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FDA-approved medications: pirfenidone, nintedanib

Over the last 10 years, several large clinical trials have been 
conducted to investigate the safety and efficacy of new 
medications for the treatment of idiopathic pulmonary 
fibrosis (IPF). Based on the results of those trials, the 2011 
ATS/ERS/JRS/ALAT Clinical Practice Guideline for IPF 
was updated in 2015 (1). The updates included conditional 
recommendations to use two FDA-approved antifibrotic 
medications (pirfenidone and nintedanib). Since the 2015 

Guideline, new data from phase 4 studies employing these 
antifibrotic drugs have become available. Tables 1,2 highlight 
features of phase 3 and 4 clinical trials respectively for 
nintedanib and pirfenidone.

Pirfenidone

Pirfenidone is an antifibrotic and anti-inflammatory 
medication that decreases both fibroblast proliferation and 
the accumulation of collagen (8). In 2010, a randomized 
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phase 3 clinical trial was published with results that 
pirfenidone may decrease the rate of decline in forced 
vital capacity (FVC) in Japanese patients with IPF (2). In 
2011, the CAPACITY trials reported the results of two 
independent studies (CAPACITY 004 and 006) comparing 
high dose pirfenidone (2,403 mg/d) with placebo (3). 
CAPACITY 004 showed that pirfenidone significantly 
diminished the falloff in FVC over a 72-week treatment 

period, whereas CAPACITY 006 did not. Of note, the 
placebo group in CAPACITY 006 somehow experienced a 
comparatively limited decline in the FVC, thus potentially 
mitigating the ability to observe a statistically significant 
effect in the treatment arm.

The ASCEND trial was a randomized, double-blind, 
placebo trial comparing pirfenidone with placebo in 
IPF patients with an FVC between 50% and 90% and 

Table 1 Key aspects of the phase 3 clinical trials evaluating pirfenidone or nintedanib in IPF (all are multicenter, double-blind, randomized, 
placebo-controlled trials)

Trials Main inclusion criteria Intervention
Primary endpoint 

(result: met or not met)
Key secondary endpoints 

(result: met or not met)

SP3 (2) 2000 ATS/ERS and 2004 
JRS criteria for IPF

Pirfenidone 1,800 mg/day 
(high-dose) or 1,200 mg/day 
(low-dose) or placebo 

Change in VC from 
baseline to week 52 
[met (high-dose vs. 
placebo)]

PFS* (met [high-dose vs. 
placebo]) 

6MET: oxygen 
desaturation ≥5% but the 
lowest SpO2 ≥85% on RA 

CAPACITY 004; 
CAPACITY 006 (3)

HRCT with definite IPF or 
SLC with UIP 

Pirfenidone 2,403 mg/day 
or placebo

Change in percentage 
of predicted FVC from 
baseline to week 72 
(004: met; 006: not 
met)

Categorical change in FVC 
≥10% (met only in 004)

FVC 50–90% PFS** (met only in 004)

DLCO 35–90%

6MWD ≥150 m

ASCEND (4) 2011 ATS/ERS/JRS/ALAT 
criteria for IPF

Pirfenidone 2,403 mg/day Change in FVC from 
baseline to week 52 
(met)

6MWD (met)

HRCT with definite UIP 
or possible UIP and 
confirming SLC

PFS*** (met)

FVC 50–90% All-cause mortality (Not Met)

DLCO 30–90% Mean change in dyspnea 
score (not met)

6MWD ≥150 m

INPULSIS-1; 
INPULSIS-2 (5)

2011 ATS/ERS/JRS/ALAT 
criteria for IPF

Nintedanib 150 mg twice a 
day or placebo

Rate of decline in 
FVC at week 52 (met 
in both INPULSIS-1 
and 2)

Time to the first acute 
exacerbation (met only in 
INPULSIS-2)

HRCT with definite UIP Mean change in dyspnea 
score (met only in INPUSIS-2)

FVC ≥50% All-cause mortality (not met)

DLCO 30–79%

*, the progression of disease was defined by death and/or ≥10% decline in VC from baseline; **, the progression of disease defined 
as time to ≥10% decline in FVC, ≥15% decline DLCO or death; ***, PFS defined as the time to ≥10% decline in FVC from baseline, 
a decrease of 50 m or more in 6MWD, or death. IPF, idiopathic pulmonary fibrosis; DLCO, diffusing capacity of the lung for carbon 
monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HRCT, high-resolution computed tomography; PFS, 
progression-free survival; RA, room air; SLB, surgical lung biopsy; UIP, usual interstitial pneumonia; 6MET, 6-min steady-state exercise 
test; 6MWD, 6-min walk test distance. 



S1742 Saito et al. Recent advance in IPF treatment

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(Suppl 14):S1740-S1754 | http://dx.doi.org/10.21037/jtd.2019.04.62

carbon monoxide diffusing capacity (DLCO) between 
30% and 90% of the predicted value (4). In this trial, 
pirfenidone significantly reduced the rate of decline in 
FVC over a 1-year follow-up period by approximately 
50% (the primary endpoint), and increased the 6-minute 
walk distance (6MWD) and progression-free survival. 
RECAP, an open-label extension study of the CAPACITY 
and ASCEND, showed a similar side effects profile 
to those reported in CAPACITY and ASCEND, thus 
demonstrating a favorable safety profile (6). Real-
world safety results from 1,009 patients in prospective, 
observational PASSPORT study were also consistent 
with the known pirfenidone safety profile (9). Pirfenidone 
should be taken three times daily with food at a target 
dose of 801 mg that is generally achieved over 14 days  
(267 mg three times daily for 1 week, 534 mg three times 
daily for 1 week, and then 801 mg three times daily 
thereafter) (10). Liver enzymes should be measured at 
baseline and followed monthly for 6 months and every 
3 months thereafter. Pirfenidone should not be used in 
patients with Child-Pugh class C liver impairment or 
patients requiring dialysis.

Reported side effects include rash, photosensitivity, 
and gastrointestinal discomfort. Patients should be 
advised to use sunblock and limit or avoid sun exposure. 
Taking pirfenidone with meals is also recommended 

because this may control gastrointestinal symptoms. 
Antacids and antiemetics can be prescribed if the patient 
continues to have gastrointestinal symptoms, though 
omeprazole should be avoided because it may modulate 
pirfenidone levels (11,12). In the event that side effect 
symptoms and/or hepatotoxicity (transaminitis) arise, 
the dose can be decreased, or temporarily stopped and 
reintroduced a few weeks later using a slower dose 
titration (11). Pirfenidone is mainly metabolized by 
cytochrome P450 1A2 (CYP1A2) enzymes, and therefore 
should be avoided or used with extreme caution if the 
patient is using concomitantly other CYP1A2 inhibitors 
(e.g., fluvoxamine, ciprofloxacin) or inducers [e.g., 
tobacco, omeprazole, rifampicin (weak)] (13). 

Nintedanib

Nintedanib is a small molecule inhibitor of receptor 
tyrosine kinases, including platelet-derived growth 
factor (PDGF) receptor, fibroblast growth factor (FGF) 
receptor, and vascular endothelial growth factor (VEGF) 
receptor (14). Nintedanib was evaluated in a phase 2 
trial (TOMORROW), which was followed by duplicate 
52-week, randomized, double-blind, phase 3 trials 
(INPULSIS-1 and -2). The inclusion criteria of the 
INPUSIS trials was similar to that of the ASCEND trial, 

Table 2 Key aspects of the phase 4 clinical trials evaluating pirfenidone or nintedanib in IPF

Trials Study design 
Main inclusion 

criteria
Intervention Results

RECAP (6) Open-label, 
multicenter, 
single-arm, 
rollover study

Patients with IPF 
who completed 
CAPACITY 
004/006 or 
ASCEND 

Pirfenidone 2,403 mg/day Median exposure to pirfenidone was 88 weeks

Cumulative total exposure was 2,482 patient 
exposure years (PEY)

The rate of treatment-emergent adverse event 
(TEAE) was 701.9 per 100 PEY

The serious TEAE rate was 53.5 per 100 PEY

The treatment discontinuation rate due to a 
TEAE was 17.9 per 100 PEY

INPULSIS-ON (7) Open-label, 
multicenter 
study

Patients with IPF 
who completed 
INPULSIS 

Nintedanib 150 or 100 mg 
twice a day

Median exposure to nintedanib was 31.5 months 

The most common reason to stop treatment was 
adverse events not related to IPF

Diarrhea was the most frequent adverse event 

The safety profile was consistent with that 
observed in INPULSIS

IPF, idiopathic pulmonary fibrosis.
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except that INPUSIS allowed for inclusion of patients 
with possible usual interstitial pneumonia (UIP) based on 
high-resolution computed tomography (HRCT) when a 
surgical biopsy was not available (roughly 20% of enrolled 
patients) (5). In both INPULSIS-1 and -2, nintedanib led 
to a significant reduction in the rate of decline in FVC over 
1-year of follow-up (the primary outcome), but did not 
demonstrate statistically significant decrease in mortality as 
it was underpowered to do so. Nintedanib also reduced the 
time to the first investigator-reported acute exacerbation 
(AE) in INPULSIS-2, but not in INPULSIS-1. In the 
pooled analysis, nintedanib reduced the time to the first 
adjudicated AE.

An open-label extension of the INPULSIS trials 
(INPULSIS-ON), demonstrated that long-term use of 
nintedanib bears a manageable safety and tolerability 
profile and slows disease progression in patients with 
IPF (7). Nintedanib was associated with a very slight 
(but not statistically significant) increase in myocardial 
infarction in INPULSIS, but this was not appreciated in 
INPULSIS-ON. 

The recommended dose of nintedanib is 150 mg orally 
twice a day, and liver enzymes should be monitored 
monthly for the initial 3 months then every 3 months 
thereafter. Nintedanib should be avoided in patients with 
moderate or severe liver impairment (Child-Pugh class B 
or C) (15). Reported side effects include diarrhea and nausea, 
which can often be effectively managed with antidiarrheal 
medications or antiemetics (12). In the event that side 
effect symptoms and/or hepatotoxicity arise, the dose can 
be decreased, or temporarily stopped and reintroduced 
with close monitoring in a few weeks (13). Nintedanib 
is a substrate of P-glycoprotein (P-gp) and CYP3A4. 
Coadministration with oral doses of a P-gp and CYP3A4 
inhibitor (e.g., ketoconazole, erythromycin) with nintedanib 
may increase exposure to nintedanib. Thus, patients should 
be monitored closely for tolerability of nintedanib when 
such drugs are considered. Coadministration with oral 
doses of a P-gp and CYP3A4 inducer (e.g., rifampicin, 
carbamazepine, phenytoin, St. John’s wort) may decrease 
exposure to nintedanib. 

Which to choose, pirfenidone, or nintedanib?

Differences in mortality between the placebo and active 
drug groups in the ASCEND and INPULSIS trials was 
not statistically different, perhaps because they were 
underpowered. However, subsequent publications of meta-

analysis from multiple trials suggest that both pirfenidone 
and nintedanib lowered mortality compared to placebo 
(15,16). Additionally, subsequent post-hoc studies have 
demonstrated that both medications have been effective in 
reducing lung volume loss, regardless of the initial reported 
FVC and DLCO (15,16).

Choosing one antifibrotic over the other can be 
difficult given the absence of head-to-head randomized 
trials, and so the decision should be based on what is 
more suitable for the individual patient. Pirfenidone over 
nintedanib may be considered in patients at increased 
risk for bleeding (including patients who are on full-
dose anticoagulation or dual antiplatelet therapy), 
since nintedanib may increase the risk of bleeding by 
inhibiting VEGF receptor signal transduction (14). 
However, it should be noted that the slight increase in 
reported bleeding in clinical trials for patients taking 
nintedanib compared to placebo were minor events, such 
as bruising or epistaxis. Nintedanib might be selected 
over pirfenidone based on a patient’s inability to avoid 
sun exposure, or preexisting dermatologic condition, 
since photosensitivity and rash were increased in patients 
taking pirfenidone in the phase 3 trials.

Combining pirfenidone and nintedanib

In 2015, a randomized phase 2 trial in Japanese patients 
with IPF demonstrated that nintedanib had an acceptable 
safety profile when added to ongoing pirfenidone  
therapy (17). Later in 2017, Vancheri and colleagues 
investigated the safety of combining pirfenidone and 
nintedanib in treating IPF (18). In this trial, IPF patients 
who completed 4 to 5 weeks of nintedanib with no 
interruption or dose reduction were randomized to receive 
nintedanib with add-on pirfenidone or nintedanib alone 
in an open-label study for 12 weeks. Nintedanib with add-
on pirfenidone had a manageable safety and tolerability 
profile in patients with IPF, and was in keeping with 
the adverse event profiles of each drug. The safety 
and tolerability of pirfenidone with add-on nintedanib 
were also demonstrated in a single-arm, open-label,  
24-week study (19). Another open-label trial published in 
2019 indicates that co-administration of nintedanib and 
pirfenidone had no relevant effect on their pharmacokinetic 
(PK) drug-drug interaction (20). The results of these trials 
provides evidence that the combination of pirfenidone and 
nintedanib appears safe which opens the door for other 
future randomized clinical trials to evaluate whether the 
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combination enhances effectiveness. As such, we do not 
currently employ pirfenidone and nintedanib together to 
treat IPF.

Novel therapies with encouraging results in 
phase 2 trials (summarized in Table 3)

Autotaxin-lysophosphatidic acid (LPA) pathway inhibitors

LPA, which is primarily converted from lysophosphatidylcholine 
by autotaxin, has been implicated in various fibrogenic pathways 
in different tissues, including the lung (24). Targeting the 
autotaxin-LPA pathway by inhibiting autotaxin or LPA receptors 
is being actively researched in various fibrotic diseases, including 
pulmonary fibrosis, skin fibrosis (scleroderma), and liver fibrosis 
(25-27).

GLPG1690 (autotaxin inhibitor)
The FLORA s tudy  (Cl in ica lTr ia l s .gov  number : 
NCT02738801) was a randomized,  double-blind, 
parallel-group, placebo-controlled phase 2a trial which 
explored the safety and efficacy of GLPG1690 (an 
autotaxin inhibitor) in IPF patients who were not taking 
pirfenidone or nintedanib (21). In this trial, GLPG1690 
was well tolerated over the 12-week treatment period. 
FVC decreased in the placebo group but remained similar 
to, or greater than, baseline values in the GLPG1690 
treatment group. These data appear encouraging to move 
forward with further trials employing GLPG1690 as a 
treatment for IPF. Two phase 3 parallel studies [ISABELA1 
(NCT03711162) and ISABELA2 (NCT03711162)], 
which allow concurrent treatment with pirfenidone or 
nintedanib, have started enrollment. 

BMS-986020 [LPA receptor 1 (LPA1) antagonist]
In a phase 2, multiple-dose, three-group, parallel-arm, 
randomized, double-blind, placebo-controlled trial 
(NCT01766817) that gauged the efficacy and safety of 
BMS-986020 600 mg daily or twice a day for 26 weeks 
in patients with IPF (who were not on pirfenidone or 
nintedanib), patients treated with BMS-986020 twice a 
day exhibited a significantly more gradual rate of decline 
in FVC vs. placebo (28). However, dose-related elevations 
in hepatic enzymes were observed in both BMS-986020 
treatment groups. The study was halted early because of 
three cases of cholecystitis that were deemed related to 
BMS-986020. The authors speculated that these adverse 
events were not likely related to LPA1 antagonism, but 

were instead off target compound specific occurrences, 
based on preclinical studies comparing BMS-986020 with a 
structurally distinct LPA1 antagonist (BMS-986234). They 
concluded that additional research with LPA1 antagonists is 
warranted.

Anti-connective tissue growth factor (CTGF) antibody

Pamrevlumab (FG-3019, anti-CTGF antibody)
CTGF, a pro-fibrotic matricellular protein, has been 
implicated in various fibrogenic pathways in different 
organs,  including the lung (29,30).  Pamrevlumab 
(FG-3019) is a human monoclonal antibody against 
CTGF, and has been evaluated in patients with IPF. A 
phase 2, prospective, open-label trial of pamrevlumab 
(NCT01262001) in 89 people with IPF demonstrated 
acceptable safety and tolerability (31). The results of 
this trial also suggested that pamrevlumab may have 
stabilized or improved FVC and lung fibrosis as assessed 
by quantitative HRCT (qHRCT) in about one third of 
patients. Based on these findings, a phase 2b PRAISE 
trial (a randomized, double-blind, placebo-controlled 
trial designed to investigate the safety and efficacy of 
pamrevlumab in patients with IPF with mild to moderate 
disease; NCT01890265) was conducted, and some of the 
results were presented at ERS 2017 conference and ATS 
2018 conference. In comparison to placebo, pamrevlumab 
treatment significantly slowed the decline in FVC and had 
a favorable impact on qHRCT (32). Full publication of the 
results of this trial are awaited.

Pentraxin-2

PRM-151 (recombinant human pentraxin-2)
Pentraxin-2 [also known as serum amyloid P (SAP)] regulates 
several aspects of the innate immune system. Pentraxin-2 
blocks bleomycin-induced pulmonary fibrosis in mice, likely 
by inhibiting the differentiation of fibrocytes (monocyte-
derived fibroblast-like cells), promoting the formation of 
immuno-regulatory macrophages, and inhibiting neutrophil 
adhesion to extracellular matrix proteins (33,34). 

In a phase 2, randomized, double-blind, placebo-
controlled trial (NCT02550873) involving 117 patients 
with IPF, treatment with intravenous PRM-151 every  
4 weeks for 24 weeks was well tolerated, and resulted in a 
change in FVC percentage of predicted value of −2.5% 
compared with −4.8% with placebo, a difference that was 
statistically significant (22). This effect was independent of 
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Table 3 Summary of recent phase 2 trials on novel agents for IPF treatment that suggested safety and efficacy

Trial acronym /clinicaltrials.
gov identifier

Study medication Study design Main findings Status/publication

FLORA/NCT02738801 GLPG1690 
(autotaxin inhibitor)

12-week, 
randomized, 
double-blind, 
placebo-controlled 
(no pirfenidone or 
nintedanib)

FVC decreased in the 
placebo group but 
remained similar to or 
greater than baseline 
values in the GLPG1690 
treatment group

Published in Lancet Respir Med 
(21)

Two phase 3 parallel studies 
(ISABELA1&2) are actively 
recruiting

PRAISE/NCT01890265 Pamrevlumab (FG-
3019, anti-CTGF 
antibody)

48-week, 
randomized, 
double-blind, 
placebo-controlled 

Pamrevlumab treatment 
significantly reduced the 
rate of fibrosis progression 
measured by change 
in FVC and qHRCT, in 
comparison to placebo

Presented at ERS 2017 and 
ATS 2018 

A phase 3 trial is planned 

NCT02550873 PRM-151 
(recombinant 
human pentraxin-2) 

24-week, 
randomized, 
double-blind, 
placebo-controlled 
(pirfenidone or 
nintedanib was 
allowed)

Treatment with PRM-151 
resulted in a less decrease 
in FVC compared with 
placebo. This effect was 
independent of concurrent 
IPF therapy status (i.e., 
pirfenidone or nintedanib, 
or none) 

Published in JAMA (22)

A phase 3 trial is planned

NCT02538536 PBI-4050 (a dual 
modulator of 
GPR40 and GPR84) 

12-week, single-
arm, open-label 
(pirfenidone or 
nintedanib was 
allowed)

FVC was stable in patients 
on PBI-4050 alone and 
PBI-4050 + nintedanib, 
whereas FVC dropped 
significantly in patients on 
PBI-4050 + pirfenidone

Published in Eur Respir J (23) 

PK study suggested drug-
drug interaction between 
PBI-4050 and pirfenidone

A phase 3 trial is planned

NCT01371305 BG00011(anti-αvβ6 
integrin monoclonal 
antibody)

Randomized, 
placebo controlled, 
dose escalating 
trial (phase 2a)

The drug was well 
tolerated (except for the 
highest dose)

Presented at ATS 2018

Target suppression was 
observed as measured by 
reductions in pSMAD2 in 
BAL cells

A 52-week global phase 2b 
study (SPIRIT/NCT03573505) 
is actively recruiting 

NCT02257177 TD139 (inhaled anti-
galectin 3 small 
molecule)

14-day, open-label, 
dose escalating 
trial (phase 2a)

The drug was well 
tolerated

Presented at ATS 2017

Target suppression was 
observed as measured by 
galectin 3 expression on 
BAL macrophages

Phase 2b study is actively 
recruiting

IPF, idiopathic pulmonary fibrosis; qHRCT, quantitative high-resolution computed tomography; FVC, forced vital capacity; CTGF, 
connective tissue growth factor; PK, pharmacokinetic; BAL, bronchoalveolar lavage.
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concurrent IPF therapy (i.e., pirfenidone or nintedanib, or 
none). These preliminary findings suggest that recombinant 
human pentraxin-2 may reduce regression in lung function in 
patients with IPF. A phase 3 trial is planned to confirm these 
findings.

GPR40 agonist/GPR84 antagonist

PBI-4050 (a dual modulator of GPR40 and GPR84)
PBI-4050 is a medium-chain fatty acid synthetic analogue 
with agonist and antagonist ligand affinity towards two 
G-protein coupled receptors, GPR40 (broadly expressed 
on various kinds of cells) and GPR84 (highly expressed on 
immune cells), respectively. PBI-4050 inhibits bleomycin-
induced pulmonary fibrosis in mice, via its effects on several 
cell types including macrophages, fibroblasts and epithelial 
cells (35). In a 12-week, phase 2, single-arm, open-label 
study (NCT02538536), PBI-4050 was well tolerated when 
administered alone or in combination with nintedanib or 
pirfenidone (23). PK profiles for PBI-4050 were reduced 
with pirfenidone, suggesting a drug-drug interaction, but 
not in combination with nintedanib. The FVC was stable 
over time in patients treated with PBI-4050 alone and 
PBI-4050 + nintedanib, whereas the FVC exhibited a 
significant decline in patients on PBI-4050 + pirfenidone. 
A phase 3 trial is planned to study the efficacy of PBI-4050 
alone or in combination with nintedanib.

Anti- αvβ6 integrin antibody

BG00011 (anti-αvβ6 integrin monoclonal antibody)
αvβ6 integrin is upregulated on alveolar epithelial cells 
in IPF patients and drives local activation of TGF-β and 
thereby fibrogenesis (36,37). A phase 2a randomized, 
placebo controlled, trial was conducted in IPF patients 
to evaluate safety, tolerability and exposure response 
of TGF-β suppression (NCT01371305). The results 
have not been published, but were presented at ATS 2018 
conference. Subcutaneous weekly administration of BG00011 
was safe and well tolerated, except for the highest dose  
(3  mg/kg subcutaneous  weekly) .  The s tudy  a l so 
demonstrated a decrease in active TGF-β signaling as 
evidenced by dose dependent reductions in SMAD2 
phosphorylation and TGF-β target gene expression in 
bronchoalveolar lavage (BAL) cells in patients receiving 
BG00011. A 52-week phase 2b study using BG00011 
in patients with IPF is actively recruiting participants 
(SPIRIT study, NCT03573505).

Galectin-3 inhibitor

TD139 (an inhaled anti-galectin 3 small molecule)
Galectin-3 is a pro-fibrotic β-galactoside binding lectin that 
has enhanced expression in fibrotic lung and macrophages 
from IPF patients. It has been shown to promote fibrosis 
through modifying the activity of TGF-β (38). The 
result of a phase 2a study with TD139 (an inhaled anti-
galectin 3 small molecule) in IPF was presented at ATS 
2017 conference. TD139 was well tolerated, and target 
suppression was substantiated as measured by galectin-3 
expression on BAL macrophages. A phase 2b study in IPF 
patients has been launched. 

Inhaled interferon-γ (IFN-γ)

IFN-γ is a cytokine that can stimulate macrophage function 
and inhibit fibrotic pathways (39). INSPIRE, a large phase 
3 trial, failed to demonstrate the efficacy of subcutaneous 
IFN-γ 1b therapy on IPF patient survival (40). One of 
the reasons for the failure might have been the mode of 
delivery. It has been speculated that inhalational IFN-γ 
therapy might be more effective than systemic IFN-γ 
therapy in activating alveolar macrophages (41).

In an 80-week phase 2 trial involving 10 IPF patients 
(NCT00563212), inhaled IFN-γ aerosol (100 μg 3 times/
week) was well tolerated. IFN-γ was significantly increased 
in BAL fluid, and some profibrotic cytokines (FGP-2, Flt-
3 ligand, IL-5) were markedly lowered, although IP-10 (a 
bona fide target gene of IFN-γ) was unchanged (42). DLCO 
was significantly improved following inhaled IFN-γ therapy, 
although change in FVC was not statistically significant (43). 

The authors concluded that these results warrant the 
continued evaluation of inhaled IFN-γ.

Rituximab

Investigators have proposed that autoantibodies may be 
involved in IPF pathobiology, particularly in regard to 
rapid clinical declines referred to as AEs (44). To address 
this concept, Donahoe et al. conducted a pilot trial 
(NCT01266317) in which therapeutic plasma exchanges 
(TPE) and rituximab were used to treat 11 critically-ill 
AE-IPF patients. The study population was compared 
to 20 historical control AE-IPF patients treated with 
conventional glucocorticoid therapy. Nine of the 11 
patients demonstrated improvements of gas exchange when 
treated with TPE and rituximab, compared to only one 
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patient in the historical control population. What is more, 
trial subjects had a 1-year survival of 46%, whereas no 
patients were alive at 1 year in the historical control group. 
TPE was also associated with a reduction in anti-HEp-2 
autoantibodies in patients who responded to treatment, and 
TPE and rituximab did not appear to cause serious adverse 
events. The authors concluded that autoantibody-targeted 
therapies might benefit AE-IPF patients (44).

Anti-acid therapies

Gastroesophageal reflux (GERD) is a common co-
morbidity in IPF (45), though it is difficult to know 
whether it is cause or effect. The fibrotic lung can in theory 
contribute to reflux by reducing lung volume, thus elevating 
the hemidiaphragm, and lead to higher negative pressures 
in the thoracic cavity to expand the stiff lung. In addition, 
IPF is a disease that begins in the periphery of the lobule. 
The consideration that lung injury due to inhalation tends 
to at least have an airway centric component, speaks against 
a causal effect of GERD for IPF. Nevertheless, intuitively 
aspiration on top of fibrosis would be expected to be 
unfavorable. An early manuscript by Lee et al. observed that 
anti-acid therapy in IPF patients was associated with longer 
survival (46). In addition, a retrospective review of patients 
enrolled in IPF clinical trials indicated that anti-acid 
therapy was associated with a diminished rate of decline in 
FVC over time in patients with IPF (47). Thus, the 2015 
IPF Guideline made a weak recommendation for anti-acid 
therapy based on data available at the time (1). Subsequent 
studies questioned whether the recommendation for anti-
acid therapy in patients with IPF is valid. A retrospective 
analysis of data derived from another set of clinical trials 
did not reveal improvement in outcomes when anti-acid 
therapy was employed; instead, it found that pneumonia was 
more common in IPF patients with moderate restriction 
when anti-acid therapy was used (48,49). 

Inasmuch as anti-acid therapy would not stop aspiration 
of other possibly noxious components in refluxed material, 
anti-reflux surgery has been investigated. WRAP-IPF study 
is a phase 2 trial in which 29 patients with a DeMeester 
score (a composite score of the acid exposure during 
a prolonged ambulatory pH monitoring) ≥14.7 were 
randomized to laparoscopic fundoplication and compared 
to 29 controls. Although fundoplication appeared to be safe 
and there were favorable trends in AE, respiratory-related 
hospitalization, death and loss of lung function over time in 
favor of those that received fundoplication, these findings 

did not reach statistical significance (50). It is possible that 
the WRAP-IPF study may have been underpowered. Of 
note, although the study was multi-centered, the majority 
of patients were enrolled from a single site.

Taking into account three meta-analyses to date addressing 
anti-acid therapy in IPF are all inconclusive (51-53), our 
current bias is to employ anti-acid therapy along with other 
anti-reflux measures when cough is a vexing symptom. 
We also consider manometry and 24-hour pH monitoring 
in selected patients when the history or exam suggests 
aspiration may be occurring or when loss of lung volume 
is higher than expected while on antifibrotic therapy. If 
testing indicates significant reflux, we discuss the option of 
fundoplication with our patients.

Antibiotic therapy 

Recent studies have highlighted significant differences 
between the microbiota in IPF subjects and healthy 
controls, and suggested that changes in the overall bacterial 
burden are related to IPF disease progression (54). A 
multicenter randomized placebo-controlled double-
blind parallel-group study employed co-trimoxazole for  
12 months in 181 patients with fibrotic idiopathic 
interstitial pneumonia (approximately 90% of them 
diagnosed with definite/probable IPF, and the remaining 
diagnosed with fibrotic nonspecific interstitial pneumonia). 
Treatment with co-trimoxazole was associated with an 
improved quality of life, though there was no discernable 
change in lung function (55). Analysis of patients adhering 
to study medication or withdrawing from the trial prior to 
death suggested that there was a significant reduction in 
deaths in study subjects treated with co-trimoxazole. This 
should be interpreted with caution, since this could be due 
to increased mortality in those withdrawing from the drug 
because of side effects, or the higher withdrawal rate in 
the active group could be a marker of the disease severity. 
However, the authors state that those possibilities are less 
likely because a disproportionate withdrawal of patients 
in the treatment arm immediately prior to death was not 
observed. They also stated that the treatment effect of co-
trimoxazole did not seem to be limited to patients taking 
immunosuppressive therapy in the subgroup analysis, and 
inferred that co-trimoxazole may improve survival in people 
with IPF by reducing respiratory infections. 

Two ongoing trials, CleanUP-IPF and EME-TIPAC, are 
investigating the use of co-trimoxazole or doxycycline in 
carefully characterized patients with IPF (56).
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Therapies for pulmonary hypertension (PH) 
associated with IPF

The 2015 IPF Guideline recommended against the use of 
pulmonary arterial hypertension (PAH)-specific medications 
[e.g., phosphodiesterase 5 inhibitor (PDE5), endothelin 
receptor antagonist, prostanoid] for PH associated with IPF (1). 
Since then, there has been no new study supporting the use 
of those medications for PH associated with IPF.

Recently, the safety and efficacy of sildenafil in patients 
with IPF was tested in the INSTAGE trial, in which 
sildenafil plus nintedanib was tested against nintedanib 
alone (57). INSTAGE was designed based on a subgroup 
analysis of the STEP-IPF trial (58), which suggested that 
sildenafil, in IPF patients with a very low DLCO, may 
aid in oxygenation, gas exchange as measured by DLCO, 
symptoms, and quality of life (59). 

In INSTAGE, 274 patients with IPF and DLCO 
≤35% were randomized to nintedanib + sildenafil or 
nintedanib + placebo for 24 weeks. Randomization was 
stratified according to the presence of right ventricular 
systolic dysfunction, right ventricular hypertrophy, right 
ventricular dilatation, paradoxical septum motion, or right 
atrium enlargement. There was a positive trend, but no 
significant difference with the inclusion of sildenafil in the 
primary endpoint, which was the adjusted mean change 
from baseline in the St. George’s Respiratory Questionnaire 
(SGRQ). Moreover, the addition of sildenafil did not 
statistically impact on dyspnea as measured with the 
University of California San Diego (UCSD) Shortness of 
Breath Questionnaire. No new safety signals were observed 
with the drug combination. Interestingly, as shown in the 
manuscript supplement, patients treated with nintedanib + 
sildenafil had a lower risk of arriving at an absolute decline 
in the FVC of ≥5% or death in comparison to patients 
treated with nintedanib + placebo. The authors stated “given 
the likely fragility of this finding, this observation cannot 
be considered to be clinically directive”. It remains possible 
that the INSTAGE trial was underpowered or its duration 
was too brief. An ongoing 52-week phase 2b randomized, 
double-blind, placebo-controlled trial evaluating the safety 
and efficacy of sildenafil in IPF patients on pirfenidone will 
hopefully provide further insights (60). 

At this point we cannot recommend the use of PDE5 
inhibitors in patients with IPF or PH associated with IPF. 
It should be kept in mind that RISE-IIP (NCT02138825), 
a phase 2 study to evaluate efficacy and safety of riociguat 
(a soluble guanylate cyclase stimulator) in patients with PH 

associated with idiopathic interstitial pneumonias (including 
IPF), was terminated early, as patients receiving riociguat 
showed an increased risk of mortality and serious adverse 
events as compared to patients receiving placebo. It should 
also be recalled that the ARTEMIS-IPF trial showed that 
ambrisentan (an endothelin A receptor antagonist) was not 
deemed effective in treating IPF and may be associated with 
an increased risk for disease progression and respiratory 
hospitalizations (61). Further studies are needed to identify 
which subset of IPF patients may benefit from therapies 
targeting PH. A phase 2/3 trial evaluating the safety 
and efficacy of inhaled treprostinil in patients with PH 
associated with ILD is ongoing (NCT02630316).

Novel therapies with negative recent phase 2/3 
trials

It is worthwhile to mention a few recent negative clinical 
trials, since they provide additional insights into IPF 
biology and guide future research.

Anti-IL13 antibody

Recently, Raghu et al. reported the results of a phase 2 
randomized controlled trial (RCT) evaluating the efficacy 
and safety of SAR156597 (ESTAIR). SAR156507 is a 
monoclonal immunoglobulin G4 antibody designed to 
neutralize both IL-4 and IL-13 (62). The study was not 
successful in demonstrating a favorable effect on the 
primary endpoint (change in FVC over 52 weeks), nor 
in secondary outcome measures. The authors reported 
numerically fewer AEs in the SAR156597 arms, albeit AE 
events were few. This study should be considered together 
with other negative phase 2 RCTs targeting IL-13 with 
tralokinumab and lebrikizumab. In total, four RCTs were 
unsuccessful in demonstrating a benefit from employing 
monoclonal antibodies that block IL-13 in patients with 
IPF, thus it is unlikely that inhibiting the IL-13 pathway 
will have a future role in the treatment of IPF (63). 

Anti-CCL2 antibody

A phase 2 randomized, double-blind placebo-controlled 
dose-ranging study testing safety and efficacy of carlumab 
(a humanized monoclonal antibody targeting CCL2) in 
patients with IPF failed to find a benefit from carlumab 
therapy (64). The study was terminated early due to a 
trend towards worsening of lung function in the carlumab 
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treatment arms. The authors observed that even with 
carlumab therapy free CCL2 levels were increased above 
baseline over time, and speculated that this might be a 
reason why the carlumab therapy failed to provide a benefit 
in patients with IPF. However, a recent study by Milger  
et al. offered another biological explanation for the failure 
of the carlumab trial (65). They identified CCR2 expressing 
CD4+ T lymphocytes as a subset of CD4+ cells displaying 
anti-inflammatory and antifibrotic properties and explored 
their role in lung fibrosis. This study suggested that CCL2 
might act on these CCR2+CD4+ cells to abrogate inflammation 
and fibrosis, and that the therapeutic failure of carlumab might 
be related to suppression of this cell population. 

Anti-Lysyl oxidase-like 2 (LOXL2) antibody

Lysyl oxidase (LOX) and LOX-like (LOXL) are enzymes 
involved in collagen cross-linking and are highly expressed 
in various fibrotic diseases (66,67). Simtuzumab (monoclonal 
antibody against LOXL2) has been shown to prevent and 
reverse bleomycin-induced pulmonary fibrosis in mice (68). 
However, a phase 2 study in IPF (NCT01769196) did not 
suggest beneficial effects of simtuzumab on progression-
free survival (66). Targeting other LOX/LOXL family 
proteins and/or other cross-linking enzymes (e.g., 
transglutaminase 2) may also be important in IPF.

N-acetylcysteine (NAC)

The 2015 IPF Guideline (1) recommended against NAC, 
based on the results of 3 RCTs including IFIGENIA (69). 
The pooled analysis of these three RCTs (69-72) suggested 
no significant benefit on mortality, FVC change, or quality 
of life using NAC monotherapy, although two out of the 
three studies (69,70) reported a significant increase in 
6MWD using NAC monotherapy.

In a recent 24-week randomized, double-blind, placebo-
controlled study (PANORAMA study), the combination 
of NAC and pirfenidone significantly increased the 
adjusted rate of FVC decline compared to placebo and  
pirfenidone (73). However, this result should be interpreted 
with caution, because the PANORAMA trial was designed 
to address the tolerability of the combination therapy as 
the primary endpoint and not designed to determine the 
efficacy of the combined treatment (74). Recent post-
hoc analysis of the NIH PANTHER trial (75) identified 
a subgroup of patients with the Tollip TT genotype that 
exhibited benefit from NAC therapy in a composite 

endpoint of disease progression, hospital admissions, and 
mortality, whereas the Tollip CC genotype performed 
poorer in this endpoint (76). 

Overall, the therapeutic potential of NAC for patients 
with IPF remains undefined. Future (pharmacogenomics) 
trials may reveal a subgroup of patients more likely to 
benefit from NAC therapy than others (77). Others have 
entertained the concept that the use of inhaled NAC in 
patients with IPF could be considered (1).

Novel therapies evaluated in phase 1 trials

Stem cells

Over the past decade researchers have entertained 
the possibility of using stem cells for the treatment of 
IPF. A recent manuscript has reviewed the efficacy of 
mesenchymal stem cells (MSCs) in animal models of 
acute lung injury and fibrosis, and catalogued several 
possible mechanisms of action (78). However, to date it 
is not known whether stem cells will benefit patients with 
IPF. Moreover, concerns have been raised that there may 
be potential harm from stem cell treatments promoted 
by direct to consumer marketers (79,80). To date peer-
reviewed IPF stem cell research is limited to a few small 
phase 1 safety trials employing MSCs (81) or alveolar type 
II cells (82) suggesting acceptable safety profiles. There are 
many variables and unanswered questions that need to be 
addressed regarding type and preparation of stem cells, as well 
as, how many and how often to infuse them and whether they 
impact upon disease progression. Thus, we do not currently 
recommend employing stem cells for the treatment of IPF 
outside of the conduct of well-designed randomized trials.

Senolytics

Senescent cells accumulate in IPF lung and may contribute 
to fibrogenesis through various mechanisms, including 
resistance to apoptosis and via a profibrotic senescent 
associated secretory prolife (83-86). Employment of drugs 
that remove senescent cells, termed senolytics, have been 
shown to block pulmonary fibrosis in animal and ex vivo 
models of pulmonary fibrosis (86,87), and promote IPF 
fibroblast apoptosis (88). A recent open label trial involving 
14 patients treated with senolytics, specifically dasatinib 
plus quercetin, for 3 weeks found that there was an interval 
increase in physical function as measured by 6MWD, 4-meter 
gait speed, and chair-stands time (89). Although these results 
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are intriguing, it is not clear whether the effects of the 
senolytics were due to an improvement in lung function or 
in other organs that are involved in exercise capacity, namely 
the heart and skeletal muscle. Thus, large randomized trials 
will be necessary to determine whether senolytics may serve 
as an effective therapy for the treatment of IPF.

Nonpharmacological management

Comprehensive treatment plans for IPF should also address 
several non-pharmacological management options that 
may affect quality of life. Smoking cessation, vaccines, 
pulmonary rehabilitation and supplemental oxygen are 
among these important non-pharmacological areas to be 
offered to patients. 

Pulmonary rehabilitation

Pulmonary rehabilitation is an approach to improve the 
functional status of patients with chronic advanced lung 
disease through respiratory muscle and exercise training. A 
recent systematic review and meta-analysis indicated that 
pulmonary rehabilitation in IPF patients increases exercise 
tolerance and quality of life (90).

Oxygen therapy

Oxygen therapy in hypoxemic patients with IPF is strongly 
recommended by the clinical practice guidelines (91). This 
strong recommendation is influenced by physiological 
rationale rather than strong data regarding physiologic or 
QOL outcomes to support its use. Oxygen therapy also 
appears to improve exercise tolerance during exercise (92,93).

Depression

Depression is common co-morbidity in patients with IPF 
and was reported to be as high as 49.2% in one study (94). 
While its impact on clinical outcome is not completely 
clear, we believe depression in IPF should be addressed and 
treated because of its impact on the quality of life (95,96).

Obstructive sleep apnea (OSA)

OSA is common in patients with IPF. Untreated OSA 
affects sleep quality and may have a negative impact on the 
quality of life for patients with IPF. One study demonstrated 

that effective continuous positive airway pressure (CPAP) 
in IPF patients with moderate-to-severe OSA significantly 
improved the quality of their sleep and life 1 year after 
initiating CPAP (97).

Lung transplant 

Lung transplant is addressed in other articles in this journal. 
Inasmuch as IPF may progress despite use of antifibrotic 
medications, lung transplantation is commonly considered 
for patients with moderate to severe disease (1). The 
International Society of Heart and Lung Transplantation 
(ISHLT) guideline for transplant referral and listing of 
patients with interstitial lung disease are not specific to 
those with IPF, and were published before the use of 
antifibrotic therapy was widespread (98). Introduction of 
disease-stabilizing antifibrotic therapy for IPF, twinned 
with advances in lung transplantation, mean that previously 
accepted age cutoffs for lung transplantation might no longer 
be appropriate. More data are required as this evidence will be 
important in guiding the timing of lung transplantation (99). 

Summary

Over the past decade, the efforts of pharmaceutical 
companies, basic scientists and clinical researchers have 
resulted in significant strides using pharmacological and 
nonpharmacological therapy to treat patients afflicted with 
IPF. Novel agents and combination therapy are being tested 
currently, and the results of several recently published 
phase 2 clinical trials suggest that further additions to our 
pharmacologic armamentarium may soon be available. It is 
our bias that patients with IPF should be referred whenever 
possible to study sites so that together we can accelerate 
trial enrollment and approval of new and combination 
therapies for the treatment of IPF.
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