Rochwerg et al. BVIC Medicine (2016) 14:18

DOI 10.1186/512916-016-0558-x BMC MEdiCine

\K/*’ , Idiopathic pulmonaryfibrosis: diagnosis,
r?q £ management and new therapies

Treatment of idiopathic pulmonary fibrosis: @
a network meta-analysis

Bram Rochwerg'**'®, Binod Neupane?, Yuan Zhang®?, Carlos Cuello Garcia®**, Ganesh Raghu®, Luca Richeldi®,
Jan Brozek*?, Joseph Beyene? and Holger Schiinemann'*?

Abstract

Background: Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease associated with high morbidity and
mortality. Effective treatments for IPF are limited. Several recent studies have investigated novel therapeutic agents
for IPF, but very few have addressed their comparative benefits and harms.

Methods: We performed a Bayesian network meta-analysis (NMA) to assess the effects of different treatments for
IPF on mortality and serious adverse events (SAEs). We searched MEDLINE and EMBASE for randomized controlled
trials (RCTs) up to August 2015. The Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach served to assess the certainty in the evidence of direct and indirect estimates. We calculated the surface
under the cumulative ranking curve (SUCRA) for each treatment.

We included parallel group RCTs, including factorial designs, but excluded quasi-randomized and cross-over trials.
Studies were only included if they involved adult (=218 years of age) patients with IPF as defined by the 2011 criteria
and examined one of the 10 interventions of interest (ambrisentan, bosentan, imatinib, macitentan, N-acetylcysteine,
nintedanib, pirfenidone, sildenafil, prednisone/azathioprine/N-acetylcysteine triple therapy, and vitamin K antagonist).

Results: A total of 19 RCTs (5,694 patients) comparing 10 different interventions with placebo and an average follow-up
period of 1 year fulfilled the inclusion criteria. SUCRA analysis suggests nintedanib, pirfenidone, and sildenafil are the
three treatments with the highest probability of reducing mortality in IPF. Indirect comparison showed no significant
difference in mortality between pirfenidone and nintedanib (NMA OR, 1.05; 95 % Crl, 0.45-2.78, moderate certainty of
evidence), pirenidone and sildenafil (NMA OR, 2.26; 95 % Crl, 0.44-13.17, low certainty of evidence), or nintedanib and
sildenafil (NMA OR 2.40; 95 % Crl, 047-14.66, low certainty of evidence). Sildenafil, pirfenidone, and nintedanib were
ranked second, fourth, and sixth out of 10 for SAEs.

Conclusion: In the absence of direct comparisons between treatment interventions, this NMA suggests that treatment
with nintedanib, pirfenidone, and sildenafil extends survival in patients with IPF. The SAEs of these agents are similar to
the other interventions and include mostly dermatologic and gastrointestinal manifestations. Head-to-head comparisons
need to confirm these findings.
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Background

Idiopathic pulmonary fibrosis (IPF) is a progressive
interstitial pneumonia of unknown cause that usually
affects older adults and is associated with a median
survival of 3—5 years after the time of diagnosis [1, 2]. The
diagnostic criteria, clinical characteristics, and nat-
ural course of the disease have been well defined in
recent evidence-based guidelines for the diagnosis
and management of IPF [2]. IPF manifests with
worsening dyspnea and a high degree of morbidity
experienced by patients [1]. Patients with IPF often
experience a step-wise decline in pulmonary function
test (PFT) parameters and clinical symptoms, and
acute exacerbations are associated with increased
mortality. Until recently, despite an increasing num-
ber of clinical trials, no intervention, other than lung
transplantation, had demonstrated an enhanced sur-
vival in patients with IPF [2]. However, recent large
scale randomized controlled trials (RCTs) of a few
novel agents have demonstrated a decreased rate of
disease progression as measured by forced vital cap-
acity (FVC) in well-defined patients with IPF [3-5].

The choice of first line treatment is best addressed by
direct comparisons of treatment regimens in high quality
studies, but such studies do not yet exist for IPF. Previ-
ous systematic reviews and meta-analyses have relied on
direct comparisons [6, 7]. A recently published multiple
comparison analysis showed the potential benefit of nin-
tedanib and pirfenidone compared to other treatment
interventions [8]. Further, based on indirect comparison,
results suggested that nintedanib might be superior to
pirfenidone in slowing the rate of FVC decline [8]. This
review had limitations as it focused on only a select
number of interventions (three in total, including N-
acetylcysteine monotherapy, nintedanib, and pirfeni-
done), which limited the evidence to a fraction of that
available. More importantly, it focused on the outcome
of FVC, a correlate for survival [9], and, due to its
variable reporting across included studies (including
FVC outcome measures such as percent change, percent
predicted, volume change, etc.), the analysis relied on
standardized mean differences, which limit application
in decision-making [8].

We performed a multiple treatment comparison
based on a network meta-analysis considering both
direct and indirect comparisons of 10 treatment inter-
ventions that have been tested in RCT of patients
with well-defined IPF. We focused on mortality and
SAEs, as these outcomes are clinically relevant and
meaningful to patients.

Methods
We conducted this systematic review to inform the clin-
ical practice guidelines for the pharmacologic treatment
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of patients with IPF sponsored by the American Thoracic
Society, European Respiratory Society, Japanese Respiratory
Society, and the Asociacion Latinoamericana de Torax
Society [10]. This multiple comparison network meta-
analysis (NMA) followed the guideline development
process and was independent of it in that the results of
this NMA were not available for the formulation of the
guidelines.

For the previous guideline document, published in 2011,
we had performed an evidence synthesis of treatment
interventions for IPF [2]. For this NMA, we updated the
2010 review and searched for more recent publications
only. We utilized the Ovid platform to search MEDLINE,
EMBASE, Cochrane Registry of Controlled Trials, Health
Technology Assessment, and the Database of Abstracts of
Reviews of Affects for the period of May 2010 (the date
since the last search) through August 2015 (see Appendix
for search strategy). Reviewers (BR, CC, YZ) con-
tacted experts and reviewed previous meta-analyses
for additional articles.

Three reviewers (BR, CC, YZ) screened the titles
and abstracts in duplicate to determine potential eli-
gibility and entries identified by any reviewer pro-
ceeded to the full-text eligibility review. Pre-tested
eligibility forms were used for full text review, which
was also performed in duplicate, with a third adjudi-
cator (HJS) helping to reach consensus in situations
of disagreement. We included parallel group RCTs,
including factorial designs, but excluded quasi-
randomized and cross-over trials. No language re-
strictions were applied. Studies were only included if
they involved adult (=18 years of age) patients with
IPF as defined by the 2011 criteria [2]. Studies that
included patients with other confounding respiratory
conditions and idiopathic interstitial idiopathic pneumo-
nia other than IPF were excluded. Studies had to examine
treatment with one of the 10 identified interventions of
interest included in the guideline update (ambrisentan,
bosentan, imatinib, macitentan, N-acetylcysteine, ninte-
danib, pirfenidone, sildenafil, prednisone/azathioprine/
N-acetylcysteine triple therapy, and vitamin K antag-
onist) compared with one of the other interventions
or placebo. We focused on mortality and rates of se-
vere adverse events (SAEs) as data for these outcomes
were considered important to patients and widely
available across RCT.

Data was abstracted in duplicate and authors of primary
publications were contacted when required for missing or
unclear information. Individual study risk of bias (RoB)
was assessed independently and in duplicate. Reviewers
assessed RoB using a tool modified from that recom-
mended by the Cochrane Collaboration [11, 12]. For each
included study we provided a judgment of ‘low RoB),
‘probably low RoB’, ‘probably high RoB’, or ‘high RoB’ for
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each of the following items: randomization sequence gen-
eration, randomization concealment, blinding, incomplete
data, selective reporting, and other bias (including lack of
intention-to-treat analysis). The overall rating of RoB for
each individual study was the lowest of the ratings for any
of the RoB criteria.

Heterogeneity in treatment effects was evaluated
by estimating the variance between studies, and
through Cochrane Q-test and 2 [13-15] when at least
two studies were available for each pairwise comparison.
Under a Bayesian framework, we used a Markov Chain
Monte Carlo algorithm to carry out a random effects
NMA, where binomial distribution was used for the num-
ber of mortality or SAE events within studies. Multiple
treatment NMAs allows for the combination of direct and
indirect evidence into a combined overall point estimate.
We also performed a post-hoc subgroup analysis ex-
cluding two trials with follow-up of only 6 months
duration, both of which examined sildenafil treatment
(with placebo).

We report odds ratios (OR) and their correspond-
ing 95 % credibility intervals (Crl), which are the
Bayesian analog of the 95 % confidence intervals
[16]. The ORs reported are relative effects of IPF
treatments in reducing mortality or SAEs in IPF
patients within (an average of) 1 year. Vague (non-
informative) priors were used for model parameters
and convergence was assessed using Brooks Gelman
Rubin plots [17], as well as trace and time-series
plots. Goodness-of-fit was evaluated using the mean
residual deviance and the surface under the cumula-
tive ranking curve (SUCRA) was employed to rank
the treatments [18]. SUCRA is generated based on
cumulative probability plots, an intervention which
always ranks first would have a SUCRA value of one,
whereas one that always ranks last would have a
value of zero. We also generated clustered ranking
plot of the network based on cluster analysis of
SUCRA values for the two outcomes (mortality or
SAE). This exploratory plot allows for identification
of clusters of treatments that have similar effective-
ness and safety profiles [19]. The Bayesian network
meta-analysis was conducted using the R statistical
package.

The Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) approach spe-
cific to NMA served to assess the certainty in the
evidence (quality of evidence) associated with spe-
cific comparisons, including direct, indirect, and final
network meta-analysis estimates [20]. Our confidence
assessment addressed the RoB (in individual studies),
imprecision, inconsistency (heterogeneity in estimates
of effect across studies), indirectness (related to the
question or due to intransitivity), and publication
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bias [20]. Incoherence assessment was not needed in
this analysis as all estimates included only direct (in-
terventions vs. placebo) or only indirect evidence
(for all other comparisons). For direct comparisons,
the starting point for certainty in estimates was
‘high’ and for indirect comparisons we lowered the
starting certainty to ‘moderate’. The certainty in in-
direct estimates was inferred from examination of
the connecting network loops associated with the
particular comparison. The certainty rating chosen
was the lowest of the direct estimates contributing to
the indirect comparison. The judgment of precision
was based on the credible interval around the point
estimate from the indirect comparison. Publication
bias could not be formally assessed based on statis-
tical criteria due to the small number of studies in-
cluded in the direct comparisons. Although the
potential for this bias is real given the small number
of studies and the for-profit interest, we did not be-
lieve this concern was sufficient enough to further
downgrade the certainty in the evidence.

Results

A total of 9,933 titles were identified during the pri-
mary search (Fig. 1), and were combined with 346
studies found through screening titles included in the
previous iteration of the IPF guidelines. Of these
10,279 references, 10,225 were judged as ineligible on
the basis of titles and abstracts, leaving 54 studies for
full text review, of which 35 proved ineligible, leaving
19 eligible RCTs that were included in the final ana-
lysis [3-5, 21-35].

Table 1 summarizes the characteristics of these 19
RCTs involving 5,694 adults. All trials examined pa-
tients diagnosed with IPF according to current inter-
national diagnostic criteria [2]. Most trials focused on
patients with mild or moderate impairment in PFTs
or other clinical parameters used to exclude patients
with severe functional impairment as a result of their
lung disease.

Mortality

Table 2 shows the NMA and mortality results. The re-
sults demonstrate lower mortality associated with sil-
denafil treatment compared to ambrisentan (NMA OR,
0.12; 95 % Crl, 0.01-0.78, moderate quality of
evidence), triple therapy (NMA OR, 0.02; 95 % CrI,
0.01-0.30, moderate quality of evidence), and vitamin
K antagonists (VKA) (NMA, OR 0.05; 95 % Crl, 0.01—
0.37, moderate certainty in the evidence). Similarly, pir-
fenidone is associated with a mortality benefit when
compared to ambrisentan (NMA OR, 0.28; 95 % CrI,
0.07-0.93, moderate certainty in the evidence), triple
therapy (NMA OR, 0.05; 95 % CrI, 0.01-0.44, moderate
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Previous IPF guidelines
assessed for any relevant
studies (n = 346)

Records identified through database

CONFERENCE ABSTRACTS =2, 782

searching:

MEDLINE, EMBASE = 7, 151

(n=9,933)

Records screened
(n=10,279)

Records excluded
(n=10,225)

A

Full-text articles

(n=54)

assessed for eligibility

Full-text articles excluded
(n=35)

Observational Study when RCT on specific
question exists (n =11)
Intervention not relevant to one of our

A

» research questions (n = 9)
Duplicate Publication (n = 7)
Not IPF population (n = 5)
Outcome of interest not reported (n = 2)
Short-term Follow-Up (n = 1)

meta-analysis
(n=19)

Studies included in network

Fig. 1 Flow chart of search results

certainty in the evidence), and VKA (NMA OR, 0.10;
95 % Crl, 0.02-0.47, moderate certainty in the evi-
dence). Nintedanib is beneficial in terms of mortality
when compared to only triple therapy (NMA OR, 0.05;
95 % Crl, 0.01-0.49, moderate certainty in the evi-
dence) and VKA (NMA OR, 0.11; 95 % CrlI, 0.02-0.54,
moderate certainty in the evidence).

We found no significant difference when comparing
sildenafil to pirfenidone (NMA OR, 0.44; 95 % Crl,
0.08-2.28, moderate certainty in the evidence) or nin-
tedanib (NMA OR, 0.42; 95 % Crl, 0.07-2.13, moder-
ate certainty in the evidence), or when comparing
pirfenidone to nintedanib (NMA OR, 0.95; 95 % CrI,

0.36—2.24, moderate certainty in the evidence). Triple
therapy is significantly worse than most interventions
including imatinib (NMA OR, 16.00; 95 % Crl, 1.43—
730.7, moderate certainty in the evidence), NAC
monotherapy (NMA OR, 11.84; 95 % CrI, 1.19-480.3,
moderate certainty in the evidence), and placebo
(NMA OR, 12.52; 95 % Crl, 1.58-444.4, moderate
certainty in the evidence), in addition to those listed
above. VKA also was associated with a higher mortal-
ity compared with imatinib (NMA OR, 7.92; 95 %
Crl, 1.17-65.39, moderate certainty in the evidence),
NAC monotherapy (NMA OR, 5.80; 95 % Crl, 1.08—
38.11, moderate certainty in the evidence), bosentan



Table 1 Study characteristics

Number of randomized ATS/ERS/JRS/ALAT Pulmonary function Intervention Follow-up  Risk of bias Mortality Severe adverse Industry
patients clinical criteria used tests/blood gas (all compared used for events sponsor
for diagnosis criteria for enrolment  to placebo) analysis
Noth 2012 [21] Multicenter (22) Yes — no Progressive decline in  Warfarin 12 months High (trial stopped VKA 14/72 21/72 12/74 None
USA n=146 bronchoscopy FVC (>10 % in last early for harm) Placebo 3/74
required year) or DLCO (>15 %
in last year)
PANTHER 2012 [22] Multicenter (25) Yes FVC >50 % predicted  Triple therapy 12 months High (trial stopped Triple Rx 8/77 24/77 8/78 None
USA n=155 DLCO >30 % (NAC, azathioprine, early for harm) Placebo 1/78
predicted predinisone)
Jackson 2010 [23]  Single Center Yes - no FVC 40-90 % Sildenafil 6 months  Low Sildenafil 0/14  0/14 0/15 Pfizer UK
USA n=29 bronchoscopy predicted DLCO Placebo 0/15
required 30-90 % predicted
STEP-IPF 2010 [24]  Multicenter (14) Yes DLCO <35 % Sildenafil 6 months  Low Sildenafil 3/89  13/89 15/91 Pfizer
USAn=180 predicted Placebo 9/91
Homma 2012 [25]  Multicenter (27) Yes Also required Partial arterial oxygen  NAC monotherapy 12 months Low NAC 0744 Not reported ~ None
Japan n=88 elevated markers concentration Placebo 0/46
pneumocyte injury >70 mmHg at rest
(KL-6, surfactant
protein A & D)
Tomioka 2005 [26]  Single Center Yes None NAC monotherapy 12 months Low NAC 2/15 0/15 0/15 None
Japan n=30 Placebo 2/15
IPF Network 2014 [3]  Multicenter (25) Yes FVC >50 % predicted  NAC monotherapy 12 months Low NAC 6/133 25/133 20/131  None
USA n =264 DLCO >30 % Placebo 3/131
predicted
IFIGENIA 2005 [36]  Multicenter (36) No Histologic or FVC <80 % predicted  NAC monotherapy 12 months Low NAC 7/92 Not reported ~ Zambon
Europe n=182 radiologic pattern of ~ TLC <90 % predicted Placebo 8/90
UIP with other causes DLCO <80 %
ruled out. Mandatory  predicted
biopsy in patients
<50 years old
Mandatory
bronchoscopy and
duration >3 months
Azuma 2005 [27] Multicenter (25) Yes None Pirfenidone 9 months  High (trial stopped Pirfenidone 0/73 Not reported  Shinogi & Co.
Japan n=108 early for benefit) Placebo 1/35
Taniguchi 2010 [29] Multicenter (73) Yes None Pirfenidone 12 months Low Pirfenidone 3/108 Not reported ~ None
Japan n=212 Placebo 4/104
CAPACITY 2011 [28] Multicenter (110) Yes FVC >50 % predicted  Pirfenidone 24 months Low Pirfenidone 113/345 Intermune
Worldwide n =692 DLCO >35 % 27/345 Placebo  109/347

predicted

34/347
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Table 1 Study characteristics (Continued)

King Jr 2014 [4]

BUILD-1 2008 [30]

BUILD-3 2011 [31]

MUSIC 2013 [33]

ARTEMIS 2013 [32]

Daniels 2010 [34]

Richeldi 2011 [35]

INPULSUS 2014 [5]

Multicenter (127)
Worldwide n =555

Multicenter (29)
Europe, N. America
n=158

Multicenter (119)
Worldwide n=616

Multicenter (48)
Worldwide n=178

Mulitcenter (136)
Worldwide n =492

Multicenter (13) USA
& Mexicon=119

Multicenter (92)
Worldwide n =428

Multicenter (205)
Worldwide n= 1061

Yes

Yes

Yes

Yes, with positive

biopsy

Yes

Yes

Yes

Yes

FVC 50-90 %
predicted DLCO 30-

90 % predicted FEV1/

FVC >80 %

FVC >50 % predicted
DLCO >30 %
predicted

None

FVC >50 % predicted
DLCO >30 %
predicted FEV1/FVC
>70 %

None

FVC >55 % predicted
DLCO >35 %
predicted FEV1/FVC
>60 % Progressive

decline in FVC (>10 %

in last year)

FVC >50 % predicted
DLCO 30-79 %
predicted

FVC >50 % predicted
DLCO 30-79 %
predicted

Pirfenidone

Bosentan

Bosentan

Macitentan

Ambrisentan

Imatinib

Nintedanib

Nintedanib

12 months

12 months

12 months

12 months

12 months

24 months

12 months

12 months

Low

Low

Low

Low

High (trial stopped
early for harm)

Low

Low

Low

Pirfenidone 52/278 56/277
11/278 Placebo

20/277

Bosentan 3/74  22/74 29/84

Placebo 3/84

Bosentan 17/407 129/407
Placebo 7/209 74/209

Macitentan 3/119 37/119 20/59
Placebo 2/59

Ambrisentan 73/329 25/163
26/329 Placebo

6/163

Imatinib 8/59
Placebo 10/60

18/59 19/60

Nintedanib 25/
343 Placebo 9/85

90/343 26/85

Nintedanib 194/638
35/638 Placebo  127/423
33/423

Intermune

Actelion
Pharmaceuticals

Actelion
Pharmaceuticals

Actelion
Pharmaceuticals

Gilead Sciences

Novartis
Pharmaceuticals

Boehringer
Ingelheim

Boehringer
Ingelheim

n, Number; VKA, Vitamin K antagonist; FVC, Forced vital capacity; DLCO, Diffusion capacity of lung for carbon monoxide; TLC, Total lung capacity; NAC, N-acetylcysteine
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Table 2 Estimates of effects (with 95 % credible intervals) and confidence ratings for comparisons of therapeutic agents for the
treatment of idiopathic pulmonary fibrosis (IPF) on the outcome mortality

ome: Mortality

Imatinib Bosertan
Macitentan
Patient or population: patients with IPF 1
'Ambmseman
" . I . . NAC monotherapy
Interventions: ambrisentan, bosentan, imatinib, macitentan, N-acetylcysteine, il
1 2 VKA
nintedanib, pirfenidone, sildenafil, ioprir - triple therapy N,medamb. B 1
4
T
and warfarin ) { iple therapy
Pirfenidone °
% 1 _Sildenafil
Outcomes: 1-year mortality 2
Placebo
i 2 pl
Comparisons: placebo Graphic: Evidence network for mortality
N° studies: 19 Comparator
RCTs
paricipants: ) - ) NAC ST I )
ipants: Ambrisentan | Bosentan Imatinib Macitentan Nintedanib | Pirfenidone | Sildenafil Triple Therapy VKA Placebo
5605 monotherapy
Not applicable | OR0.41 k OR0.34 OR0.45 OR0.29 OR0.28 OR0.12 OR5.32 OR265 | OR043
(009,151 | (006,176) | (0.03,4.71) (0.10,193) (007,106) | (007,093) | (0.01,078) (0.48,222.5) (0.40,19.88) | (0.12,128)
Not applicable @800 @800 @000 ®800 ®800 ®000 ®060 ®000 ©000 D@00 |
Low 2 Low 2 Very Low 13 Low 12 Low 2 Moderate! | Moderate ! VeryLow? | VeryLow?? Low 2
OR2.46 Not applicable OR0.83 ORO0.84 OR1.11 ORO.71 OR0.67 OR0.30 OR13.28 OR 6.46 OR104
(066 t0 10.93) b (02010359) | (0.09101001) | (03710379) | (02710208) | (0.26101.7) | (0.05t01.62) | (1.46t04949) | (1.35104369) | (05110232
Bosentan
@800 3 @800 500 @800 080 080 o080 ©680 500 [ellcle]
Lowre  [Notapplicablel Low? Low? Moderate? | Moderate’ | Moderate ! Moderate 2 Moderate 2 | Moderate '
OR2.98 OR1.21 Not applicabl OR1.02 OR1.35 OR 0.86 OR0.81 OR0.36 OR 16.00 OR7.92 OR 1.26
(057101761) | (028t0513) | O P12 | (5001014 10) | (03110650) | (02110371) | (02000334 | (0.0410250) | (143107307) | (1.17106539) | (03710 4.56)
Imatinib
®®00 &800 Not aplicable ®®00 ®®00 ®800 @800 ®®00 o880 oe360 ®®00 ‘
Low 2 Low? - Low? Low? Low? Low? Low? Moderate 2 Moderate 2 Low?
OR2.98 OR1.19 OR0.98 Not applicable OR1.36 OR0.86 ORO0.81 OR0.35 OR 16.65 OR7.96 OR1.27
(021103431) | (0101010.58) | (0.07 to 11.20) il (0.111013.16) | (008107.50) | (0.07106.73) | (0.0210453) | (068109736) | (0.50101162) | (0.12109.79)
®000 @00 ®®00 Not applicable 800 @800 ®®00 @00 8800 lele] @e00 |
Very Low 23 Low?® Low? Low? Low? Low? Low? Low "2 Low 12 Low?
OR220 OR0.90 ORO0.74 OR0.73 ROV OR0.63 OR0.60 OR0.27 OR11.84 OR5.80 OR0.93
(0521010.08) | (02610268) | (04510327) | (00810908 [ o PP ¢ | (02110186) | (01910163) | (00410150) | (11904803) [(1.081038.11) | (038102.18)
NAC Mono
®®00 800 @800 ®©00 Not applicabl 880 o000 o000 o000 o000 00
Low2 Moderate Low? Lows o1 2pPICaDIe | wodorate | Moderate | Moderate ! Moderate? | Moderate? | Moderate? |
OR3.45 OR1.41 OR1.17 OR1.16 OR1.58 Not applicable OR 0.95 OR 0.42 OR 18.56 ORA.11 OR 1.47
(09410 140) | (0.4810368) | (027t04.73) | (0.131013.24) | (0.54104.85) B (03610224) | (0.07102.13) | (20410713.1) | (1.86105742) | (0.7410287) ‘
®®00 @00 ®e00 ©200 @800 Not applicable 000 e000 o000 o000 000
Low 12 Low* Low? Low?3 Low? Moderate ! Moderate Moderate 2 Moderate Moderate !
OR 3.63 OR1.48 OR1.24 OR1.23 OR 1.66 OR1.05 RN OR0.44 OR19.76 OR 9.65 OR 1.55
(107101509) | (05610392) | (03010499) | (0.15101455) | (06110521) | (04510278) [0 PP (0810228 | (229107415) | (2121061.05) | (0.88t03.04)
o880 [o1:1:Te] ®800 @800 ®®00 ®®00 Not 2000 eee0 o000 o000
Moderate 2 Low? Low Low? Low?3 Low? applicable Moderate ! Moderate 2 Moderate > | Moderate '
OR8.39 OR3.35 OR2.79 OR 2.86 OR3.76 OR 2.40 OR 226 Not OR 46.73 OR22.16 OR3.51
(1.281070.64) |(0.621020.83) | (0.391022.23) | (0.221047.3) | (0.671026.62) | (0.47t0 14.66) | (0.44t013.17) [ applicable (3.35102122) (27110240.5) | (0.79t0 19.6)
Sildenafil
o080 200 ®©00 800 o080 ®»00 ®800 Not o080 080 000
Moderate 2 Moderate ' Low? Low? Moderate ' Low? Low* applicable Moderate 2 Moderate? | Moderate !
OR0.19 OR0.08 OR 0.06 OR0.06 OR0.08 OR0.05 OR0.05 OR0.02 . OR0.49 OR0.08
Triple (00110241) | (0.0110068) | (0.0110070) | (00100147) | (00100084 | (00110049) | (0010044 | (0.0110030) | Notapplicable | 115762) | (00110 063)
Therapy
®®00 [cllle] o000 ®®©00 clet:le] D080 080 felette] Not applicable ®000 000
Low "2 Moderate 2 Moderate 2 Low 12 Moderate 2 Moderate 2 Moderate 2 Moderate 2 VeryLow2* | Moderate 2
OR0.38 OR0.15 ORO0.13 ORO0.13 ORO0.17 ORO0.11 ORO0.10 OR0.05 OR2.04 OR0.16
00510252) | (0.0200074) | (00210085) | (00110201) | (003100.93) | (00210054 | (00210047) | (00110037) | (013109242 |Notapplicablel (o o315067)
VKA
©800 ®®00 ©600 ®®00 ®680 ©080 ©000 ©000 ®000 Not applicable| ~©®®0
Low 2 Moderate 2 Moderate 2 Low 12 Moderate 2 Moderate 2 Moderate 2 Moderate 2 Very Low 23 Moderate 2
OR233 OR0.96 OR0.79 OR0.79 OR1.07 OR0.68 OR 0.65 OR0.29 OR12.52 OR6.14 Not applicable
(07810849) | (04310195) | (02210268) | (0.1000837) | (04610260) | (0.35t0136) | (0.33101.13) | (0.05101.26) | (158t04444) | (149,35.13) PP |
Placebo
@800 ®®00 @800 @®00 ®®00 ©060 060 0000 o080 080 Not applicable
Low? Moderate? | Low? Lows Low? Moderate! | Moderate’ | Moderate' |  Moderate? | Moderate? E

OR, Odds ratio

! Certainty lowered for imprecision

2 Certainty lowered for individual study risk of bias
3 Certainty lowered two levels for imprecision

GRADE Working Group grades of evidence - High quality: Further research is very unlikely to change our confidence in the estimate of effect; Moderate quality:
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; Low quality: Further research is
very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate; Very low quality: We are very uncertain

about the estimate
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(NMA OR, 6.46; 95 % Crl, 1.35-43.69, moderate cer-
tainty in the evidence), and placebo (NMA OR, 6.14;
95 % Crl, 1.49-35.13, moderate certainty in the evi-
dence) in addition to those listed above.

SUCRA analysis (Table 3) suggested nintedanib,
pirfenidone, and sildenafil as the three treatments
with the highest probability of reducing mortality in
IPF. Subgroup analysis, excluding two trials of sil-
denafil with only 6-month follow-up, showed ninte-
danib and pirfenidone to be the two treatments with
the highest probability of being efficacious compared
with other included interventions.

Severe adverse events (SAEs)

Four of the 19 trials did not report SAEs and were
therefore not included in this analysis [25, 27, 29, 36].
Table 4 shows the NMA and SAE results. Triple ther-
apy showed a significant increase in SAEs compared
with bosentan (NMA OR, 4.94; 95 % Crl, 1.52—-17.70,

Table 3 Surface under the cumulative ranking curve (SUCRA)
data for the outcomes of mortality and severe adverse events

a. SUCRA rankings for mortality

Treatment SUCRA
Sildenafil 0913
Pirfenidone 0.749
Nintedanib 0.719
Imatinib 0624
Macitentan 0.604
Bosentan 0.533
Placebo 0490
NAC monotherapy 0483
Ambrisentan 0.238
VKA 0.097
Triple therapy 0.050
b. SUCRA rankings for severe adverse events

Treatment SUCRA
Bosentan 0.756
Sildenafil 0.692
Macitentan 0.684
Nintedanib 0.638
Imatinib 0.627
Pirfenidone 0.597
Placebo 0.587
NAC monotherapy 0413
Ambrisentan 0.279
VKA 0.190
Triple therapy 0.038

SUCRA, Surface under cumulative ranking curve
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low certainty in the evidence), imatinib (NMA OR,
4.35; 95 % Crl, 1.05-20.05, low certainty in the evi-
dence), macitentan (NMA OR, 4.74; 95 % Crl, 1.18—
20.63, low certainty in the evidence), nintedanib
(NMA OR, 4.35; 95 % Crl, 1.36-15.47, low certainty
in the evidence), pirfenidone (NMA OR, 4.17; 95 %
Crl, 1.29-14.51, low certainty in the evidence), sil-
denafil (NMA OR, 4.91; 95 % Crl, 1.11-22.48, low
certainty in the evidence), and placebo (NMA OR,
4.15; 95 % Crl, 1.43-12.88, low certainty in the
evidence).

SUCRA analysis (Table 4) suggested that bosentan,
macitentan, and sildenafil had the lowest risk of
SAEs. Nintedanib and pirfenidone were ranked
fourth and sixth, respectively. VKA and triple ther-
apy were the two lowest ranked interventions with
the highest probability of causing SAEs. Subgroup
analysis, excluding two trials of sildenafil with only
6-month follow-up, demonstrated very similar
results.

SUCRA cluster

Figure 2 shows a scatterplot including SUCRA value
for mortality on the y-axis and SUCRA value for
SAEs on the x-axis. Cluster analysis demonstrates
the division of treatments into two distinct group-
ings. One cluster of interventions, which includes
ambrisentan, triple therapy, and VKA, has lower SUCRA
values for both outcomes compared with the other

grouping.

Discussion

The results of this NMA highlight potentially im-
portant differences in mortality and SAEs between
different treatment interventions for IPF. Our find-
ings suggest a possible mortality advantage of ninte-
danib, pirfenidone, and sildenafil compared to other
treatments. Focusing on longer-term mortality data,
by excluding the two trials of sildenafil with 6-
month follow-up, we observed the potential survival
benefit of nintedanib and pirfenidone compared to
other treatment interventions. No significant differ-
ence was seen when comparing these two treatments
to each other.

The strengths of this systematic review and NMA
include the inclusion of RCTs that address a precise
clinical question with well-defined IPF patients, fo-
cusing on outcomes that are important to patients.
We conducted a comprehensive search and RoB as-
sessment, with both processes involving duplicate re-
view and third party adjudication if necessary. Using
rigorous NMA methods [16], we used indirect evi-
dence to compare the efficacy and safety profiles of
active therapeutic agents investigated in patients with
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Table 4 Estimates of effects (with 95 % credible intervals) and confidence ratings for comparisons of therapeutic agents for the
treatment of idiopathic pulmonary fibrosis (IPF) on the outcome severe adverse events (SAEs)

Patient or population: patients with IPF
Imatin, JBosentan
Interventions: ambrisentan, bosentan, imatinib, macitentan, N-acetylcysteine, Macientan,
Ambisentan
nintedanib, sildenafil, triple therapy NAC monctherapy,
| 4 wartarin
and warfarin o 1 1
(]
Outcomes: SAE at 1 year ; Topetherapy
Pirtenidone .2
N 2 1 Sidensti
Comparisons: placebo 2
Placeo
Graphic: Evidence network for SAE
W studies: 15 Comparator
RCTs
Participants: | Ambrisentan | Bosentar Imatinib | Macitenta hovd Nintedanib | Pirfenic Sildenafil | Triple therapy VKA Placeb
P mbrisentan | Bosentan | Imatini " | monotherapy | Nintedanib | Pirenidone | - Sitdenaf p jacebo
Notappicatle | OR0S3 | OR0S9 | OR0s4 OR081 OROG) | OROG2 | OROS53 OR258 OR134 | OROS3
(0.20,1.37) | (0.16,2.08) | (0.16,1.84) | (0.25,2.80) (0.22,1.51) | (0.24,1.59) | (0.15,1.96 (0.70,10.4) (0.38,4.88) | (0.28,1.37)
Not applicable | ©®00 8600 8600 2000 ®800 8000 8000 000 8000 | 800
Low'2 Low'2 Low'2 Verylows | Low | Verylowit | Verylow'st | VeryLow'st | Verylowss | Low
OR190 Not OR113 | OR104 OR155 OR1M | ORLI | OR101 OR494 OR254 | OR1.19
(073105.11) | applicable | (03710354) | (03710305) | (057w446) | (05310237) | (0550255) | (03200341) | (152001770 | (08210837) | (0700 2:10)
Bosentan
©600 Not 8600 8600 ®800 8680 800 8000 800 8000 | @860
Low applicable Lows Lows Lows Moderate Lowtt | VeryLow Lowt VeryLow? | Moderate !
OR1.69 OR0.89 Not OR092 OR137 OR1.01 OR105 | OR08Y OR434 OR226 | ORT106
(04810608) | (02810273) | appicable | (02410368) | (03710512) | (03210304 | (03410324) | (02110375) | (10502005) | (05410959) | (03910287)
Imatinib
8000 2800 Not 2800 ®600 ®800 8000 9000 2800 ®000 | 800
Very Low?s Low? applicable Low? Low? Low? | Verylow™ | VeryLow’ Lowt Verylow? | Low?
OR1.84 OR09 | OR108 Not OR1.49 OR109 | ORLM | OROS7 OR4.74 OR244 | OR11S
(05410608) | (03310274) | (02710421) | applicable | (04200541) | (03710298 | (040103.17) | (02610390) | (118102063) | (06310970) | (04610282)
Macitentan
8000 2600 8600 Not 2600 8600 8000 8000 8800 ®000 | 800
Very Low? Low? Low? applicable Low? Low® | VeryLow | VeryLows Low Verylow® | Low?
OR1.23 OR065 | OROT3 | OROGT Not ORO74 | OROTT | ORO6S OR3.18 OR165 | OROJT
(0360399 | (02200177) | (0200269) | (01810237) | applicable | (0250197) | (0270208) | (0.1710268) | (078101320) | (041106.18) | (03110184
NAC Mono
©000 600 ®600 600 Not ®660 ®600 ®600 8000 ®000 | @80
VeryLow® | Moderates i Moderate | applicable | Moderate ! Low Lows VeryLow?2 | VeryLow? | Moderate
OR167 OR088 | OROY | OR092 OR1.36 Not OR104 | ORO8Y OR435 OR224 | OR104
(06610445) | (042101.89) | (0330316) | (03410268) | (05110395 | applicable | (0511022¢) | (0290297) | (136101547) | (074107.18) | (06410182)
Nintedanib
®600 9660 #600 8660 ®800 Not 800 ®000 ®600 ®000 | ©®e0
Lowz Moderate Low? Moderate Low? applicable Low't | VeryLow Lowzt VeryLow?: | Moderate "
OR161 OR084 | OROY | OROST OR130 OR096 Not OR085 OR417 OR214 | OR100
(0630415) | (03900182) | (0310290) | (03210250) | (04810370) | (04500195) | applicable | (02710275) | (129001451) | (07010678) | (06010 1.70)
Pirfenidone
©000 ©©00 ©000 @600 ©000 ®600 Not ®000 ©@00 ®000 | ©®00
VeryLow'2 | Low' | Verylow® | Low™ Very Low >t Low's appiicable | Very Lowt Lowt VeryLow4 | Low's
OR190 OR099 | OR112 | OR1.04 OR155 OR113 | ORI Not OR491 OR252 | OR118
(05110679) | (02910311) | (02710470) | (02610409) | (037©05%) | (03410340) | (03610368) | appicable | (1.11102248) |(059101080) | (041103.26)
Sildenafil
©000 ©000 ®000 ®000 ©000 ©000 ®000 Not ©600 ®000 | ®000
VeryLow?3t | VeryLows | VeryLow | VeryLow' | VeryLow' | VeryLow’' | VeryLows | applcable Lowt Very Low 34 | Very Low
OR039 OR020 | ORO2 | ORO2I ORO031 OR023 | ORO24 | ORO20 | ... | OROSI | ORO24
Tl (01010143) | (0.0610066) | (00510095) | (00510085 | (01000130) | (00610073 | (0.0710077) | (004t0090) | NOUEPPICBE | 1o 1410220) | (0.0810070)
riple
therapy
©000 #8600 ®600 ®600 ®000 %800 800 9800 | \oanpicable | ©000 | ©000
VeryLow'z | Lows Low?t Low? | VeryLow' |  Lowt Lowt Lowt Verylow's | Lowzs
OR0.75 OR0.39 OR0.44 OR0.41 OR0.61 OR0.45 OR0.47 OR0.40 OR1.95 Not OR0.47
(02110266) | (01210128) | (01010186) | (01010160) | (01610244) | (01410136) | (0150143) | (00910170) | (044toB96) | applicable | (01710 1.29)
VKA
8000 @800 @800 @800 ®600 ®800 000 ®000 8000 Not ©600
VeryLowst | Low Low's Low'z Lowz Low's | VeryLow'st | VeryLow'®t | VeryLow'st | applicable | Low'z
OR 1.60 OR0.84 OR0.94 OR0.87 OR1.30 OR0.96 OR 1.00 OR0.84 OR4.15 OR2.14 Not
(07310352) |(048101.44) | (035102:58) | (03510217) | (0.5410321) | (055 101.56) | (0.59101.66) | (0.3110241) | (143101288) | (0.77,591) | applcable
Placebo
9600 @660 9600 @600 9600 ®660 9600 ©600 ©®00 ©000 Not
Lowz Moderate ! Low? Moderate ! Low?* Moderate ! Low™4 Low Low2t VeryLowzs | applicable

OR, Odds ratio

! Certainty lowered for imprecision

2 Certainty lowered for individual study risk of bias

3 Certainty lowered two levels for imprecision

4 Certainty lowered for indirectness

GRADE Working Group grades of evidence - High quality: Further research is very unlikely to change our confidence in the estimate of effect; Moderate quality: Further
research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate; Low quality: Further research is very likely to
have an important impact on our confidence in the estimate of effect and is likely to change the estimate; Very low quality: We are very uncertain about the estimate
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SUCRA cluster for Mortality vs. SAE
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SUCRA values for serious adverse event (SAE)
Fig. 2 Scatterplot including surface under cumulative ranking curve (SUCRA) value for mortality on the y-axis and SUCRA value for
severe adverse events (SAEs) on the x-axis. A higher SUCRA ranking for mortality indicates better survival whereas a higher SUCRA
ranking for SAEs indicates fewer events associated with treatment. Cluster analysis demonstrates the division of treatments into two
distinct groupings

IPE, which allowed for assessment of comparative efficacy
between IPF treatment interventions, providing the best
estimates of effect. The GRADE approach also allowed
reporting of the certainty in the evidence when interpreting
each unique treatment comparison and across the
network.

The benefits of any intervention must be weighed
against potential harms or adverse effects. Although
both pirfenidone and nintedanib are associated with
SAEs, being primarily dermatologic manifestations and
gastrointestinal disturbances, neither proved significantly
worse than any other intervention. The SUCRA rankings
for these interventions suggested that, although they
were not likely to be the best options in terms of avoid-
ing SAEs, they were not in the bottom of the rankings
either. The balance between benefit and harm is demon-
strated in Fig. 2 where treatments found in the upper
right of the graph, such as nintedanib, pirfenidone, and
sildenafil, are beneficial in terms of both mortality and
SAE rates compared to other active interventions. The
results further suggest that certain interventions for IPF,
specifically triple therapy, VKAs, and ambrisentan, are
associated with an increased risk of SAE with no demon-
strated benefit.

The limitations of our review include the small
number of studies relative to the number of compar-
isons considered, resulting in low certainty in esti-
mates for many key comparisons. Although all
included studies examined only IPF patients, there
was also some heterogeneity in disease severity as
assessed by PFTs, radiologic assessment, and follow-up

time across studies. To incorporate heterogeneity in treat-
ment effects, we employed random-effect assumptions. The
subgroup analysis was also performed to examine the im-
pact of including trials with shorter duration of follow-up.
We were unable to perform the NMA of some other pa-
tient important outcomes such as quality of life indices,
6-minute walk test, or acute exacerbation rate due to the
differential reporting of these outcomes across included
studies and the relative inaccessibility of the primary data.
Applying the NMA model to the limited number of studies
that included these outcomes would lead to very imprecise
and non-informative results. Therefore, it is possible that
minimal important differences in treatment effects concern-
ing other patient-important outcomes were missed [37].

Conclusions

This NMA provides the best available estimates of treat-
ment effect on overall mortality for IPF interventions
combining all available evidence. It is the first analysis to
provide comparative efficacy for patient important out-
comes from interventions in IPF. Results suggest greater
benefits of nintedanib and pirfenidone compared to
other treatments, while no significant difference was
seen when comparing these two interventions. Ambri-
sentan, VKA, and triple therapy are associated with
harm and had no demonstrated benefit. However, given
the limitations and low certainty in the evidence for
most comparisons, conclusions should be interpreted
with caution and clinical decision-making must be in-
formed by the results of future head-to-head RCTs to
confirm or refute these findings.
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Appendix

Table 5 Primary search strategy for MEDLINE

# Search strategy

1 exp pulmonary fibrosis/

1 or 6 [PF Subject Headings]

2 exp Fibrosis/

3 exp Respiratory Tract Diseases/
4 exp Respiratory System/

5 3or4

6 and5

7

8

((lung$ or respir$ or pulmonary or alveol$) adj6 (fibros$ or fibrotic
or fibrous)).tw.

9 (Cystic adj fibro$).mp.

10 8 not 9 [Cystic Fibrosis articles eliminated]

11 (idiopa$ adj2 pulmonary adj2 fibro$).tw.

12 Idiopathic Pulmonary Fibrosis/

13 ipfmp. and (idiopa$ or pulmonary).tw.

14 11 or 12 or 13 [Add IPF back in]

15 7 or 10 or 14 [PF Subject Headings — Lung/Fibrosis Textword terms]
16 (interstitial$ adj3 (fibros$ or fibrotic or fibrous)).tw.

17 5 and 16 [Respiratory Subject Headings - interstitial fibrosis
Textword terms]

18 14 or 17 [PF Subject headings — PF Textwords]

19 (((usual or ordinary) adj3 interstitial) and pneumo$).tw.

20 (cryptog$ and (fibros$ or fibrotic or fibrous) and alveol$).tw.
21 idiopa$ interstitial pneumoniS.tw.

22 19 or 20 or 21 [Other textwords used to describe IPF]

23 Lung Diseases, Interstitial/ or (interstitial adj lung adj disease$).tw. or
(parenchymal.tw. and (lung$ or pulmonary)).tw.

24 (((unknows$ or uncertain$) adj4 (origin$ or cause$ or aetiol$ or
etiol$)) or idiopa$).tw.

25 23 and 24 [Concept to describe idiopathic disease concept of ILD]

26 18 or 22 or 25 [PF Subject headings — PF Textwords — IPF
Textwords]

27 limit 26 to human [must be indexed with human (animal could be
included]

28 limit 26 to animal [must be indexed with animal (human could be
included)]

29 26 not 27 not 28 [citations not indexed with human or animal]

30 27 or 29 [limited to human (may include animals) or citations
without animal/human limits]

31 2014045.dp.ed.ep.

32 2014055.dp.edep.

33 31or32

34 30and 33

35 limit 34 to english language
36 limit 34 to abstracts

37 35o0r35
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