Nasser et al. Orphanet J Rare Dis (2021) 16:419

https://doi.org/10.1186/513023-021-02043-5 Orphanetjournal Of

Rare Diseases

RESEARCH Open Access
)]

Check for
updates

Nintedanib in idiopathic and secondary
pleuroparenchymal fibroelastosis

Mouhamad Nasser'®, Salim Si-Mohamed?3®, Ségoléne Turquier*, Julie Traclet!, Kais Ahmad', Francois Philit,
Philippe Bonniaud®, Lara Chalabreysse’®, Francoise Thivolet-B&jui’® and Vincent Cottin'®"

Abstract

Background: Pleuroparenchymal fibroelastosis (PPFE) has a variable disease course with dismal prognosis in the
majority of patients with no validated drug therapy. This study is to evaluate the effect of nintedanib in patients with
idiopathic and secondary PPFE. Patients admitted to a tertiary care center (2010-2019) were included into this retro-
spective analysis if they had a multidisciplinary diagnosis of PPFE, had been followed-up for 3 months or more, and
had lung function tests and chest CTs available for review. Changes in pulmonary function tests were assessed using
non-parametric tests and linear mixed effect model. Lung volumes were measured with lobar segmentation using
chest CT.

Results: Out of 21 patients with PPFE, nine had received nintedanib, six had received another treatment and another
six patients were monitored without drug therapy. Annual FVC (% of predicted) relative decline was — 13.6 + 13.4%/
year before nintedanib and — 1.6 £ 6.02%/year during nintedanib treatment (p=0.014), whereas no signifi-

cant change in FVC% relative decline was found in patients receiving another treatment (— 13.25 4= 34 before
vs—16.61 4 36.2%/year during treatment; p =0.343). Using linear mixed effect model, the slope in FVC was — 0.97%/
month (95% Cl: — 1.42; — 0.52) before treatment and — 0.50%/month (95% Cl: — 0.88; 0.13) on nintedanib, with a differ-
ence between groups of +0.47%/month (95% Cl: 0.16; 0.78), p =0.004. The decline in the upper lung volumes meas-

(p=0.327). Nintedanib tolerability was unremarkable.

paving the way for prospective, controlled studies.

Nintedanib, Progression, Prognosis

ured by CT was — 233 mL/year 387 mL/year before nintedanib and — 149 mL/year + 173 mL/year on nintedanib
Conclusion: In patients with PPFE, nintedanib treatment might be associated with slower decline in lung function,
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Introduction

Pleuroparenchymal fibroelastosis (PPFE) is a rare clin-
icopathological entity initially described in 1992 by Ami-
tani et al. in 13 patients presenting with a condition then
called idiopathic pulmonary upper lobe fibrosis [1]. It
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was coined PPFE in 2004 by Frankel et al. who reported
5 cases with a somewhat comparable condition primarily
involving the upper lobes of the lung as well as the pleura
[2]. PPEE is characterized by upper lobe pulmonary
fibrosis and elastosis with pleural thickening and near-
normal distant lung parenchyma [3]. It may be idiopathic
or secondary to an underlying condition (e.g., stem cell
transplantation, chemotherapy especially using alkylat-
ing drugs, radiation therapy or lung transplantation)
[4, 5]. Whether idiopathic or secondary, PPFE follows a
progressive course with dismal prognosis in the majority
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of cases [6, 7]. No treatment is validated in PPFE, which
remains an orphan lung disease.

Experience with antifibrotic drugs, which slow disease
progression in patients with fibrotic interstitial lung dis-
ease (ILD) including idiopathic pulmonary fibrosis (IPF)
[8], systemic sclerosis associated ILD [9], ILD with a
progressive fibrosing phenotype [10], and unclassifiable
idiopathic progressive ILD [11], is scarce in PPFE. Pirfe-
nidone has been used in one patient with idiopathic PPFE
with associated basal usual interstitial pneumonia (UIP),
who showed a stabilized lung function, yet, the patient
died 6 months later from respiratory failure [12]. Torrisi
et al.,, reported a possible functional and radiological ben-
efit of low dose prednisone (10 mg/day) combined with
pirfenidone in 2 patients with PPFE, however interpreta-
tion was limited by the short term follow-up (6 months),
and initiation of antifibrotic treatment shortly after lung
function had started to stabilize [13]. More recently,
Sugino et al., found that antifibrotic agents were less effi-
cacious in patients with UIP associated with idiopathic
PPFE than in patients with UIP alone [14]. Herein, we
report our experience in patients with PPFE treated with
the antifibrotic drug nintedanib. Volumetric imaging was
used as adjunct to pulmonary function to assess lung vol-
ume changes at the lobar level during disease course.

Results
Baseline characteristics
In total, 21 patients were diagnosed with PPFE in multi-
disciplinary discussion during the study period, including
nine who had received nintedanib for 3 months or more.
Nintedanib was combined with 10 mg/day of prednisone
in six patients. PPFE was idiopathic in 17 and second-
ary to other conditions in 4 patients, including two who
had previously received chemotherapy, and two who had
undergone hematopoietic stem cell transplantation. One
patient had mild autoimmune features, but none was
diagnosed with connective tissue disease. Patients were
distributed into the nintedanib group (n=9), the non-
nintedanib treatment group (n=6; pirfenidone alone
[n=2], prednisone associated or not with mycophenolate
mofetil [n=4]), and the surveillance/no treatment group
(n=6, who were managed with surveillance [n=5], or
received nintedanib for less than 3 months [n=1]).
Clinical characteristics, usual blood tests, autoanti-
bodies, telomerase gene-related mutations, and high-
resolution computed tomography (HRCT) findings were
generally comparable between groups (Table 1). In the
nintedanib group, definite or probable UIP of the lung
bases was present on HRCT and/or lung pathology in 3
out of 9 patients (33%); one patient had a pattern sugges-
tive of organizing pneumonia and another an unclassifi-
able pattern of interstitial pneumonia in the lung bases.
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In the non-nintedanib treatment group, no patient had
a UIP pattern, but one had a pattern of radiologic non-
specific interstitial pneumonia in the lung bases (he
received mycophenololate and low-dose prednisone); in
the surveillance group, 2 of 6 patients (33%) had a UIP
pattern. There was no significant difference between
groups in distinct HRCT measurements except for the
transverse tracheal diameter, which was higher in the
nintedanib group than in other groups (Table 1). All 6
patients who underwent surgical lung biopsy had definite
PPFE on histopathology. Lower lung biopsy found UIP
in two, emphysema in two and unclassifiable and non-
specific interstitial pneumonia in one each. One patient
had chronic pneumothorax secondary to bronchopleural
fistula post-surgical lung biopsy. There was no case of
spontaneous pneumothorax, mediastinal emphysema or
pulmonary mycosis.

Annualized change in lung function before treatment
During the surveillance period, FVC decreased
by —13.6+£13.4% of predicted value (absolute change)/
year in the nintedanib group and by —5.4413.3%/year
in the non-nintedanib treatment group. However, FVC
increased by+0.447.0% of predicted in the surveil-
lance group. Similarly, total lung capacity decreased
more in the nintedanib group (—11.1£7.1% of pre-
dicted)/year than in the non-nintedanib treatment group
(—2.0£2.4% of predicted)/year and in the surveillance
group (—0.26 £4.24% of predicted/year) (Table 2).

Nintedanib treatment and annualized change in lung
function

Patients were followed for a mean duration of
15.3+11.4 months (range: 0-33 months) before nint-
edanib and 17.4£12.0 months (range: 4—41 months) on
nintedanib treatment. The slope of both absolute FVC
and relative FVC annual decline was significantly lower
on nintedanib as compared to the pretreatment period.
Relative FVC decline was—20.64+16.9% of predicted/
year before treatment and —6.04114.5% of predicted/
year on nintedanib (p=0.021) (Table 2).

Using linear mixed model, FVC decreased significantly
and consistently by —0.97% (absolute change) of pre-
dicted per month (95% CI: [—1.42;—0.52], p=0.001)
during the pretreatment period. At nintedanib initiation,
patients had a mean absolute FVC of 41.1% of predicted
(95% CI: 29.6—52.3). When nintedanib was initiated, FVC
significantly increased by 3.4% of predicted over the first
3 months (95% CI: 0.45; 6.36, p=0.0250) then started
to drop down significantly by —0.50% of predicted per
month (95% CI:—0.88;—0.13; p=0.010) thereafter.
The slopes of mean absolute FVC change before and on
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Table 1 Baseline characteristics by patient group (nintedanib, non-nintedanib, and surveillance)
Parameters (Mean) Nintedanib (N=9) Non-nintedanib Surveillance (N=6) P value
(N=6)
Age (years) 53424 60+13 55415 NS
Female 4 (44%) 2 (33%) 5 (83%) NS
Smoking history NS
Never smoker 5 1 5
Ex- smoker 4 4 1
Current smoker 0 1 0
BMI (kg/m?) 17.61£221 20.79+3.1 20.64+282 NS
Clubbing (No) 9 (100%) 6 (100%) 6 (100%) NS
Platythorax (yes) 5 (55%) 4 (66%) 3(50%) NS
Idiopathic (yes) 7 (77%) 5 (83%) 5 (83%) NS
ANA+ 3 (33%) 4 (66%) 4 (66%) NS
Tested for mutation (yes) 4 (44%) 3 (50%) 4 (66%) NS
TERT+ 0 (0%) 1(16%) 2 (33%) NS
FVC (%) 50420 57+18 72423 NS
FEV1/FVC 0.87+0.07 0.87+0.09 0.97+0.08 NS
TLC (%) 6317 68+t 14 75+25 NS
RV/TLC (%) 166457 123+24 112422 NS
DLCO % 46419 59+£18 48413 NS
KCO % 83424 7249 81413 NS
Tracheal surface (mm) 3974108* 367493 211453 0.009
Lower lobes UIP on HRCT/pathology 3 (33%) 0 (0%) 2 (33%) NS

ANA: antinuclear antibodies, BMI: body mass index, DLco: diffusion lung capacity for carbon monoxide, FEV1: forced expired volume in 1 s, FVC: forced vital capacity,
HRCT: high resolution computed tomography, KCO: transfer coefficient of carbon monoxide, TERT: telomerase reverse transcriptase, TLC: total lung capacity, UIP: usual

interstitial pneumonia

Table 2 Changes in pulmonary function and body mass index by patient group

LFTs annual change/ Nintedanib group (N=9)

Non-nintedanib group (N =6)

Non-treated group (N=6)

body mass index

Pre-treatment Ontreatment Pvalue Pre-treatment Ontreatment Pvalue Atdiagnosis

Follow-up duration (days) 3764370 5304382 - 1904 £2296 5934389 - 1526+ 1291

AFVC (mL) — 2744188 —169£214 0.023* — 1934463 —2754+607 NS —50+£144
Absolute A FVC (%) —136+£134 —1.6+£6.02 0.014* —54+£133 —66+£149 NS +044+697

Relative A FVC (%) —206£169 —6.04£145 0.021% —132+£34 —166+£36.2 NS +07£118

ATLC (%) —11.14+7.1 —19495 NS —20+24 —107+113 NS —03+42

A RV/TLC (%) +1034£189 +55+£12.2 NS —05+28 +6.1+£28.7 NS +14+£155

BMI (kg/mz) 178+£20 16.7+£1.8 0.031* 208+3.1 198+£33 0.328 20.6+2.8 at diagnosis;

20.042.5 at last follow— up;
P:0.232

BMI: body mass index, DOF: duration of follow-up, FEV1: forced expired volume in 1 s, FVC: forced vital capacity, TLC: total lung capacity. RV: residual volume.*:

significant p value of <0.05

nintedanib therapy were significantly different (4-0.47%,
95% CI: 0.16-0.78; p=0.0037) (Fig. 1).

Nintedanib treatment and volumetric CT

The changes in particular lobar lung volumes measured
by volumetric CT during the surveillance period for the
three groups are reported in Additional file 1: Table S1.

Among the 21 patients with PPFE, no significant differ-
ence was found in the rate of decline in lung volumes
measured by volumetric CT, between patients who had
or did not have a UIP pattern on imaging (Additional
file 1: Table S2).

Among patients who have received nintedanib, the
volume of the upper lobes (sum of the right upper
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Fig. 1 Spaghetti plot representing the evolution of FVC (% of predicted) in 9 patients with PPFE before and on nintedanib treatment. The “0" point
and the dotted vertical line represent the initiation of nintedanib. All patients experienced sustained FVC (% of predicted) decline before nintedanib.
FVC decline was slowed or stabilized during nintedanib treatment in 8 patients

12 24 36 48

lobe volume and of the left upper lobe volume by
volumetric CT) decreased by—233+387 mlL/year
before treatment initiation, and by —1494+173 mL/
year on nintedanib (p=0.327). The total lung volume
(sum of the volume of each of the 5 lobes) decreased
by —415+836 mL/year before treatment initiation,
and by — 2804287 mL/year on nintedanib (p=0.07).
Although not statistically significant, there was a trend
towards less decline in all lung volume CT measure-
ments during nintedanib treatment (Table 3).

Safety and tolerability

Tolerability of nintedanib was generally acceptable in
the majority of patients, with a median treatment time
of 530£382 days. All patients received the full dose at
initiation (150 mg twice daily). One patient had diar-
rhea that was managed successfully with anti-diarrheal
drugs. Another patient presented lousy stools properly
controlled with diet change. One patient (body mass
index [BMI]: 18.9 kg/m?) had to stop the drug after seven
days because of worsened fatigue on treatment. Another

Table 3 Changes in lung volumes measured by CT before and on nintedanib treatment (N=9)

Lung volume measurement Before nintedanib On nintedanib P value
Duration of CT follow-up (days) 361£429 (range: 92-1277) 452+ 357 (range: 120-1247) 0.575
A LUL volume (mL/year) —125£211 —904125 0.575
A LLL volume (mL/year) —834218 —424123 0.575
A RUL volume (mL/year) —107+£210 —58+£56 0484
A RML volume (mL/year) —36+92 — 12451 0.889
A RLL volume (mL/year) +155+£662 —86+98 0.575
A carinal surface/year +9.07£139 +52+70 0401
A APDT (mL/year) —148+£21 —6.54+20 0.401
ATDT (ml/year) —306+1113 —286+£923 0.889

APDT: anteroposterior diameter of the thoracic cage, LLL: left lower lobe, LUL: left upper lobe, RLL: right lower lobe, RML: right middle lobe, RUL: right upper lobe, TDT:

transthoracic diameter of the thoracic cage
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patient (BMI: 15 kg/m?) with respiratory failure on con-
tinuous non-invasive ventilation discontinued nintedanib
after the occurrence of hemoptysis after 976 days of
treatment. One patient with a BMI of 20.9 kg/m? who did
not tolerate either of the two available dosages of nint-
edanib and discontinued the drug before 3 months was
included into the no treatment group.

All patients had monthly liver function tests during the
initial 6-month period and every 3 months thereafter, as
recommended, with no abnormality detected. The mean
BMI at nintedanib initiation was 17.76- 4 2.03 kg/m?. The
average BMI of the nintedanib-treated group remained
unchanged during the surveillance period, but decreased
on nintedanib treatment (p =0.0315) (Table 2).

Out of 21 patients, ten patients died, with no mortality
difference between groups. Three patients received single
lung transplantation, two of them died following trans-
plantation (at Day 1 and Month 9, respectively).

Discussion

Since the inclusion of PPFE in the revised classification of
interstitial pneumonias [3], physicians’ awareness of this
condition has increased. However, despite improvement
in the diagnostic approach, it remains an orphan condi-
tion with regards to management, with no treatment
approved, and challenging pleural complications. PPFE
progresses inexorably in the majority of patients, yet with
variable rate [15].

Apart from few reported cases of successful lung
transplantation, no treatment has demonstrated efficacy
in PPFE [16]. Because intraparenchymal fibrosis is an
important histological feature in PPFE, and contrasting
results have been reported with pirfenidone in PPFE [6,
12], nintedanib was proposed during multidisciplinary
discussion and patients were informed and consented.

All patients with available LFT had lung function
deterioration before the initiation of nintedanib with
absolute FVC decline of —0.97% per month (CI 95%:
[—1.42;—0.52], p=0.001). On nintedanib, FVC con-
tinued to deteriorate but at a slower rate (—0.50% per
month) with an absolute slope change of+0.47% when
compared to the pretreatment period (IC 95%: 0.16—0.78;
p=0.003). Hence, nintedanib was associated with a lower
rate of FVC decline (relative reduction, 47%), consist-
ent with the effect of nintedanib in the INPULSIS (1&2),
SENSCIS, and INBUILD trials in patients with IPF, SSc-
ILD, and PF-ILD, respectively [8-10]. The short-term
increment of FVC % following nintedanib initiation
might be due to the associated prednisone treatment;
whether it is due to a direct effect on lung fibroelastosis
or to a transient improvement in the general well-being
of patients is unknown.
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It is unknown whether FVC is an appropriate marker
of disease progression and of treatment effect in PPFE.
Changes in FVC may be affected by pleural disease,
and by the concomitant presence of UIP in lower lung
zones. We therefore measured lobar lung volumes using
HRCT in an attempt to assess the net change in upper
lobe volume related to PPFE. A trend was observed
toward slower volume loss in all lobes, although statisti-
cal significance was not reached in this small sample. We
observed that the right lower lobe volumes were increas-
ing before nintedanib initiation, and started to decrease
on nintedanib therapy. Such paradox might be explained
by the development of compensatory lower lobe emphy-
sema following retraction of the upper lobes, a putative
mechanism that could have been reduced by nintedanib
treatment (Fig. 2). In addition, several patients had more
preserved lobules at imaging at the last follow up than at
presentation (data not showed), suggesting some air trap-
ping in lower lobes. Air trapping was also reflected by
increased residual volume/total lung capacity, especially
in the nintedanib group [17].

Although patient demographics at baseline were
not statistically different between groups, nintedanib-
treated patients tended to have a more severe and
more progressive disease prior to treatment. This sug-
gests that treatment was initiated preferentially in sub-
jects with the most active disease. On the other hand,
patients who did not receive nintedanib continued to
progress on treatment. With disease progression, the
upper chest flattened leading to decreased APDT and
TDT diameters, whereas the transverse tracheal diam-
eter increased due to outward stretching [18]. At base-
line, the transverse tracheal diameter was significantly
higher in the nintedanib-treated group, while FVC was
lower than in the other groups, consistent with a more
severe disease.

Tolerability of nintedanib was comparable to published
experience in IPFE, despite the relatively low BMI at treat-
ment initiation, and might have been improved by the
combination of glucocorticoids and by the young age of
our PPFE patients when compared to patients with IPF.

In all cases, the clinical presentations was typical, and the
PPFE diagnosis was confirmed in multidisciplinary discus-
sion in all cases, obviating the need of a biopsy in 16 cases
[19-21]. Indeed, many groups consider that the risk of
pleural complications following surgical lung biopsy may
be high in PPFE and no longer perform a biopsy. Patients
in our series presented with progressive dyspnea, general-
ized fatigue, and several had persistent cough. On physical
examination, almost half of patients (12/21) had a plat-
ythorax, which was confirmed radiologically in all of them.
The mean ratio of APDT/TDT was 0.57940.07 at baseline
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Fig. 2 HRCT in a non-smoker patient with PPFE, who received nintedanib as only treatment, demonstrating progression of upper lobe fibrosis (A vs
D and Cvs F), as well as progression of ‘compensatory”emphysema in the right base (B vs E and C vs F)

and decreased alongside with FVC decline in our patients
as previously described [18]. Of note, the residual volume/
total lung capacity ratio was increased in all patients and
was inversely related to APDT/TDT. Whether antifibrotic
agents may have an impact on thoracic morphology or
mobility is unknown.

Limitations

The findings presented here are hypothesis generating and
should be interpreted with caution, due to the retrospec-
tive design, the small sample size, and the relatively short
follow-up. Lung function impairment was very severe,
and any change would be expected to have a high impact
on the patients’ quality of life, which was however not ana-
lyzed. Prednisone was used empirically in 6 of 9 patients
who received nintedanib, and may have had some effect
on the results. However, subgroup analyses based on the
ILD morphological pattern and on the use of prednisone or
other medications were not possible due to the small sam-
ple size. Finally, a survival analysis was not performed due
to the limited number of patients in each subgroup.

Conclusion

In conclusion, this preliminary experience suggests that
the potential role of nintedanib to slow down disease
progression in patients with PPFE should be further eval-
uated in prospective, controlled studies.

Patients and methods

Patients

We retrospectively reviewed the medical files of all
patients admitted to a tertiary referral center between
January 2010 and July 2019. Patients were included in the
study if they had a multidisciplinary diagnosis of PPFE,
and had lung function tests and chest CTs available for
review with 3 months follow-up or more. Patients had to
have definite PPFE using published criteria [19]. Briefly,
definite PPFE was defined pathologically as upper zone
pleural fibrosis with subjacent intra-alveolar fibrosis
accompanied by alveolar septal elastosis on lung biopsy;
and radiologically by pleural thickening with associated
subpleural fibrosis concentrated in the upper lobes, with
involvement of the lower lobes being less marked or
absent on chest CT. Nintedanib (150 mg twice daily) was
prescribed off-label for compassionate use at the discre-
tion of the physician, after multidisciplinary discussion,
and after obtaining patient’ informed consent.

Methods

Data on clinical and chest high-resolution computed
tomography (HRCT), all available lung function tests
(LFT), and outcome, were reviewed. Patients were
divided into three groups for analysis: (1) patients who
had received nintedanib for 3 months or more (nin-
tedanib group); (2) patients who had received treat-
ments other than nintedanib for 3 months or more
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Fig. 3 Measurement of lobar lung volume using COPD software (IntelliSpace Portal; Philips Healthcare) of chest HR computed tomography (DECT)
images (A: coronal, B: Sagittal, C: axial). A specific color has been attributed for each lobe, and lobar volume was derived

(non-nintedanib group); (3) patients who had received
no treatment for PPFE or any treatment but for less than
3 months (surveillance/no treatment group). Patients
without available clinical, functional or radiological data
were excluded. To compare intra and intergroup changes
in lung function and volume, surveillance and on-treat-
ment periods were calculated as follows: the surveillance
period was the time between the first available LFT/
HRCT and the last visit before treatment initiation (for
both the nintedanib and non-nintedanib groups), or until
the last follow-up visit (for the surveillance group). On
treatment period was the time from the first date of nin-
tedanib or non-nintedanib commencement till the last
date or last follow-up on treatment. Since patients might
not have LFT and HRCT at the same visits, the dura-
tion of follow-up was calculated separately for each test.
Pulmonary function tests were performed in all patients
according to ATS/ERS official statement. Functional
residual capacity were measured by Plethysmography
and carbon monoxide transfer factor using a single-
breath manoeuvre (Medisoft, Belgium) [22].

CT image analysis

CT images were obtained by full inspiratory HRCT for
2D and 3D volumetric measurements. A radiologist spe-
cialized in lung imaging (SSM with 8 years of experience
in thoracic imaging) performed a 2D analysis using pre-
viously reported parameters, i.e. the transverse tracheal
diameter at 1 cm above the carina, the anteroposterior
diameter of the thoracic cage (APDT), and the transtho-
racic transverse diameter of the thoracic cage (TDT) at
the level of the fifth dorsal vertebra body scan [18]. A
3D volumetric analysis of the lobar and lung volumes
was performed to segment both lung lobes using an

appropriate semi-automatic software (COPD, IntelliS-
pace Portal, Philips) [23]. This software allowed exclusion
of the main pulmonary vessels and adjustments to fissure
location and lung borders (Fig. 3). Lung volume changes
were calculated by subtracting the last measurement
from the first measurement. Positive values represented
increased lung volume while negative values reflected
decrease in lung volume and disease progression in the
corresponding lobe. Annual change was then estimated
by multiplying the absolute change by 365 and dividing
by the time in days between HRCTs. Results were pre-
sented in ml/year.

Statistical analysis

Due to the small sample size of the population (disease
rarity) and the expected heterogeneity of disease behav-
ior, normal distribution could not be assumed. Neverthe-
less, Shapiro—Wilk test was used to check for normal and
skewed distributions. Non-parametric tests were used
in absence of normality. Continuous variables were pre-
sented as mean (proportion)=+standard deviation (SD)
using descriptive analysis.

The Wilcoxon signed-rank test was applied to com-
pare pre and post nintedanib changes, and the Mann—
Whitney U test was used to compare measures between
groups. A linear mixed model was used to evaluate
forced vital capacity (FVC) changes before and on nin-
tedanib treatment. No assumption was made during all
statistical analysis. Kruskal-Wallis (analysis of variance),
Dunn’s multiple comparison analysis and chi-square test
were used as appropriate. The level of statistical signifi-
cance was set at p<0.05 (two tailed). IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY:IBM Corp was
used for statistical analysis.
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