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IMPORTANCE Current treatments for idiopathic pulmonary fibrosis slow the rate of lung
function decline, but may be associated with adverse events that affect medication
adherence. In phase 2 trials, pamreviumab (a fully human monoclonal antibody that binds to
and inhibits connective tissue growth factor activity) attenuated the progression of idiopathic
pulmonary fibrosis without substantial adverse events.

OBJECTIVE To assess the efficacy and safety of pamreviumab for patients with idiopathic
pulmonary fibrosis.

DESIGN, SETTING, AND PARTICIPANTS Phase 3 randomized clinical trial including 356 patients
aged 40 to 85 years with idiopathic pulmonary fibrosis who were not receiving antifibrotic
treatment with nintedanib or pirfenidone at enroliment. Patients were recruited from 117
sites in 9 countries between July 18, 2019, and July 29, 2022; the last follow-up encounter
occurred on August 28, 2023.

INTERVENTIONS Pamrevlumab (30 mg/kg administered intravenously every 3 weeks; n = 181)
or placebo (n = 175) for 48 weeks.

MAIN OUTCOMES AND MEASURES The primary outcome was absolute change in forced vital
capacity (FVC) from baseline to week 48. There were 5 secondary outcomes (including time to
disease progression, which was defined as a decline of =10% in predicted FVC or death). The
exploratory outcomes included patient-reported symptoms. Adverse events were reported.

RESULTS Among 356 patients (mean age, 70.5 years; 258 [72.5%] were men; 221[62.1%]
were White), 277 (77.8%) completed the trial. There was no significant between-group
difference for absolute change in FVC from baseline to week 48 (least-squares mean,

-260 mL [95% Cl, =350 to -170 mL] in the pamreviumab group vs -330 mL [95% Cl, -430 to
-230 mL] in the placebo group; mean between-group difference, 70 mL [95% Cl, -60 to
190 mL], P = .29). There were no significant between-group differences in any of the
secondary outcomes or in the patient-reported outcomes. In the pamrevlumab group, there
were 160 patients (88.4%) with treatment-related adverse events and 51 patients (28.2%)
with serious adverse events vs 151 (86.3%) and 60 (34.3%), respectively, in the placebo
group. During the study, 23 patients died in each group (12.7% in the pamrevlumab group

vs 13.1% in the placebo group).

CONCLUSIONS AND RELEVANCE Among patients with idiopathic pulmonary fibrosis treated
with pamrevlumab or placebo, there was no statistically significant between-group difference
for the primary outcome of absolute change in FVC from baseline to week 48.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO3955146
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Pamrevlumab for Idiopathic Pulmonary Fibrosis

diopathic pulmonary fibrosis (IPF) is a rare interstitial lung

disease that is characterized by cough, worsening dysp-

nea, and fatigue in adults who are usually older than 60
years of age. The worldwide prevalence of IPF is estimated to
be 0.33 to 4.51 per 10 000 people and there are 0.09 to 1.30
new cases of IPF per 10 000 people diagnosed each year.! Pa-
tients experience progressive loss of lung function, exercise
intolerance, and decreased health-related quality of life, in-
cluding the inability to perform activities of daily living.%> With-
out treatment, the prognosis of IPF is poor, with a median sur-
vival of approximately 3 to 5 years.?

Two antifibrotic drugs (pirfenidone and nintedanib) ap-
proved for treating IPF have become the standard of care
worldwide.?8In phase 3 trials, antifibrotic treatment was as-
sociated with a reduced rate of lung function decline,®° but
individual responses were variable and unpredictable, and pa-
tients did not experience improvement in symptoms or health-
related quality of life.®” More effective treatments for IPF are
needed!®2 because the clinical need has been only modestly
met with nintedanib and pirfenidone. These treatments slow
the rate of lung function decline, which is measured by forced
vital capacity (FVC), but up to 40% of patients may discon-
tinue therapy because of intolerability, including gastrointes-
tinal, hepatic, and dermatologic adverse events.®”!31> Fur-
thermore, other assessments of treatment response (such as
the diffusing capacity of the lungs for carbon monoxide, quan-
tification of the reduction in lung fibrosis as measured by high-
resolution computed tomography imaging, walk test vari-
ables, patient-reported outcomes, and health-related quality
of life) have not been improved by the currently available an-
tifibrotic treatments.®71®

Pamrevlumab is a fully human monoclonal antibody that
binds to and inhibits the activity of connective tissue growth
factor, a central mediator of tissue remodeling and fibrosis.!”1®
Pamrevlumab demonstrated favorable results and good tol-
erability in phase 2 studies of IPF,'*-2° significantly slowing the
rate of lung function decline and decreasing the extent of lung
fibrosis (as quantified with high-resolution computed tomog-
raphy imaging), and adverse events were generally mild.

Based on the positive results from the phase 2 trials,!%:2°
pamrevlumab had the potential to attenuate lung function de-
cline and preserve health-related quality of life. The objec-
tive of the ZEPHYRUS-1 trial was to confirm the efficacy and
safety of pamrevlumab compared with placebo for patients
with IPF.

Methods

Study Design

The current study was a phase 3, double-blind, placebo-
controlled, randomized clinical trial conducted at 117 sitesin 9
countries worldwide. The trial protocol appears in Supplement 1
and the statistical analysis plan appears in Supplement 2. The
study comprised a 6-week screening period, a 48-week treat-
ment period, and a safety assessment period that lasted up to
60 days after the last dose of study drug (eMethods and eFig-
ure 1in Supplement 3).

jama.com

Original Investigation Research

Key Points

Question Does the connective tissue growth factor inhibitor
pamrevlumab decrease the rate of decline in lung function for
patients with idiopathic pulmonary fibrosis compared with
placebo?

Findings In this phase 3 randomized clinical trial including 356
adults with idiopathic pulmonary fibrosis, the decline in forced
vital capacity at 48 weeks did not differ significantly between
patients treated with pamreviumab (-260 mL) vs placebo
(-330 mL).

Meaning Use of pamrevlumab among patients with idiopathic
pulmonary fibrosis did not result in a difference in decline in forced
vital capacity from baseline to 48 weeks compared with placebo.

Intervention and Randomization

Patients were randomized 1:1 to receive 30 mg/kg of pam-
revlumab administered intravenously every 3 weeks or pla-
cebo (Figure 1). Randomization was stratified by prior treat-
ment with antifibrotic therapy with pirfenidone, nintedanib,
or both (yes or no) and Gender-Age-Pulmonary (GAP) func-
tion stage (I, II, or III).2! The GAP function stage is deter-
mined via a composite measurement to predict survival (scores
are awarded for participant self-reported sex, age, FVC, and
diffusing capacity of the lungs for carbon monoxide) and was
included to offer a more comprehensive assessment of dis-
ease severity than lung function alone. Study visits were
planned for day 1 (first dose) and then every 3 weeks through
week 48. Pulmonary function tests were conducted during
screening, prior to the first dose on day 1, and every 6 to 12
weeks through week 48.

Patients

Patients were eligible if they (1) were aged 40 to 85 years,
(2) had received a guideline-defined?? diagnosis of IPF within
the preceding 7 years with evidence of parenchymal fibrosis
(reticulation) that was 10% or greater to less than 50% and hon-
eycombing within the whole lung of less than 25% on a
high-resolution computed tomography imaging scan (con-
firmed by an independent central reviewer before random-
ization), (3) had a predicted FVC that was greater than 45% to
less than 95%, and (4) had a predicted diffusing capacity of the
lungs for carbon monoxide corrected for hemoglobin that was
25% or greater to 90% or less.

Patients receiving either nintedanib or pirfenidone at the
time of screening or within 1 week of screening were ex-
cluded. Patients could be naive to treatment or may have re-
ceived an antifibrotic treatment approved by the US Food and
Drug Administration that was discontinued due to intoler-
ance to therapy, disease progression, or patient choice. Pro-
tocolamendment 2.0 (September 2019), which took effect af-
ter 22 patients were enrolled in the study, allowed patients to
receive nintedanib, pirfenidone, or both after the start of the
study period for worsening respiratory functional status at the
discretion of the site investigators.

Key exclusion criteria included significant obstructive lung
disease (defined as ratio of forced expiratory volume in first
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Figure 1. Patient Randomization and Follow-Up
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3 Passed screening but were
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181 Randomized to receive 30 mg/kg of
pamrevlumab administered intravenously

!

175 Randomized to receive placebo
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10 Patient decision
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181 Included in intention-to-treat analysis?
153 Included in per-protocol analysis®
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162 Included in immunogenicity analysis®

175 Included in intention-to-treat analysis?
145 Included in per-protocol analysis®

175 Included in safety analysisd

154 Included in immunogenicity analysis®

Pamrevlumab for Idiopathic Pulmonary Fibrosis

#The most common reasons were

(1) percent predicted forced vital
capacity values did not meet
inclusion criteria at screening and on
day 1, (2) did not have a
guideline-based diagnosis of
idiopathic pulmonary fibrosis,

(3) did not have a diagnosis of
idiopathic pulmonary fibrosis
confirmed by high-resolution
computed tomography imaging scan,
(4) had percent predicted values for
diffusing capacity of the lungs for
carbon monoxide that did not meet
inclusion criteria, and (5) had
evidence of significant obstructive
lung disease.

®Included all randomized patients
during the 48-week study.

Included all randomized patients

(1) who completed at least 36 weeks
of treatment with a pulmonary
function test assessment at baseline
and at least once after baseline and
(2) without major protocol deviations
that significantly affected the efficacy
analyses.

9Included all patients who received at
least 1dose of study drug.

€Included all patients who were in the
safety population and who had at

382

least 1 evaluable immunogenicity

assessment after baseline.

second of expiration to FVC <0.70 or the extent of emphy-
sema was greater than the extent of fibrosis on high-
resolution computed tomography) or interstitial lung disease
other than IPF, pregnancy, smoking within 3 months of screen-
ing, and sustained improvement in IPF severity within the 12
months prior to screening. All inclusion and exclusion crite-
ria appear in the eMethods in Supplement 3.

Race and ethnicity information was collected as speci-
fied in the trial protocol (Supplement 1). Participants self-
reported race from the provided categories of Asian, Black or
African American, or White. Ethnicity was self-reported as
Hispanic, Latino, or non-Hispanic.

The study was conducted in accordance with the Inter-
national Conference on Harmonisation E6 Guideline for
Good Clinical Practice, the Declaration of Helsinki, any other
applicable regulatory requirements, and institutional review
board or independent ethics committee requirements at
each site. All patients provided written, informed consent
prior to enrollment.

Efficacy Outcomes

The primary outcome was the absolute change in FVC from
baseline that was measured every 6 to 12 weeks with pulmo-
nary function tests until week 48. The secondary outcomes
included (1) time to disease progression (defined as a decline
of 210% in predicted FVC or death); (2) time to any compo-
nent of the clinical composite outcome (adjudicated acute
exacerbation of IPF, respiratory hospitalization, or death);

JAMA August 6,2024 Volume 332, Number 5

(3) change in quantitative lung fibrosis volume (assessed via
machine learning) from baseline to week 48; (4) time to first
adjudicated acute exacerbation of IPF; (5) time to all-cause
mortality; and (6) time to first respiratory hospitalization.

Exploratory Outcomes

The exploratory outcomes included time to composite res-
piratory hospitalization, a decline of 10% or greater in
predicted FVC, or death; change in predicted FVC from
baseline to week 48; and change in relative predicted FVC
from baseline to week 48. In addition, patient-reported out-
comes were assessed by measuring changes from baseline
at week 48 for the St George’s Respiratory Questionnaire
score, the University of California San Diego-Shortness of
Breath Questionnaire score, and the Leicester Cough Ques-
tionnaire score.

Safety Analysis

The incidence and severity of treatment-emergent adverse
events and treatment-emergent serious adverse events were
summarized by treatment group. Clinically significant
changes from baseline in vital signs and laboratory tests were
identified and summarized. Hypersensitivity, anaphylactic,
and immunogenicity reactions were monitored and assessed.
All adverse events were adjudicated by a data and safety
monitoring board that met approximately every 6 months to
review safety data and provide input and feedback to the
study sponsor (FibroGen) and the investigators.
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Table 1. Demographics and Baseline Clinical Characteristics

Pamrevlumab (n = 181) Placebo (n = 175)

Age group, No. (%)
<64y
65-74y
275y
Sex, No. (%)
Male
Female
Race, No. (%)
Asian
Black or African American
White
Other?
Hispanic or Latino ethnicity, No. (%)
Time since first diagnosis of idiopathic pulmonary fibrosis, median (range), y
Tobacco smoking status, No. (%)
Currently smoke
Formerly smoked
Never smoked
Prior therapy for idiopathic pulmonary fibrosis, No. (%)
Pirfenidone alone
Nintedanib alone
Pirfenidone and nintedanib
Pulmonary function, mean (SD)
Forced vital capacity, mL
Predicted forced vital capacity, %
Predicted diffusing capacity of the lungs for carbon monoxide, %
Ratio of FEV, to forced vital capacity
Gender-Age-Pulmonary function stage, No. (%)®
1 (0-3 points)
11 (4-5 points)
111 (6-8 points)
Quantitative lung fibrosis volume, mean (SD), mL®
Patient-reported outcomes, mean (SD)
St George's Respiratory Questionnaire score®
University of California San Diego-Shortness of Breath Questionnaire score®
Leicester Cough Questionnaire score’

41 (22.7) 28 (16.0)
77 (42.5) 94 (53.7)
63 (34.8) 53 (30.3)
132 (72.9) 126 (72.0)
49 (27.1) 49 (28.0)
63 (34.8) 69 (39.4)
0 1(0.6)
117 (64.6) 104 (59.4)
1(0.6) 1(0.6)

54 (29.8) 44 (25.1)
2.1(0.01-7.3) 2.1(0.01-7.2)
0 0

128 (70.7) 110 (62.9)
53(29.3) 65 (37.1)
66 (36.5) 61 (34.9)
17 (9.4) 15(8.6)
16 (8.8) 18 (10.3)

2367 (618.5) 2416 (645.3)

69.6 (11.6) 71.8(11.5)
49.9 (14.1) 50.0 (14.2)
0.8 (0.06) 0.8 (0.06)
66 (36.5) 66 (37.7)
105 (58.0) 96 (54.9)
10 (5.5) 13(7.4)

568.7 (267.98) 587.7 (306.10)

50.3(20.11) 47.3(19.81)
38.5(24.7) 33.1(24.3)
15.1 (4.20) 15.0(3.71)

Abbreviation: FEV;, forced expiratory volume in the first second of expiration.

@ The patient in the pamrevlumab group listed Native Bolivian as race and the
patient in the placebo group listed Hispanic.

bThis validated, multidimensional, prognostic staging system uses 4 commonly
measured clinical and physiological variables (sex, age, and 2 lung
physiological variables [forced vital capacity and diffusing capacity of the lungs
for carbon monoxide]). The total score ranges from O to 8; higher scores
indicate worse prognoses. Stage | indicates that the disease may require
aggressive symptom management, but not immediate lung transplant. Stage Il
indicates that lung transplant may be considered based on patient preferences
and disease progression. Stage Ill indicates a need for an immediate listing for
lung transplant, palliative care, or both.

€ This computer-assisted quantitative scoring system measures the degree and
progression of lung fibrosis viewed by high-resolution computed tomography.

Volumes range from O mL to maximum lung volume; greater volumes
represent increased fibrosis.

9 The score range is from O to 100; lower scores indicate better health and
fewer symptoms. A score between 25 and 50 indicates moderate impairment.
A score greater than 50 indicates severe impairment in health-related quality
of life and the ability to complete activities of daily living.

€ The score range is from O to 120; lower scores indicate lower severity of
shortness of breath. A score between 20 and 60 indicates moderate shortness
of breath. A score of 60 or greater indicates severe shortness of breath that
would have an effect on daily living and health-related quality of life.

f The score range is from 3 to 21; lower scores indicate greater health
impairment due to cough. A score between 14 and 17 indicates moderate
impairment due to cough. A score greater than 17 indicates severe impairment
that would have an effect on daily living and health-related quality of life.

Statistical Analysis

We aimed to enroll 340 patients, which would provide 90%
power based on a 2-sided a level of .05 for a 2-sample t test to
detect a 120-mL difference in FVC from baseline. This differ-

jama.com

ence was chosen to represent the expected approximate
150-mL annual decline observed in the natural course of the
disease while accommodating for the likelihood of back-
ground therapy.?® The differences in FVC from baseline were
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Figure 2. Change in Forced Vital Capacity From Baseline to Week 48
(Primary Outcome)

E Forced vital capacity during 48 weeks of follow-up
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A, The boxes represent the IQRs, the horizontal lines within the boxes represent
the medians, the error bars extending from the boxes indicate the minimum
and maximum values, and the dots represent the means. B, The error bars
represent the 95% Cls.

compared between the treatment and placebo groups. Addi-
tional information appears in the statistical analysis plan in
Supplement 2.

The primary efficacy outcome was assessed using a mixed
model for the repeated measures approach with fixed effects
for treatment, visit (as a factor), treatment x visit interaction,
randomization stratification factors, and covariates (baseline
values, sex, age, race, and height). The mixed model for the
repeated measures approach was also used for the secondary
outcomes of pulmonary function test variables and other con-
tinuous variables. A Cox regression model was used for time
to event variables.

All assessments collected were considered for analysis re-
gardless of whether the data were collected during treatment
or after a patient discontinued treatment. All analyses as-
sumed that any missing data were missing at random unless

JAMA August 6,2024 Volume 332, Number 5
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otherwise stated. Missing start and stop dates for prior and con-
comitant medications, procedures, nondrug therapies, and ad-
verse events were imputed. The worst observed values after
baseline were applied for all death analyses. Any adverse events
with a missing relationship were imputed as related. Safety data
were summarized descriptively.

All statistical analyses were performed using SAS version
9.3 or higher (SAS Institute Inc). The treatment effects were
summarized with point estimates and 95% CIs. All P values
were 2-sided and no adjustment was made for multiple
comparisons.

. |
Results

Patient Disposition

Between July 2019 and April 2022, 612 patients with IPF were
screened for inclusion and 356 were randomized (181 [50.8%]
in the pamrevlumab group vs 175 [49.2%] in the placebo group;
Figure 1and Table1). Among 356 patients (mean age, 70.5 years;
258 [72.5%] were men; 221 [62.1%] were White), 277 (77.8%)
completed the trial. All enrolled patients received at least 1 dose
of the study drug. The last follow-up encounter occurred on
August 28, 2023.

Of enrolled patients, 277 (77.8%) completed 48 weeks
(146 [80.7%] in the pamrevlumab group vs 131 [74.9%] in
the placebo group). More than half of the patients had previ-
ously received approved treatment for IPF with either ninte-
danib or pirfenidone (Table 1). In the pamrevlumab group,
99 patients (54.7%) had received antifibrotic therapy (66
[36.5%] had received pirfenidone alone, 17 [9.4%] had
received nintedanib alone, and 16 [8.8%] had received pir-
fenidone and nintedanib). In the placebo group, 94 patients
(53.7%) had received antifibrotic therapy (61 [34.9%] had
received pirfenidone alone, 15 [8.6%] had received ninte-
danib alone, and 18 [10.3%] had received pirfenidone and
nintedanib).

Additional prior and concomitant medication use ap-
pears in eTables 1 and 2 in Supplement 3. There were 30 im-
portant protocol deviations in the pamrevlumab group (16.6%)
vs 26 in the placebo group (14.9%) (eTable 3 in Supple-
ment 3). No important protocol deviations were related to
COVID-19. There were 56 patients (30.9%) in the pam-
revlumab group who missed 1 or more infusions vs 65 (37.1%)
in the placebo group; 27 (14.9%) vs 23 (13.1%), respectively,
missed infusions due to COVID-19.

The treatment groups were well balanced in terms of de-
mographics and clinical characteristics (Table 1). In the pam-
revlumab group, the mean age was 70.2 years (SD, 7.8 years)
and 132 patients (72.9%) were men; the mean baseline FVC was
2367 mL (SD, 619 mL). In the placebo group, the mean age was
70.8 years (SD, 7.0 years) and 126 patients (72.0%) were men;
the mean baseline FVC was 2416 mL (SD, 645 mL).

During the study period, antifibrotic treatment was added
to the study medication for 35 patients (19.3%) in the pam-
revlumab group vs 27 (15.4%) in the placebo group. In the
pamrevlumab group, pirfenidone alone was added for 17 pa-
tients (9.4%), nintedanib alone was added for 15 (8.3%), and
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Table 2. Secondary Outcomes Representing Disease Progression®

Patients who experienced event

Absolute

Pamrevlumab (n = 181) Placebo (n = 175) gieftf\greeennc-egirr?up Eevgnl,ii:_)r
Time to event, Time to event, incident rates, % Hazard ratio group
Secondary outcomes  No. (%) median (95% Cl), wk No. (%) median (95% Cl), wk (95% ClI) (95% Cl) difference
Disease progression® 49 (27.1)  54.3 (52.7 to NE) 56 (32.0) 50.7 (50.3 to 54.0) -49(-14.4t04.5) 0.78(0.52t01.15) .20
Any component 40(22.1) 62.7 (59.0 to NE) 45 (25.7) NE(57.9to NE) -3.6(-12.5t05.2) 0.84(0.54t01.29) .43
of the clinical
composite outcome®
First acute idiopathic 18 (9.9) 62.7 (62.7 to NE) 15 (8.6) NE (NE to NE) 1.4(-4.6t07.4) 1.13(0.56t02.30) .72
pulmonary fibrosis
exacerbation
All-cause mortality 23(12.7) NE(60.6 to NE) 23(13.1) NE(60.1toNE) -0.4(-7.41t06.5) 1.00(0.56t01.79) >.99
First hospitalization 28(15.5) 62.7 (59.0 to NE) 37(21.1) NE(57.9 to NE) -5.7(-13.7t02.3) 0.68(0.41to1.12) .13

for respiratory reason

Abbreviation: NE, not evaluable (insufficient number of events occurred to
accurately calculate the medians or 95% Cls).

2 A mixed model for repeated measures using SAS software was used for all
statistical analyses.

b Defined as a decline of 10% or greater in predicted forced vital capacity or
death.

¢ Acute idiopathic pulmonary fibrosis exacerbation, hospitalization for
respiratory reason, or death.

Table 3. Exploratory Outcomes Representing Health-Related Quality of Life

Patients with measurement

Between-group difference

Pamrevlumab (n = 181)

Placebo (n = 175)

Change in outcome,

Change in outcome, Absolute difference

Exploratory outcomes No. (%) least-squares mean (SD) No (%) least-squares mean (SD) (95% Cl) P value
Quantitative lung 157 (86.7) 251.4(478.14) 143 (81.7)  268.0(465.87) -16.58(-103.21 t0 70.05) 71
fibrosis volume, mL?

St George’s Respiratory 153 (84.5) 11.3(25.47) 133(76.0)  12.1(24.86) -0.72 (-5.44 t0 3.99) .76
Questionnaire score®

University of California 147 (81.2) 19.6 (34.51) 129(73.7)  20.5(34.00) -0.91(-7.40t05.59) .78
San Diego-Shortness

of Breath Questionnaire

score®

Leicester Cough 154 (85.1) -2.4(6.00) 137(78.3) -2.7(5.78) 0.36 (-0.73 to 1.46) .52

Questionnaire score?

2 This computer-assisted quantitative scoring system measures the degree and
progression of lung fibrosis viewed by high-resolution computed tomography.
Volumes range from O mL to maximum lung volume; greater volumes
represent increased fibrosis.

®The score range is from O to 100; lower scores indicate better health and
fewer symptoms. A score between 25 and 50 indicates moderate impairment.
A score greater than 50 indicates severe impairment in health-related quality
of life and the ability to complete activities of daily living.

€ The score range is from O to 120; lower scores indicate lower severity of

shortness of breath. A score between 20 and 60 indicates moderate
shortness of breath. A score of 60 or greater indicates severe shortness of
breath that would have an effect on daily living and health-related quality
of life.

9 The score range is from 3 to 21; lower scores indicate greater health
impairment due to cough. A score between 14 and 17 indicates moderate
impairment due to cough. A score greater than 17 indicates severe impairment
that would have an effect on daily living and health-related quality of life.

pirfenidone and nintedanib were added for 3 (1.7%). In the pla-
cebo group, pirfenidone alone was added for 14 patients (8.0%),
nintedanib alone was added for 9 (5.1%), and pirfenidone and
nintedanib were added for 4 (2.3%). The time to the addition
of antifibrotic treatment was not analyzed.

Primary Efficacy Outcome

In the pamrevlumab group, absolute FVC decreased from a
mean of 2367 mL (SD, 618.5 mL) at baseline to 2310 mL (SD,
692.7 mL) at week 48 vs from 2416 mL (SD, 645.3 mL) at base-
line to 2308 mL (SD, 737.5 mL) at week 48 in the placebo group.
The least-squares mean decline in FVC was similar in both
groups (-260 mL [95% CI, -350 to -170 mL] in the pam-
revlumab group vs -330 mL [95% CI, -430 to -230 mL] in
the placebo group; mean between-group difference, 70 mL
[95% CI, -60t0190 mL], P = .29) (Figure 2). There were no sig-
nificant between-group differences in the subgroups strati-
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fied by prior use of approved IPF treatment, use of nintedanib
or pirfenidone during the study, or GAP function stage (eTable 4
and eFigure 2 in Supplement 3), for the tests of between-
group interactions (eTable 5 in Supplement 3), or for the analy-
ses of observed vs imputed data (eTable 6 in Supplement 3).

Secondary Efficacy and Exploratory Outcomes

No significant between-group differences were found for any
of the secondary efficacy or exploratory outcomes measured
at week 48 (Table 2 and Table 3).

Safety

Adverse events were similar between the groups (Table 4). Of
the patients who received pamrevlumab, 160 (88.4%) experi-
enced treatment-emergent adverse events and 51 (28.2%) ex-
perienced treatment-emergent serious adverse events; 1 event
(0.6%) was determined to be related to the study treatment.
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Table 4. Treatment-Emergent Adverse Events (TEAES)

Placebo (n = 175)

No. (%)
Pamrevlumab (n = 181)
Any TEAEs? 160 (88.4)
Leading to treatment discontinuation 1(0.6)
Leading to treatment interruption 11(6.1)
Related to study treatment 20(11.0)
Serious TEAES 51(28.2)
Leading to treatment discontinuation 1(0.6)
Leading to treatment interruption 4(2.2)
Related to study treatment 1(0.6)
Maximum severity of TEAEs
Mild 40 (22.1)
Moderate 69 (38.1)
Severe 32(17.7)
Life-threatening 3(1.7)
Died 16 (8.8)
Most common TEAEs
Cough 37 (20.4)
Idiopathic pulmonary fibrosis 28 (15.5)
COVID-19 23(12.7)
Dyspnea 19 (10.5)
Bronchitis 14 (7.7)
Headache 13(7.2)
Pneumonia 13(7.2)
Fatigue 12 (6.6)
Hypertension 11(6.1)
Upper respiratory tract infection 11(6.1)
Diarrhea 10 (5.5)
Dizziness 10 (5.5)
Nasopharyngitis 10 (5.5)
Weight loss 6(3.3)

Similarly, 151 patients (86.3%) in the placebo group experi-
enced treatment-emergent adverse events and 60 (34.3%) ex-
perienced treatment-emergent serious adverse events; no
events were determined to be related to the study treatment.

Most of the adverse events reported were mild in severity
(40 events [22.1%] in the pamrevlumab group vs 27 [15.4%] in
the placebo group) or moderate (69 [38.1%] in the pam-
revlumab group vs 69 [39.4%] in the placebo group). Most of
the common adverse events were consistent with the known
clinical course of IPF. Twenty-three patients died in each group
(12.7% in the pamrevlumab group vs 13.1% in the placebo
group). Of these 46 deaths, 31 (8.7%) occurred within the 60
days after the last dose of study drug (16 [8.8%] in the pam-
revlumab group vs 15 [8.6%] in the placebo group) and 15 (4.2%)
occurred beyond 60 days after the last dose (7 [3.9%] in the
pamrevlumab group vs 8 [4.6%] in the placebo group). No
deaths were deemed to be related to the study drug.

At baseline, 2 patients (1.2%) in the pamrevlumab group
and none in the placebo group had antidrug antibodies. At the
last assessment (28 days after the last dose of study drug), no
patients in the pamrevlumab group and 1 patient (0.6%) in the
placebo group had treatment-emergent antidrug antibodies.
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151 (86.3)
7 (4.0)
11(6.3)
25(14.3)
60 (34.3)
4(2.3)
9(5.1)
0
27 (15.4)
69 (39.4)
33(18.9)
7 (4.0)
15(8.6)
2 Occurred on or after the first dose
25(14.3
( ) of study drug and within 60 days
30(17.1) after the last dose.
17.(9.7) b Any adverse event or suspected
16 (9.1) adverse reaction that resulted in
14(8.0) any ofthg following qutcomes:
death, a life-threatening adverse
12(6.9) event, an inpatient hospitalization
14 (8.0) or prolongation of existing
hospitalization, a persistent or
10(5.7) R . . )
significant incapacity or substantial
5(2.9) disruption in the ability to conduct
6(3.4) normal life functions, a congenital
anomaly or birth defect, and any
11(6.3) : A
event considered medically
7(4.0) important but not meeting the
6(3.4) above criteria and may have
11(6.3) reqwred s_: medical or surgical
intervention.
|
Discussion

An intravenous dose of pamrevlumab (30 mg/kg every 3
weeks) for 48 weeks did not significantly decrease the rate of
decline in FVC compared with placebo in patients with IPF.
This study did not meet its primary outcome. Pamrevlumab
also did not show significant benefit in any of the secondary
or exploratory outcomes. Patients treated with pamrevlumab
had no increased frequency of adverse events compared
with placebo, and the adverse event profile in the current
study was consistent with published reports.’®:2° Based
on the results of the current study, the planned open-label
extension was terminated as well as its companion trial
(ZEPHYRUS-2; NCT04419558), which was ongoing.

A declinein FVCrepresents disease progression and is the
most common outcome used in clinical trials of IPF.?*2° Based
on phase 2 study results, pamrevlumab was expected to re-
sult in less lung function decline and slower disease progres-
sion (as measured by FVC) compared with placebo. In the cur-
rent study, patients in the pamrevlumab group experienced
a decrease in FVC of 260 mL compared with 330 mL in the
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placebo group. Even though the decrease in FVC in the pam-
revlumab group was numerically less than in the placebo group,
the difference was not significant. The change in the pam-
revlumab group is consistent with the loss of lung function ob-
served in previous placebo-controlled phase 2 trials, though
the difference was significant in those studies.'®-2°

Although the reasons why the current study failed to rep-
licate prior results of phase 2 trials of pamrevlumab are un-
clear, the following factors may have played a role in the ob-
served rate of disease progression. First, the phase 2 studies
included smaller cohorts of patients (n = 90'°and n = 1032° vs
n = 356 in the current trial). Second, the patients included in
the current trial had more lung function impairment (as mea-
sured by FVC, diffusing capacity of the lungs for carbon mon-
oxide, and GAP stage), more severe symptoms at baseline (as
measured by the St George’s Respiratory Questionnaire and the
University of California San Diego-Shortness of Breath Ques-
tionnaire), and alonger interval from diagnosis of IPF and study
enrollment than patients in the previous studies.'-2° Third,
the patients in the current trial were allowed to begin treat-
ment with pirfenidone or nintedanib during the study period
if the rate of FVC declined, whereas no additional antifibrotic
treatment was allowed in the phase 2 studies'®-?° (the studies
were placebo-controlled throughout their durations).

Because the COVID-19 pandemic was unforeseen, an analy-
sis of the outcomes for patients affected by COVID-19 as a pre-
specified subgroup was not possible. During the course of the
current study, no COVID-19-related trial protocol deviations
were reported and a similar percentage of patients in each treat-
ment group reported COVID-19 as a treatment-emergent ad-
verse event or as a reason for missed treatments. However, pa-
tients were allowed to receive infusions of the study drug at
home via a qualified home health care service, which likely im-
proved adherence and willingness to continue treatment dur-
ing the pandemic.

Several phase 2 and 3 studies of IPF and related lung
diseases conducted during the COVID-19 pandemic were ter-
minated early due to lack of enrollment or futility.2®° In con-
trast to the ISABELA 1 and 2 trials, which were phase 3, ran-
domized clinical trials,?” the current trial did not find an
increase in mortality with use of pamrevlumab. The ISABELA 1
and 2 trials,?” which included 1306 patients with IPF, re-
ported increased mortality with ziritaxestat (an autotaxin in-
hibitor that showed safety and efficacy in phase 2 trials) com-
pared with placebo; both trials were terminated early. The
differences observed between the phase 2 and phase 3 trials
serve asareminder thatitis important that patient cohorts en-
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rolled in phase 2 and phase 3 trials should be similar and re-
flect the general population of IPF.

Because of the high mortality rates associated with IPF, new
treatment options are urgently needed. Considering the ethi-
cal need to allow approved antifibrotic medications as an
evolved standard of care for patients with IPF, the expecta-
tion of slowed disease progression (as defined by the rate of
FVC decline) alone may be insufficient to capture all clini-
cally meaningful changes in patients with IPF.*! Treatment re-
sponse in future trials of IPF should consider measuring mul-
tiple outcomes (eg, change in FVC, respiratory hospitalizations,
mortality, and patient-reported outcomes) to assess treat-
ment efficacy according to how the patient feels, functions,
and survives.?3-24.32

The current trial had several strengths, including its study
design as a randomized clinical trial that included a large and
diverse population of patients with IPF. In addition, attrition
was low (most patients completed the entire 48-week study
period and had available data for analysis). Another strength
was the use of machine learning to quantify imaging of fi-
brotic tissue as a prespecified outcome. Furthermore, a mixed
model for repeated measures approach was used in the data
analysis that mitigates the effect of missing data. The analy-
ses aligned with US Food and Drug Administration recommen-
dations that advocate use of patient-reported and quality-of-
life outcomes in addition to objective measures of disease
progression in patients with IPF.?3-36

Limitations
The results of this study should be interpreted in the context
of’its limitations. First, the prespecified protocol allowance for
the site investigators to add antifibrotic treatments to pam-
revlumab during the study period may have affected the
changes in disease progression.

Second, the population included had a longer duration of
IPF and more advanced disease than the phase 2 trials of pam-
revlumab. Third, the desired absolute change of 10% or greater
in FVC as a stand-alone outcome should be interpreted with
caution in the context of concomitant antifibrotic use.

. |
Conclusions

Among patients with IPF treated with pamrevlumab or pla-
cebo, there was no statistically significant between-group dif-
ference for the primary outcome of absolute change in FVC
from baseline to week 48.
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