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Abstract

Hospitalization, Antifibrotic therapies

Research question: There is no widely accepted grading system for IPF disease severity, although physiologic
impairment based on pulmonary function testing is frequently employed. We sought to describe clinical and func-
tional characteristics as well as outcomes of patients with severe physiologic impairment.

Patients and methods: IPF patients with severe physiologic impairment defined by FVC < 50% and/or DLco < 30%
predicted evaluated in the Inova Advanced Lung Disease Program between 2011 and 2019 were included. Demo-
graphic, physiologic, functional treatment and outcome data were collated.

Results: There were 531 patients with IPF evaluated of whom 242 (46%) had severe physiologic impairment. Mean
age was 72 £ 8 years; baseline FVC was 53 & 17% and DL 28 9% of predicted. The mean 6 min walks test (6MWT)
distance was 3044 121 m with 59% of the patients requiring supplemental oxygen (6MWTg, group). There was a
poor correlation between the 6MWT distance and both FVC% and DLco%. Patients in the 6MWTg, group had a better
transplant-free survival than the 6MWTg, group (p=0.002). Patients managed before October 2014 and not receiving
antifibrotic therapy had worse outcomes with reduced transplant-free survival compared with patients presenting
after this date who did receive antifibrotic therapy (n=113) (log rank p <0.0001).

Conclusion: IPF patients often present with severe physiologic impairment which may be poorly correlated with
their functional status. Assessment of IPF disease severity should not be based on physiologic impairment alone, but
should also encompass functional status as well as need for supplemental oxygen. Antifibrotic therapy in patients
with severe physiologic impairment is associated with improved outcomes.
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Background

Idiopathic pulmonary fibrosis (IPF) is a rare disease
characterized by an irreversible, progressive loss of lung
function [1-3]. Despite the desire for and advantages of
an early diagnosis, a significant number of IPF patients
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have more advanced disease when initially diagnosed,
while others evolve to having more severe disease. There
is no widely accepted grading system for IPF, although
physiologic impairment with a low forced vital capacity
(FVC) and/or low diffusing capacity for carbon monox-
ide (DLco) are broadly used to characterize disease sever-
ity. However, these resting physiologic measurements are
inexact in discerning the spectrum of IPF disease sever-
ity [4—6]. Indeed, mortality rates and the prevalence of
complicating pulmonary hypertension have been shown
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to be equivalent across a wide spectrum of lung function
impairment [4, 5].

IPF clinical trials of antifibrotic therapies have typi-
cally targeted patients with mild to moderate disease by
employing cut points for the FVC of >50% and the DLco
of >30-35% [7-9]. Therefore patients with a “severe”
phenotype have been excluded from most clinical trials
of antifibrotic therapy. Similarly, patients who initially
present with milder impairment but progress to more
advanced disease despite treatment with antifibrotic
therapy are often not candidates for enrollment in add-
on treatment trials. Despite some recent data in this pop-
ulation [10-13], there remains a large void of information
regarding the efficacy of antifibrotic therapy in patients
with severe disease.

We hypothesize that there is a wide spectrum of func-
tional impairment in patients with severe disease based
on their pulmonary function testing (PFT). We further
hypothesize that these patients are good candidates and
tolerant of antifibrotic therapy. We therefore sought to
investigate the incidence, characteristics and outcomes of
patients with severe physiologic impairment evaluated at
a tertiary care ILD center.

Methods

The records of all patients with IPF evaluated at the
Inova Advanced Lung Disease Program, a tertiary refer-
ral center, for the period January 2011 to February 2019
were reviewed. Patients were diagnosed based on prior
international consensus guidelines for the diagnosis
of IPF [14, 15]. Patients qualified for study inclusion if
they presented with or developed severe physiologic
impairment as defined by a FVC <50% predicted and/
or a DLco <30% predicted. It is standard practice at our
center for all new consults to undergo both pulmonary
function testing (PFTs) and a 6 min walk test (6MWT)
during the initial consultation. Data from the first visit of
patients who presented with severe physiologic impair-
ment was collated. For those patients who developed
severe impairment during follow-up, data was collated at
the time that they breached one of the two severe thresh-
olds. Information recorded included demographics: age,
gender, height, weight, body mass index (BMI), smok-
ing status and date of initial consultation, as well as PFT
and 6MWT data. PFT parameters recorded included
the FVC, FVC% predicted, forced expiratory volume in
first second (FEV,), FEV,% predicted, FEV,/FVC ratio,
DLco, DLco% predicted, total lung capacity (TLC) and
TLC% predicted. PFTs were performed according to
the American Thoracic Society (ATS) standards [16, 17]
(V6200 Autobox DL; SensorMedics, Yorba Linda, CA)
and expressed as percent prediction using the predicted
equations of NHANES for lung volumes and Crapo for
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the DLco [18, 19]. The 6MWT was performed accord-
ing to the ATS guidelines with the instruction to walk as
far as possible in 6 min using standard verbal prompts
[20]. Patients were walked on room air (RA). If dur-
ing the course of the walk they desaturated below 80%
for 15 s or more, then the walk test was halted. If their
oxygen saturation (SpO,) dropped below 88% during
the RA walk, then a second walk was performed on sup-
plemental oxygen titrated to maintain a SpO,>88%. We
report the results from the RA walk test if their SpO,
remained>86% (6MWT,, group). Otherwise, data
from the 6MWT performed with supplemental oxy-
gen (6MWTgo, group) was collated. 6MWT distance
(6MWD), oxygen saturation, heart rate and Borg score
were measured and recorded at baseline and at 6 min.
Antifibrotic treatment use and tolerance was recorded.

Outcome data including respiratory-related hospi-
talization, lung transplantation, or death were obtained
from the electronic medical record, the Inova Advanced
Lung Disease database, and the Social Security death
index. Hospitalization events captured included only
respiratory-related non-elective admissions of at least
24 h in duration. Analyses of patient outcomes included
transplant-free survival and a composite endpoint of time
to first respiratory-related hospitalization, death or lung
transplantation. We also analyzed each of these compo-
nents of this composite endpoint separately. A further
outcome analysis of those who presented with severe dis-
ease to those who developed severe disease was under-
taken. Time zero for the outcome analyses was the date of
the PFTs that qualified the patients as having severe phys-
iologic impairment. All dates of last follow-up, hospitali-
zation, death, or lung transplantation were recorded.

A number of outcome analyses were undertaken
which included a subgroup analysis of the 6MWTy,
versus 6MW T, populations. Patients were also divided
between those not treated and managed before October
2014 (date of FDA approval for both nintedanib and pir-
fenidone), and those treated with either agent after this
date or with early access to either of these drugs. To qual-
ify for the latter group, treatment needed to have been
prescribed within 1 month after the PFTs document-
ing severe physiologic impairment. This ensured that
patients who were started on treatment before develop-
ing severe physiologic impairment were excluded from
all outcome analyses of antifibrotic therapy. An addi-
tional outcome analysis compared those patients initially
evaluated before October 2014 to those seen after this
date, irrespective of antifibrotic therapy. This analysis was
undertaken to negate any selection bias associated with
the implementation of antifibrotic therapy. Local IRB
committee approval for this study was obtained before
any data collection or analyses (U19-08-3702).
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Statistical considerations and data analysis

All demographic and pulmonary function data are pre-
sented as the mean = standard deviation (SD) or the
median, depending on the distribution. Group com-
parisons were performed using Student’s t-test or Wil-
coxon’s rank sum test for continuous variables; while
Pearson’s chi-square test or Fisher’s exact test were
used for categorical variables, where appropriate.

The Spearman correlations between the 6MW T dis-
tance and PFT parameters were analyzed. Kaplan—
Meier survival analyses and the log-rank test were used
to compare transplant-free survivals and time to first
respiratory-related hospitalization, death or trans-
plantation. Lastly, we utilized Cox Proportion hazards
models to determine the association of survival time
with selected parameters (e.g., age, gender BMI, etc.).
Hazard ratios (HR) and 95% confidence limits (CL) are
presented. Both univariate and multivariate Cox mod-
els are presented to demonstrate both the effects of
individual parameter on survival time and subsequent
effects following adjustment for all other modeled
parameters. All statistical analyses were performed
using GraphPad (GraphPad®; ver. 7, La Jolla, CA) and
SAS (SAS®; ver. 9.4, Cary, NC) with p-values <0.05
considered statistically significant.
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Results

There were 531 patients with IPF evaluated at our center
during the period of the study, 185 (35%) of whom met
the inclusion criteria of physiologic impairment with
FVC <50% and/or a DLco <30% predicted at their first
presentation, and a further 57 (11%) progressing and
breaching at least one of these thresholds during follow-
up. Both FVC and DLco data were available for 192 of
the total severe patient population (n=242). The DLco
was not available for the remaining 50 others, due to the
patients inability to perform this procedure. Mean FVC
was 53+ 17% and mean DLco was 28 +9% predicted. 95
patients (39%) were included based on FVC <50% pre-
dicted, 94 (39%) based on DLco <30% predicted and 53
(22%) for both FVC and DLco under those cut points.
Demographic and physiologic characteristics of the
study population are shown in Table 1. Additional file 1:
Table S1 shows the baseline characteristics of the study
population divided between those who presented ini-
tially with severe disease (n=185) and those who pro-
gressed to develop severe disease (n=58). With regards
to associated comorbidities, there were 51 patients (21%)
with severe obstructive sleep apnea, 5 patients pre-
sented with or developed a lung cancer. There were 99
patients (41%) with evidence of elevated pulmonary arte-
rial pressure on transthoracic echocardiography. There
were 80 patients (33%) who underwent a right heart

Table 1 Demographics, physiologic and functional data of all patients with severe functional impairment (FVC <50%

and/or DLco <30% predicted)

All patients FVC <50% DLco <30% Both FVC <50% p-value
predicted only predicted only and DLco < 30% predicted
Patients, n (%) 242 95 (39%) 94 (39%) 53 (22%)
Male, n (%) 196 (81%) 74 (78%) 79 (84%) 43 (81%) 0.08
Age, years+SD 7248 7248 7348% 7177 001
BMI, mean +SD 28+£5 27+£5 27+£5 316 0.15
Smokers, n, % (mean PY £ SD) 155, 68% 54,60%" 69, 73%* 32,60% 0.02
(30£23) (22£20) (34£25) (32£21)
FVC% £ SD 53+17 42+7 70£17 43+£5
DLco% +£SD 28+9 3949 2444 2446
Available 6BMWT, n (%) 231 (95%) 91 (99%) 92 (98%) 48 (91%)
6MWD, meters+ SD 304+121 309+123 3194117° 266+ 116" 0.04
6MWTo,, n (%) 140 (59%) 50 (54%) 53 (56%) 37 (70%) 0.08
6MWTq, mean flow rate, L/min 5 4 5 5
6MWT SpO, nadir, %+ SD 88+£5 89+£5 88+£6 88+£5 0.51
6MWT max Borg, mean=£SD 4£2 4+2 4+2 44£2 0.29

BMI: body mass index; SD: standard deviation; PY: pack-year; FVC%: forced vital capacity, % predicted; DLco%: single breath diffusing capacity for carbon monoxide,
% predicted; 6MWT: 6-min walk test; 6GMWTq,: patients with need for supplemental oxygen during 6MWT; 6MWD: 6-min walk test distance; SpO,: blood oxygen

saturation

" pvalue<0.05 when compared to patients with FVC < 50% predicted only

T p value <0.05 when compared to patients with DLco < 30% predicted only

§ pvalue <0.05 when compared to patients with both FVC < 50% and DLco < 30% predicted
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catheterization with 43 (54%) having a mean pulmonary
arterial pressure > 25 mmHg.

Concomitant 6MWT data was available in 231 of the
patients (95%). Mean distance was 304+ 121 m with 59%
of the patients in the 6MWTo, group (mean flow 5 L/
min) (Table 1). Patient characteristics, PFT and 6MWT
data categorized by the two 6MWT groups are shown
in Table 2. Those patients in the 6MWTq, group had
shorter walks (281+£118 vs 3374115 m respectively,
p=0.0005), more pronounced desaturation (despite
supplemental oxygen) (865 vs. 91+5% respectively,
p<0.0001) and higher Borg scores (5+2 vs. 342 respec-
tively, p=0.0008) than those in the 6MWTy, group.
Interestingly, there was no difference in the FVC%
between the two groups, but the DLco% was lower in the
6MWTq, group.

Table 3 provides an analysis of the 6MW T categorized
by various cut points and combinations of disease sever-
ity based on the FVC% and DLco%. Based on these PFT
categories, there was a wide range of 6MW'T distances
observed. At the one end of the spectrum, patients with
a FVC<50% but a relatively preserved DLCO >35%,
had a 6MWD of 366 m=120; while at the other end of
the spectrum, those patients with a FVC <40% in asso-
ciation with a DLco<25% had an average 6MWD of
only 219 m=+120. We observed no correlation between
the 6-min walk test distance and both FVC% and DLco%
(r=0.15, p=0.02 and r=0.18, p=0.02 respectively,
Fig. 1).

The median duration of follow-up was 18 + 15 months
(range 0—80 months) with 27 patients being lost to fol-
low-up. Of the remaining 215 severe patients, 136 (63%)
required a respiratory-related hospitalization with 52
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(38%) admitted for acute exacerbations, 49 patients
(23%) were transplanted while 79 (37%) died. The major
reasons for not listing patients for lung transplantation
included advanced age (46%), comorbidities/general con-
dition (43%), while 8 patients refused and 7 were consid-
ered “too well” for transplantation.

Kaplan—Meier analyses of transplant-free survival and
time to first respiratory-related hospitalization, death
or transplantation are shown in Fig. 2a, b, respectively.
Patients in the 6MW T, group had a better transplant-
free survival and a longer time before first respiratory-
related hospitalization, death or transplantation than
those in the 6MWTqo, group (log rank p=0.002 and
p=0.001 respectively, Fig. 2c, d). We then looked at
each component of this composite endpoint separately
through Kaplan—Meier analyses of survival, survival
with exclusion of transplanted patients and time to first
respiratory-related hospitalization (Additional file 2: Fig-
ure Sla—c respectively). Patients who underwent a lung
transplant were censored as alive on the date of trans-
plantation for both the hospitalization and survival anal-
yses. Additional file 3: Figure S2 demonstrates a survival
comparison of those who presented with severe disease
to those who developed severe disease.

Of the 242 patients, 163 were placed on antifibrotic
therapy with 113 patients (67%) placed on antifibrotic
at their initial evaluation (mean FVC%: 56 4 19%, mean
DLco%: 29+9%) (Additional file 4: Figure S3). Fifty
seven patients were untreated as they were evaluated
prior to October 2014. The remaining 22 patients were
not started on treatment for a variety of reasons includ-
ing patient refusal (n=1), ongoing cigarette smoking
(n=1), social issues (n=1) and transition to hospice

Table 2 Clinical, physiological and functional characteristics of IPF patients with severe functional impairment
(FVC <50% and/or DLco <30% predicted) based on their exercise need for supplemental oxygen (6MWTg, versus 6MWT5))

All patients 6MWTg, 6MWTo, p-value
Patients, n (%) 242 95/231 (41%) 136/231 (59%)
Male, n (%) 196 (81%) 78 (82%) 113 (83%) 0.86
Age, years £ 5D 7248 7448 7148 0.003
BMI, mean+£SD 28+5 264 2946 0.0004
Smokers, n, % (mean PY £ SD) 155, 68% 58,61% 93, 68% 0.26
(30£23) (25£20) (32£25)
FVC%=+SD 53+17 54+16 52+19 0.51
DLco% =+ SD 28+9 30+9 26+9 0.02
Mean O, flow rate, L/min 0 5
6MWD, meters £ SD 304£121 337%£115 281£118 0.0005
6MWT SpO, nadir, % & SD 88+£5 9145 86+5 <0.0001
6MWT Borg max, mean £ SD 442 3+2 542 0.0008

6MWT: 6-min walk test; 6MWTp,: patients able to complete a 6MWT with SpO, >86% on room air; 6BMWTg,: patients with need for supplemental oxygen during
6MWT; SD: standard deviation; BMI: body mass index; PY: pack-year; FVC%: forced vital capacity, % predicted; DLco%: single breath diffusing capacity for carbon
monoxide; % predicted; 6MWD: 6-min walk test distance; SpO,: blood oxygen saturation
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Table 3 Patient distribution based on pulmonary function
testing and associated 6-min walk test (6MWT) data

AIlFVC% FVC<50% FVC<45% FVC<40% FVC>50%
All DLco%
n 242 147 92 45 95
6MWD, 3044121 294+£123 2754124 2604120 318116
m
6MWTo, 61% 60% 65% 70% 61%
DLco>35%
n 24 24 14 5 0
6MWD, 366+ 120 366+120 356+ 131 3334138 -
m
6MWTo, 50% 50% 64% 60% -
DLco <35%
n 168 73 45 21 95
6MWD, 301119 277£136 2584123 2644104 3184116
m
6MWTo, 63% 67% 67% 76% 61%
DLco <30%
n 151 57 34 15 95
6MWD, 2984119 262+£117 2464122 2374102 318+ 116
m
6MWTo, 64% 71% 67% 87% 61%
DLco<25%
n 81 32 22 10 49
6MWD, 2814123 253+£127 226+119 2194120 297+119
m
6MWTo, 74% 74% 68% 80% 74%
DLco <20%
n 31 16 12 7 15
6MWD, 2464128 234+£114 2374128 2344125 257 4+145
m
6MWTo, 77% 77% 70% 86% 77%
DLco not available
n 50 50 33 19 0
6MWD, 2814118 281£118 2614112 224 £81 -
m
6MWTo, 57% 57% 65% 79% -

PFT: pulmonary function test; FVC: forced vital capacity, % predicted; DLco:
single breath diffusing capacity for carbon monoxide, % predicted; 6MWT; 6-min
walk test; 6MWD: 6-min walk test distance, meters = SD; 6MWTo.: patients with
need for supplemental oxygen during 6MWT

care (n=19) (Additional file 4: Figure S3). Drug distribu-
tion of the 113 treated patients was as follows: 61 were
treated with pirfenidone (54%), 32 with nintedanib (28%)
and 20 had both sequentially (18%). Mean duration of
treatment was 16+ 14 months (range 0-53 months).
Fifty nine patients (52%) experienced side effects which
included gastrointestinal upset (77%), loss of appetite or
asthenia (29%) and cutaneous manifestations (15%). In
38 patients (34%), dose reduction was necessary, while 26
(23%) required discontinuation of therapy. Kaplan—Meier
curves of transplant-free survival and time to first respir-
atory-related hospitalization, death or transplantation
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stratified by treatment with antifibrotic therapies are
shown in Fig. 3a, b. Patients managed before October
2014 and not receiving one of the two antifibrotic agents
through early access had distinctly worse outcomes with
a lower transplant-free survival and a shorter time before
first respiratory-related hospitalization, death or trans-
plantation than those receiving either drug prescribed
after the development of severe physiologic impairment
(log rank p<0.0001). We performed a further outcome
analysis of patients managed prior to October 2014 ver-
sus those managed after this date, so as to account for
any bias of the 22 non-treated patients in the latter group
(Additional file 5: Figure S4a, b). This demonstrated simi-
lar results with better outcome for those patients pre-
senting after October 2014.

Bivariate and multivariate analyses of transplant-free
survival accounting for the following variables was per-
formed: age, gender, history of smoking, body mass index
(BMI), FVC%, DLco%, need for supplemental oxygen
during the 6MW'T, 6MWD and treatment with antifi-
brotic therapy (Table 4). Multivariate analysis identified
male gender (p=0.008) and FVC% below the median
(<47% predicted) (p=0.01) to be associated with worse
transplant-free survival, whereas treatment with antifi-
brotic therapies was associated with a better prognosis
(p=0.003).

Discussion

IPF patients with FVCs<50% of predicted and/ or
DLco <30% of predicted have typically been regarded
as having severe disease. The fact that almost one third
of IPF patients presenting to our tertiary care center for
the first time met one or both of these criteria under-
scores that there are still inordinate delays in both diag-
nosis and referral. Patients with this degree of physiologic
impairment have been excluded from clinical trials of
antifibrotic therapies. Therefore there is a dearth of infor-
mation about the clinical course, functional impairment
as well as the safety and efficacy of antifibrotic therapy
in this population, although mining of registry data or
recent real-world papers have focused on this issue, pro-
viding encouraging results in this neglected population
[10-13, 21].

Our study is the first to provide insight into the func-
tional ability and oxygen needs of IPF patients with
severe physiologic impairment. We describe a wide
range in distances walked highlighting the discordance
between severe physiologic and functional impairment.
The fact that 41% of these “severe” patients did not
require supplemental oxygen to complete their 6MW Ts
was somewhat of a surprise which further emphasizes
this discordance. Our findings challenge the common
belief that patients with severe physiological disease
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Fig. 1 Correlation between 6-min walk test distance (6MWD) and FVC% (a) or DLco% (b) for all IPF patients diagnosed with severe functional
impairment (FVC < 50% and/or DLco < 30% predicted) based on the need for supplemental oxygen at exercise (6MWTo,, red) or not (6MWTg,,
blue). 6MWD: 6-min walk test distance, meters; FVC%: forced vital capacity, % predicted; DLco%: single breath diffusing capacity for carbon
monoxide, % predicted; 6MWTg,: patients able to complete a 6MWT with SpO, >86% on room air; 6MWTg,: patients with need for supplemental

have similarly severe functional impairment. We there-
fore believe that functional ability and need for supple-
mental oxygen need to be accounted for and taken into
consideration when assessing disease severity. The GAP
index (gender, age, physiology) is the most commonly
accepted prognostic scoring system with others such as
the composite physiologic index (CPI) also in existence,
but neither of these includes a measure of functional
ability or need for supplemental oxygen [22, 23]. Our
analysis reinforces that any future scoring system of
disease severity should encompass these parameters in
order to more accurately depict the impact of the dis-
ease on both function and outcomes.

Historically, IPF patients with severe physiologic
impairment have been excluded from clinical trials of
antifibrotic therapy based on the belief that their effi-
cacy may only be demonstrable in those with mild to
moderate disease, rather than in severe patients for
whom “the horse might be out of the barn” Our anal-
ysis, however, provides a rationale to include patients
with more severe physiological impairment in future
clinical trials. As clinical trial designs venture beyond
the FVC for future endpoints, the issue of what end-
points to use and how these might perform is raised.
We demonstrate through our outcomes analysis that
IPF patients with severe physiologic impairment are
at high risk for other meaningful events including hos-
pitalization, need for lung transplantation and death.
Inclusion of these patients will cast a wider net and not
only enable more robust and expeditious recruitment,
but with a high event rate could also render shorter tri-
als more feasible.

Our outcome analysis demonstrated a strong asso-
ciation between antifibrotic use and survival. In order to
ensure a homogenous group of patients with severe dis-
ease, we specifically excluded patients who were already
on antifibrotic therapy when they developed severe
physiologic impairment so that patients who had mild to
moderate impairment at the initiation of treatment did
not bias our outcomes results. The difference in trans-
plant-free survival became apparent early and appeared
profound. For example, at 6 and 12 months transplant-
free survival in the treatment arm was 11% and 17%
versus 36% and 62% in the treatment naive group, respec-
tively. In addition, only 23% of our severe patients did
not tolerate antifibrotic therapy, which is consistent with
what we and other have reported previously for patients
with more mild to moderate disease [24]. Our analysis
supports the notion that a response to antifibrotic ther-
apy is potentially demonstrable in clinical trials of severe
IPF patients. More meaningful endpoints, such as hos-
pitalization and death, can also be employed rather than
the FVC, which appears more suited to a population who
have more lung function to lose. One potential option for
future IPF clinical trial inclusion is to forego a lower limit
for the FVC% and DLco%, but to rather limit recruit-
ing the most severe patients based on oxygen needs and
6MW'T distance criteria.

There are a number of limitations to our study. The
high proportion of patients with severe disease pre-
senting for the first time may be biased by the fact
that we are a transplant center and some physicians
may have referred patients when sufficiently severe
to warrant transplant consideration. However, this is
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counter to the International Society for Heart and Lung
Transplantation who recommend that IPF patients be
referred for transplant consideration at the time of their
diagnosis [25]. Our center is also well-recognized as an
ILD center with multiple clinical trials, so we believe
that this potential bias had a small impact on a “skew”
to more severe patients. We did not evaluate patients’
computed tomographic scans of the chest to measure
concordance between fibrosis scores, the presence of
any emphysema and degree of physiologic impair-
ment. It is quite possible that some of the patients with
severe functional impairment may have had a lesser

parenchymal lung disease burden, especially those
who did not require supplemental oxygen. Our choice
to stratify patients based as a room air 6MWT if their
SpO, remained >86% is somewhat arbitrary, but there
is no established SpO, exercise nadir in IPF that has
been shown to warrant the implementation of supple-
mental oxygen. This cut point was decided prior to any
data analysis. Our survival analysis comparing those
patients treated with antifibrotic versus not has inher-
ent associated selection and historical biases. However,
our demonstration of a survival benefit is consistent
with prior reports including a subgroup analysis from
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Fig. 3 Kaplan—Meier curves of transplant-free survival (@), and time to first respiratory-related hospitalization, death or transplantation (b) in IPF
patients diagnosed with severe functional impairment (FVC < 50% and/or DLco < 30% predicted) stratified by treatment with antifibrotic therapies;

Table 4 Multivariate Cox-proportional hazards ratios and 95% confidence intervals for transplant-free survival

Parameter Univariate Multivariate
HR 95% CL p HR 95% CL p

Age, per 5 years 0.88 0.77-1.00 0.056 0.90 0.76-1.06 0.21
Male 1.64 0.96-2.79 0.068 237 1.26-4.46 0.008
Hx of smoking 0.97 0.66-1.42 0.871 0.93 0.57-1.53 0.07
BMI 0.99 0.95-1.03 0.721 0.95 0.90-1.01 0.08
FVC>47% 0.66 0.46-0.94 0.023 0.57 0.37-0.88 0.01
DLco>27% 0.89 0.62-1.29 0.540 0.84 0.54-1.29 042
Oxygen use 172 1.19-2.49 0.004 1.55 0.99-243 0.058
6MWD, per 50 m 0.95 0.86-1.05 0335 0.95 0.85-1.08 048
Antifibrotic therapies 048 0.32-0.71 <0.001 0.51 0.33-0.80 0.003

HR: hazard ratio; CL: confidence limit; BMI: body mass index; FVC%: forced vital capacity, % predicted; DLco%: single breath diffusing capacity for carbon monoxide, %

predicted; FVC% and DLco% stratified by median (FVC: 47%; DLco: 28%); 6MWD: 6-min walk test distance, meters

the pivotal pirfenidone phase 3 studies of patients with
the most severe disease in the context of those studies
[26]. Our analysis differs, however, as our study popula-
tion had even more physiologic impairment with equiv-
alent numbers of patients qualifying as severe based on
FVC% and DLco%. One additional limitation is that we
did not have DLco data in all the patients, due to their
inability to perform the maneuver. There were dispro-
portionately more patients in the early cohort who met
the outcome endpoints of lung transplantation rather
than death. The reason for this disparity is uncertain,
but could have magnified the outcome difference. A
possible reason includes changes in the lung alloca-
tion score system; however, if anything this should have

resulted in a bias toward more transplants in the most
recent era. Liberalization of recipient criteria, such as
increased age, should also have resulted in more trans-
plants in the most recent era. Differences in wait times
between eras are also unlikely as the average wait time
at our program has consistently been around 3 months.
Accreditation of our center as a Pulmonary Fibrosis
Foundation center of excellence has resulted in many
more referrals for ILD of elderly, non-transplant can-
didates over time. In addition, the availability of anti-
fibrotic therapy has driven more referrals of patients
who were previously told there was nothing that could
be done and that they were not lung transplant candi-
dates. One remaining conceivable explanation is that
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the implementation of antifibrotic therapy might have
resulted in a delay or even avoided the need for trans-
plant in some patients. Lastly, only a small proportion
of our patients were evaluated at variable time intervals
for pulmonary hypertension. Therefore we were unable
to correlate the presence of pulmonary hypertension
with the 6MWT, oxygen requirements, or patient out-
comes; however, our group has reported on this previ-
ously [5, 27].

Conclusion

In summary, we have provided unique insight into a
group of patients with severe physiologic impairment
and have shown that not all these patients have con-
cordant severe functional compromise. We believe our
analysis lays the foundation for a future scoring system
that incorporates not only physiology, but also func-
tional ability and supplemental oxygen requirement.
We also hope that this report will embolden inves-
tigators and clinical trialists to include more severe
patients in future clinical trials of antifibrotic therapy.
It is only through a more inclusive approach that future
therapies will be made available for this subgroup of
IPF patients, who currently lack, and are in most dire
need of, therapeutic options.
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