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Clinical results of sublobar resection versus lobectomy or more 
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pulmonary fibrosis
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Background: Lung cancer patients with idiopathic pulmonary fibrosis (IPF) are at a high risk of requiring 
lung resection. The optimal surgical strategy for these patients remains unclear. This study aimed to compare 
the clinical results of a sublobar resection versus a lobectomy or more extensive resection for lung cancer in 
patients with IPF.
Methods: From January 1995 to December 2012, 80 patients with simultaneous non-small cell lung cancer 
and IPF were treated surgically at Asan Medical Center. Predictors of recurrence-free survival and overall 
survival were evaluated in the series.
Results: Lobectomy or more extensive resection of the lung (lobar resection group) was performed in 
65 patients and sublobar resection (sublobar resection group) was carried out in 15 patients. The sublobar 
resection group showed fewer in-hospital mortalities than the lobar resection group (6.7% vs. 15.4%; 
P=0.68). For late mortality after lung resection, cancer-related deaths were not significantly different in 
incidence between the two groups (55.6% vs. 30.6%; P=0.18). Recurrence-free survival after lung resection 
was significantly greater in the lobar than in the sublobar resection group (P=0.01). However, overall survival 
after lung resection was not significantly different between the two groups (P=0.05). Sublobar resection was 
not a significant predictive factor for overall survival (hazard ratio =0.50; 95% CI: 0.21–1.15; P=0.10).
Conclusions: Although not statistically significant, a sublobar resection results in less in-hospital mortality 
than a lobar resection for lung cancer patients with IPF. There is no significant difference in overall survival 
compared with lobar resection. A sublobar resection may be another therapeutic option for lung cancer 
patients with IPF.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic progressive 
parenchymal lung disease with a poor prognosis and of 
unknown cause (1,2). The median survival is reported to be  
2–4 years from the time of diagnosis (1). IPF is associated with 
an increased risk of lung cancer. The prevalence of lung cancer 
in patients with IPF is high, ranging from 4.8% to 48% (3-8). 
In lung cancer patients, the postoperative pulmonary morbidity 
and mortality of patients with IPF are found to be higher 
than in those without IPF (3,6,8-10). Acute postoperative 
exacerbation of IPF (AEIPF) is a fatal complication that can 
occur after lung resection. The mortality of AEIPF is known 
to be very high, ranging from 80–100% (6).

The optimal surgical strategy for lung cancer in patients 
with IPF remains undetermined. Partial resection might 
reduce the occurrence of morbidity and in-hospital mortality 
but might also increase the recurrence rate and reduce the 
survival rate compared with a lobectomy or more extensive 
resection. This study aimed to compare the clinical results 
of a sublobar resection versus a lobectomy or more extensive 
resection for lung cancer in patients with IPF.

Methods

Patients

From January 1995 to December 2012, 80 consecutive 
patients with simultaneous non-small cell lung cancer 
and IPF were treated surgically at Asan Medical Center 
(AMC). The medical records of these cases were reviewed 
retrospectively. Data acquisition and analyses were approved 
by the institutional review board of AMC. The medical 
records contained the patient characteristics, operative 
procedures, pathological diagnoses, and follow-up data.

The sublobar resection group included patients who 
underwent a sublobar pulmonary resection and the 
lobar resection group included patients who underwent 
a lobectomy or more extensive resection for their lung 
cancer. The diagnosis of IPF was defined according to the 
International Consensus Statement of the American Thoracic 
Society/European Respiratory Society (11). Exclusion 
criteria included connective tissue disease, occupational or 
environmental lung disease, previous radiation therapy or 
metastatic disease of the lung, and any history of ingestion of 
a drug or an agent known to cause pulmonary fibrosis.

Operative procedures were selected based on the operating 
surgeon’s preference.

Statistical analyses

All descriptive statistics were expressed as means ± standard 
deviation (SD) for continuous variables. Categorical data 
were analyzed with Fisher’s exact test and linear by linear 
association. Continuous data were compared using Student’s 
t-test and the Mann–Whitney U-test. Predictors of overall 
survival and recurrence-free survival were evaluated. Statistical 
analyses included Kaplan–Meier estimates of survival, log-rank 
tests of survival differences, and multivariate Cox proportional 
hazards models. Differences were considered to be statistically 
significant with P values <0.05. Statistical analyses were 
performed using SPSS statistical software version 21.0 (SPSS, 
Inc., Chicago, IL, USA).

Results

Patient characteristics

The characteristics of the study cohort are listed in Table 1.  
The mean patient age was 65 years (range, 42–86 years) 
and most were male (M:F =75:5). In the sublobar resection 
group, 12 patients were male and 3 were female, whereas 
in the lobar resection group, 63 patients were male and  
2 were female (P=0.43). A total of 75 (93.8%) patients 
had a history of smoking at 41.4 mean pack-years. There 
were no significant differences in the history of smoking 
or pack-years of smoking between the two groups (P=0.23 
and P=0.19, respectively). For the preoperative PFT, the 
mean FEV1 was 89.5% of the predicted value, the FVC was 
85.9%, the DLco was 71.6%, and the FEV1/FVC (%) ratio 
was 83.9%. Regarding the preoperative PFT, the mean 
FEV1 (%) was not significantly different between the study 
groups (83.7% in the sublobar resection group and 90.9% 
in the lobar group; P=0.31), FVC (%) was significantly 
lower in the sublobar resection group than in the lobar 
resection group (76.3% vs. 88.8%; P=0.006), DLCO (%) 
was significantly lower in the sublobar resection group than 
in the lobar resection group (59.1% vs. 74.5%; P=0.003), 
and FEV1/FVC (%) was significantly higher in the sublobar 
resection group than in the lobar resection group (100.3% 
vs. 80.2%; P=0.03).

Operative procedures

Lobectomy was the most frequent operative procedure 
(n=59, 73.8%) with sublobar resections performed in  
15 (18.8%) of the study patients (Table 2).
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Perioperative variables

The rate incidence was similar by histology between 
adenocarcinoma (n=39, 48.8%) and squamous cell 
carcinoma (n=37, 46.3%) with no significant difference 
between the two groups (P=0.08). The mean tumor size was 
35.2 mm (range, 12–120 mm) with no significant difference 
between the two groups (P=0.09). In terms of postoperative 
pathology, the most frequent T-stage was T2a found in  
44 (55.0%) patients, the most frequent N-stage was N0 
seen in 45 (56.3%) patients, and stage I, II, and IIIA tumors 
occurred in 41 (51.4%), 12 (15%), and 25 (31.3%) patients, 
respectively. Exact pathologic staging was not possible in 
two patients of the sublobar resection group because lymph 
node dissection or sampling was not performed. There 
were no significant differences in the postoperative T-stage, 
N-stage, or pathological stage between the two study 
groups (P=0.08, P=0.65, and P=0.65, respectively; Table 3).

Postoperative results

The sublobar resection group showed less morbidity after 
pulmonary resection than the lobar resection group, but 
this difference was not statistically significant (20.0% 
vs. 29.2%; P=0.75). A total of 2 and 12 patients in the 
sublobar and lobar resection groups received mechanical 
ventilation, respectively, including 1 and 10 patients who 
died (13.3% vs. 18.5%; P=1.0). All in-hospital mortalities 
were related to respiratory problems. The sublobar 
resection group showed less in-hospital mortalities after 
pulmonary resection than the lobar resection group but this 
difference was not statistically significant (6.7% vs. 15.4%; 
P=0.68). The sublobar resection group had fewer hospital 
stays after pulmonary resection than the lobar resection 
group, but this difference was not statistically significant 
(9.07 vs. 15.80 days; P=0.36). The mean follow-up  
duration was 29.76±23.91 months (range, 0.8–96.5 months) 
in the sublobar resection group and 24.62±27.17 months 
(range, 0.4–96.3 months) in the lobar resection group. 
Regarding late mortality, we detected no significant 
difference between the sublobar and lobar resection 
groups (60.0% vs.  56.9%; P=0.83). Cancer-related 
deaths were more frequent in the sublobar resection 
group (55.6% vs. 30.6%; P=0.18), while deaths related 
to respiratory problems were more frequent in the lobar 
resection group (44.4% vs. 69.4%; P=0.20); however, 

Table 1 Characteristics of the patients with simultaneous non-small cell lung cancer and IPF

Variable All patients (n=80) Sublobar resection (n=15) Lobar resection (n=65) P value

Age (y) 65±8.2 [42–86] 66.9±7.4 65.1±8.4 0.45

Sex

Male 75 (93.8%) 12 (80.0%) 63 (96.9%)
0.43

Female 5 (6.3%) 3 (20.0%) 2 (3.1%)

History of smoking 75 (93.8%) 13 (86.7%) 62 (95.4%) 0.23

Pack-years of smoking 41.4±23.8 28.5±16.9 44.4±24.0 0.19

Pulmonary function test

FEV1 (%) 89.5±16.1 83.7±16.1 90.9±15.9 0.31

FVC (%) 85.9±15.2 76.3±3.6 88.8±1.8 0.006

DLCO (%) 71.6±17.7 59.1±10.6 74.5±17.7 0.003

FEV1/FVC (%) 83.9±38.3 100.3±7.2 80.2±5.0 0.03

y, year; IPF, idiopathic pulmonary fibrosis; FEV1, forced expiratory volume in 1 sec; FVC, forced vital capacity; DLCO, total lung 

carbon monoxide diffusion; N/A, not available; sublobar, wedge resection or segmentectomy; lobar,  lobectomy or bilobectomy or 

pneumonectomy.

Table 2 Operative procedures used for the study patients

Operative procedure Value (%)

Wedge resection 13 (16.3)

Segmentectomy 2 (2.5)

Lobectomy 59 (73.8)

Bilobectomy 2 (2.5)

Pneumonectomy 4 (5.0)
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these differences were also not statistically significant. 
Local recurrence was more frequent in the sublobar 
resection group than in the lobar resection group, but this 
again was not significant (20.0% vs. 7.7%; P=0.15). The 
mean time to local recurrence was 33.00±31.43 months  
(range, 11–69 months) in the sublobar resection group and 
26.60±29.09 months (range, 5–76 months) in the lobar 
resection group (P=0.79). Distant metastasis was significantly 
more frequent in the sublobar resection group than in the 
lobar resection group (46.7% vs. 10.9%; P=0.001). The 
mean time to distant metastasis was 25.43±22.65 months 
(range, 7–41 months) in the sublobar resection group and  
12.29±6.53 months (range, 4–21 months) in the lobar 
resection group (P=0.26; Table 4).

Survival analysis

The one-, three-, and five-year recurrence-free survival 
rates in the sublobar and lobar resection groups were 
69.2% vs. 88.9%, 43.3% vs. 69.6%, and 21.6% vs. 69.6%, 
respectively. Recurrence-free survival was significantly 

longer in the lobar resection group (P=0.01; Figure 1). 
The one-, three-, and five-year overall survival rates in 
the sublobar and lobar resection groups were 86.7% vs. 
54.7%, 46.2% vs. 40.3%, and 15.4% vs. 22.2%, respectively. 
There was no difference in the rate of overall survival 
between the two groups (P=0.05; Figure 2). By multivariate 
analysis, the pathologically positive lymph node (N1 
or N2) status (hazard ratio =2.19; 95% CI: 1.14–4.20; 
P=0.02) and sublobar resection (hazard ratio =4.74; 95% 
CI: 1.12–20.06; P=0.03) were significant risk factors for 
predicting recurrence-free survival (Table 5). By multivariate 
analysis, a pathologically positive lymph node (N1 or N2) 
status (hazard ratio =1.40; 95% CI: 1.04–1.88; P=0.02) and 
the FEV1/FVC (hazard ratio =0.99; 95% CI: 0.98–0.99; 
P=0.02) were found to be significant risk factors that could 
predict overall survival (Table 6).

Discussion

IPF is associated with an increased risk of lung cancer, 
with a relative risk of 7.0–14.0 (compared with the general 

Table 3 Perioperative variables among the study patients.

Variable All patients (n=80) Sublobar resection (n=15) Lobar resection (n=65) P value

Histological type 0.08

Adenocarcinoma 39 (48.8%) 4 (26.7%) 35 (53.8%)

Squamous cell carcinoma 37 (46.3%) 9 (60.0%) 28 (43.1%)

Others 4 (5.0%) 2 (13.3%) 2 (3%)

Tumor size (mm) 35.2±17.6 [12–120] 24.43±9.1 38.0±18.3 0.09

T-stage 0.08

T1a/T1b 13/7 (16.3%/8.8%) 6/2 (40.0%/13.3%) 7/5 (10.8/7.7%)

T2a/T2b 44/7 (55.0%/8.8%) 6/0 (40.0%/0%) 38/7 (58.5%/10.8%)

T3 8 (10.0%) 1 (6.7%) 7 (10.8%)

T4 1 (1.3%) 0 1 (1.5%)

N-stage 0.65

N0 45 (56.3%) 8 (61.5%) 37 (56.9%)

N1 10 (12.5%) 2 (15.4%) 8 (12.3%)

N2 23 (28.8%) 3 (23.1%) 20 (30.8%)

N/A 2 (2.5%) 2 (13.3%) 0

Pathologic stage 0.65

IA/IB 15/26 (18.9%/32.5%) 4/3 (26.7%/20.0%) 11/23 (16.9%/35.4%)

IIA/IIB 8/4 (10%/5%) 2/1 (13.3%/6.7%) 6/3 (9.2%/4.6%)

IIIA 25 (31.3%) 3 (20.0%) 22 (33.8%)

N/A 2 (2.5%) 2 (13.3%) 0

Sublobar, wedge resection or segmentectomy; lobar, lobectomy or bilobectomy or pneumonectomy; N/A, not available.
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Table 4 Postoperative results for the sublobar and lobar resection groups

Variable Sublobar resection (n=15) Lobar resection (n=65) P value

Morbidity 3 (20.0%) 19 (29.2%) 0.75

2 AEIPF 5 Pneumonia and ARDS

1 Prolonged air leakage 4 Prolonged air leakage

3 Pneumonia

3 Pneumonia and AEIPF

1 Pneumonia and A-fib

1 AEIPF

1 Aspiration pneumonia

1 Chylothorax

Mechanical ventilation 2 (13.3%) 12 (18.5%) 1.0

In-hospital mortality 1 (6.7%) 10 (15.4%) 0.68

Hospital stay (days) 9.07±6.04 15.80±27.86 0.36

Follow up durations (months) 29.76±23.91 [0.8–96.5] 24.62±27.17 [0.4–96.3] 0.50

Late mortality 9 (60%) 37 (56.9%) 0.83

Cancer-related 5 (55.6%) 11 (30.6%) 0.18

Respiratory problem 4 (44.4%) 25 (69.4%) 0.20

Local recurrence 3 (20.0%) 5 (7.7%) 0.15

Time to local recurrence 33.00±31.43 [11–69] 26.60±29.09 [5–76] 0.79

Distant metastasis 7 (46.7%) 7 (10.9%) 0.001

Time to distance metastasis 25.43±22.65 [7–41] 12.29±6.53 [4–21] 0.26

Sublobar, wedge resection or segmentectomy; lobar, lobectomy or bilobectomy or pneumonectomy; AEIPF, acute exacerbation of 

idiopathic pulmonary fibrosis; A-fib, atrial fibrillation.

Figure 1 Recurrence-free survival rates for the lung cancer patients 
with idiopathic pulmonary fibrosis after pulmonary resection.

Figure 2 Overall survival rates for the lung cancer patients with 
idiopathic pulmonary fibrosis after pulmonary resection.
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population) (7). Approximately 2% to 4% of lung cancer 
patients have IPF (2). It is difficult to treat these patients 
because of the poor prognosis of IPF itself (6,8,12), and 
the high morbidity and mortality rates after lung resection  
(1-3,6-16). In lung cancer patients  with IPF, the 
postoperative pulmonary morbidity and mortality rates after 
lung resection have been reported to range from 33.3–54% 
and 7.4–18.2%, respectively (3,6-16).

Yano et al. have previously reviewed five Japanese studies 
published from 1992 through 1998 on surgery for lung 
cancer patients with IPF. These authors found a high rate 
of acute exacerbation in pneumonectomy and no cases of 
acute exacerbation in wedge resection (17). Okamoto et al. 
reported a higher incidence of IPF exacerbation in patients 
who had undergone lobectomy or pneumonectomy, and no 
occurrence in those patients who had undergone partial or 
segmental resection (10). Yano et al. have also reported that 
the resected lung volume or the degree of operative insult 

might be related to postoperative acute exacerbation (9).  
Numerous studies to date have suggested that greater 
operative insult may also be associated with an increased 
risk of acute exacerbation and postoperative mortality 
(1,3,6,7,9,10,14,17). Koizumi et al. compared three 
surgical approaches—posterolateral thoracotomy, muscle 
sparing thoracotomy, and video-assisted thoracic surgery—
and reported that video-assisted thoracic surgery did not 
prevent acute exacerbation of IPF (13). The advantages 
of partial resection may depend upon many factors, such 
as a smaller lung resection volume, shorter anesthesia 
time, shorter operation time, and less bleeding or surgical  
stress (9). Low oxygen inhalation, the use of steroids, 
limited surgery, avoidance of hyperinflation of the 
lung during operation, and prevention of postoperative 
pneumonia by prophylactic antibiotic therapy have been 
used to prevent acute exacerbation of IPF after lung 
resection (6). In our present study of lung cancer patients 
with IPF, no statistically significant differences in the 
rates of incidence were detected between the two study 
groups; however, the sublobar resection group showed 
fewer morbidities than the lobar resection group (20.0% 
vs. 29.2%; P=0.75), and also a lower level of in-hospital 
mortalities than the lobar resection group (6.7% vs. 
15.4%; P=0.68).

Patients with IPF experience a high rate of occurrence 
of new malignancies but the reason for this phenomenon 
is unknown. The generally accepted mechanism is that 
inflammatory cells produce various types of cytokines that 
can stimulate the proliferation of epithelial cells, a process 
that results in carcinoma formation along with oncogene 
activation (12). Some researchers have argued that 
considering the high recurrence rate and poor prognosis 
for this patient population, a limited resection is acceptable 
if it can be achieved with an adequate margin (7,12).  
Sato et al. reported a five-year survival rate of 29.2% for 
wedge resection, 60.0% for segmentectomy, and 68.6% for 
lobectomy. Additionally, for deaths related to respiratory 
problems, these authors reported an odds ratio for wedge 
resection versus lobectomy of 0.35 (P=0.15), and for 
segmentectomy versus lobectomy of 0.80 (P=0.64). Finally, 
they commented that wedge resection patients were less 
likely to develop AEIPF, but had a higher cancer recurrence 
rate than the lobectomy group (18). In contrast, Watanabe 
et al. reported that the extent of lung resection had no effect 
long-term outcomes for lung cancer among patients with 
IPF. They compared sublobar resection with lobectomy, 
and reported five-year survival rates for wedge resection, 

Table 5 Multivariate analysis of recurrence-free survival among 
the study patients

Variable HR 95% CI P value

Sex (male =0, female =1) 0.50 0.09–2.90 0.43

Tumor size 1.00 0.10–1.03 0.80

pN status 2.19 1.14–4.20 0.02

Operative procedure  

(lobar =0, sublobar =1)

4.74 1.12–20.06 0.03

pN, pathologic positive lymph node (N1 or N2); sublobar, 

wedge resection or segmentectomy; lobar, lobectomy or 

bilobectomy or pneumonectomy. 

Table 6 Multivariate analysis of overall survival among the 
study patients

Variable HR 95% CI P value

FVC (%) 0.98 0.95–1.01 0.23

FEV1/FVC (%) 0.99 0.98–0.99 0.02

pN status 1.40 1.04–1.88 0.02

Operative procedure  

(lobar =0, sublobar =1)

0.50 0.21–1.15 0.10

FVC, forced vital capacity; FEV1, forced expiratory volume 

in 1 sec; pN, pathologic positive lymph node (N1 or N2); 

sublobar, wedge resection or segmentectomy; lobar, 

lobectomy or bilobectomy or pneumonectomy.
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segmentectomy, and lobectomy of 62.4%, 50.0%, and 
53.6%, respectively (P=0.93) (6).

In our present study of lung cancer patients with IPF, 
distant metastasis after lung resection was significantly 
more frequent in the sublobar resection group (46.7% vs. 
10.9%; P=0.001), but the incidence of local recurrence was 
not significantly different between our two study groups 
(20.0% vs. 7.7%; P=0.15). Regarding late mortality after 
lung resection, cancer-related deaths were found to be more 
frequent in the sublobar resection group (55.6% vs. 30.6%; 
P=0.18), whilst deaths related to respiratory problems 
showed a higher incidence in the lobar resection group 
(44.4% vs. 69.4%; P=0.20), although these differences were 
not statistically significant.

Study limitations

Our study had several limitations. First, it was limited to 
small patients particularly in the sublobar resection group. 
A lot of variables did not reach statistical significance 
presumably due to the small number. Second, it was a 
retrospective study. We could not include more detailed 
information regarding the operative procedures throughout 
the study period. Third, the selection criteria regarding 
operative procedure were surgeon’s preferences. There 
are inherent selection biases. Generally speaking, sublobar 
resection group has a more compromised cardiopulmonary 
function or a severer pulmonary fibrosis. But, we could not 
exactly acquire the selection criteria regarding operative 
procedure. To further validate our results, future prospective 
analyses of a larger group of patients are needed.

Conclusions

In conclusion, although not statistically significant, a sublobar 
resection results in less in-hospital mortality than a lobar 
resection for lung cancer patients with IPF. Although more 
cancer related deaths arise following a sublobar resection, 
there is no significant difference in overall survival compared 
with lobar resection. Therefore, a sublobar resection may be 
another therapeutic option for lung cancer patients with IPF.
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