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ABSTRACT

Introduction: Idiopathic pulmonary fibrosis
(IPF) is a chronic, progressive and irreversible
lung disease. Licensed treatment options for IPF
are pirfenidone and nintedanib. The aim of this
study was to assess the impact of antifibrotic
therapy in patients with IPF with preserved lung
function based upon a forced vital capacity
(FVC) above 80%.

Method: This is a retrospective single-centre
cohort study, performed as part of a service
evaluation, between January 2007 and Septem-
ber 2018. Patient demographic, treatment and
lung function profiles were collected using
electronic patient records. A linear mixed model
and Kaplan-Meier estimator were utilised to
assess changes in FVC and survival over
36 months.

Results: A total of 161 patients were included
in this study. Mean age was 72 + 4. Twenty-
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four (14.9%) received pirfenidone, 86 (53.4%)
received nintedanib and 18 (11.2%) received
both antifibrotics provided by a compassionate
use program (CUP), as the National Institute of
Heath and Clinical excellence (NICE) criteria for
antifibrotics in the UK is restricted to an FVC
50-80%. Thirty-three (20.5%) patients did not
receive treatment. Patients without antifibrotic
therapy had a statistically higher baseline FVC
compared to other groups: 3.551 (100%) vs
2.851 (89.7%) pirfenidone (p = 0.012), vs 2.991
(93.5%) nintedanib (p =0.04) and 3.101
(92.7%) (p = 0.07) for both antifibrotics. FVC
decline over 1year was similar in groups
receiving pirfenidone, nintedanib or no treat-
ment [3.72% (158.1 ml) untreated vs 2.77%
(139 ml) pirfenidone vs 2.96% (131 ml) ninte-
danib]; however, it was significantly greater in
patients who received both antifibrotics [6.36%
(233 ml), p=0.01]. Use of antifibrotics was
associated with a higher median survival post
diagnosis; 3.5, 3 and 3.75 years respectively in
pirfenidone, nintedanib and both antifibrotic
cohorts, compared to the untreated cohort
(2.5 years).

Conclusion: One in five untreated patients
with an average FVC of 100% die within a
median of 2.5 years. Antifibrotic therapy was
associated with a higher median survival of 3—
3.75 years despite treatment groups having
lower baseline lung function.
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Key Summary Points

Why carry out this study?

Presently, there is limited unanimity on
when antifibrotic treatment (pirfenidone
and nintedanib) in patients with
idiopathic pulmonary fibrosis (IPF) should
be started.

The UK restricts antifibrotic treatment to
patients with a forced vital capacity (FVC)
between 50% and 80%, and major clinical
trials testing the efficacy of these drugs
have used patients with moderate baseline
lung function in their studies.

The hypothesis of this study is that
antifibrotic treatment (pirfenidone and
nintedanib) in patients with IPF with
preserved lung function (FVC above 80%)
is associated with favourable outcomes
with regards to disease progression and
survival.

What was learned from the study?

Whilst FVC decline over 36 months was
similar in pirfenidone, nintedanib and
untreated groups; it was significantly
greater in patients receiving both
antifibrotics. Patients receiving
antifibrotic treatment had favourable
outcomes with regards to survival

(3.5 years with pirfenidone, 3 years with
nintedanib, 3.75 years with both
antifibrotics compared to 2.5 years with
no treatment), despite the treatment
groups having a lower baseline FVC.

This study found that patients with higher
baseline FVC do deteriorate over time, and
one in five patients in our no treatment
group died, showing that this is not a
‘milder phenotype’ cohort.

In our study of patients with preserved
baseline FVC, antifibrotic treatment is
associated with preferential outcomes
with regards to survival, therefore
highlighting the favourable effects that
pirfenidone and nintedanib can have in
this cohort.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13034141.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is the most
prevalent of the interstitial lung diseases (ILD)
and is associated with the worst mortality
within this family of respiratory disorders [1]. It
typically affects adults above the age of 70 and
is a chronic, diffuse and progressive disease
state, causing irreversible fibrosis of the lung
parenchyma and respiratory failure [1]. Men are
affected at a significantly greater proportion
than women, and a smoking history of greater
than 20 pack years constitutes an increased
likelihood of acquiring IPF [2]. As a result of the
decline in pulmonary function over time, it is
an extremely debilitating condition and is
associated with a poor prognosis; the median
survival length after diagnosis is 3 years [3].
The UK has the highest incidence rate of IPF
in Europe [4]. Currently, there are two licensed
medications for IPF which are effective in
reducing the progression of lung fibrosis over
time. These are pirfenidone and nintedanib;
both of these drugs decelerate lung fibrosis in
patients with mild to moderate disease [5].
Whilst existing landmark clinical trials have
demonstrated the efficacy of these two agents in
cohorts with moderate forced vital capacity
(FVC) impairment [6-8], post hoc studies have
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in fact demonstrated favourable outcomes of
the drugs even in groups with a higher baseline
lung function (i.e. FVC above 80%) [9, 10]. Pir-
fenidone has been shown to decelerate lung
function decline in patients with IPF in a
number of clinical trials [7, 8]. In a phase III
study, the ASCEND trial, the cohort receiving
pirfenidone showed a linear decline in FVC of
164 ml compared to 280ml in the placebo
group (p <0.01, mean difference 42%) [8].
Nintedanib also effectively preserves lung
function in patients with IPF [11], which is
shown by two concurrent large phase III trials,
INPULSIS-1 and INPULSIS-2 [6]. In INPULSIS-1,
there was a rate of decline in FVC in the control
group of — 114.7 ml and — 239.9 ml in the pla-
cebo group (p < 0.01). In INPULSIS-2, the con-
trol group saw a yearly decline of —113.6 ml
compared to — 207.3 ml in the placebo group
(p <0.01) [6].

There is currently limited unanimity on
when treatment with antifibrotics should be
started in patients with IPF. For instance, in the
UK, both pirfenidone and nintedanib are
restricted to patients with an FVC between 50%
and 80%, based upon a health economic ratio-
nale [12-14]. However post hoc studies have
demonstrated favourable effects of antifibrotic
irrespective of baseline lung function. Albera
et al. showed that pirfenidone had a similarly
favourable effect in a group with moderate
baseline lung function (FVC below 80%) versus
a group with preserved FVC (at least 80%) over
12 months [9]. Moreover, Kolb et al. also
showed comparable results with respect to
nintedanib, as patients with preserved lung
function (FVC above 90%) benefited similarly
from nintedanib compared to patients with a
lower FVC [10]. Nintedanib was in fact better
tolerated in patients with a pre-treatment FVC
greater than 80% compared to patients who had
an FVC between 50% and 80% in another study
[15]. Consequently, in our real-world study we
aim to assess a cohort of patients with preserved
lung function and assess their response to
antifibrotic treatment with respect to lung
function and survival.

METHODS

This is a retrospective single-centre observa-
tional cohort study of patients with a multidis-
ciplinary diagnosis of IPF with an FVC greater
than 80% between January 2007 and September
2018 (n = 161). In the UK, these patients were
ineligible to receive antifibrotic therapy as the
National Institute of Health and Care Excel-
lence (NICE) criteria for prescribing antifibrotics
in the UK is restricted to patients with an FVC
50-80%. A cohort received antifibrotics via a
compassionate use program (CUP) provided by
the drug manufacturers. Lung function data was
analysed across a 36-month period.

The patients were split into four groups:
those who were receiving pirfenidone, ninte-
danib and both antifibrotics, and patients not
receiving any antifibrotic treatment. A retro-
spective review of electronic patient records was
conducted using results from pulmonary func-
tion tests (PFTs), outpatient clinical letters and
radiological imaging reports. Various parame-
ters were collected including patient demo-
graphic data, treatment records, adverse effects
and lung function data.

Results were analysed using IBM SPSS statis-
tics (version 25). Continuous data was repre-
sented as mean =+ standard deviation (SD),
whilst nominal variables were represented as
frequencies (percentage). The normality of the
distribution was tested using the Shapiro-Wilk
test, whilst an independent-samples f test was
used to compare the mean demographics in
each treatment group. A p value less than 0.05
denoted statistical significance. A linear mixed
model was performed to assess the changes in
lung function over time. Moreover, a Kaplan—-
Meier analysis was used to assess survival across
the three treatment groups and the untreated
patients over 36 months.

We consulted the NHS Health Research
Authority decision aid to ascertain whether
ethical approval was required. It was deemed
that approval was not required, as this work
represents a service evaluation/surveillance,
which utilises anonymised data collected as part
of the routine delivery of a clinical service. In
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addition, we confirmed approval from our Cal-
dicott Guardian.

RESULTS

Demographical data, duration of treatment,
adverse effects and reasons for discontinuation
of medication are summarised in Table 1. A
total of 161 patients with a baseline FVC above
80% were included in this study; 74.5%
(n=120) were male. The mean age was
72 + 4 years. A total of 128 patients received
treatment with antifibrotic medication through
the CUP: 24 (14.9%) patients received pir-
fenidone and 86 (53.4%) received nintedanib
whilst 18 (11.2%) patients received both pir-
fenidone and nintedanib. Thirty-three (20.5%)
patients had no treatment. There was no sig-
nificant difference between the three groups
with respect to comorbidities and smoking his-
tory. The most common comorbidities were
hypertension (14.7%), ischaemic heart disease
(13.7%) and gastro-oesophageal reflux disease
(11.3%). Among the patients, 70.8% were for-
mer smokers, 5.6% were current smokers and
23.6% had never smoked. Patients receiving
pirfenidone were on treatment for a mean
21.8 £ 159 months whilst patients who
received nintedanib received treatment for a
mean of 24.3 + 16.1 (p = 0.420). Appetite loss
(19.6% vs 9%; p < 0.01), constipation (0% vs
3%; p = 0.03), fatigue (17.9% vs 9.8%; p = 0.02)
and skin rash (8.9% vs 0%; p < 0.01) were sta-
tistically higher in those treated with pir-
fenidone compared to nintedanib therapy,
whereas diarrhoea (33.8% vs 5.4%; p < 0.01)
was most frequent in patients treated with
nintedanib compared to pirfenidone. The dis-
continuation rate was 21% in both pirfenidone
and nintedanib groups; the main reason for this
was intolerable adverse effects.

Baseline lung function parameters were sta-
tistically higher in the untreated cohort com-
pared to those treated with antifibrotics. The
baseline FVC was 3.55 (100.5%) in the
untreated cohort compared to 2.85 (90%) and
2.99 (93%) in those treated with pirfenidone
and nintedanib (p = 0.012 and p = 0.04 respec-
tively). Patients who had received both

treatments also had a lower baseline FVC of
3.101 (92.7%), compared to the no treatment
group (p =0.07). Similarly baseline diffusing
capacity of the lungs for carbon monoxide
(DLCO) was statistically higher in the untreated
cohort (4.13; 54.3%) compared to those treated
with pirfenidone (3.14; 39.7%), p < 0.001 or
nintedanib (3.54; 46.6%), p = 0.02. Over a per-
iod of 12 months the FVC declined by — 3.72%
(158.1 ml) in the untreated cohort, — 2.77%
(139 ml) in the cohort receiving pirfenidone,
—2.96% (131 ml) in the nintedanib-treated
group and a significant decline of —6.36
(232 ml) in the cohort who had received both
antifibrotics (p = 0.01) (Table 1).

A Kaplan-Meier analysis of survival showed
no major difference in survival despite the no
treatment group having statistically greater
lung function (p = 0.33) (Fig.2). The median
survival post diagnosis was 2.5 years in the
untreated cohort compared to 3.5 years in those
treated with pirfenidone, 3 years in the ninte-
danib-treated group and 3.75 years in patients
who had received both antifibrotics.

DISCUSSION

In the UK, NICE has restricted access of antifi-
brotics to patients with IPF who have an FVC
between 50% and 80% [16]. This decision is
based on a complex health economic rationale
with the assumption that patients with an FVC
above 80% are considered to have a “milder”
phenotype of IPF [17]. The aim of this real-
world study was to assess baseline demographics
and natural progression with respect to lung
function and survival in patients with IPF who
have an FVC value above 80%. A total of 128
(79.5%) patients in this study were able to
access pirfenidone or nintedanib through a
CUP. The remaining patients (33, 20.5%) were
untreated either because the CUP treatment
window had closed or patient choice. The
important findings of this study highlight that
patients with untreated IPF characterised as
“mild” in phenotype with a baseline FVC of
100% and DLCO 54% have a significantly
reduced median survival post diagnosis of
2.5 years. This is compared to a survival of 3.5, 3
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Table 1 Baseline demographics, treatment and adverse events in patients with FVC above 80% according to treatment

No Pirfenidone  p value Nintedanib  p value Both p value
treatment (2 = 24) pirfenidone (» = 86) nintedanib vs antifibrotics both vs no
(n = 33) vs no no treatment (z = 18) treatment
treatment
Age in years 722 +7 733 £ 7.1 0.581 728 £ 79 0.589 72.5 + 6.7 0.517
(mean + SD)
Gender male/ 27:6 18:6 (75:25) 0.541 61:25 0.229 14:4 (77:22) 0.735
female, no. (82:18) (71:29)
(%)
Lung function
FVC litres 3.55 2.85 0.012* 2.99 0.04* 3.10 0.07
FVC % 100.5 89.7 93.5 92.7
DLCO mmol/ 4.13 3.14 < 0.01* 3.54 0.02* 3.94 0.08
kPa/min
DLCO % 54.3 39.7 46.6 51.7
FVC % decline — 3.72 —2.77 0.341 — 296 0.316 — 6.36 0.01*
per year

Smoking status, no. (%)

Never 8 (24) 5 (20.8) 0.767 19 (221) 0824 6 (33.3) 0.133
Current 1 (3) 2 (8.3) 0.385 4 (4.7) 0.430 2 (11.1) 0.250
Exsmoker 24 (73) 17 (708) 0263 63 (733) 0909 10 (556) 0222
Comorbidities, no. (%)

None 5(96)  3(7.0) 0.781 10 (6.0) 0314 4 (13.8) 0.536
Hypertension 10 (192) 3 (7.0) 0.118 27 (1621) 0817 3 (10.3) 0.295
Tschacmic 7(135) 9 (209) 0.183 20 (119)  0.632 4 (13.8) 0.935

heart disease

Gastro- 8 (154) 3 (7.0) 0.275 17 (101) 0305 5 (17.2) 0.787

oesophageal

reflux

Diabetes 2 (3.8) 7 (16.3) 0.018 16 (9.5) 0.089 1 (3.4) 0.943
Emphysema 2 (3.8) 3 (7.0) 0.405 16 (9.5) 0.069 2 (6.9) 0.531
Hiatus hernia 2 (3.8) 1(2.3) 0.757 5 (3) 0.919 1(34) 0.943
Lung cancer 1(1.9) 1(2.3) 0.822 3 (1.8) 0.806 1(34) 0.665
Stroke 1(19) 2 (47) 0.802 2 (1.2) 0.665 0 0.466
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Table 1 continued

p value

pirfenidone vs

nintedanib
Duration of treatment: months 21.8 £ 159 243 £ 16.1 0.42 31.7 £ 163

mean + SD
Adverse events, no. (%) Average 2.3 per Average 1.5 per Average 4.5 per
patient patient patient
None 4(7.1) 11 (8.3) 0.371 2 (25)
Nausea/vomiting 7 (12.5) 21 (15.8) 0.072 13 (16)
Appetite loss 11 (19.6) 12 (9) < 0.01* 12 (14.8)
Indigestion 10 (17.9) 17 (12.8) 0.07 8 (9.9)
Weight loss 4(7.1) 6 (4.5) 0.14 2 (25)
Diarthoea 3 (5.4) 45 (33.8) <001 17 (21)
Constipation 0 4(3) 0.03* 0
Fatigue 10 (17.9) 13 (9.8) 0.02° 13 (16.1)
Skin rash 5 (8.9) 0 < 0.01* 4 (5)
Bleeding 0 (0) 3 (23) 0.06 2 (25)
Other 2 (3.6) 1(0.8) 0.33 8 (9.9)
Mean time to develop first AE 31 +72 33£52 0.853 31+28
months

Discontinuation rate, no. (%) 5 (21) 18 0.881 5 (27.8)

FVC forced vital capacity, DLCO diftusing capacity of lungs for carbon monoxide, SD standard deviation, AE adverse effect

*Statistically significant as p < 0.05

and 3.75 years in a cohort of patients with IPF
treated with pirfenidone, nintedanib and both
treatments respectively. This reduced survival in
the untreated cohort is despite the fact that the
antifibrotic treated cohort of patients with IPF
have lower baseline lung function compared to
the untreated group.

In this study, there were no significant
imbalances observed between the baseline
demographics of the untreated and antifibrotic-
treated cohorts. The majority of patients were
male with an average age of 73 years. This was
similar to the INPULSIS trials [6]; however, the
average age in the CAPACITY studies [7] was
lower at 68 and 66.8 years (study arm 004 and
006 respectively). Additionally, the patients

were mostly former smokers with comorbidities
such as hypertension, ischaemic heart disease
and gastro-oesophageal reflux disease.

We reported similar profiles with respect to
adverse effects and discontinuation rates com-
pared to existing clinical trials. The most com-
mon adverse effect experienced by the
pirfenidone cohort was loss of appetite (19.6%),
fatigue (17.9%), indigestion (17.9%) and nau-
sea/vomiting (12.5%). These are of lower fre-
quency compared to the adverse effects noted
in the CAPACITY trials: nausea (36%) and skin
rash (32%) [8]. Similarly the most common
adverse event experienced by the nintedanib
cohort in our study was diarrhoea (33.8%); this
again was less than those reported in the
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INPULSIS trials (61.5% and 63.2% in INPULSIS-
1 and INPULSIS-2 respectively) [6]. Our adverse
events frequencies were lower than those of
clinical trials potentially because of reporter bias
as clinical assessment and documentation per-
haps would not be as robust as clinical trials.
Among our patients, 21% permanently discon-
tinued pirfenidone treatment; this rate was
greater than that in the CAPACITY trial 006
(19.9%) [7]. Moreover, the discontinuation rate
was greater in the patients who received both
antifibrotics, as compared to patients receiving
pirfenidone and nintedanib (27.8%, 21% and
21% respectively). The most common cause of
termination in the case of both drugs was
intolerable adverse effects. An average of about
two separate adverse effects were reported per
patient in the pirfenidone and nintedanib
group, whilst about five adverse events were
reported on average per patient in the category
of patients who received both treatments.

The average baseline FVC in our untreated
group was significantly higher than in both
pirfenidone and nintedanib groups: 3.551
(100%) vs 2.851 (89.7%) pirfenidone (p = 0.012)
vs 2.991 (93.5%) nintedanib (p = 0.04) vs 3.10
(92.7%) both treatments (p = 0.07). One rea-
sonable explanation for this could be the lack of
randomisation regarding treatment options.
Patients with higher FVC values may have had
milder symptoms, and therefore may have
declined treatment for this reason. The FVC
decline was similar in the untreated group and
in the groups receiving pirfenidone and

105
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FVC (%)
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Months
——No Treatment =——Both Treatments ==Pirfenidone =—Nintedanib

Fig. 1 Decline in forced vital capacity, FVC (%), in
untreated patients (blue line) compared to those treated
with pirfenidone (red line), nintedanib (green line) or both
antifibrotics (orange line), over a period of 36 months

nintedanib (Fig. 1); however, it is difficult to
directly compare the groups as the untreated
group in our study had a statistically higher
baseline FVC, when compared to the treated
groups. Patients treated with both antifibrotics
had a statistically greater decline compared to
those treated with single antifibrotic alone.
Again this is because this group has a selection
bias as the clinical decision to switch from one
antifibrotic to another is based on the presence
of an FVC decline of greater than 10%. This
cohort of patients treated with both antifi-
brotics is therefore deemed to be more pro-
gressive in nature.

When comparing to existing trials, the 004
arm of the CAPACITY trial showed an 8% FVC
decline in the pirfenidone group and a 12.4%
decline in the untreated placebo group over
72 weeks [7]. In our study both our pirfenidone
and untreated cohorts declined at a much
slower rate, by 4.16% and 5.1% in 72 weeks
respectively (2.77% and 3.72% per year). The
baseline FVC and DLCO in the pirfenidone and
placebo arms of the CAPACITY 004 trial were an
FVC of 73% and 73.6% respectively and DLCO
of 45.4% and 43.7% respectively [7]. This was in
comparison to an FVC of 89.7% and DLCO
39.7% for the pirfenidone-treated group and
FVC of 100.5% and DLCO 54.3% in the
untreated group in our study. The higher base-
line FVC in our cohort may explain the slower
observed rate of decline in FVC compared to
published clinical trials. When comparing to
the INPULSIS-1 trial [6] our study had a similar
rate of decline in the nintedanib-treated group
(—=130.9 ml vs — 104.3 ml) but a slower decline
in the wuntreated group (—158.1ml vs
239.9 ml). Again, this is likely to be because of
higher baseline lung function in our cohort
compared to those in the clinical trials.

A Kaplan-Meier analysis of survival showed
similarities between all groups (p = 0.33),
despite the treatment groups having a signifi-
cantly lower baseline lung function (Fig. 2). We
found that patients in the treatment groups had
a longer median survival length post diagnosis
when compared to our untreated group;
(3.5 years pirfenidone, 3 years nintedanib,
3.75years both treatment and 2.5 years
untreated). This was despite all of the treatment

A\ Adis



Adv Ther (2021) 38:268-277

275

Treatment Group
~INo-Treatment
~pirfenidone
~IINintedanib
~Both Treatment
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0.8 E‘_
0.6

0.4

Cumulative Survival

0.2

0.0
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Months

Fig. 2 Kaplan-Meier survival analysis of untreated
patients (blue line), those treated with pirfenidone (red
line), nintedanib (green line) or both antifibrotics (orange

line). (p = 0.33)

groups having lower overall baseline FVC and
DLCO values. Furthermore, in the untreated
cohort, FVC continued to decline at a similar
rate to treatment arms in clinical trials and one
in five patients died within the time period,
despite having a higher FVC and DLCO com-
pared to treated groups in this study or patients
with IPF in clinical trials. This leads to the
important finding that a higher FVC at diag-
nosis does not correlate with a milder disease
phenotype and that these patients would ben-
efit from treatment. Furthermore, our study
showed that receiving antifibrotic treatment
was associated with an increased median sur-
vival post diagnosis regardless of having a lower
FVC, thereby showing the beneficial effects
these drugs have with respect to survival in
patients with an FVC above 80%. Comparably,
in an analysis from the Australian IPF registry,
Jo et al. showed that whilst patients with pre-
served baseline lung function (FVC at least 80%)
have a greater survival rate, their disease pro-
gression over time is similar to groups with
lower FVC values [18]. This shows that the
natural history of the disease is analogous,
irrespective of baseline FVC, and these groups
would benefit considerably from antifibrotic
therapy.

Our study has a number of limitations.
Firstly, this study is a single-centre retrospective
non-randomised real-world study. As a result of
its retrospective nature, patients did not have
standardised records in their consultations

regarding occurrence of adverse events. Fur-
thermore, in the real-world setting patients
have the autonomy to decline treatment, which
would introduce bias in this study. There was
no randomisation with regards to treatment
choice. Lastly, we would endeavour for a larger
sample size in the future which would increase
the reliability of our results.

CONCLUSION

This is a real-world assessment of patients with
an FVC above 80% who either received com-
passionate use antifibrotic therapy or no treat-
ment. Whilst the rates of decline in FVC were
similar between groups, our study showed that
antifibrotic use was associated with an increased
median survival length after diagnosis in
patients with a statistically lower baseline FVC
compared to the untreated group. The impor-
tant findings of this study highlight that
patients with untreated IPF characterised as
“mild” in phenotype have a significantly
reduced median survival post diagnosis of
2.5 years. We would advocate that patients with
IPF with an FVC above 80% would benefit from
treatment with antifibrotic therapy.
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