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Abstract Idiopathic pulmonary fibrosis (IPF) is defined

as a specific form of chronic, progressive fibrosing inter-

stitial pneumonia of unknown cause. IPF is associated with

an increased risk of lung cancer, and lung cancer patients

with IPF undergoing pulmonary resection for non-small

cell lung cancer have increased postoperative morbidity

and mortality. Especially, postoperative acute exacerbation

of IPF (AEIPF) causes fatal status and long-term outcomes

are worse than for patients without IPF, although certain

subgroups have a good long-term outcome. A compre-

hensive review of the current literature pertaining to AEIPF

and the late phase outcome after the context of a surgical

intervention was performed.

Keywords Primary lung cancer � Idiopathic pulmonary

fibrosis � Lung resection � Acute exacerbation of idiopathic

pulmonary fibrosis

Introduction

Pulmonary fibrosis is associated with an increased risk of

lung cancer, with a relative risk of 7.0–14.0 (compared to

the general population) [1]. Thoracic surgeons often face

difficulties treating lung cancer patients with idiopathic

pulmonary fibrosis (IPF) because of poor prognosis of IPF

itself and the high morbidity/mortality rate after pulmonary

resection [2–4]. The Japanese Association for Thoracic

Surgery has conducted a survey of lung cancer surgery,

published in the annual report for 2008 [5]. In 1,036

of 27,881 lung cancer patients, interstitial pneumonia

(IP: including the other IP excluding IPF) was diagnosed as

an associated disease. Sixty-eight patients died of IP within

30 days post operation and this IP, probably with acute

exacerbation (AE), was the major cause of the post-oper-

ative deaths. In the perioperative morbidity, AE of IP is one

of the most common factors of fatality in IP patients.

This article aims to review outcomes of lung resection

for non-small cell cancer patients concomitant with IPF. It

focuses on the current status and future outlook.

Epidemiology and natural history of IPF

Thoracic surgeons need to know the epidemiology and

natural history of IPF in order to treat IPF patients. There

are few large-scale studies of the incidence or prevalence

of IPF. In a population-based study, the incidence of IPF

for men and women were estimated as 10.7 and 7.4 per

100,000 cases per year, respectively [6]. Another study

from the United States estimated the incidence of IPF to be

between 6.8 and 16.3 per 100,000 persons using a large

database of healthcare claims in a health plan [7].

The natural history of IPF has been described as a

progressive decline in subjective and objective pulmonary

function until eventual death from respiratory failure or

complicating co-morbidity [8]. Several retrospective stud-

ies suggest that a median survival time is from 2 to 3 years

from the time of diagnosis, and 5-year survival rate is less

than 30 % [9–11]. There appear to be several possible

natural histories for patients with IPF, but the natural his-

tory of these patients is unpredictable at the time of the
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diagnosis [12]. On the other hand, du Bois et al. [13]

reported that a clinical model comprising only four pre-

dictors (age, respiratory hospitalization, percent predicted

FVC, and 24-week change in FVC), and the corresponding

risk scoring system produced estimates of 1-year mortality

risk consistent with observed data (9.9 vs. 9.7 %; 95 %

confidence interval, 0.71–0.79). It should be noted that the

majority of patients demonstrate a slow, gradual progres-

sion over many year; that some patients remain stable and

that still others have an accelerated decline and some

patients may experience episodes of acute respiratory

worsening [14].

The recent studies provide information regarding the

incidence and mortality of the AEIPF. A randomized,

controlled trial of anticoagulant therapy in IPF included

rehospitalization (which included AE) as a secondary

endpoint [15]. Of 56 patients followed for approximately

3 years, 32 (57 %) were rehospitalized for AE and 53 % of

those patients died. A retrospective review of an observa-

tional cohort of 147 patients with IPF identified 11 who

met criteria for AE [16]. The 2-year incidence of AE was

reported at 9.6 %, and mortality at 78 %.

Acute exacerbation of idiopathic pulmonary

fibrosis (AEIPF)

Diagnostic criteria

Recent observations have suggested that acute respiratory

worsening occurs in a small minority of patients with IPF

annually (approximately 5–10 %) [17, 18].

The AEIPF is characterized by diffuse and rapid alve-

olar damage superimposed on a background of IPF, which

most likely occurs as a result of a massive lung injury due

to some unknown etiologic agent. The definition of AEIPF

was first described by Yoshimura et al. [19]. The charac-

teristics include (1) intensified dyspnea, (2) an increase in

the interstitial shadow on the chest radiograph, (3) an

increase in fine crackles on auscultation, (4) an elevation of

serum lactate dehydrogenase, and (5) a decrease in arterial

oxygen tension of more than 10 mmHg under similar

conditions. After then, some diagnostic criteria have been

described in Table 1 [17, 20–22].

Etiology

There are two competing hypotheses regarding the patho-

genesis of AEIPF. One hypothesis posits that AEIPF rep-

resent a distinct but intrinsic manifestation of the

underlying disease process representing accelerated or

decompensated IPF. The host’s susceptibility to fibrosis

alone predisposes patients to their AEs. The second

hypothesis holds that AEs are the result of a clinically

occult and often unrecognized extrinsic trigger such as a

viral infection or silent aspiration [23].

The role of circulating fibrocytes may provide a possible

mechanism for an AE in the postoperative period. Circu-

lating fibrocytes (CF) were first described by Bucala et al.

[24] as circulating cells that concentrate in wound tissue

and contribute to wound repair. Moeller et al. [25] dem-

onstrated that the levels of CFs increase during an AEIPF

and then return to their baseline levels, as in the stable state

of IPF in patients who survive the episode of AE. Inter-

estingly, the levels of CFs in their patients with ALI/ARDS

were comparable to those of healthy volunteers and stable

IPF patients and at statistically significantly lower levels

than those of patients in an AEIPF. This finding indicates

that measurement of CFs in IPF patients may correlate with

fibrogenic activity and may be an indication of disease

progression.

Konishi et al. [26] analyzed global gene expression

patterns in the lungs of non-surgical patients undergoing

AEIPF and compared them with stable IPF and control

lungs. According to this research, AEIPF is characterized

by enhanced epithelial injury and proliferation, as reflected

by increases in CCNA2 and a-defensins and an apoptosis

of epithelium. The concomitant increase in a-defensins in

the peripheral blood and lungs may suggest their use as

Table 1 Definition of acute exacerbation of IPF described by Hyzy

et al. [22]

Previous or concurrent diagnosis of IPFa

Unexplained worsening or development of dyspnea within

30 days

High-resolution CT scan with new bilateral ground-glass

Abnormality and/or consolidation superimposed on a background

reticular or honeycomb pattern consistent with a UIP patternb

Worsening hypoxemia from a known baseline arterial blood gasc

No evidence of pulmonary infection by endotracheal aspiration or

BAL

Exclusion of alternative causes, including

Left heart failure

Pulmonary embolism

Identifiable cause of acute lung injuryd

a This criterion can be met by the presence of radiologic and/or

histopathologic changes consistent with a UIP pattern if a diagnosis of

IPF has not been previously established by American Thoracic

Society/European Respiratory Society criteria
b Current high-resolution CT scan is acceptable without prior high-

resolution CT scan for comparison if none is available
c Includes evaluation for common bacterial organisms and viral

pathogens
d Causes of lung injury include sepsis, aspiration, trauma, transfusion

of blood products, pulmonary contusion, fat embolization, drug tox-

icity, acute pancreatitis, inhalational injury, and cardiopulmonary

bypass
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biomarkers for this disorder. These biomarkers and genes

may play a significant role for preoperative prediction of

the occurrence of AEIPF.

Some unknown or potential etiologic agents of AEIPF

must be induced by pulmonary resection or some factors

related to pulmonary resection, such as selective lung

ventilation and mechanical retraction of the ipsilateral

lung. Shortening one lung ventilation and avoiding pul-

monary retraction may inhibit the occurrence of AEIPF,

resulting from oxygen-derived free radicals [4].

Several investigations have reported the AEIPF fol-

lowing surgery for lung cancer in preoperative IPF patients,

and have described several risk predictors of AEIPF.

Furthermore, some researchers focus on intraoperative

ventilation with respect to postoperative AEIPF. The injury

could be mediated by a higher oxygen concentration.

Another possible mechanism is that the insult could be

mechanical rather than chemical, secondary to higher air-

way pressures or higher tidal volumes required on the

ventilated side during one lung ventilation. Importantly,

these insults occur in the setting of severely diseased lungs

with reduced compliance, suggesting that hyperoxia, bar-

otrauma, and volutrauma may play roles in the diffuse

alveolar damage [27]. Furthermore, Licker et al. [28]

reported that early onset acute lung injury after pulmonary

resections in non-small cell lung cancer (NSCLC) patients

associated with preoperative alcohol consumption, pneu-

monectomy, high intraoperative pressure index, and

excessive fluid intake over the first 24 h.

The incidence (0–32 %), predictive risk and mortality

(0–22.9 %) of postoperative AEIPF are summarized in

Table 2.

Prophylactic therapy

The differences of surgical approaches, such as conven-

tional thoracotomy, muscle sparing thoracotomy, and

video-assisted thoracoscopic surgery do not have an effect

on the occurrence of postoperative AEIPF [29]. There is

one report that the intraoperative fluid balance is a prog-

nostic factor for postoperative AEIPF [P = 0.026, odds

ratio (OR) = 1.312] [30]. On the other hand, with respect

to water balance during surgery, Okamoto et al. [3]

reported no significant difference between patients who did

and did not develop postoperative AEIPF. We think that

the intraoperative water balance is the secondary deterio-

ration cause of AEIPF, but not the primary cause.

Unfortunately, no drug has been developed to decrease

the incidence of AEIPF. Few studies reported that steroid,

pirfenidone [18], and anticoagulants [15] reduce the AEIPF

occurrence in IPF patients. However, regarding postoper-

ative AEIPF, so far, no research has presented a drug that

can prevent or decrease the occurrence of postoperative

AEIPF. Thus, thoracic surgeons use some drugs reported to

reduce the incidence of AEIPF or to slow the deterioration

of IPF, such as macrolides [31, 32]. N-acetylcysteine [33,

34], proteinase inhibitor [35, 36] and pirfenidone [37, 38].

The effect of these drugs on decreasing the incidence of

postoperative AEIPF remains unclear; therefore, multi-

institutional randomized controlled studies should be

planned in order to determine their effects [39].

Therapy for AEIPF

Once the diagnosis of an AEIPF has been made, the ther-

apeutic options still remain debated. There is little evidence

that currently accepted treatments are effective in AEIPF,

and further studies are needed to clarify the pathogenesis

and contribute to the prevention of AEIPF. Commonly

used options are steroids [40], immunosuppressants (such

as Cyclosporine A [41, 42] and cyclophosphamide [43]),

anticoagulation [15] and Sivelestat sodium hydrate

(a specific neutrophils elastase inhibitor which may protect

endothelial cells against neutrophil-mediated injury by

inactivating the extracellular elastase secreted by neutro-

phils, and also by acting directly on neutrophils to suppress

the production and secretion of activated elastase) [44]. In

truth, however, there are no data from controlled trials to

support the efficacy of these treatments.

There are some reports on the effect of hemoperfusion

[45, 46] for AEIPF treatment. In four of six AEIPF

patients, a polymyxin B-immobilized fiber column (PMX)

hemoperfusion treatment improved alveolar-arterial dif-

ference of oxygen, serum KL-6, and lactate dehydrogenase

levels. These four patients were successfully weaned from

mechanical ventilation and survived more than 30 days

after the initial PMX treatment. The limitation of this study

is the small number of the patients, and multicenter trials

are needed.

Many thoracic surgeons may consider ventilator support

at a postoperative necessity of AEIPF. However, it is

important to note that patients with IPF admitted to the

intensive care unit with acute respiratory failure needing

mechanical ventilation have a very poor prognosis [47]. In

the period 1980–2000, many studies highlighted the inad-

equacy of mechanical ventilation in acute respiratory fail-

ure in IPF. Pooled data showed an aggregated mortality of

87 % (118 out of 135), and short-term mortality (within

3 months of hospital discharge) of 94 % [48, 49].

Acute phase morbidity and mortality

It remains controversial if morbidity excluding AEIPF after

lung resection for lung cancer is impacted by comorbidity

of IPF. Postoperative morbidity rates did not relate to the
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comorbidity of IPF. However, patients with IPF had

adverse pulmonary events more frequently than those

without IPF (26 vs. 9.1 %, respectively, P \ 0.01),

including pneumonia (15 %), prolonged air leakage

(13 %), bronchopleural fistula (6 %), and empyema (4 %).

Patients with IPF showed a higher mortality than those

without IPF (8 vs. 0.8 %, respectively, P \ 0.01) [50].

Postoperative morbidity rates were 40.7 % for patients

with IPF versus 18.8 % for patients without IPF

(P = 0.007) and pulmonary complications were 35.7 and

12.7 % (P = 0.001), respectively. Furthermore, patients

with IPF showed a 3.6 % rate of 90-day mortality versus

0.3 % for those without IPF (P = 0.028) [51]. These

results show that not only AEIPF but also other respiratory

complications increase after lung resection.

Long-term outcome

Recurrence

It remains unclear whether lung cancer patients with IPF

have an increased recurrence rate. It is very difficult to

distinguish recurrence of primary cancer from hetero-

chronic double cancer. In previous reports, the rate has not

been reported. However, as will be mentioned later, the

major cause of death in these patients after lung resection is

cancer related. The cancer recurrence rate might be higher

in patients with IPF than those without.

Survival and cause of death during late phase

Few investigators have reported on the long-term outcome

after lung resection for NSCLC patients with IPF. Saito

et al. [51] reported that the 5-year survival rates were

54.2 % in pathologic stage IA lung cancer patients with

IPF and 88.3 % in those without IPF (P \ 0.0001). In this

study, multivariate analysis showed that only IPF was a

significant prognostic factor for survival (P = 0.007). Our

previous reports described that the postoperative 5-year

survival for pathologic stage I lung cancer was 61.6 % for

patients with IPF and 83.0 % for patients without, and

disease-free survival at year 5 was 56.0 and 83.1 %,

respectively [4]. Furthermore, the cause of death during

late phase was 50 % from lung cancer and 31.3 % from

IPF related respiratory failure.

These results and the other report data are summarized

in Table 3. It should be noted that lung cancer patients with

IPF have died of lung cancer rather than respiratory failure

due to deterioration of IPF. Further study on the outcome of

treatments of primary lung cancer combined with IPF with

a large number of patients is expected.

Surgical strategy

A definitive estimation of preoperative N (node) status is very

important because the discrepancy between the clinical and

the pathological N status is sometimes observed due to

swelling of the lymph nodes, which is related to persistent

inflammation in the lung parenchyma caused by IPF. PET/CT

offers significantly increased accuracy versus CT in medi-

astinal nodal staging in patients with NSCLC and IPF com-

pared with patients with NSCLC but without IPF, mainly

because of improved specificity. However, the incremental

accuracy of PET/CT, which was 33 % for patients with IPF

and 14 % for patients without IPF [52]. Therefore, definite

preoperative staging by endobronchial ultrasonography-

transbronchial needle aspiration (EBUS-TBNA) or medias-

tinoscopy is recommended because N2 patients have an

extremely poor prognosis even after curative resection.

Table 3 Reports on long-term outcome of NSCLC patients with IPF after lung resection

Author Published

year

No of pts

with IPF

No of pts

without

IPF

Stage 5-year survival (%) Causes of death

in IPF patients

Risk factor

IPF (?) IPF (-)

Kawasaki [50] 2002 53 658 p - I/II/III/IV

= 21/12/14/6

53 67.5 LC 65 %, RF 17 % NA

Fujmoto [53] 2003 14 NA p - IA ? B 52 (2 year) NA LC 49 %, RF 40 % NA

Chiyo [56] 2003 36 (ILD) 895 p - I/II/III/IV

= 10/4/18/3

35.6 71 LC 52.43 %, RF 33.3 % Age, male gender,

PSH, non-lobectomy,

stage,

Watanabe [4] 2008 56 802 p - I/II/III/IV/?

= 28/5/14/3/6

61.6 83 LC 50 %, RF 31.3 % Late AEIPF,

tumor recurrence

Saito [51] 2011 28 322 p - IA 54.2 88.3 LC 41.7 %, RF 33.3 % NA

Pts Patients, No number, IPF idiopathic pulmonary fibrosis, ILD interstitial lung disease, NA not available, LC lung cancer related death, RF respiratory

failure due to IPF deterioration, PSH positive smoking history
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Some researchers have reported that a limited resection

is acceptable if the resection can be achieved with an

adequate margin [53]. Surely, a limited resection might

decrease the occurrence of AEIPF. On the other hand, a

limited resection might increase the recurrence rate and

decrease survival rate. Surgical strategy on a volume of

lung resection remains controversial when we consider the

risk of AEIPF and late term outcome. We think that a

lobectomy should be done if the patients can tolerate it.

Pneumonectomy should be avoided for the same reason

because it is associated with major morbidity.

Strategy for recurrence or second development of lung

cancer

In NSCLC patients with IPF, it was very difficult to

undergo reresection because the first lung resection reduces

their pulmonary functioning. The reduction of postopera-

tive pulmonary functioning is more than a preoperative

predictive value and postoperative value of those without

IPF [4]. On the other hand, chemotherapy and/or radio-

therapy could possibly contribute to the development of

pulmonary fibrosis. The incidence of AE related to anti-

cancer treatment was 22.7 %; when the incidence was

examined separately for patients receiving chemotherapy

or the best supportive care, the incidence was 20.0 and

31.3 %, respectively. Combination regimens of carbo-

platin ? paclitaxel or a platinum agent ? etoposide sig-

nificantly reduced the incidence of AE in comparison with

other regimens (0 vs. 18 %) [54]. When using these regi-

mens, one should take extremely good care of the patients

with IPF.

Future outlook

A retrospective multi-institutional survey about NSCLC

patients with IPF who underwent lung resection was

planned and performed by the educational committee of the

Japanese association of chest surgery. Acute exacerbation

of interstitial pneumonia (AEIP) developed in about 10 %

of these patients and 40 % of AEIP developing patients

died. This study is expected to reveal the predictive risk

factors of AEIP after lung resection. The detailed results

will be reported in near future. Our surgical strategy for

NSCLC patients with IPF might be improved by these data.

We present several questions that should be tested in

future research studies. First, what is effective prophylactic

therapy and treatment of AEIPF after lung resection?

Second, which is a proper ventilation treatment for post-

operative AEIPF patients, intubation and mechanical ven-

tilation or non-invasive ventilation? Third, what is the

proper surgical option and inclusion criteria for NSCLC

patients with IPF. To answer these questions, systematic

and controlled multi-institutional study is needed. The

development of multi-institutional registries to prospec-

tively collect clinical data and biological samples from

these patients would allow investigators to gain sufficient

numbers of subjects and to successfully study this

condition.
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