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Abstract Idiopathic pulmonary fibrosis (IPF) is a chronic
disorder that results in significant declines in respiratory
function and a high mortality rate only a few years after
diagnosis. Medical management of IPF has been attempted
with various types of medications, such as immunosup-
pressants, anticoagulants, endothelin receptor antagonists,
and anti-inflammatory drugs with less than conclusive
results. However, with the approval of nintedanib and
pirfenidone following the IMPULSIS-1, IMPULSIS-2, and
ASCEND data, there is hope that medical therapy may be
able to slow the progression of IPF and decrease the rate of
acute exacerbations in this patient population.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a type of chronic,
fibrosing interstitial pneumonia of unknown cause that
results in progressively worsening lung function over time
[1]. In addition to chronic dyspnea, patients often present
with cough, bibasilar inspiratory crackles, and finger
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clubbing. Incidence of IPF appears to be higher in older,
male patients, but the exact incidence and prevalence of the
disease is difficult to determine since a consensus definition
was only recently established. The annual incidence in the
United States has been estimated to range from 6.8—-8.8 to
16.3-17.4 per 100,000 population, depending on the defi-
nition used, while in Europe the estimated incidence ran-
ged from 0.22 to 7.4 per 100,000 population [1, 2]. The
most significant risk factors appear to be cigarette smoking
and environmental exposures, but others include exposure
to microbes, GERD, diabetes, pulmonary hypertension, and
various genetic factors [1, 3]. Modification or treatment of
some of these risk factors, such as anti-acid therapy in
patients with GERD, may help decrease progression of IPF
and lead to longer survival [1, 4, 5].

IPF is a diagnosis of exclusion and is recognized sepa-
rately from other forms of interstitial pneumonia and from
interstitial lung disease (ILD) secondary to other causes. A
recently updated guideline provides criteria for diagnosing
IPF using high-resolution computed tomography (HRCT)
and/or surgical lung biopsy [1]. IPF is associated with
histopathological or radiological pattern of usual interstitial
pneumonia (UIP), characterized by reticular opacities and
often traction bronchiectasis and minimal ground-glass
opacifications [6]. In patients with biopsy-proven IPF,
HRCT has been shown to have a positive predictive value
of over 90 %, and is a crucial tool in the diagnostic process.

While the course of IPF varies widely among patients,
symptoms typically occur long before IPF is officially
recognized as the cause. On average patients survive
approximately 3 years after the diagnosis is made, with
only 20-30 % of patients alive 5 years after diagnosis [3,
6-9]. Mortality in patients with IPF can be due to both
respiratory and non-respiratory causes, however over 75 %
of deaths are secondary to a progression of IPF, acute


http://crossmark.crossref.org/dialog/?doi=10.1007/s40138-015-0076-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40138-015-0076-8&amp;domain=pdf

Curr Emerg Hosp Med Rep (2015) 3:134-138

135

exacerbation, ALI/ARDS, pneumonia, or other respiratory
disorder [8]. IPF classically results in a slow, progressive
decline in lung function (annual decrease in FVC of
0.13-0.21 L), and the majority of IPF-related deaths are
due to a clinical process that has been ongoing for
>4 weeks [6, 8]. However, there appears to be a cohort of
patients that experience a more rapidly evolving course that
results in a shorter survival. It is believed that these patients
typically have various factors that have been linked to
decreased survival, such as older age, smoking, low BMI,
worsened symptoms, worsened radiographic findings, and
the development of comorbid conditions [8].

Acute exacerbations have been reported in up to 20 % of
patients with IPF, and are generally defined by a worsening
of dyspnea within 1 month, hypoxemia, worsened infil-
trates seen on radiography, and no other clear explanation
[1, 10]. This sudden worsening of a chronic disease often
leads to acute respiratory distress syndrome (ARDS), and is
associated with increased mortality, both acutely and
within 6 months [3, 11]. However, respiratory failure due
to an acute worsening of IPF is difficult to diagnose, as the
signs and symptoms are similar to other disorders, specif-
ically infection, heart failure, pulmonary embolism, and
drug-induced lung disease [11]. While it is important to
exclude all of these as potential causes, evaluating for a
possible infection is essential since the treatment for acute
exacerbations of IPF may include significant immunosup-
pression. Treatment regimens involving corticosteroids,
with or without cyclophosphamide, have been reported in
small studies. While there is no consensus, doses of
methylprednisolone up to 1000 mg/day for up to 3 days
followed by 1-2 mg/ (kg day) have been used [1, 10, 12,
13]. However, due to a lack of convincing evidence,
administration of corticosteroids for acute exacerbations of
IPF is a weak recommendation by the most recent guide-
lines [1].

Therapies for IPF

While many options for the treatment of IPF have been
studied, current consensus guidelines do not recommend
the use of specific pharmacologic agents [1]. The majority
of data reviewed is graded as low-quality evidence due to
the observational nature and lack of placebo-controlled
studies. Medications including corticosteroids, colchicine,
cyclosporine, acetylcysteine, azathioprine (in combination
with corticosteroids and acetylcysteine), interferon-y 1b,
bosentan, sildenafil, imatinib, anticoagulants, and etaner-
cept have been studied but are not endorsed for the
majority of patients with IPF [1, 6, 14-21]. While new
evidence has led to the conclusion that some of these
interventions, such as warfarin, may be harmful and should

be avoided, many patients are treated with some combi-
nation of the above therapies [18, 22, 23].

In 2005, the IFIGENIA study compared high-dose
acetylcysteine to placebo in patients receiving azathioprine
and prednisone. While no difference in survival was seen,
patients who received acetylcysteine had a slower deteri-
oration in vital capacity and carbon monoxide diffusing
capacity (DLCO) [24]. In 2012, the PANTHER-IPF study
compared three groups of patients with mild to moderate
IPF who received placebo, monotherapy with acetylcys-
teine, or combination therapy with acetylcysteine, aza-
thioprine, and prednisone [25]. There was no significant
difference between the acetylcysteine or combination
groups in the change in FVC or in disease progression.
Patients who received combination therapy had signifi-
cantly higher all-cause mortality and all-cause hospital-
izations, as well as a higher incidence of acute
exacerbations, leading to the trial being stopped early. Data
continued to be collected on the acetylcysteine and placebo
groups until 60 weeks, and also found no difference in
pulmonary metrics, such as change in FVC, or survival
[26]. With these results, the benefits of classic regimens
that patients have been managed with for decades have
been called into question.

As discussed above, strong literature demonstrating
efficacy of medications is lacking. Two promising
agents, pirfenidone and nintedanib, completed phase 3
trials and recently received FDA approval for the
slowing lung function decline in IPF and decreasing
acute exacerbations. The details of the medications and
their clinical trials are discussed here and are summa-
rized in Table 1.

Pirfenidone

Pirfenidone works by inhibition of TGF-B stimulated col-
lagen synthesis decreasing the extracellular matrix and
in vivo blocks fibroblast proliferation [27-30]. Pirfenidone
is initiated at 267 mg orally three times daily for 7 days,
and titrated to 534 mg orally three times daily for 7 days,
and then 801 mg orally three times daily thereafter. It is
currently not recommended to exceed a maximum daily
dose of 2403 mg per day of pirfenidone, and in the pres-
ence of moderate to strong CYP1A2 inhibitors, the daily
dose should be reduced. Monitoring of liver function tests
is recommended prior to initiation, monthly for the first
6 months of therapy, and every 3 months thereafter. To
date, pirfenidone has been evaluated in several randomized
trials. The first study conducted in Japanese patients ran-
domized 275 patients in a 2:1:2 manner to 1800 mg/day of
pirfenidone, 1200 mg/day of pirfenidone, or placebo [31].
The analysis found significant decreases in the rate of
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Table 1 Studies of the CAPACITY Program and INPULSIS-1/INPULSIS-2 and their results

Trial and Intervention Patients (n) Primary Outcomes
study drug endpoint
CAPACITY 004- Randomized 2:1:2 to 435 Change in Demonstrated reduction in decline of FVC with
Pirfenidone pirfenidone absolute FVC pirfenidone
(2403 mg/day), at week 72
pirfenidone
(1197 mg/day), or
placebo
CAPACITY 006- Pirfenidone 344 Change in No difference between rate of decline of FVC
Pirfenidone (2403 mg/day) or absolute FVC between pirfenidone and placebo
placebo at week 72
ASCEND- Pirfenidone 555 Change in Pirfenidone demonstrated slower rate of decline of
Pirfenidone (2403 mg/day) vs. relative FVC or FVC in primary analysis and decreased mortality
placebo for death at week from any cause in post-hoc analysis with
52 weeks 52 CAPACITY trials
INPULSIS 1- Nintedanib 150 mg 513 Annual rate of Nintedanib arm demonstrated lower annual rate of
Nintedanib BID vs. placebo decline in decline in FVC
for 52 weeks relative FVC
INPULSIS 2- Nintedanib 150 mg 548 Annual rate of Nintedanib arm demonstrated lower annual rate of
Nintedanib BID vs. placebo decline in decline in FVC and increase in time to first

for 52 weeks

relative FVC

exacerbation

decline in FVC (p = 0.046) and increase in progression-
free survival (p = 0.028) between the high-dose pir-
fenidone and placebo arms.

The CAPACITY trials (004 and 006) were two multi-
national double-blind RCTs conducted with patients from
Europe, North America, and Australia comparing pir-
fenidone to placebo [32]. In the 004 study, patients were
assigned in a 2:1:2 model to receive either 2403 mg/day of
pirfenidone, 1197 mg/day of pirfenidone, or placebo. In the
006 study, patients were randomized 1:1 to receive either
2403 mg/day of pirfenidone or placebo. The primary
endpoint was the change in percentage predicted FVC at
week 72 of analysis. A significant decrease in decrease in
FVC was only demonstrated in the 004 study. A decrease
in decline in the 6 min walk test was observed in the 006
study, but not in the 004.

After the release of the CAPACITY trials, pirfenidone
was approved for use in patients with mild-moderate IPF in
Japan and Europe. The Food and Drug Administration
however expressed concern about the CAPACITY 006
Study failing to show the same benefit as 004, and
requested another RCT to be conducted before approval
would be granted.

The ASCEND Trial randomized 555 patients to receive
either pirfenidone 2403 mg/day or placebo [33ee]. The
investigators found the pirfenidone arm resulted in signif-
icant slowing of disease progression measured by changes
in the 6 min walk test and mean decline in percent pre-
dicted or absolute FVC. Pirfenidone reduced the RR of
death or disease progression by 43 % (HR 0.57, 95 % CI
0.43-0.77; p < 0.001). Analysis of mortality in the
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ASCEND trial did not detect a significant difference in
mortality. The investigators did however prespecify a
pooled analysis of all patients in the ASCEND and two
CAPACITY studies. The pooled analysis demonstrated a
decrease in all-cause mortality at 1 year by 48 %
(» =0.01) and death from IPF at 1 year by 68 %
(p = 0.006) when compared to placebo. Following the
publication of the ASCEND trial, the FDA approved pir-
fenidone for the treatment of IPF.

During the clinical trials of pirfenidone, the most com-
mon adverse effects were GI related: nausea, vomiting,
abdominal discomfort, and diarrhea. Other adverse effects
that occurred more commonly with pirfenidone than with
placebo in RCTs and pooled analysis were rash, fatigue,
photosensitivity, and LFT elevation. Adverse effects rarely
resulted in discontinuation of therapy, though patients who
experience elevations in liver function tests during pir-
fenidone therapy should be considered for a dose reduction
or discontinuation of therapy.

With the demonstrated effects in clinical trials on
slowing IPF progression with a possible mortality benefit in
pooled analysis, pirfenidone has the potential to become a
new standard therapy for IPF management.

Nintedanib

Nintedanib is an oral tyrosine kinase inhibitor thought to
work on several receptors significant in the progression of
IPF that also recently completed phase 3 evaluation for the
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treatment of IPF [34]. Nintedanib is dosed 150 mg orally
twice daily. A reduced dose of 100 mg orally twice daily is
available for patients who experience diarrhea on the
higher dose. Interactions are expected with inhibitors of
p-glycoprotein and CYP3A4 inhibitors. There also may be
increased risk of bleeding with nintedanib in patients who
are maintained on therapeutic anticoagulation. It is rec-
ommended that liver function tests are obtained prior to
initiation of therapy, followed by monthly for 3 months,
then every 3 months thereafter.

After promising phase II results [35], phase III evaluation
of nintedanib took place in the INPULSIS-1 and INPULSIS-
2 studies [36¢¢]. The INPULSIS studies were two replicate
double-blind RCTs of nintedanib 150 mg twice daily com-
pared to placebo over the course of 52 weeks. The primary
endpoint of both trials was the annual rate of decline in
FVC. Between the two INPULSIS trials, 1066 patients were
randomized in a 3:2 model to receive nintedanib or placebo.
Significant decreases in the adjusted annual rate of change in
FVC were observed in both IMPULSIS analyses (p < 0.001
for both) for nintedanib when compared to placebo. There
was significant benefit in increasing time to first acute
exacerbation in INPULSIS-2 that was not observed in
INPULSIS-1. There was no detected improvement in mor-
tality during the study period, though the analyses were not
powered to a mortality endpoint.

After the results of the INPULSIS analyses were pub-
lished, nintedanib received approval from the FDA and in
Europe for the treatment of IPF.

Adverse Effects

There was no significant difference in the incidence of
serious events between nintedanib and placebo (31.1 vs.
27.0 % in INPULSIS-1 and 29.8 and 32.9 % in INPULSIS-
2). The most commonly experienced adverse effect with
nintedanib in the INPULSIS studies was diarrhea (61.5 and
63.2 % of patients, respectively in INPULSIS-1 and
INPULSIS-2). Diarrhea led to discontinuation of therapy in
<5 % of patients in both analyses. Other adverse effects
that were commonly observed with nintedanib therapy
were nausea (22.7 vs. 5.9 % in INPULSIS-1, 26.1 vs.
7.3 % in INPULSIS-2), vomiting (12.9 vs. 2.0 % in
INPULSIS-1, 10.3 vs. 3.2 % in INPULSIS-2), and eleva-
tion of liver function tests (4.9 vs. 0.5 % in INPULSIS-1,
5.2 vs. 0.9 % in INPULSIS-2). LFT abnormalities were
reversible upon discontinuation of nintedanib.

Since the FDA approval of pirfenidone and nintedanib,
there has been a wide range of reactions among the clinical
community. Some providers report excitement at being
able to provide hope to patients with an IPF diagnosis in
ways that previously they have been unable to do so [37].

Other investigators are looking to see if additional benefit
may be seen from combination therapy with pirfenidone
and inhaled NAC when compared to pirfenidone alone
[38]. The sense of hopefulness is not shared by all clini-
cians it seems, as many experts question the role of pir-
fenidone or nintedanib in all patients, or restricting use to
patients who met the criteria of the clinical trials that
evaluated their use [39], a practice that would remove
many patients with severe IPF from qualifying for
treatment.

Conclusions

Classic management strategies in patients with IPF have
shown mixed results. The promising data with both pir-
fenidone and nintedanib demonstrating slowing of disease
progression will likely lead to a paradigm shift in the
chronic treatment of this disease state. Clinical familiarity
with these new agents, particularly in the inpatient popu-
lation, will evolve over the next several years of clinical
practice.
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