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ABSTRACT
Introduction Idiopathic pulmonary fibrosis (IPF) is a 
progressive and often fatal interstitial lung disease (ILD); 
other ILDs have a progressive, fibrotic phenotype (PF- ILD). 
Antifibrotic agents can slow but not stop disease progression 
in patients with IPF or PF- ILD. c- Jun N- terminal kinases 
(JNKs) are stress- activated protein kinases implicated in 
the underlying mechanisms of fibrosis, including epithelial 
cell death, inflammation and polarisation of profibrotic 
macrophages, fibroblast activation and collagen production. 
CC- 90001, an orally administered (PO), one time per day, JNK 
inhibitor, is being evaluated in IPF and PF- ILD.
Methods and analysis This is a phase 2, randomised, 
double- blind, placebo- controlled study evaluating efficacy 
and safety of CC- 90001 in patients with IPF (main study) 
and patients with PF- ILD (substudy). Both include an 8- 
week screening period, a 24- week treatment period, up 
to an 80- week active- treatment extension and a 4- week 
post- treatment follow- up. Patients with IPF (n=165) will be 
randomised 1:1:1 to receive 200 mg or 400 mg CC- 90001 
or placebo administered PO one time per day; up to 25 
patients/arm will be permitted concomitant pirfenidone 
use. Forty- five patients in the PF- ILD substudy will be 
randomised 2:1 to receive 400 mg CC- 90001 or placebo. 
The primary endpoint is change in per cent predicted 
forced vital capacity from baseline to Week 24 in patients 
with IPF.
Ethics and dissemination This study will be conducted 
in accordance with Good Clinical Practice guidelines, 
Declaration of Helsinki principles and local ethical and 
legal requirements. Results will be reported in a peer- 
reviewed publication.
Trial registration number NCT03142191.

INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is a chronic, 
progressive and often fatal fibrosing interstitial 
lung disease (ILD).1 Median survival for patients 
with IPF is 3–5 years.2 3 IPF is diagnosed in the 
clinic by the pathological and radiographic 
pattern known as usual interstitial pneumonia 
(UIP) without any identifiable cause.4 Pirfeni-
done and nintedanib are antifibrotic thera-
pies used to slow the progression of IPF, but 

they do not halt lung function decline.5–7 In 
addition, patients may discontinue treatment 
because of gastrointestinal (eg, nausea, diar-
rhoea, vomiting and dyspepsia) or skin- related 
(eg, photosensitivity reactions) adverse events 
(AEs) with pirfenidone5 8 9 or gastrointestinal 
AEs (eg, diarrhoea, nausea and vomiting) with 
nintedanib.7 10 11 Due to these limitations, treat-
ment with pirfenidone or nintedanib may be 
outweighed by safety and tolerability risks for 
some patients,12 emphasising the need for more 
effective and well- tolerated treatment options in 
IPF.

Non- IPF ILDs can also manifest a progres-
sive fibrosing phenotype and are also simi-
larly characterised by worsening respiratory 
symptoms, declining lung function, progres-
sion on imaging, as well as early mortality.13 14 
A proportion of the patients with a progres-
sive fibrotic ILD (PF- ILD) may have a high- 
resolution CT (HRCT) pattern that is 
indeterminate for UIP or not consistent with 
UIP.13 15 Pirfenidone and nintedanib have 
been studied in patients with a progressive 
fibrosing phenotype. Patients with unclassifi-
able progressive ILD treated with pirfenidone 
experienced a lower mean change in forced 
vital capacity (FVC) compared with those 
who received placebo over 24 weeks.16 In the 
INBUILD study, patients with non- IPF PF- ILD 
treated with nintedanib had a lower annual 
rate of decline in FVC over the 52- week study 
period than those who received placebo.17 
These findings, along with the recent approval 
of nintedanib in the USA and European 
Union for patients with chronic fibrosing 
ILD with a progressive phenotype,10 11 suggest 
a benefit of antifibrotic treatment in this 
broader patient population.

c- Jun N- terminal kinase (JNK) is a stress- 
activated protein kinase that has been 
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implicated in the pathogenesis of lung fibrosis. JNK is 
induced by cellular stresses, resulting in epithelial cell 
injury or death, inflammation and fibrosis.18–21 Once acti-
vated, JNK isoforms (JNK1, JNK2 and JNK3) phosphory-
late substrates, including transcription factors, to regulate 
the expression of genes involved in inflammatory and 
fibrotic processes.21 22 In the lungs of patients with IPF, 
multiple cell types, including vascular endothelial cells, 
smooth muscle cells, alveolar epithelial cells, alveolar 
macrophages and lymphocytes, exhibit increased levels 
of activated JNK, with levels corresponding to the degree 
of fibrosis.20 Data from preclinical models of fibrosis 
show that the inhibition or deletion of JNK, in particular 
the JNK1 isoform, has been shown to have antifibrotic 
effects,18 21 23–25 suggesting that inhibition of JNK1 may 
represent an important therapeutic target in various 
forms of pulmonary fibrosis.

CC- 930 was a first- generation JNK inhibitor with a 
JNK2 bias.26 In preclinical models, CC- 930 reduced the 
levels of biomarkers considered to be associated with IPF, 
including collagen 1A1 gene expression, airway mucin 
5B expression and matrix metalloproteinase 7 (MMP- 7) 
expression.27 In a phase 2 study in patients with IPF, 
CC- 930 orally administered (PO) at three dosages (50 mg 
or 100 mg one time per day or 100 mg two times per day) 
showed preliminary evidence of FVC stabilisation and 
dose- dependent modulation of biomarkers MMP- 7 and 
surfactant protein D (SP- D); however, chronic dosing of 
CC- 930 at 100 mg two times per day led to elevations in 
liver enzymes,27 and development was discontinued.

CC- 90001 is a second- generation, oral, one time per 
day JNK inhibitor with a strong bias for JNK1 that has 
demonstrated anti- inflammatory effects and antifibrotic 
activity in clinical and/or non- clinical studies.28 29 Phase 
1 studies in healthy participants and patients with pulmo-
nary fibrosis showed that CC- 90001 was safe and well 
tolerated with no clinically meaningful elevations in liver 
enzymes. In a phase 1b open- label study, 10 of 12 patients 
with pulmonary fibrosis who received 200 mg or 400 mg 
CC- 90001 PO one time per day and completed 12 weeks 
of treatment experienced a mean FVC change from base-
line of +168 mL (95% CI: +71 to +276).30 Although the 
study was small and an open- label design, it provided 

an impetus to further explore CC- 90001 in patients with 
pulmonary fibrosis. This phase 2 study will evaluate the 
clinical efficacy, tolerability and safety of the JNK inhib-
itor CC- 90001 in patients with IPF and PF- ILD. The study 
objectives and design are presented below.

METHODS
IPF study design and interventions
This is a phase 2, randomised, double- blind, placebo- 
controlled, multicentre, multinational clinical study 
investigating the efficacy, safety and tolerability of 
CC- 90001 in patients with IPF. The trial will consist of an 
8- week screening phase; a 24- week double- blind, placebo- 
controlled treatment phase; up to an 80- week double- 
blind, active- treatment extension phase; and a 4- week 
post- treatment follow- up (figure 1). Approximately 165 
patients with IPF will be randomised 1:1:1 to receive 
200 mg or 400 mg CC- 90001 or placebo administered PO 
one time per day in the 24- week, double- blind, placebo- 
controlled treatment phase; up to 25 patients per treat-
ment arm will be permitted concomitant pirfenidone 
use. Randomisation will be stratified by previous history 
of pirfenidone or nintedanib use and by concomitant 
pirfenidone use. In the double- blind, active- treatment 
extension phase, patients will continue to receive their 
assigned CC- 90001 dosage, and patients from the 
placebo arm will be re- randomised 1:1 to receive 200 mg 
or 400 mg CC- 90001 PO one time per day. Patients not 
receiving concomitant pirfenidone in the initial 24- week, 
double- blind, placebo- controlled phase will be permitted 
to receive concomitant pirfenidone in the extension 
phase if deemed appropriate by the investigator.

PF-ILD exploratory substudy design and interventions
An exploratory randomised, double- blind, placebo- 
controlled, multicentre, multinational clinical substudy 
investigating the efficacy, safety and tolerability of 
CC- 90001 in patients with PF- ILD will also be initiated. 
Patients not treated with pirfenidone who were screened 
and did not receive a confirmed IPF diagnosis following 
central reading of HRCT and lung biopsy, if obtained, will 

Figure 1 IPF study design. a Randomisation will be stratified by previous history of pirfenidone or nintedanib use and 
by concomitant pirfenidone use status. b Up to 25 patients per treatment arm receiving pirfenidone will be enrolled and 
randomised. c Patients not receiving concomitant pirfenidone in the initial 24- week, double- blind, placebo- controlled phase 
will have the option to receive concomitant pirfenidone in the up to 80- week, double- blind, active treatment extension phase. 
IPF, idiopathic pulmonary fibrosis; PO, oral; QD, one time per day; R, randomisation.
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be considered for the substudy. Similar to the IPF study, 
the substudy will consist of an 8- week screening phase; 
a 24- week double- blind, placebo- controlled treatment 
phase; an up to 80- week double- blind, active- treatment 
extension phase; and a 4- week post- treatment follow- up 
(figure 2). Approximately 45 patients with PF- ILD will be 
randomised 2:1 to receive the intended dose of 400 mg 
CC- 90001 or placebo administered PO one time per day 
in the 24- week, double- blind, placebo- controlled phase. 
All patients will receive 400 mg CC- 90001 PO one time 
per day in the active- treatment extension phase.

Patient population
Patient eligibility criteria for the IPF study and the 
PF- ILD substudy are shown in box 1. In summary, eligible 
patients for the IPF study will include adults age ≥40 years 
with a diagnosis of IPF supported by HRCT as summa-
rised in table 1. Patients must also have an FVC (% 
predicted) ≥45% and ≤95% at screening, haemoglobin- 
corrected diffusing capacity of carbon monoxide (Dlco; 
% predicted) ≥25% and ≤90%, a 6- minute walk test 
(6- MWT) result of ≥150 m, and no features supporting an 
alternative diagnosis on transbronchial biopsy, broncho-
alveolar lavage or surgical lung biopsy (if performed prior 
to screening). Patients who meet the IPF criteria above, 
excluding the UIP criteria summarised in table 1, and 
who have features of diffuse fibrosing lung disease >10% 
on centrally read HRCT as well as investigator- 
documented ≥5% annualised relative decline in FVC in 
the past 24 months from the first screening visit, will be 
eligible to participate in the PF- ILD substudy.

Endpoints
The primary endpoint is change in percentage point 
difference in FVC (% predicted) from baseline to 
Week 24 in the IPF study. Key secondary and explor-
atory endpoints for the IPF study and PF- ILD substudy 
include safety and tolerability, disease progression and 
changes in the following: Dlco, 6- MWT, quantitative lung 
fibrosis (QLF; that is, data- driven textural analysis) score 
based on HRCT in a subset of subjects, patient- reported 
outcomes, acute exacerbations and biomarkers. Pharma-
cokinetic and pharmacodynamic analyses in relation to 

treatment response will also be conducted. All primary 
and secondary endpoints and key exploratory endpoints 
for the IPF study and PF- ILD substudy and their defini-
tions are shown in box 2.

Statistical analyses
The full analysis set (FAS) will include all randomised 
patients who receive at least one dose of the study 
drug. Data from the IPF study and PF- ILD substudy will 
be analysed separately using the FAS population. The 
primary endpoint will be analysed by a mixed- effect model 
for repeated measures (MMRM). The MMRM model 
will contain change from baseline FVC (% predicted) 
value as the dependent variable and treatment group, 
time (Weeks 1, 4, 8, 12, 16, 20 and 24), interactions 
(treatment- by- time, pirfenidone- by- time, treatment- by- 
pirfenidone- by- time) and stratification factor (previous 
exposure to either pirfenidone or nintedanib (yes/no)) 
as fixed effects and baseline FVC value as a covariate, and 
time will be treated as a repeated effect. For secondary 
endpoints, descriptive statistics for change from baseline, 
frequencies or median time to event in efficacy measures 
will be summarised by visit for each treatment group. 
Planned subgroup analyses will assess whether the treat-
ment effect is consistent across patients with or without 
concurrent pirfenidone therapy. A Cochran- Mantel- 
Haenszel test will be used for the pairwise comparisons 
of the proportions of patients who experience disease 
progression at Week 24 between the two active treat-
ment groups±pirfenidone and the placebo group±pir-
fenidone. A Kaplan- Meier estimate for the survival func-
tion will be provided for all time- to- event endpoints by 
active- treatment groups±pirfenidone and the placebo 
group ±pirfenidone. Similar analyses will be performed 
for the PF- ILD substudy, and the results will be compared 
descriptively.

Analyses of safety data will be based on the safety set, 
defined as all randomised patients who take at least one 
dose of study treatment. Treatment- emergent AEs, study 
drug- related AEs, serious AEs, physical examination find-
ings, vital signs, clinical laboratory test results and ECG 
results will be summarised using descriptive statistics for 

Figure 2 PF- ILD exploratory substudy design. a Eligible patients include those not receiving pirfenidone who were screened 
and did not receive a confirmed IPF diagnosis following central reading of HRCT and lung biopsy (if obtained). b The decision 
to receive additional treatments for pulmonary fibrosis (eg, pirfenidone) during the up to 80- week, active treatment extension 
phase is at the discretion of the investigator. HRCT, high- resolution CT; IPF, idiopathic pulmonary fibrosis; PF- ILD, progressive 
fibrotic interstitial lung disease; PO, oral; QD, one time per day; R, randomisation.
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Box 1 Patient eligibility criteria

Inclusion criteria

All patients
 ► Age ≥40 years.
 ► FVC (% predicted) ≥45% and ≤95%.
 ► Haemoglobin- corrected Dlco (% predicted) ≥25% and ≤90%.
 ► 6- MWT result of ≥150 m.
 ► No features supporting an alternative diagnosis on transbronchial biopsy, bronchoalveolar lavage or SLB, if performed prior to screening.

IPF study
 ► IPF diagnosis supported by HRCT and lung biopsy (if available; see table 1).
 ► Patients receiving concomitant pirfenidone therapy must receive and agree to maintain the same dose of pirfenidone therapy for at least 8 weeks 
prior to screening and through Week 24.*

PF- ILD substudy
 ► Non- IPF diagnosis supported by HRCT and lung biopsy (if available; see table 1).
 ► Features of diffuse fibrosing lung disease >10% on centrally read HRCT.
 ► Investigator- documented ≥5% annualised relative decline in FVC in past 24 months from first screening visit.

Exclusion criteria

All patients

Medical conditions
 ► Extent of emphysema on centrally read chest HRCT greater than the extent of fibrotic changes (eg, honeycombing and reticular changes).
 ► Change in FVC (mL) between screening and Day 1 of >10% (relative difference).
 ► Any significant medical condition, laboratory abnormality or psychiatric illness that would prevent study participation.
 ► Any condition, including the presence of laboratory abnormalities, that places the patient at an unacceptable risk with study participation.
 ► Significant clinical worsening of pulmonary fibrosis between screening and baseline (visit 2).
 ► History of the following: deep vein thrombosis or pulmonary embolism within 6 months of screening visit; cardiac valve replacement requiring 
chronic anticoagulation therapy; clinical diagnosis of any connective tissue disease, including, but not limited to, scleroderma, polymyositis/der-
matomyositis, systemic lupus erythematosus and rheumatoid arthritis; end- stage renal disease requiring dialysis; severe hepatic impairment or 
end- stage liver disease; Gilbert’s syndrome; malignancy (exceptions: excised and cured basal/squamous cell skin carcinomas or cervical carcinoma 
in situ with no recurrence in 5 years).

 ► Alcohol or drug abuse within 6 months prior to screening.
 ► Use of tobacco products (cigarettes, pipes and cigars), vapes, e- cigarettes or marijuana within 3 months of screening and/or unwillingness to avoid 
the use of these products throughout the study.

 ► Pregnancy or lactation.

Laboratory tests
 ► White blood cell count <3.5×109/L or >14×109/L.
 ► Platelet count <120×109/L.
 ► Serum creatinine >1.5 mg/dL (>132.6 µmol/L).
 ► AST/SGOT >1.5×ULN; ALT/SGPT >1.5×ULN.
 ► Total bilirubin >2 mg/dL (>34.2 µmol/L).
 ► Haemoglobin <100 g/L.
 ► QTcF >450 msec.

Lung function
 ► Any condition other than pulmonary fibrosis that the investigator deems likely to result in the death of the patient within the next year.
 ► Patients likely to have lung transplantation during the first 24 weeks of the study (being on transplantation list is acceptable for participation).
 ► Impairment (other than dyspnoea) limiting the ability to comply with study requirements (eg, pulmonary function tests, 6- MWT).
 ► Evidence of clinically relevant airway obstruction (ie, FEV1/FVC <0.7) at screening and/or significant respiratory disorder/pathology (eg, pulmonary 
arterial hypertension requiring treatment, asthma, tuberculosis, sarcoidosis, hypersensitivity pneumonitis, aspergillosis, asbestosis, neoplastic dis-
ease, cystic fibrosis or other ILD) other than IPF.†

Prior therapy
 ► Use of any medications that are substrates of one or more of the transporters P- gp, BCRP, OAT3, OATP1B1, OATP1B3 and OCT2 and have a narrow 
therapeutic index (eg, digoxin, mycophenolate mofetil).

 ► Within 12 weeks of randomisation: use of any cytokine modulator/biological, such as etanercept, adalimumab, efalizumab, infliximab or rituximab.
 ► Within 4 weeks prior to screening visit: use of nintedanib, endothelium receptor antagonists (eg, bosentan, ambrisentan), interferon γ- 1b, ima-
tinib mesylate, N- acetylcysteine, azathioprine, cyclophosphamide, methotrexate, mycophenolate mofetil, cyclosporine, oral steroids (eg, 

Continued
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continuous variables and frequency distributions for 
categorical variables.

Sample size assumptions and rationale
The primary objective of the study is to evaluate the 
effect of CC- 90001 in patients with IPF who are or are 
not receiving pirfenidone. Approximately 165 patients 
(with roughly 45% receiving concurrent pirfenidone) 
randomised evenly between the two active and one 
placebo arms provide 75% power for testing an overall 
difference of 2.2% points or more in the Week 24 mean 
change from baseline of FVC (% predicted) value 

between either active- treatment group and the placebo 
group (two- sided α=0.1; SD=5%).

Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our 
research.

Ethics and dissemination
This study will be conducted in accordance with the prin-
ciples derived from international guidelines, including 

Box 1 Continued

prednisone >12.5 mg/day or equivalent) and/or pirfenidone (in patients in the IPF study who were not assigned to receive concomitant treatment or 
patients in the PF- ILD substudy).

 ► Within 2 weeks of first dose of the study drug or during the study: use of drugs that are known to cause hepatotoxicity, such as, but not limited to, 
acetaminophen (paracetamol) at dosages of >3 g/day and niacin at dosages of >2 g/day.

 ► Within 24 hours of the screening visit: use of an inhaled long- acting bronchodilator.
 ► Within 8 hours of screening visit: use of short- acting bronchodilator.
 ► Use of any investigational product within 1 month of screening or 5 PD/PK half- lives (whichever is longer).

Infections
 ► History of congenital and/or acquired immunodeficiencies.
 ► History of hepatitis B and/or hepatitis C, including patients considered successfully treated/cured.
 ► Active or history of recurrent bacterial, viral, fungal, mycobacterial or other infections (including, but not limited to, atypical mycobacterial disease 
and herpes zoster), or any major episode of infection requiring hospitalisation or treatment with intravenous or oral antibiotics within 4 weeks of the 
screening visit and at any time during the screening phase, up through the first dose of the study drug.

 ► History of active or latent TB infection, unless there is medical record documentation of successful completion of a standard course of treatment 
considered appropriate, based on local prevalence of multidrug resistant TB and consistent with WHO guidelines.

 ► Patients who have had household contact with a person with active TB and did not receive appropriate and documented prophylaxis for TB.

*Adjustments in pirfenidone dose after randomisation may be allowed for safety or tolerability reasons, according to the pirfenidone label.
†In the PF- ILD cohort, underlying causes of pulmonary fibrosis may include fibrotic lung diseases other than IPF.
6- MWT, 6- minute walk test; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCRP, breast cancer resistance protein; Dlco, diffusing capacity of 
carbon monoxide; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; HRCT, high- resolution CT; ILD, interstitial lung disease; IPF, idiopathic pulmonary 
fibrosis; OAT3, organic anion transporter 3; OATP, organic anion transport polypeptide; OCT2, organic cation transporter 2; PD, pharmacodynamics; PF- ILD, progressive 
fibrotic interstitial lung disease; P- gp, P- glycoprotein; PK, pharmacokinetic; QTcF, QT interval corrected using Fridericia formula; SGOT, serum glutamic oxaloacetic 
transaminase; SGPT, serum glutamic pyruvic transaminase; SLB, surgical lung biopsy; TB, tuberculosis; ULN, upper limit of normal.

Table 1 IPF diagnostic criteria based on HRCT and lung biopsy

UIP pattern on 
HRCT

Histopathological criteria for UIP in IPF*

Lung biopsy not 
available or non- 
diagnostic

Definite
UIP- IPF

Probable
UIP- IPF

Indeterminate
UIP- IPF

Features most 
consistent with 
an alternative 
diagnosis

Typical Eligible Eligible Eligible Eligible Ineligible

Probable, age >60 
years

Eligible Eligible Eligible Eligible Ineligible

Probable, age ≤60 
years

Ineligible Eligible Eligible Ineligible Ineligible

Indeterminate Ineligible Eligible Eligible Ineligible Ineligible

Most consistent with 
non- IPF diagnosis

Ineligible Ineligible Ineligible Ineligible Ineligible

*Adapted from Chung et al39 and Lynch et al.4

HRCT, high- resolution CT; IPF, idiopathic pulmonary fibrosis; UIP, usual interstitial pneumonia.
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Box 2 IPF study and PF- ILD substudy key endpoints

Primary endpoint
 ► Change in percentage point difference in FVC (% predicted) from baseline to Week 24 (IPF cohort).

Secondary endpoints

Efficacy (IPF cohort)
 ► Absolute change and rate of decline in FVC (mL) from baseline through Week 24.
 ► Change in 6- MWT results and dyspnoea rating on Borg scale from baseline through Weeks 24, 52, 76, 104; and from Week 24 through Weeks 52 
and 104.

 ► Disease progressiona from baseline through Week 24.
 ► Change in HRQoL, as measured by the SGRQ and UCSD- SOBQ, from baseline through Week 24.

Safety and tolerability (IPF and PF- ILD cohorts)
 ► AEs.
 ► SAEs.
 ► Clinical laboratory findings.

Key exploratory endpoints

Efficacy
 ► Change in percentage point difference in FVC (% predicted), absolute change in FVC (mL) and annualised rate of decline in FVC (mL) from:

 – Baseline through Week 104 and from Week 24 through Week 104 (IPF cohort).
 – Baseline through Weeks 24 and 104, and from Week 24 through Week 104 (PF- ILD cohort).

 ► Change in 6- MWT results and dyspnoea rating on Borg scale from baseline through Weeks 24, 52, 76, 104; and from Week 24 through Weeks 52 
and 104 (PF- ILD cohort).

 ► Disease progression* from baseline through Weeks 24 and 104, and from Week 24 through Week 104 (PF- ILD cohort).
 ► Change in lung volume (TLC and FRC) from baseline through Week 24 (IPF and PF- ILD cohorts).
 ► Change in haemoglobin- corrected Dlco (% predicted) and absolute haemoglobin- corrected Dlco from baseline through Weeks 24 and 104, and Week 
24 through Week 104 (IPF and PF- ILD cohorts).

 ► Change in QLF score based on HRCT from:
 – Baseline through Weeks 24 and 104, and Week 24 through Week 104 (IPF cohort and PF- ILD cohorts).

 ► Change in HRQoL as measured by the SF- 36v2 questionnaire from baseline through Week 24 (IPF and PF- ILD cohorts).
 ► Change in HRQoL as measured by SGRQ and UCSD- SOBQ from:

 – Baseline through Week 104 and Week 24 through Week 104 (IPF cohort).
 – Baseline through Weeks 24 and 104, and Week 24 through Week 104 (PF- ILD cohort).

 ► Time to the following events:
 – Disease progression* from baseline through Week 104, and Week 24 through Week 104 (IPF cohort); from baseline through Weeks 24 and 104, 

and Week 24 through Week 104 (PF- ILD cohort).
 – First acute exacerbation† from baseline through Weeks 24 and 104, and Week 24 through Week 104 (IPF and PF- ILD cohorts).
 – All- cause mortality (IPF and PF- ILD cohorts).

PK/PD (IPF and PF- ILD cohorts)
 ► Change in predose CC- 90001 concentrations and the relationship between exposure and efficacy (FVC and Dlco) from Week 4 through Week 24.

Biomarkers (IPF and PF- ILD cohorts)
 ► Change in the following parameters from multiple time points:

 – Plasma and serum biomarkers (through Week 104).
 – Whole blood RNA gene expression (through Week 104).
 – PG markers (through Week 24).

*Defined as one or more of the following: (1) death from respiratory failure; or (2) absolute decrease of ≥10% from baseline in FVC (% predicted) at two consecutive eval-
uations at a minimum of 4 weeks between evaluations; (3) decrease from baseline of ≥50 m in the 6- MWT (in the absence of a readily explainable cause, such as injury or 
trauma); or (4) unexplained worsening of hypoxaemia (an absolute decrease from baseline of 4% or more in arterial oxygen saturation by pulse oximetry).
†Defined as acute worsening or development of dyspnoea, typically <1 month in duration; CT with new bilateral ground glass opacity and/or consolidation consistent 
with UIP pattern for the IPF cohort or superimposed on a background pattern for the PF- ILD cohort; and deterioration not fully explained by cardiac failure or fluid 
overload.
6- MWT, 6- minute walk test; AE, adverse event; Dlco, diffusing capacity of carbon monoxide; FRC, functional residual capacity; FVC, forced vital capacity; HRCT, high- 
resolution CT; HRQoL, health- related quality of life; IPF, idiopathic pulmonary fibrosis; PD, pharmacodynamic; PF- ILD, progressive fibrotic interstitial lung disease; 
PG, pharmacogenetic; PK, pharmacokinetic; QLF, quantitative lung fibrosis; SAE, serious adverse event; SGRQ, St. George’s Respiratory Questionnaire; TLC, total lung 
capacity; UCSD- SOBQ, University of California, San Diego Shortness of Breath Questionnaire; UIP, usual interstitial pneumonia.

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2021-001060 on 20 January 2022. D
ow

nloaded from
 

http://bmjopenrespres.bmj.com/


Popmihajlov Z, et al. BMJ Open Resp Res 2022;9:e001060. doi:10.1136/bmjresp-2021-001060 7

Open access

the Declaration of Helsinki and Council for Interna-
tional Organizations of Medical Sciences, Good Clin-
ical Practice, International Council for Harmonisation, 
ethical principles underlying European Union Directive 
2001/20/EC, USA CFR, Title 21, Part 50 (21CFR50) and 
applicable local requirements. All patients will provide 
written informed consent. Study results will be moni-
tored by an independent Data Monitoring Committee 
(DMC). The DMC will review data and make recommen-
dations to the study sponsor on whether the study should 
be allowed to continue, be modified or terminated. Final 
efficacy and safety results will be reported in a peer- 
reviewed publication.

DISCUSSION
JNKs are stress- activated protein kinases that play an 
important role in the pathological mechanisms under-
lying the fibrotic process, including epithelial cell 
death, inflammation and polarisation of profibrotic 
macrophages, and fibroblast activation and collagen 
production.18–21 In preclinical models of lung fibrosis, 
deletion or inhibition of the JNK1 isoform resulted 
in an attenuated fibrotic response.18 21 23–25 Further-
more, during an open- label phase 1b study, patients 
with pulmonary fibrosis treated with CC- 90001 had an 
overall lack of FVC decline and reductions in tenas-
cin- C, a matrix protein associated with fibrosis, over 
12 weeks.30 CC- 90001 was generally well tolerated, with 
all treatment- emergent AEs being mild or moderate in 
intensity, and no serious AEs were reported.30 Based 
on these findings, the phase 2 study described in this 
article was designed to further investigate the efficacy 
and safety of CC- 90001 in patients with IPF or PF- ILD 
in a controlled setting.

Several aspects of this study were designed to reflect how 
patients with pulmonary fibrosis are being diagnosed and 
treated within real- world settings. Similar to other clin-
ical trials in IPF, the inclusion criteria in the main study 
require the presence of probable or typical UIP based on 
a central reading; however, owing to the clinical signifi-
cance of other progressive forms of pulmonary fibrosis, 
patients with PF- ILD who do not have these pathological 
features are eligible to be enrolled into an exploratory 
substudy. As antifibrotics have shown the ability to slow 
FVC decline in PF- ILD,16 17 CC- 90001 will be evaluated 
within this patient population to further address their 
unmet needs. Additionally, as IPF is often characterised 
as a relentless and irreversible disease, the combination 
of CC- 90001 and pirfenidone will be permitted to allow 
for the investigation of potential additive improvements 
and provide insight into the utility of this combination 
regimen.

The IPF study and PF- ILD substudy are similarly designed. 
Both have two blinded phases: a 24- week, double- blind, 
placebo- controlled phase, followed by an up to 80- week, 
double- blind, active- treatment extension phase. The 24- week 
duration in the double- blind phase is based on the apparent 

benefits in FVC observed as early as 24 weeks in clinical trials 
of pirfenidone and nintedanib in patients with IPF.5 7 8 The 
extension phase can provide additional long- term safety and 
efficacy information up to 104 weeks for CC- 90001 and for 
the combination of CC- 90001 and pirfenidone. Further-
more, in the extension phase, patients randomised to receive 
placebo will have an opportunity to receive CC- 90001 and 
initiate pirfenidone if deemed appropriate by the investi-
gator, in all participants not receiving concurrent pirfeni-
done. Given that the intended patient population for 
this trial exhibits a progressive disease phenotype and the 
currently approved treatments only slow disease progression, 
the active treatment extension phase will provide long- term 
data on the durability of response with CC- 90001 (alone or 
with pirfenidone).

In addition to standard clinical measures of efficacy, such 
as FVC, Dlco and 6- MWT, the IPF study and PF- ILD substudy 
will assess a range of other secondary and exploratory 
endpoints that will contribute to the body of knowledge 
about pulmonary fibrosis and aid in guiding optimal patient 
selection for future studies. One such exploratory endpoint is 
measurement of the extent of pulmonary fibrosis assessed by 
QLF score on HRCT.31 32 Because structural progression may 
be evident on HRCT scans before reaching the threshold 
for spirometric progression, this quantitative analysis may 
serve as a supplementary tool to measure clinical outcomes 
in patients with pulmonary fibrosis. Additional endpoints of 
interest relate to the assessment of patients’ quality of life. 
The St. George’s Respiratory Questionnaire,33 University of 
California, San Diego Shortness of Breath Questionnaire34 
and SF- 36v233 instruments that will be used during the 
study rely on patient- reported metrics to directly measure 
treatment benefits that are important to patients such as 
the impact of their disease on daily living activities. There 
is also an unmet need to identify optimal IPF therapies for 
patients based on genetic polymorphisms, as well as to iden-
tify biomarkers that can be used to monitor disease progres-
sion and predict therapeutic response. Thus, these studies 
will assess genetic polymorphisms and blood biomarkers. 
Specifically, the pharmacogenetic data will investigate genes 
associated with progressive pulmonary fibrosis and those 
involved in the JNK pathway. The pharmacodynamic effects 
of CC- 90001 on relevant biomarkers, such as MMP- 7,35 plas-
minogen activator inhibitor- 1,36 SP- D37 and tenascin C,38 will 
be analysed for correlations with disease activity and clinical 
outcomes.

CONCLUSIONS
CC- 90001 is an oral, one time per day, JNK inhib-
itor with a strong bias for JNK1; CC- 90001 treatment 
has been associated with a lack of FVC decline in 
patients with pulmonary fibrosis in a phase 1b study. 
This phase 2 study will investigate the efficacy, safety 
and tolerability of CC- 90001 (alone and in combina-
tion with pirfenidone) in patients with IPF, as well as 
in an exploratory substudy in patients with PF- ILD, 
reflecting a real- world patient population. This study 
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will assess the clinical utility of JNK inhibition as a 
treatment option in pulmonary fibrosis.
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