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Survival After Surgery for Pathologic Stage IA Non-Small Cell Lung
Cancer Associated With Idiopathic Pulmonary Fibrosis

1. Abstract

Many problems exist in regard to the treatment of lung cancer patients with idiopathic
pulmonary fibrosis (IPF), but few reported studies have investigated the long term
prognosis after pulmonary resection in such patients. The purpose of the present study was
to determine the postoperative survival of patients with pathologic stage IA non-small cell
lung cancer (NSCLC) and IPF. We retrospectively reviewed 350 patients with pathologic
stage IA NSCLC who underwent pulmonary resections at our institution between
September 1994 and December 2007. We analyzed and compared 28 of these patients, who
had simultaneous lung cancer and IPF, with the remaining 322 lung cancer patients
without IPF. The 5-year survival rates were 54.2% in pathologic stage TA lung cancer
patients with IPF and 88.3% in those without IPF (p < 0.0001). Univariate analyses showed
that age, sex, Brinkman Index, limited resection, operation time, adenocarcinoma, and IPF
were significant prognostic factors for survival (p < 0.10). By multivariate analysis, however,
only IPF was a significant prognostic factor for survival (p = 0.007). Propensity
score-matching analysis confirmed that only IPF was significant prognostic factor (p =
0.043). The 5-year survival rate of patients with pathologic stage IA NSCLC and IPF is
54.2%. IPF has independent, adverse effects on survival of pathologic stage IA NSCLC

patients treated with pulmonary resection

Key words: Idiopathic pulmonary fibrosis, Non-small cell lung cancer, survival

2. Introduction

Idiopathic pulmonary fibrosis (IPF) is the most common subset of the idiopathic
interstitial pneumonias and has the worst prognosis, resulting in a median survival of 2.5
to 3.5 years [1]. Among patients with IPF, the cause of death is not only the disease itself
but also ischemic heart disease, lung cancer, or pneumonia. One recent population-based
analysis in the United States showed that 60% of the deaths caused by IPF were due to
pulmonary fibrosis, 2.9% to lung cancer, 2.4% to pneumonia, 2.2% to ischemic heart disease,
and 1.3% to cerebrovascular disease [2].

Thoracic surgeons often face difficulties in treating patients who have IPF along with

-1-



lung cancer because of poor prognosis of IPF itself and the high mortality rate after
pulmonary resection [3—6]. Oncologists or radiologists also have similar difficulties because
chemotherapy or radiotherapy, or both, can possibly cause the development of IPF,
including acute respiratory deterioration, termed acute exacerbation [7]. Although many
problems exist in regard to the treatment of lung cancer patients with IPF, few studies have
investigated the long-term prognosis of pulmonary resection, especially in early stage lung
cancer patients with IPF. In this retrospective study, we attempted to clarify the outcome of
pulmonary resection in pathologic stage IA non-small cell lung cancer (NSCLC) patients

with IPF and to evaluate the significance of surgical intervention in these patients.

3. Materials and methods

3-1. Patients

The Saitama Cardiovascular and Respiratory Center and the Thoracic Surgery
databases were queried, and records of 350 patients who underwent surgical resection for
pathological stage IA NSCLC from September 1994 to December 2007 were selected. Of
these patients, 28 (8.0%) had primary lung cancer concomitant with IPF and comprised the
IPF patient group in this study. They were compared with the remaining 322 lung cancer
patients without IPF. The institutional review boards did not require the patients’ approval
or informed consent for retrospective review of their records and images because

individuals were not identified within the study.

3-2. Diagnosis of IPF

The radiographic findings of preoperative chest conventional or high-resolution
computed tomography (CT) studies of all patients were reevaluated to confirm the presence
of pulmonary fibrosis. The diagnosis of IPF was defined according to the International
Consensus Statement of the American Thoracic Society and the European Respiratory
Society [1]. Histopathologic examinations used several sections of resected noncancerous
lung and included a suitable lesion if the finding of pulmonary fibrosis was detected on
preoperative CT. Patients with surgical pathology of incidental usual interstitial
pneumonia, but who had no pulmonary fibrosis on preoperative radiographic imaging, were

included in the non-IPF patient group.

3-3. Definition of complications
Acute exacerbation of IPF was defined as [8] (1) increased respiratory distress; (2)
fibrosis, newly developed ground glass opacity, and infiltrative shadow on chest

roentgenogram; (3) decline in resting partial pressure of arterial oxygen of more than 10

-2-



mm Hg; and (4) absence of heart failure or infectious lung disease. Pneumonia was
diagnosed by the presence of new or progressive pulmonary infiltrates, or both, on the chest
roentgenogram plus two or more of the following criteria: (1) fever (38°C); (2) leukocytosis
(12 J 10 9 /L); (3) purulent sputum; or (4) isolation of pathogen in respiratory secretions.
Air leakage was defined as prolonged if it lasted for more than 7 days. Heart failure was
diagnosed by an abnormal result on the echocardiogram, levels of B-natriuretic peptide

that exceeded normal reference ranges, or by a clinical evaluation.

3-4. Exclusion criteria of IPF patient group

Exclusion criteria for the IPF patient group were the clinical evidence of
connective tissue disease, significant occupational or environmental exposure to hazardous
agents, and exposure to harmful drugs. No patients with a resting partial pressure of
arterial oxygen of less than 60 mm Hg were included because they are excluded from
undergoing general anesthesia and surgery at our institution. As a result, patients with
severely symptomatic IPF were usually judged inoperable, and almost all patients with IPF

were symptomless (subclinical IPF).

3-5. TNM classification and surgery

All patients had pathologic stage IA primary lung cancer based on the T N M
classification of the International Union Against Cancer [9] and had undergone procedures
other than a lobectomy, such as bilobectomy, segmentectomy, or wedge resection. A limited
operation, defined as wedge resection or segmentectomy, was performed for patients with
poor pulmonary function. Mediastinal nodal dissection was routinely used in lobectomy, but

not in a limited operation.

3-6. Oxygen inhalation
Oxygen inhalation was administered at minimal level to maintain oxygen

saturation at 92% or greater for IPF patients as far as was possible.

3-7. Perioperative treatment

No patients in this study received preoperative chemotherapy or radiotherapy and
no patients received perioperative steroid or acetylcysteine inhalation. If acute
exacerbation of IPF occurred, steroid pulse therapy with methylprednisolone (1 or 2 g per

day for 3 or 4 days as one course) was used.

3-8. Follow-up after discharge

After discharge from the hospital, patients were regularly monitored at 1 to 6
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months, unless there was tumor recurrence or the patient had any health problems. CT,
magnetic resonance imaging, or bone scintigraphy was used to evaluate any abnormalities,

but asymptomatic patients did not routinely undergo bone scans or brain examinations.

3-9. Cancer-related death
Cancer-related death is defined as death by recurrence, and cause of death due to
respiratory failure to include pneumonia, acute exacerbation, or chronic pulmonary

insufficiency.

3-10. Brinkman Index
The Brinkman Index (BI) was scored as the number of cigarettes smoked/day

multiplied by the number of years since smoking started [10].

3-11. Statistical Analysis

Categoric data are expressed as counts and proportions and were compared by
using the Chi-square test or Fisher exact test to assess differences. Survival rates were
calculated by the Kaplan-Meier method, and univariate analyses were performed by
log-rank test. Multivariate analyses were performed by means of the Cox proportional
hazards model with SPSS 19.0 software (IBM, Somers, NY) on variables with a value of p <

0.10 in univariate analyses. A value of p < 0.05 was treated as significant.

3-12. Propensity Score-Matching Analysis

A propensity score-matched analysis was performed to get a well-balanced
comparison between the patients with and without IPF. The propensity scores were
generated using multilogistic analysis. The IPF group vs non-IPF group was used as the
dependent variable, and the 15 characteristics in Table 1 were entered as covariates. Using
a greedy matching protocol, which is a 1:1 matching algorithm with no replacements [11],
we matched a non-IPF patient with an IPF patient by matching propensity scores without
clinical information on prognosis. Matched pairs were eliminated from the algorithm and
not eligible for subsequent matching. We were able to match 28 non-IPF patients (8.70% of
the non-IPF patients) with 28 IPF patients who had similar propensity score.



4. Results

4-1. Characteristics

There were 350 patients who met the entry criteria for this study, comprising 28
with IPF and 322 without IPF. Lung cancers with IPF were found more frequently in men
(85.7%) and in patients aged older than 70 years (46.4%). Patient characteristics are
reported in Table 1. Age, BI, resting partial pressure of arterial carbon dioxide, tumor size,
and the percentage of men and squamous cell carcinomas were significantly higher in the

lung cancer patients with IPF than in those without IPF.

4-2. Survival rates

Survival data were collected for each patient from the date of the operation,
with a median duration of follow-up of 4.8 years (range, 0 to 15.7 years). The 5-year
actuarial survival rate for the entire group was 85.4%. The 5-year survival rate of
patients with IPF (54.2%) was lower than that of patients without IPF (88.3%), and the

difference in survival rates between the two groups was significant (p < 0.0001; Fig. 1).

Univariate and multivariate analyses

Significant differences in overall survival were demonstrated with age (p = 0.001),
sex (p =0.001), BI (p = 0.003), limited operation (p = 0.023), adenocarcinoma (p =0.005), and
IPF (p < 0.0001). Use of the variables with a value of p < 0.10 from the univariate analysis
in a subsequent multivariate analysis revealed that only IPF was a significant prognostic

factor for survival (Table 2).

Morbidity and mortality

Morbidity and mortality rates are listed in Table 3. Postoperative morbidity rates
were 40.7% for patients with IPF vs 18.8% for patients without IPF (p = 0.007). The 30-day
mortality rate in patients both with and without IPF was 0%; however, patients with IPF
showed a 3.6% rate of 90-day mortality vs 0.3% for those without IPF (p =0.028). An acute
exacerbation of IPF developed in 3 patients (10.7%). None these patients died within 30

days of resection, but 1 patient died on of acute exacerbation of IPF postoperative day 70.

Causes of death

During the follow-up period, 42 patients (12.0%) died, and the most common cause
was cancer-related death; 17 patients (4.9%) died of recurrent lung cancer (Table 4). The
rates of cancer-related death were 17.9% for patients with IPF and 3.7% for patients
without IPF (p = 0.001). Deaths due to respiratory failure occurred in 14.3% of patients



with IPF and in 1.2% of those without IPF (p <0.0001). Of the 4 patients with IPF who died
of respiratory failure, two died of exacerbation of IPF over 90 days postoperatively. One
patient died of aspiration pneumonia on postoperative day 128, and the other patient died

of gradual progression of IPF at 1595 days.

Propensity score-matching analysis

We performed propensity score-matching analysis to reduce selection bias
according to the sample size between patients with IPF and without IPF. Through this
method, 28 patients were selected in the non-IPF group and showed similar characteristics
(sex, age, BI, pulmonary function, blood gas data, surgical procedure, operation time, blood
loss, T factor, and adenocarcinoma) as the IPF group (Table 5). Lower-lobe lung cancer was
observed in 50.0% of IPF patients compared with 21.4% in non-IPF patients (p = 0.026). An
analysis of the 5-year survival rate and the risk of death showed a rate of 54.2% for patients
with IPF, which was significantly lower than that of patients without IPF (p = 0.038; Fig 2).
A multivariate analysis using adenocarcinoma (p = 0.091) and IPF (p = 0.049), the two
variables that were deemed significant from a univariate analysis, demonstrated a

significant association between overall survival and IPF (Table 6).

5. Discussion

Serious morbidity and a poor prognosis are common after IPF patients undergo
pulmonary resection [5, 12—18] which make surgical treatment challenging in such
patients. Because surgical indications for early lung cancer are usually considered to be
good, it is very important to know the 5-year survival rate, a standard measure of the
effectiveness of lung cancer treatment, of IPF patients with early-stage lung cancer
after surgical treatment.

Recently, Watanabe and colleagues [5] reported a 5-year survival rate of 61.6%
after pulmonary resection in lung cancer patients with IPF, including pathologic stages
IA and IB. However, Fujimoto and colleagues [12] reported extremely poor prognosis
and a 5-year survival rate of 0% for patients with IPF. Both studies comprised few
patients, so we do not know with certainty whether surgical resection will improve the
prognosis of early-stage lung cancer in patients with IPF.

In the present study, the 5-year survival rate was 54.2% after pulmonary
resection in pathological stage IA NSCLC patients with IPF. Our results also indicate
that IPF had a significant negative effect on survival after surgical resection among
these patients, because the multivariate Cox proportional hazards model showed IPF

was the only significant independent factor for prognosis after surgical treatment
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among these patients. However, we do not believe these data indicate that the presence
of IPF with early-stage lung cancer is an absolute contraindication to performing
surgical resection, as indicated by the 54.2% survival rate at 5 years; rather, such
patients must be evaluated case-by-case. Importantly, these findings imply that it may
be necessary for thoracic surgeons to evaluate surgical risk factors more carefully, even
in cases of early-stage lung cancer. Our data may help to explain to lung cancer
patients the potential difficulties of surgical treatment and the prospective prognosis.

High morbidity and mortality rates after pulmonary resection have been
reported in patients with IPF [5, 13-15, 17]. The IPF patients in our study had
significantly higher postoperative morbidity and mortality rates than those without
IPF (Table 5). The 28 patients with IPF had a 10.7% incidence of postoperative
exacerbation of IPF. The exacerbation of IPF was acute in 3 patients: 2 recovered and
were discharged from hospital, and the other died during hospitalization. Although the
small number of patients with IPF precluded an evaluation of risk factors for the
incidence of acute exacerbation, this incidence rate is similar to that reported in the
8.7% to 70.0% of patients with IPF after other anticancer treatments [7, 18-23]. The
present study documented a significant difference between the two groups in the
frequency of pulmonary complications (p = 0.001); however, there was no significant
difference after propensity score matching (p = 0.567). These data may suggest that it
was difficult to further reduce the frequency of pulmonary complications, even if we
had selected patients with subclinical IPF to tolerate pulmonary resection.

The rate of cancer-related death in our series was higher in patients with IPF
than without IPF before propensity score matching, but the difference after propensity
score matching was not significant (Table 6). The higher risk of death after pulmonary
resection in these patients could be related to factors unrelated to the cancer, because
many patients with IPF died of respiratory failure, both before and after propensity
score matching.

The present study has some limitations: First, most patients with IPF in this
study had subclinical IPF and were selected preoperatively to have pulmonary function
adequate to undergo surgical treatment. In fact, the patients with IPF had similar
pulmonary function test results as those without IPF. Therefore, postoperative survival
of patients with many symptoms of IPF would be expected to be worse than that of our
patients. Second, there could be a bias in the location of lung tumors between patients
with and without IPF, although we found no significant differences between the two
groups. If a patient with interstitial pneumonia under goes an upper lobectomy, the
disease, which has a predilection for the basal lung segments, might be difficult to

diagnose. However, if we miss patients with IPF who have a tumor in the upper or



middle lobe of the lung, the true postoperative survival rate of patients with IPF would
not be expected to be better than 54.2%. Third, this is a retrospective, single-institution
study, and the sample size was limited. To confirm these observations, prospective
studies that include a larger series of patients are required.

In conclusion, IPF has independent, adverse effects on survival of pathologic
stage IA NSCLC patients treated with pulmonary resection, as evidenced by a 5-year
survival rate of 54.2% after resection. Although this result indicates that surgical
treatment for early-stage lung cancer might not be contraindicated, patients with stage
IA NSCLC concomitant with IPF should be carefully selected and should have good

respiratory function.
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7. Figure legends

Figure 1. Overall 5-year survival in patients with pathologic stage IA non-small cell lung
cancer

Overall 5-year survival in patients with pathologic stage IA non-small cell lung cancer was
54.2% for the 28 patients with idiopathic pulmonary fibrosis (IPF, dashed line) and 83.6%
for the 322 patients without IPF (solid line). The median follow-up was 4.20 years for IPF
patients and 4.95 years for non-IPF patients.

Figure 2. Overall 5-year survival in 28 patients, matched by propensity score, with
pathologic stage IA non-small cell lung cancer

Propensity score-matching analysis resulted in 54.2% of overall 5-year survival in 28
patients with both pathologic stage IA non-small cell lung cancer and idiopathic pulmonary
fibrosis, simultaneously (IPF, dashed line), while it was 82.6% for the 322 patients without
IPF (solid line). The median follow-up was 4.20 years for IPF patients and 4.15 years for
non-IPF patients group.
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9. Tables

Table 1. Patients Characteristics

Non-IPF

Characteristics? IPF Group Group p Valueb
Patients, No. 28 (8.0) 322 (92.0)

Age, years 70.4 + 6.54 64.5+10.9 0.005
Sex, female 4 (14.3) 176 (54.7) 0.001
Brinkman Index 863 + 383 522 + 689 0.010
Vital capacity, liters 3.07 £ 0.69 3.20 £1.87 0.711
Vital capacity, % 87.1+15.5 93.1+£16.2 0.062
FEVy, liter 2.24 +0.61 2.24 + 0.66 0.977
FEV1, % 73.5+ 8.67 72.9+13.9 0.843
PaO2, mmHg 81.9+10.3 85.8+11.7 0.103
PaCOgz, mmHg 39.2 + 4.96 42.0 + 3.48 <0.001
Lower lobe 14 (50.0) 113 (35.1) 0.116
Limited operation 5(17.9) 60 (18.6) 0.919
Operation time, min 171 +£55.9 169 + 64.2 0.910
Blood loss, mL 156 + 156 155+ 156 0.984
T factor, T1b 11 (39.3) 102 (31.7) 0.429
Adenocarcinoma 7 (25.0) 258 (80.1) <0.001
Squamous cell carcinoma 19 (67.9) 43 (13.4) <0.001

aCategoric data are expressed as number (%), and continuous data as mean +

standard deviation. PValue of p < 0.05 are significant.

FEV: = forced expiratory volume in 1 second; IPF = idiopathic pulmonary

fibrosis; PaCOgz = partial pressure of carbon dioxide in arterial blood; PaOs =

partial pressure of oxygen in arterial blood.
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Table 2. Results of Multivariate Analysis of Preoperative Prognostic
Factors Influencing Survival in Pathologic IA Non-Small Cell Lung
Cancer Patients

Variable HR (95% CI) p Valueb
Age, years 1.037 (0.996-1.080) 0.080
Sex, male 2.165 (0.778-6.026) 0.139
Brinkman Index 1.000 (1.000-1.001) 0.359
Limited operation 1.261 (0.562-2.826) 0.574
Operation time 0.997 (0.991-1.003) 0.257
Adenocarcinoma 0.922 (0.424-2.005) 0.837
IPF 3.113 (1.373-7.058) 0.007

aValue of p < 0.05 are significant.

CI = confidence interval; HR = hazard ratio; IPF = idiopathic pulmonary

fibrosis.
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Table 3. Postoperative Morbidity and Mortality

Non-IPF
IPF Group Group

Variable No. (%) No. (%) p Value»
Morbidity 11 (40.7) 60 (18.8) 0.007
Acute exacerbation 3(10.7) 0 (0) <0.0001
Pulmonary complications 10 (35.7) 41 (12.7) 0.001

Pneumonia 3(10.7) 5(1.6) 0.002

Prolonged air leakage 6 (21.4) 27 (8.4) 0.023

Others 1(3.6) 11 (3.4) 0.965
Cardiac complications 3(10.7) 20 (6.2) 0.356

Heart failure 1(3.6) 5(1.6) 0.430

Arrhythmia 2 (7.1 16 (5.0) 0.617

Others 2(7.1) 15 (4.7) 0.557
Mortality

30-day 0 (0) 0 (0)

90-day 1(3.6) 1(0.3) 0.028

aValue of p < 0.05 are significant.
IPF = idiopathic pulmonary fibrosis.
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Table 4. Causes of Death

Non-IPF
IPF Group Group
Cause No. (%) No. (%) p Value»
Cancer-related death 5(17.9) 12 (3.7) 0.001
Respiratory failure 4 (14.3) 4(1.2) <0.0001
Others 3 (10.7) 14 (4.3) 0.133

aValue of p < 0.05 are significant.
IPF = idiopathic pulmonary fibrosis.
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Table 5. Patients Characteristics Matched by Propensity Score

Non-IPF

Characteristics? IPF Group Group p Valueb
Patients, No. 28 28

Age, years 70.4 + 6.54 70.2 + 7.66 0.911
Sex, female 4 (14.3) 7(25.0) 0.313
Brinkman Index 863 + 383 968 + 954 0.595
Vital capacity, liters 3.07£0.69 2.87 +0.85 0.343
Vital capacity, % 87.1+15.5 83.56+17.4 0.419
FEVy, liter 2.24 +0.61 2.07+0.64 0.314
FEV1, % 73.5+ 8.67 74.3+13.1 0.794
PaO2, mmHg 81.9+10.3 87.3+13.1 0.103
PaCOgz, mmHg 39.2 £ 4.96 39.8 + 2.86 0.577
Lower lobe 14 (50.0) 6 (21.4) 0.026
Limited operation 5(17.9) 5(17.9) >0.99
Operation time, min 171 +£55.9 194 + 88.8 0.272
Blood loss, mL 156 + 156 168 £ 212 0.806
T factor, T1b 11 (39.3) 8 (28.6) 0.397
Adenocarcinoma 7 (25.0) 7 (25.0) >0.99
Squamous cell carcinoma 19 (67.9) 13 (46.4) 0.105

aCategoric data are expressed as number (%), and continuous data as mean +

standard deviation. PValue of p < 0.05 are significant.

FEV;: = forced expiratory volume in 1 second; IPF = idiopathic pulmonary

fibrosis; PaCOgz = partial pressure of carbon dioxide in arterial blood; PaOs =

partial pressure of oxygen in arterial blood.
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Table 6. Multivariate Analysis of Preoperative Prognostic Factors
Influencing Survival in Pathologic IA Non-Small Cell Lung Cancer

Patients Matched by Propensity Score

Variable HR (95% CI) p Valueb
Adenocarcinoma 0.393 (0.141-1.100) 0.075
IPF 0.311 (0.100-0.965) 0.043

aValue of p < 0.05 are significant.

CI = confidence interval; HR = hazard ratio; IPF = idiopathic pulmonary

fibrosis.
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