). 
In addition, 20‑30% of patients who undergo nephrectomy 
for clinically localized disease progressively metastasize 
during follow‑ups (4). Therefore, when RCC is diagnosed, it 
is necessary to evaluate the presence or absence of metastasis. 
The foremost metastatic site of RCC is the lung, which is 
involved in 45‑75% of metastatic cases (5). Therefore, when 
determining the presence or absence of metastasis from RCC, 
the first priority should be to evaluate pulmonary metastasis.

In a number of cases, at the time of RCC diagnosis, 
pulmonary nodules were detected through chest radiological 
imaging (6‑8). The significance of these pulmonary nodules 
remains unclear. Additionally, these pulmonary nodules are 
frequently defined as indeterminate by radiologists and are 
generally too small to perform percutaneous biopsy  (9). 
Therefore, physicians and patients have not demonstrated a 
notable interest in these pulmonary nodules. However, pulmo-
nary nodules may serve an important role in lung metastasis. 
Non‑calcified pulmonary nodules may represent metastatic 
disease in 19% of patients diagnosed with cancer (10). Evidently, 
this association, to the best of our knowledge, has not been 
noticed nor studied in detail. Despite the association between 
pulmonary nodules and lung cancer, pulmonary nodules 
located through preoperative chest radiological imaging are 
frequently overlooked, and their presence generally does not 
influence postoperative follow‑up protocols. Current American 
Urological Association guidelines for the follow‑up imaging 
(radiography and chest) of patients who undergo surgery for 
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clinically localized renal masses are based on disease risk 
as defined by the pathologic tumor stage (11), emphasizing 
its overall importance. The purpose of the present study was 
to outline and elaborate prognostic indicators of pulmonary 
metastasis and to clarify the association between pulmonary 
nodules and pulmonary metastasis in patients with RCC.

Patients and methods

Patient population. This was a retrospective study, and the study 
protocols were approved by the Medical Ethics Committee of 
the Institutional Review Board of Pusan National University 
Hospital (Busan, Korea). Out of the 1,011 patients diagnosed 
with RCC, the present study included 383 patients, who had 
undergone radical or partial nephrectomy for RCC at the Pusan 
National University Hospital between 2011 and 2016. The 
probability of lung metastasis for each lesion was evaluated 
with a two‑point confidence scale, with Fig. 1 representing 
a metastatic lesion, and Fig.  2 representing a benign or 
indeterminate lesion. On the chest computed tomographic (CT) 
image, the metastatic nodule was characterized as a lesion with a 
well‑circumscribed border, round shape, soft tissue attenuation 
and/or multiplicity. Therefore, during imaging analysis, the 
binary values were assigned for the characterization of the 
pulmonary nodule. Nodules exhibiting features of metastatic 
nodule were assigned to 1, whereas nodules exhibiting benign 
or indeterminate features were assigned to 2 (5,10,12). The 
last follow‑up was conducted on March 31st 2018. Exclusion 
criteria for the patient sample collection were as follows: 
Patients who underwent chemotherapy; patients who did not 
undergo renal resection or preoperative chest CT; and patients 
who were already diagnosed with pulmonary metastasis prior 
to surgery. Following surgery, patients who were diagnosed by 
pathology as benign tumor in the kidney were excluded from 
the present study (Fig. 3).

The data from 356 patients, 243 male and 113  female 
patients (59.3±12.3 and 58.1±12.3, respectively) were used 
and patients were divided into the following 2 groups: 
Absent (n=323) and present (n=33), according to the status of 
pulmonary metastasis. Patient characteristics were examined, 
including age, sex, body mass index (BMI), presence of 
pulmonary nodules, smoking status, diabetes mellitus (DM), 
hypotension (HTN), renal tumor size, renal tumor site, renal 
tumor location, renal vein thrombus status, serum creatinine 
levels, albumin, lactate dehydrogenase (LDH), hemoglobin, 
calcium, potassium, symptomatic flank pain, pathologic 
T stage (pTstage), pathologic N stage, histologic subtype (clear 
cell vs. non‑clear cell), lymphovascular invasion, presence 
of sarcomatoid cells and renal fat invasion status, using the 
patients' medical records. The patients underwent chest CT 
every 3‑6  months following renal surgery. If pulmonary 
nodules were detected through preoperative chest CT, the 
size, number, site, and location of the nodules was examined. 
The size of the pulmonary nodules was defined as the longest 
diameter on an axial image. Following surgery, pathology 
reports were used to determine the tumor‑node‑metastasis 
classification  (11) of malignant tumors and the histologic 
subtype. Written informed consent was obtained from all 
patients prior to enrollment in the study, in addition to 
explaining its purpose and methods.

Statistical analysis. An Continuous variables were described 
by mean ± standard deviation and median (range), and qualita-
tive variables by size and percentage. Independent Student's 
t‑test was used for numerical patient data, including age, 
BMI, renal tumor size, serum creatinine, albumin, LDH, 
hemoglobin, calcium, potassium, and pulmonary nodule size. 
Fisher's exact test or χ2 test was used for categorical data, 
including sex, presence of pulmonary nodule, smoking status, 
DM, HTN, renal tumor site and location, renal vein thrombus, 
symptomatic flank pain, the number, site and location of 
pulmonary nodules, pathological tumor and lymph node 
stages, histologic subtype, lymphovascular invasion, presence 
of sarcomatoid cells and renal fat invasion status. Univariate 
and multivariate logistic regression analyses and log‑rank 
test were used to assess the association between each of the 
factors and progression to pulmonary metastasis. P<0.05 was 
considered to indicate a statistically significant difference. All 
data were analyzed using SPSS 20.0 software (IBM Corp., 
Armonk, NY, USA).

Results

Clinicopathological characteristics. A total of 1,011 patients 
with RCC diagnosed by abdomen CT were included in the 
present study. Among these, 383 patients underwent radical 
nephrectomy, and 356 patients were included in the criteria. 
The median follow‑up duration was 54.4 months (interquartile 
range, 38.8‑71.8). At the time of the last follow‑up, pulmo-
nary nodules were absent from 294 patients and present in 
62 patients. Table I includes the patient characteristics of the 
two groups (with and without pulmonary metastasis). Patients 
with pulmonary metastasis indicated statistically significant 
results for the following: Age (P=0.011), larger renal tumor size 
(P=0.005), renal vein thrombus (P<0.001), median albumin 
(P=0.002), pTstage (P<0.001), pNstage (P<0.001), renal fat 
invasion (P<0.001), and the status of pulmonary nodule 
(P<0.001). In addition, pulmonary metastasis was observed 
in 24% of patients with pulmonary nodules. There were no 
statistically significant differences between the two groups in 
other factors regarding pulmonary nodule size.

The factors associated with pulmonary metastasis in patients 
with RCC. The results of univariate and multivariate logistic 
regression analyses on progression to pulmonary metas-
tasis in the groups of patients with RCC are displayed in 
Table II. In univariate logistic regression analysis, progres-
sion to pulmonary metastasis was significantly associated 
with age [hazard ratio (HR)=1.03; 95% confidence interval 
(CI), 1.00‑1.07; P=0.0410], pulmonary nodules (HR=4.89; 
95% CI, 2.29‑10.39; P<0.001), renal tumor size (HR=1.02; 
95% CI, 1.01‑1.03; P=0.0007), renal vein thrombus (HR=9.08; 
95% CI, 2.48‑32.03; P=0.0005), albumin (HR=0.41; 95% CI, 
0.21‑0.81; P=0.0094), pTstage (HR=8.96; 95% CI, 4.01‑20.49; 
P<0.001), and renal fat invasion (HR=5.83; 95% CI, 2.14‑15.13; 
P=0.0004). In multivariate logistic regression analysis, 
pulmonary nodule (HR=3.15; 95% CI, 1.12‑8.68; P=0.0262), 
albumin (HR=0.42; 95% CI, 0.17‑1.03; P=0.0490) and pTstage 
(HR=3.63; 95% CI, 0.98‑12.86; P=0.0475) were significantly 
associated with pulmonary metastasis. According to the 
Kaplan‑Meier curves, there was a strong difference (P<0.001) 
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Figure 1. CT scans of metastatic nodule in a 57‑year‑old male patient. Thick arrow, abdominal CT image demonstrates 8.7 cm sized heterogeneous enhancing 
mass with central necrosis, left kidney, indicative of renal cell carcinoma. Thin arrow, chest CT scan indicates a 1 cm‑sized nodule with well‑circumscribed 
border and round shape, representing a metastatic nodule. CT, computed tomography. 

Figure 2. CT scans of pulmonary nodule in a 47‑year‑old female patient. Thick arrow, abdominal CT image (right side) indicated a 2.5 cm sized heterogeneous 
enhancing mass, right kidney, indicative of renal cell carcinoma. Thin arrow, chest CT scan indicating 5 mm sized nodule with ill‑defined borders, indicative 
of benign‑looking nodule. CT, computed tomography.

Figure 3. Patient selection flowchart. RCC, renal cell carcinoma; AML, angiomyolipoma.
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Table I. Clinicopathological characteristics of 356 patients with renal cell carcinoma treated with nephrectomy.

	 Pulmonary metastasis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Total	 Absent	 Present	 P‑value

Number of patients, (%)	 356	 323 (90.7)	 33 (9.3)	
Median age ± SD (years)	 58.9±12.3	 58.4±12.5	 63.1±9.2	 0.011
Sex n, (%) 				    0.992
  Male	 243 (68.3)	 221 (68.4)	 22 (66.7)	
  Female	 113 (31.7)	 102 (31.6)	 11 (33.3)	
Median BMI ± SD (kg/m2)	 24.1±3.4	 24.1±3.4	 24.2±3.8	 0.941
Pulmonary nodule, n (%) 				    <0.001
  Absent 	 294 (82.6)	 276 (85.4)	 18 (54.5)	
  Present 	 62 (17.4)	 47 (14.6)	 15 (45.5)	
Smoker, n (%) 				    0.925
  Absent 	 256 (71.9)	 233 (72.1)	 23 (69.7)	
  Present 	 100 (28.1)	 90 (27.9)	 10 (30.3)	
DM, n (%) 				    1.000
  Absent 	 311 (87.4)	 282 (87.3)	 29 (87.9)	
  Present 	 45 (12.6)	 41 (12.7)	 4 (12.1)	
HTN, n (%) 				    1.000
  Absent	 221 (62.1)	 201 (62.2)	 20 (60.6)	
  Present	 135 (37.9)	 122 (37.8)	 13 (39.4)	
Median renal tumor size ± SD (mm) 	 38.9±24.2	 37.3±23.0	 53.6±30.7	 0.005
Renal tumor site, n (%)				    0.948
  Right	 160 (46.0)	 145 (46.5)	 15 (47.4)	
  Left	 188 (54.0)	 170 (53.5)	 18 (52.6)	
Renal tumor location, n (%)				    0.249
  Upper	 109 (32.6)	 94 (31.2)	 15 (45.5)	
  Middle	 132 (39.5)	 121 (40.2.)	 11 (33.3)	
  Lower	 93 (27.8)	 86 (28.6)	 7 (21.2)	
Renal vein thrombus, n (%)				    <0.001
  Absent	 333 (96.8)	 305 (98.1)	 28 (84.8)	
  Present	 11 (3.2)	 6 (1.9)	 5 (15.2)	
Median creatinine ± SD (mg/dl)	 1.1±1.0	 1.1±1.1	 1.0±0.3	 0.228
Median albumin ± SD (g/dl)	 3.7±0.6	 3.7±0.6	 3.5±0.4	 0.002
Median LDH ± SD (IU/l)	 225.9±87.5	 226.4±88.3	 220.9±84.0	 0.837
Median hemoglobin ± SD (g/dl) 	 12.4±1.6	 12.4±1.6	 11.9±1.8	 0.074
Median calcium ± SD (mg/dl)	 8.4±0.7	 8.4±0.7	 8.5±0.7	 0.389
Median K ± SD (mmol/l)	 4.1±0.5	 4.1±0.5	 4.0±0.5	 0.822
Symptomatic flank pain, n (%)				    0.246
  Absent	 337 (96.0)	 308 (96.6)	 29 (90.6)	
  Present	 14 (4.0)	 11 (3.4)	 3 (9.4)	
Median pulmonary nodule size ± SD (mm) 	 9.0±8.5	 8.4±8.9	 10.7±6.9	 0.359
Pulmonary nodule number, n (%) 				    0.130
  1	 33 (53.2)	 25 (53.2)	 8 (53.3)	
  2 	 14 (22.6)	 13 (27.7)	 1 (6.7)	
  3 	 1 (1.6)	 1 (2.1)	 0 (0.0)	
  4	 0 (0.0)	 0 (0.0)	 0 (0.0)	
  5 	 1 (1.6)	 0 (0.0)	 1 (6.7)	
  >5	 13 (21.0)	 8 (17.0)	 5 (33.3)	
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in progression to pulmonary metastasis in patients with 
pulmonary nodules, compared with patients without pulmo-
nary nodules (Fig. 4).

The factors associated with pulmonary metastasis in patients 
with RCC pulmonary nodule. In subgroup analysis, the risk 
factors associated with pulmonary metastasis were examined in 
patients with pulmonary nodules. In univariate logistic regres-
sion analysis, renal tumor size (HR=1.02; 95% CI, 1.00‑1.04; 
P=0.0356), albumin (HR=0.12; 95% CI, 0.02‑0.46; P=0.0046), 
pTstage (HR=11.89; 95% CI, 3.04‑55.33; P=0.0007) and renal 
fat invasion (HR=11.14; 95% CI, 2.39‑63.86; P=0.0032) 
were significantly associated with pulmonary metastasis. 
In multivariate logistic regression analysis, pTstage was the 
only statistically significant factor for pulmonary metastasis 
(HR=9.81; 95% CI, 2.29‑51.30; P=0.0033). No other significant 
differences in the remaining variables were indicated between 
groups (Table III).

Discussion

In the present study, 62/356  patients (17.4%) with RCC 
exhibited pulmonary nodules, and 15/62 patients (24.2%) 
progressed to pulmonary metastasis. The prevalence of 
progression to pulmonary metastasis was significantly 
increased in patients with pulmonary nodules, compared 
with patients without pulmonary nodules. In multivariate 
analysis, the presence of pulmonary nodules was an 
independent prognostic factor for pulmonary metastasis 
and was associated with adverse effects associated with 
progression to pulmonary metastasis. Among patients with 
pulmonary nodules, progression to pulmonary metastasis 
occurred at a >3‑fold increased rate, compared with patients 
without pulmonary nodules. Taking the aforementioned into 
consideration, pulmonary nodules in patients with RCC are 
indicated to be prognostic indicators of pulmonary metastasis. 
Even though pulmonary nodules were a significant factor 

Table I. Continued.

	 Pulmonary metastasis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Total	 Absent	 Present	 P‑value

Pulmonary nodule site, n (%) 				    0.958
  Right 	 21 (33.9)	 18 (36.0)	 3 (25.0)	
  Left 	 18 (29.0)	 15 (30.0)	 3 (25.0)	
  Bilateral 	 23 (37.1)	 17 (34.0)	 6 (50.0)	
Pulmonary nodule location, n (%) 				    0.394
  Lower 	 11 (17.7)	 10 (21.3)	 1 (6.7)	
  Middle 	 6 (9.7)	 5 (10.6)	 1 (6.7)	
  Upper 	 23 (37.1)	 15 (31.9)	 8 (53.3)	
  Multiple 	 22 (35.5)	 17 (36.2)	 5 (33.3)	
1pT stage, n (%) 				    <0.001
  pT1‑T2 	 239 (82.7)	 226 (87.3)	 13 (43.3)	
  pT3‑T4 	 50 (17.3)	 33 (12.7)	 17 (56.7)	
2pN stage, n (%) 				    <0.001
  pN0 	 214 (82.9)	 200 (86.2)	 14 (53.8)	
  pN1 (27)	 44 (17.1)	 32 (13.8)	 12 (46.2)	
Histologic subtype, n (%) 				    0.237
  Clear cell 	 241 (83.7)	 214 (82.6)	 27 (93.1)	
  Non‑clear cell 	 47 (16.3)	 45 (17.4)	 2 (6.9)	
Lymphovascular invasion, n (%) 				    0.107
  Absent	 277 (92.6)	 251 (93.7)	 26 (83.9)	
  Present	 22 (7.4)	 17 (6.3)	 5 (16.1)	
Sarcomatoid differentiation, n (%) 				    0.960
  Absent	 273 (98.2)	 248 (98.4)	 25 (96.2)	
  Present	 5 (1.8)	 4 (1.6)	 1 (3.8)	
Renal fat invasion, n (%) 				    <0.001
  Absent	 241 (90.6)	 223 (92.9)	 18 (69.2)	
  Present	 25 (9.4)	 17 (7.1)	 8 (30.8)	

1pTstage, pathologic tumor stage; 2pNstage, pathologic lymph node vascular invasion; SD, standard deviation; BMI, body mass index; DM, 
diabetes mellitus; HTN, hypotension; LDH, lactate dehydrogenase; pTstage, pathologic T stage. 

https://www.spandidos-publications.com/10.3892/ol.2019.9912
https://www.spandidos-publications.com/10.3892/ol.2019.9912
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in progression to pulmonary metastasis, when preoperative 
pulmonary nodules are detected, no clinical management 
strategy has been developed, to the best of our knowledge, 
until now (13). A number of previous studies have indicated 
that larger kidney tumors, renal vein thrombus, lymph 
node vascular invasion and renal fat invasion increase the 
adverse effects of cancer and poor prognosis by increasing 
the likelihood of malignancy or recurrence  (14‑16). 
Additionally, there are significant risk factors associated with 
the presence of pulmonary nodules, the pathologic tumor 
stage and tumor grade, which can be used to predict a poor 
prognosis (17‑19). These factors were statistically significant 
in univariate analysis in the present study, but pulmonary 
nodules were the most statistically significant factor in 
multivariate analysis.

In the present study's subgroup analysis, including pulmo-
nary nodules, it was indicated that renal tumor size, albumin 
level, pTstage and renal fat invasion were significantly asso-
ciated with pulmonary metastasis in univariate analyses. 
Chen et al (20) reported that albumin is an important prog-
nostic indicator in patients with RCC, regardless of tumor type 
(localized or metastatic). Cancer is frequently accompanied 
by malnutrition and chronic inflammation, and albumin levels 
are associated with the degree of malnutrition or inflammatory 
response (21,22).

Furthermore, pTstage was a significant prognostic indicator, 
consistent with previous reports  (17,18). In multivariate 
analyses, pTstage was the only independent prognostic indicator 
for pulmonary metastasis. The size (median size >5 mm) and 
number (median number >4) of pulmonary nodules have been 
reported to be increased in patients with pulmonary metastasis 
compared with patients with no pulmonary metastasis (13,23). 
However, the size, number, site and location of pulmonary 

Figure 4. Time to pulmonary metastasis‑free survival based on the status of 
pulmonary nodules.

Table III. Prognostic indicators for progression to pulmonary metastasis in patients with renal cell carcinoma with pulmonary 
nodule. 

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factors	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI

Age	 0.1839	 1.04	 0.98‑1.11			 
Renal tumor size	 0.0356	 1.02	 1.00‑1.04			 
Renal vein thrombus	 0.1394	 3.67	 0.61‑22.15			 
Albumin	 0.0046	 0.12	 0.02‑0.46	 0.0781	 0.20	 0.03‑1.14
1pTstage	 0.0007	 11.89	 3.04‑55.33	 0.0033	 9.81	 2.29‑51.30
Renal fat invasion	 0.0032	 11.14	 2.39‑63.86			 

1pTstage, pathologic tumor stage; HR, hazard ratio; CI, confidence interval.

Table II. Prognostic indicators for progression to pulmonary metastasis in patients with renal cell carcinoma.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factors	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI

Age	 0.0410	 1.03	 1.00‑1.07	 0.0735	 1.04	 1.00‑1.10
Pulmonary nodule	 <0.001	 4.89	 2.29‑10.39	 0.0262	 3.15	 1.12‑8.68
Renal tumor size	 0.0007	 1.02	 1.01‑1.03	 0.2702	 1.01	 0.99‑1.03
Renal vein thrombus	 0.0005	 9.08	 2.48‑32.03	 0.9032	 1.11	 0.19‑6.30
Albumin	 0.0094	 0.41	 0.21‑0.81	 0.0490	 0.42	 0.17‑1.03
1pTstage (25)	 <0.001	 8.96	 4.01‑20.49	 0.0475	 3.63	 0.98‑12.86
Renal fat invasion	 0.0004	 5.83	 2.14‑15.13	 0.6316	 1.41	 0.33‑5.87

1pTstage, pathologic tumor stage; HR, hazard ratio; CI, confidence interval. 
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nodules were not associated with pulmonary metastasis in the 
present study. Therefore, the presence of a pulmonary nodule 
is a strong prognostic indicator for pulmonary metastasis in 
patients with RCC. Additionally, in patients with pulmonary 
nodules, pTstage was a good prognostic indicator for pulmonary 
metastasis. Nevertheless, recent guidelines for follow‑up 
imaging (chest and radiography) by CT or X‑ray of patients 
who underwent radical or partial nephrectomy (24) are based 
on the pathological tumor stage. Additionally, there are no 
definite guidelines for patients with pulmonary nodules (25). 
Therefore, the present study indicates that the presence of 
pulmonary nodules may be considered as an associated risk 
factor for chest radiological imaging follow‑up, particularly 
in patients who underwent radical or partial nephrectomy. 
Additionally, follow‑up imaging (chest and radiography) by CT 
or X‑ray should be performed more frequently, compared with 
the Fleischner Society guidelines (12). Evidently, short‑term 
follow‑up imaging may not be necessary for patients who have 
not been diagnosed with RCC. Benjamin et al (26) reported 
that the malignancy rate in small nodules in patients without a 
known malignant tumor may be as low as 1%.

There are numerous strengths in the present study. Firstly, 
the present study presents a large number of registered patients 
compared with other reports  (13,19), which could reduce 
selection bias. Secondly, a more extensive analysis of patient 
data, compared with other reports (3,10,23), was conducted 
by examining various factors from the patient's history to 
blood test, preoperative imaging and postoperative pathology 
results, including hypertension, renal tumor site and location, 
pulmonary nodule number, site and location, and serum K 
level. Thirdly, in another study, the nodule was diagnosed 
by chest CT or X‑ray and follow‑up (13,19), in contrast to the 
present study where patients were diagnosed and followed up 
by chest CT. However, the present study does present a number 
of limitations. Firstly, it was a retrospective analysis at a single 
center; therefore, selection bias may have affected the progres-
sion to pulmonary metastasis. Secondly, the precise time that 
the pulmonary nodules changed to malignant tumors could 
not be confirmed, due to the postoperative chest CT imaging 
follow‑ups not being consistent. Nevertheless, the fact that the 
presence of pulmonary nodules is associated with progres-
sion to pulmonary metastasis is of notable value, as they may 
be stronger risk factors, compared with other preoperative 
factors. The presence of pulmonary nodules is an important 
prognostic indicator to consider in the diagnosis and manage-
ment of patients with RCC.

In conclusion, in patients with RCC who underwent radical 
or partial nephrectomy, patients with pulmonary nodules 
had a significantly increased probability of progression 
to pulmonary metastasis, compared with patients without 
pulmonary nodules. Additionally, in patients with pulmonary 
nodules, pTstage was significantly associated with progres-
sion to pulmonary metastasis. Further studies involving a 
more aggressive short‑term chest radiography follow‑up are 
required for patients with RCC with pulmonary nodules or 
higher pTstages.
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