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Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic 
respiratory disease characterized by progressive 
fibrotic change to the lung parenchyma leading to 
loss of function and eventual respiratory failure. It 
is the most common form of interstitial lung dis-
ease with an estimated incidence of 2.8–9.3 per 
100,000 per year in Europe and North America.1 
It is associated with high morbidity, manifesting as 
symptoms of breathlessness and cough frequently 
leading to significant disability and dependence. 
Mortality in IPF is high with a reported median 
survival of approximately 3 years although the 
clinical course is recognized to be extremely vari-
able.2,3 The diagnosis should be made by a multi-
disciplinary team and requires the presence of a 
usual interstitial pneumonia pattern on high-reso-
lution computed tomography (HRCT) or surgical 
lung biopsy and the exclusion of Interstitial lung 

disease (ILD) of known cause (e.g. occupational 
or connective tissue disease related).4

The treatment of IPF has evolved considerably in 
the last decade. Historically, management of IPF 
primarily involved immunosuppression, with evi-
dence suggesting a combination therapy with 
prednisolone, azathioprine and N-acetylcysteine 
as an effective treatment strategy.5 However, the 
landmark PANTHER study highlighted that this 
regimen was associated with poor outcomes in 
comparison with placebo.6 Over the past 5 years, 
the introduction of novel antifibrotic agents in the 
form of pirfenidone and nintedanib has changed 
the landscape of IPF and provided hope of 
improving disease outcomes. In this review, we 
will discuss the clinical trial evidence and real-
world experience for nintedanib in the manage-
ment of IPF.
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Nintedanib: efficacy evidence
Nintedanib (BIBF 1120) is a tyrosine kinase 
inhibitor which displays anti-angiogenesis prop-
erties through blockade of the vascular endothe-
lial growth factor (VEGF) pathway.7 Initially 
developed as an anti-tumour agent, it was subse-
quently recognized that nintedanib possessed 
antifibrotic activity.8 The mechanism of action of 
nintedanib in IPF is thought to be through inhibi-
tion of profibrotic mediators including platelet-
derived growth factor, fibroblast growth factor 
and transforming growth factor (TGF)-β as well 
as VEGF, reducing fibroblast activity.9

The phase II TOMORROW (To Improve 
Pulmonary Fibrosis with BIBF 1120) study pro-
vided early evidence for the efficacy of nintedanib 
in IPF patients.10 This was a multinational rand-
omized placebo-controlled trial assessing the 
safety and efficacy of nintedanib at four different 
doses (50 mg once daily, 50 mg twice daily, 
100 mg twice daily and 150 mg twice daily) in 
patients with IPF over a 12-month period. Patients 
with a diagnosis of IPF as per international con-
sensus guidelines,4 were included if they were over 
40 years of age, had a forced vital capacity (FVC) 
of 50% or greater and diffusion capacity of the 
lung for carbon monoxide (DLCO) between 30% 
and 79% predicted. The primary endpoint was 
annual rate of decline of FVC, with 432 patients 
randomized. FVC decline in patients receiving 
highest dose nintedanib (150 mg twice daily) was 
lower compared with patients receiving placebo 
(0.06 l versus 0.19 l) however failed to reach sta-
tistical significance. The rate of FVC decline for 
the other doses of nintedanib was similar to pla-
cebo. Several secondary endpoints in the study 
did reach clinical significance at the 150 mg twice 
daily nintedanib dose. These included fewer 
patients suffering an FVC decline of 10% or 
200 ml (23.8% in nintedanib group versus 44% in 
placebo group), improved quality of life (as meas-
ured using the St George Respiratory Questionnaire 
(SGRQ)) and incidence of acute exacerbations.

Following the promising results of the 
TOMORROW study, two identical phase III 
studies were performed.11 The INPULSIS-1 
and INPULSIS-2 were multicentre randomized 
double-blind placebo-controlled trials of nint-
edanib at a dose of 150 mg twice daily over a 
52-week period. Eligibility criteria were similar 
to that for the TOMORROW study as was the 
primary endpoint. A total of 1066 patients were 

randomized in both studies. In both studies 
there was a significant reduction in the rate of 
FVC decline in the nintedanib group compared 
with placebo. A prespecified pooled analysis of 
the primary endpoint showed a significant treat-
ment effect with a mean difference of 109.9 ml/
year (−113.6 ml/year nintedanib versus 
−223.5 ml/year placebo). The pooled analysis 
also showed that significantly fewer patients suf-
fered 5% or 10% deterioration in FVC after 
52 weeks in the nintedanib group. In contrast 
with the TOMORROW study, INPULSIS-1 
and the pooled analysis failed to show a treat-
ment effect related to acute exacerbations, 
although in INPULSIS-2 the time to first acute 
exacerbation and proportion of patients report-
ing one or more exacerbation was lower in the 
nintedanib group. Similarly, while INPULSIS-1 
and 2 differed in health-related quality of life 
results, the pooled analysis did not suggest a 
treatment effect. No significant mortality benefit 
was noted, although the study was not powered 
to investigate this.

A pooled meta-analysis of the data for 723 
patients taking nintedanib at a dose of 150 mg 
twice daily in both the TOMORROW trial and 
INPULSIS trials confirmed a significant treat-
ment effect with annual rate of decline for FVC at 
−112.4 ml/year for nintedanib and −223.3 ml/
year for placebo.12 There were marginal treat-
ment effects on time to first acute exacerbation 
and mean change from baseline SGRQ score. 
There was a trend towards reduction in all-cause 
mortality and respiratory mortality, but these 
results were not significant, likely reflecting the 
insufficient power to assess this as an endpoint in 
a 12-month period. Post-hoc analysis suggests nin-
tedanib use is associated with a lower incidence of 
acute exacerbations of IPF (as confirmed by an 
adjudication committee) but no impact on the 
risk of mortality following an exacerbation.13 
Early evidence from the open label extension of 
the TOMORROW and INPULSIS studies sug-
gest that the beneficial effects of nintedanib are 
maintained beyond 12 months.14,15 It had also 
been suggested that dose reduction to 100 mg 
twice daily does not have a significant impact on 
the efficacy of nintedanib.16,17

A prespecified subgroup analysis identified that 
the efficacy of nintedanib was independent of age 
(<65 versus ⩾65), gender, smoking status and base-
line FVC % predicted (⩽70% versus >70%).18 
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Efficacy was also noted to be equivalent in 
patients of white or Asian ethnicity.18,19 Only two 
patients of black/African-American ethnicity were 
included in the INPULSIS trials, although eth-
nicity data collection from France was not per-
mitted. Additional post-hoc analysis indicated 
patients with preserved lung function (FVC > 
90%) receive equal benefit from nintedanib as 
those with poorer lung function (FVC ⩽ 90%).20 
A placebo-controlled trial (ClinicalTrials.org 
identifier: NCT02788474) recruiting exclusively 
IPF patient with an FVC ⩾80% may add further 
validity to these findings. Additional analysis from 
INPULSIS-ON, the open label extension of the 
INPULSIS studies, suggests that nintedanib is 
equally effective in patients with an FVC of less 
than 50% predicted, although only 24 such 
patients were included.21 Another post-hoc study 
investigated the impact of nintedanib based on 
diagnostic criteria.22 The INPULSIS trials 
included some patients with a possible usual 
interstitial pneumonia (UIP) pattern on HRCT; 
traction bronchiectasis and reticulation without 
honeycombing. A total of 338 patients with pos-
sible UIP without surgical lung biopsy were com-
pared with 723 patients with honeycombing on 
HRCT or confirmation by surgical lung biopsy. 
The results indicated that the treatment effect of 
nintedanib was not different between the two 
subgroups. Similarly, there were no differences in 
adverse events. A further post-hoc analysis exam-
ined the impact of statin use on the efficacy of 
nintedanib in the INPULSIS trials.23 The treat-
ment effect of nintedanib was consistent between 
patients receiving and not receiving statins.

Nintedanib: safety data
Adverse events (AEs) were reported in 95.5% of 
patients taking nintedanib and 89.6% of patients 
taking placebo in the INPULSIS trials.24 
Diarrhoea was the most common AE reported 
with 62.4% of patients in the nintedanib group 
suffering this. In the TOMORROW study 55.3% 
of patients receiving nintedanib at 150 mg twice 
daily suffered diarrhoea.10 Other commonly 
reported AEs in the INPULSIS trials included 
nausea (24.5%), vomiting (11.6%) and weight 
loss (9.7%).24 A higher proportion of patients suf-
fered a rise in alanine transaminase (ALT) or 
aspartate transaminase (AST) above the upper 
limit of normal (ULN) in the group taking nint-
edanib compared with placebo with 5% suffering 
a rise ⩾3 times ULN compared with 0.7% of 

patients taking placebo. The manufacturers 
advise dose reduction or interruption in this situ-
ation. Bleeding events were noted in 10.3% of 
patients taking nintedanib and 7.8% of patients 
taking placebo but serious bleeding events were 
similar. However, patients taking full dose antico-
agulation or high-dose antiplatelets were excluded 
from the INPULSIS trials, so manufacturer rec-
ommendations are that nintedanib is used with 
caution in these patients. Cardiac disorder AEs 
were similar in both groups (10% in nintedanib 
versus 10.6% for placebo) but myocardial infarc-
tion was marginally higher in the nintedanib 
group (2.7% versus 1.2%). The manufacturer 
suggests caution in patients with a history of 
ischaemic heart disease. Overall, a higher propor-
tion of patients in the nintedanib group required 
a dose reduction compared with placebo (27.9% 
versus 3.8%) and 19.3% of patients taking nint-
edanib discontinued the medication due to AEs 
compared with 13% of placebo.

Analysis of the pharmacokinetics of nintedanib 
from the pooled data of the TOMORROW and 
INPULSIS trials identified that age, body weight, 
smoking status and Asian ethnicity influence 
exposure to nintedanib.25 Exposure does not 
appear to influence diarrhoea, however a weak 
association with ALT/AST rise was noted.26 
Nintedanib undergoes substantial first pass 
metabolism and so a recent phase I pharmacoki-
netic study examined the safety of nintedanib in 
patients with liver impairment.27 This included 
patients with Child-Pugh A and Child-Pugh B 
liver impairment and healthy participants. 
Participants were given 100 mg daily of nint-
edanib. Nintedanib exposure was two-fold higher 
in patients with Child-Pugh A and eight-fold 
higher in patients with Child-Pugh B liver impair-
ment. Manufacturer recommendations are that 
nintedanib should not be prescribed for patients 
with moderate to severe liver impairment (Child-
Pugh B and C) and a reduced dose of 100 mg 
twice daily should be used in patients with Child-
Pugh A liver impairment. Additional work has 
examined co-administration of nintedanib with 
inhibitors and inducers of p-glycoprotein (P-gp).28 
Nintedanib is a substrate of P-gp and exposure 
levels were analyzed in the presence of ketocona-
zole, a P-gp inhibitor, and rifampicin, a P-gp 
inducer. Nintedanib exposure was increased 
through co-administration with ketoconazole and 
decreased in the presence of rifampicin. The man-
ufacturers advise close monitoring if nintedanib is 
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given with P-gp inhibitors and to avoid P-gp 
inducers if possible. The nintedanib capsule con-
tains lectin so the manufacturers recommend that 
it not be used in patients who have a soya or pea-
nut allergy.

Real-world experiences with nintedanib
There are growing data regarding clinical experi-
ences with nintedanib in the real world, in a 
patient population that are generally older, 
comorbid and who may not fit the stringent crite-
ria required for clinical trial inclusion. The 
Compassionate Use Programs (CUP) across 
Europe facilitated earlier treatment with nint-
edanib, prior to widespread availability and pro-
vided an early opportunity to collect real-world 
data for IPF patients. Bonella and colleagues29 
observed 62 patients who were enrolled into a 
German CUP across nine centres. The mean age 
was 71 (SD ± 8) with a baseline FVC% predicted 
of 64 (±17). The majority of patients had previ-
ously been treated with pirfenidone. Patients 
received treatment for a mean period of 8 
(±4) months. Most patients (63%) receiving nin-
tedanib maintained disease stability at 6 months, 
defined as <5% absolute decline in FVC% pre-
dicted from baseline, although data was not avail-
able for 14 patients. In keeping with the clinical 
trials, gastrointestinal symptoms were the most 
commonly observed AE with 67% of patients 
reporting these. Diarrhoea was experienced by 
63% of patients, anorexia by 39%, nausea by 
26% and weight loss in 50%. While the propor-
tion of patients with weight loss was higher than 
reported in the clinical trials, similar numbers 
were reported in a small Spanish cohort study.30 
A Greek CUP study involving 94 patients identi-
fied similar rates of AEs with diarrhoea (55.3%) 
the most commonly reported event followed by 
weight loss (20.2%).31 21.2% of patients discon-
tinued the treatment due to AEs. A UK study 
examined the early experience of nintedanib via a 
manufacturer-funded ‘patient in need’ scheme 
prior to National Institute for Health and Care 
Excellence (NICE) approval.32 A retrospective 
review was performed of 187 patients with multi-
disciplinary diagnosis of IPF across three centres. 
Patients in this cohort had a slightly higher base-
line FVC% predicted (81.1 ± 19.8), reflecting 
prescribing restrictions enforced by NICE in the 
UK. Treatment duration with nintedanib ranged 
from 6–492 days. Self-reported AEs were com-
mon with 72% of patients reporting at least one. 

The most frequently reported AE was diarrhoea 
with 50% of patients reporting at least one epi-
sode, followed by nausea (36%), reduced appe-
tite (24%), tiredness (20%) and gastro-oesophageal 
reflux (18%). The majority of AEs did not require 
any change to treatment (64%), while 21% 
resulted in a dose reduction and 13% required 
treatment discontinuation. Lung function data 
suggested significantly fewer patients suffered dis-
ease progression (defined as >5% decline in FVC 
at 12 months) following initiation of nintedanib, 
however serial measurements were only available 
in a selection of patients. An Italian study assess-
ing the impact of another nintedanib CUP 
recruited patients with significant disease sever-
ity.33 Patients were included in the program if 
they were ineligible for pirfenidone due to severity 
of lung function impairment (FVC ⩽ 50% or 
DLCO ⩽ 35%). A total of 41 patients were 
recruited in this retrospective study which was 
primarily aimed at assessing the efficacy of nint-
edanib in slowing lung function decline. A signifi-
cant reduction in the rate of decline of absolute 
and % predicted DLCO at 6 months was observed 
although there did not appear to be any signifi-
cant impact on FVC. The authors predicted a 
1-year survival of 79% in this cohort.

After licence, two retrospective studies have dem-
onstrated ongoing evidence for the efficacy and 
safety of nintedanib in a real-world setting. A 
German study of 64 patients demonstrated that 
67% of patients had stable FVC at 6 months fol-
lowing initiation of nintedanib.34 While diarrhoea 
remained the most commonly reported AE, a 
lower proportion of patients (33%) reported the 
side effect compared with the clinical trials and 
other real-world studies.10,11,29,32 A United States 
(US)-based retrospective study of 57 IPF patients 
prescribed nintedanib, found that AE rates and 
drug tolerability were similar in their cohort com-
pared with those previously reported in clinical 
trials, despite being older, reporting more comor-
bidities and significant respiratory impairment.35 
They observed discontinuation rates of 26.3% for 
nintedanib. They performed multivariate analysis 
to assess predictors of discontinuation of both 
antifibrotics, of which age >70 years [odds ratio 
(OR): 2.21, 95% confidence interval (CI): 1.04–
4.69, p = 0.04] and history of congestive cardiac 
failure (OR: 4.54, 95% CI: 1.41–14.55, p = 0.01) 
were the only predictive characteristics. They 
found no association between body mass index 
(BMI) and antifibrotic discontinuation, however 
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there is increasing evidence that low BMI is asso-
ciated with drug intolerance and early treatment 
termination.36

Table 1 summarizes the clinical characteristics 
and reported adverse outcomes from the pub-
lished real-world studies. The growing evidence 
from these studies is that nintedanib is well toler-
ated and efficacious, similar to that of clinical tri-
als with no new safety signals. These findings are 
promising as IPF patients in the real-world set-
ting are distinctly different to those enrolled in 
clinical trials; being older, having more comor-
bidities and greater lung function impairment at 
initiation of therapy.

Nintedanib and lung transplantation
Despite advances in treatment in recent years, 
lung transplantation remains the only curative 
option in patients with IPF and this cohort repre-
sent the largest group on the transplant waiting 
list.37 The safety of nintedanib in the context of 
lung transplantation has been questioned, with 
concerns regarding impairment of postoperative 
healing and risk of bleeding complications. 
Evidence from recent case series and retrospec-
tive cohort studies suggest that concerns are 
unwarranted. In an examination of a cohort of 
nine IPF patients, of which two were receiving 
nintedanib preoperatively, no significant postop-
erative wound, anastomotic or bleeding compli-
cations were reported.38 An Italian case series of 
nine patients, all of which were treated with nint-
edanib, described similar findings.39 One patient 
suffered bronchial anastomotic stenosis 4 months 
after transplant; however significant bleeding and 
wound healing complications were not observed. 
In a retrospective German study, 30 patients 
treated with antifibrotics (7 with nintedanib), 
were compared with 32 untreated IPF patients 
undergoing lung transplantation.40 There were no 
significant differences in postsurgical revision 
rates due to bleeding or impaired wound healing 
between the two groups, while two of the 
untreated patients suffered anastomotic insuffi-
ciency. Most recently, a retrospective analysis of 
patients attending two European centres assessed 
outcomes in IPF patients receiving bilateral lung 
transplants.41 The authors found no difference in 
complication rates between IPF patients treated 
preoperatively with nintedanib (n = 10), pirfeni-
done (n = 23) or steroid monotherapy (n = 31). 
The results of these studies are reassuring, 

although limited by small cohort sizes and retro-
spective data collection, and suggest that contin-
ued treatment with nintedanib would be advised 
to preserve lung function while patients await 
lung transplantation.

Future directions
Moving forward, ongoing research is focussing on 
the wider applications of nintedanib in IPF and 
ILD. One question is whether combination anti-
fibrotic therapy using both nintedanib and pirfe-
nidone may be an option, particularly in patients 
declining on a single agent. A Japanese phase II 
double-blind placebo-controlled dose-finding 
study compared nintedanib alone or in combina-
tion with pirfenidone across a range of doses.42 
AEs were slightly more common in the nintedanib 
150 mg twice daily/pirfenidone group compared 
with nintedanib 150 mg twice daily alone, par-
ticularly nausea and vomiting, although all AEs 
were mild to moderate in intensity. The exposure 
of nintedanib appeared to be reduced by combi-
nation with pirfenidone while the pirfenidone 
exposure was unaffected. Lung function remained 
stable across all groups. More recently the 
INJOURNEY study, an exploratory study pri-
marily aimed at investigating the safety and toler-
ability of combination therapy, has been 
published.43 Patients with IPF and an FVC ⩾ 
50% were treated with nintedanib at a dose of 
150 mg twice daily for 4–5 weeks before being 
randomized to receive either open label pirfeni-
done at a dose of 801 mg three times daily or to 
continue on nintedanib alone for 12 weeks. The 
primary endpoint was the percentage of patients 
with on-treatment gastrointestinal AEs with 
exploratory secondary endpoints assessing change 
from baseline FVC. Overall, 105 patients were 
randomized. A total of 34 of the 53 patients 
receiving combination therapy completed the 
planned treatment period and 42 of the 51 receiv-
ing nintedanib alone. Gastrointestinal side effects 
were reported in 69.8% of patients with nint-
edanib and add-on pirfenidone compared with 
52.9% of nintedanib alone. Nintedanib dose 
reduction and discontinuation rates were similar 
between the two groups. Overall, 35.8% of 
patients taking pirfenidone required a dose reduc-
tion and 35.8% had to discontinue pirfenidone. 
The total AEs were similar between the two 
groups (88.7% versus 88.2%) with nausea (41.5% 
versus 11.8%) and vomiting (28.3% versus 11.8%) 
being more commonly reported in the add-on 
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group. Rise in ALT/AST > three times ULN was 
seen in 5.7% of patients receiving add-on therapy 
but not seen in the nintedanib-only group. 
Promising efficacy data were observed with an 
absolute change in FVC of −13.3 ml seen in the 
add-on group and −40.9 ml in the nintedanib-
only group. This was not placebo-controlled and 
not powered to assess efficacy but suggests that 
larger studies are warranted.

Active research is investigating the role of nint-
edanib in other forms of fibrotic ILD. Early 
murine models suggest a beneficial role for nint-
edanib in rheumatoid and systemic sclerosis 
related fibrosis.44,45 A phase III clinical trial 
(ClinicalTrials.org identifier: NCT02597933) to 
assess the efficacy of nintedanib in systematic-
sclerosis-related ILD is actively recruiting.46 In 
addition the progressive fibrosing ILD Trial 
(ClinicalTrials.org identifier: NCT02999178) is 
assessing the efficacy of nintedanib in non-IPF 
fibrotic ILD including idiopathic nonspecific 
interstitial pneumonia, chronic hypersensitivity 
pneumonitis, occupational ILD, and connective 
tissue disease-associated ILD.47 There is early 
evidence that nintedanib reduces radiation-
induced fibrosis in mice.48

Conclusion
Both clinical trial and real-world data have dem-
onstrated the efficacy and tolerability of nint-
edanib in the treatment of IPF. Reassuringly 
real-world data have not demonstrated any new 
signals such as cardiovascular and bleeding risk. 
In the limited series, nintedanib appears effica-
cious and tolerated in patients with severe IPF 
and poses no increased risk after lung transplan-
tation. The potential role of nintedanib in combi-
nation with pirfenidone is the subject of ongoing 
research and we eagerly await the results of clini-
cal trials in other fibrotic lung diseases.
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