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Abstract

Background Disease progression and acute exacerbations

in patients with idiopathic pulmonary fibrosis (IPF) are

associated with high morbidity and mortality. They usually

require a visit to a specialist or a general practitioner (GP)

in less severe cases or hospitalisation in more severe cases.

Objective The objective of this study was to identify fac-

tors that influence resource use in IPF.

Methods Clinical and healthcare resource use data were

collected in two large, international,multi-centre, randomised

controlled trials (RCTs) that studied nintedanib for the treat-

ment of IPF (INPULSIS-1 and -2). The pooled data of ninte-

danib and placebo included 1014 patients followed for

12 months. The trial data were analysed in 3-month intervals.

We studied two dependent variables: the occurrence of all-

cause hospitalisation and visits to a physician (GP or spe-

cialist). The independent variables included the change in

forced vital capacity percent predicted (FVC%pred), investi-

gator-reported acute exacerbation events, age, time since

diagnosis, smoking status, and sex.

Results Hospitalisation during a 3-month interval was sig-

nificantly associated with a drop of at least 5 or 10 points in

FVC%pred (odds ratios [ORs] 1.58 [p = 0.009] and 2.62

[p\ 0.001]) and associatedwith the occurrenceof at least one

acute exacerbation (OR 14.44; p\ 0.001) during the same

interval. The above factors remained significant when

repeating the analysis for hospitalisation based on change in

FVC%pred or events occurring during the previous 3 months

interval. Smoker status and a unit change inFVC%predduring

the previous interval were added to the significant fac-

tors. Physician visits during a 3-month interval were signifi-

cantly associated with a lower FVC%pred at the start of the

interval (per 10-point decrement, OR 1.05; p = 0.040) and

with the change in FVC%pred during the same interval (per

10-point loss, OR 1.13; p = 0.042). Visits were also associ-

ated with a 5-point drop in FVC%pred (OR 1.23; p = 0.020),

age (per 5-year increments OR 1.07; p = 0.028), and female

sex (OR 1.32; p = 0.017). Nevertheless, the predictive power

of the models was considered poor for both outcomes (hos-

pitalisation and physician visits).

Conclusions Disease progression and acute exacerbation

events are significantly associated with hospitalisation of

patients with IPF. Outpatient visits to physicians are associated

with disease progression, baseline FVC%pred, age and sex.

Key Points for Decision Makers

The analysis conducted was conceived with the

intention to be useful for future economic

evaluations based on economic modelling.

Disease progression was associated with an increase

in both occurrence of hospitalisation and physician

visits.

Acute exacerbation events were associated with

more hospitalisations but not visits to a physician.
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1 Introduction

Idiopathic pulmonary fibrosis (IPF) is a fatal lung disease

involving progressive dyspnoea and loss of lung function

[1]. More than 5000 new cases occur annually in the UK

alone [2], with an incidence of three to nine cases per

100,000 per year in Europe and North America [3]. The

disease rarely occurs in people aged\ 45 years. Approx-

imately two-thirds of patients with IPF are current or for-

mer smokers; in fact, the disease often co-occurs with

chronic obstructive pulmonary disease [2]. Pathogenesis

may involve aberrant signalling by tyrosine kinases such as

vascular endothelial growth factor (VEGF), fibroblast

growth factor (FGF) and platelet-derived growth factor

(PDGF) in alveolar epithelial cells and interstitial fibrob-

lasts [4]. This aberrant signalling leads to proliferation of

fibroblasts with laying down of extra-cellular matrix and

subsequent tissue remodelling.

Only two drugs are currently licensed to treat IPF: pir-

fenidone (Esbriet, Roche) was approved by the European

Medicines Agency (EMA) in 2011 and the US FDA in

2014, and nintedanib (OFEV, Boehringer Ingelheim) was

approved by the EMA in 2015 and the FDA in 2014 [5–7].

Both drugs work by slowing progression, without curing

the disease. In animal models, pirfenidone was shown to

inhibit fibrosis by inhibiting fibroblast proliferation and

reducing production of fibrogenic signaling molecules such

as transforming growth factor (TGF)-b, which in turn

reduces TGF-b-stimulated collagen production [8]. Pir-

fenidone also inhibits inflammatory processes associated

with IPF by reducing the production of inflammatory

mediators such as tumor necrosis factor (TNF)-a and

interleukin (IL)-1b. Nintedanib is a specific tyrosine kinase

inhibitor, also targeting PDGF, FGF and VEGF receptors.

Nintedanib was shown to inhibit fibroblast proliferation,

migration, contraction and differentiation to the active

extracellular matrix-secreting myofibroblast [9, 10]. Nin-

tedanib has also demonstrated to have anti-inflammatory

activities by reducing inflammatory mediators IL-1b and

IL-6. A double-blind, placebo-controlled phase II ran-

domised controlled trial (RCT) involving 432 patients with

IPF suggested that 12-month treatment with nintedanib was

associated with smaller decline in forced vital capacity

(FVC), fewer acute exacerbations, and maintenance of

health-related quality of life [8]. Two replicate, placebo-

controlled phase III RCTs (INPULSIS-1, INPULSIS-2)

involving 1066 patients confirmed that nintedanib slows

the rate of decline in FVC, indicating slower disease pro-

gression [9].

In addition to slowing IPF progression, nintedanib helps

prevent acute exacerbations, defined as rapid worsening of

disease in the absence of infection, heart failure, pulmonary

embolism or other identifiable cause [10]. Acute exacer-

bations are associated with high morbidity and mortality

[11–13]. They usually require a visit to a specialist or a

general practitioner (GP) in less severe cases or hospitali-

sation in more severe cases.

It is estimated that patients with IPF live for a median of

3 years after diagnosis [2, 14]. The probability of survival

beyond 5 years is 20–30% [2, 15]. This implies potentially

substantial healthcare resource use extending over several

years as the disease progresses and patients experience

acute exacerbations. It follows that it is crucial to under-

stand how healthcare resources are affected by IPF pro-

gression and related acute exacerbations. One common

method of analysing the burden of a disease is to study

claims data and combine it with patient costs. This method

often provides information at a macro level, without

exploring specific factors that influence the changes in

healthcare resources. The present study takes a micro

approach, using evidence from clinical trials to analyse

factors influencing hospitalisation and visits to physicians.

This approach and the analysis conducted was conceived

with the intention to be useful for future economic evalu-

ations based on economic modelling.

2 Methods

Data for this retrospective analysis were taken from the

INPULSIS-1 and INPULSIS-2 RCTs [9]. Patients were

eligible to participate in these trials if they were aged

C 40 years, had been diagnosed with IPF within the pre-

vious 5 years, had FVC percent predicted (FVC%pred)[
50%, had lung diffusion capacity for carbon monoxide

(DLco) that was 30–79% of the predicted value, and had

undergone high-resolution computed tomography (HRCT)

of the chest within the previous 12 months. Patients were

randomised to receive nintedanib 150 mg or placebo twice

daily (bid) for 52 weeks with the option to interrupt

treatment or reduce the dose to 100 mg bid to manage

adverse events.

To improve precision of our estimates, data for patients

in the nintedanib and placebo arms were analysed together,

since we were focused on the disease impact rather than

specific treatment effects. Patient data used included age at

baseline, sex, time since IPF diagnosis at baseline, and

smoking status at baseline (current smoker, ex-smoker,

never smoker). In the clinical trial, FVC was measured and

FVC%pred calculated at least every 3 months, therefore

the following clinical data were analysed over four

3-month intervals: FVC%pred at the start of the interval,

absolute change in FVC%pred during the interval, and

occurrence of investigator-reported acute exacerbation

during the interval (current-interval analysis). The analysis

82 A. Diamantopoulos et al.



was repeated for the absolute FVC%pred, a change in

FVC%pred, and an exacerbation event during the previous

3-month interval (previous-interval analysis).

Acute exacerbation was defined as an event meeting all

the following criteria, based on investigator assessment [9]:

unexplained worsening or development of dyspnoea within

the previous 30 days; new diffuse pulmonary infiltrates

observed on chest radiography and/or HRCT, or develop-

ment of parenchymal abnormalities in the absence of

pneumothorax or pleural effusion (new ground-glass

opacities) since the previous visit; and exclusion of known

causes of acute worsening, including infection, left heart

failure, pulmonary embolism, and any identifiable cause of

acute lung injury. Unscheduled inpatient and outpatient

visits were recorded retrospectively during each study visit

on a healthcare resource utilisation electronic case report

form. Inpatient visits were further consolidated with

information from the serious adverse event forms (i.e.

serious adverse events requiring a hospitalisation).

2.1 Outcomes

The primary outcomes of interest were whether, at least

once during a given 3-month interval, a patient was hos-

pitalised for any reason1 and whether a patient visited a

physician (GP or specialist) for any reason.2 As a sec-

ondary outcome, the intensity of the resource use was

analysed: the total duration of hospitalisation(s) (in days)

during a given 3-month interval and the total number of

visits to a physician during the interval. The analysis

included only the unscheduled visits to a hospital or a

physician; study per-protocol visits were not considered.

2.2 Statistical Analysis

All analyses were performed in STATA 14 [16] using a

significance threshold of 5 and 10% as sensitivity analysis.

Analyses of primary outcomes were based on data from

INPULSIS patients for whom data were available for at

least one 3-month interval during the 12-month study

period. No imputation was performed on missing values.

Logistic regression was performed to identify associations

between clinico-demographic factors and the primary out-

comes of the number of hospitalisations or visits to a

physician. First, a univariate analysis was used to examine

associations between individual factors and outcomes.

Factors that emerged as significant predictors in that

analysis were then combined into a multivariate model

using a backward selection algorithm. The regression

procedure controlled for the fact that each patient con-

tributed data to up to four 3-month intervals in the dataset,

by allowing all observations relating to the same patient to

be correlated. The uni- and multivariate models were used

to identify factors significantly associated with the out-

comes. The final multivariate models were also assessed

for their sensitivity and specificity for predicting the pri-

mary outcomes.

Fig. 1 Patients in the analysis from the two INPULSIS trials FVC%pred force vital capacity percent predicted

1 Question in the report form: ‘‘Has the patient been hospitalised

since the last trial visit?’’
2 Question in the report form: ‘‘Has the patient had any unscheduled

outpatient or home visit since the last trial visit?’’
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Analyses of secondary outcomes were based on data from

the subset of patients who experienced a primary outcome.

These data were analysed using several modelling approa-

ches: truncated Poisson regression, negative binomial

regression, standard regression with or without log transfor-

mation, and logistic regression after converting duration of

hospitalisation to a dichotomous variable (B 1 or[ 1 week).

3 Results

The INPULSIS RCTs were double-blind, placebo-con-

trolled studies involving 1066 patients at 205 sites in 24

countries in the Americas, Europe, Asia, and Australia.

Patients were followed-up over a 12-month treatment

regimen of nintedanib or placebo. The efficacy and safety

results of the clinical trials are reported in detail elsewhere

[8, 9].

Not all patients had available data to be analysed in the

present study. This was the case with patients who died or

were lost to follow-up before completion of the first

3-month interval in INPULSIS or for whom FVC%pred

data were incomplete (Fig. 1). The present study examined

1014 INPULSIS patients for whom sufficient data were

available. The baseline characteristics for this group were

similar to those of the entire randomised INPULSIS pop-

ulations (Table 1). The mean age at baseline was

66.7 ± 8.0 years (range 42–89; median 67), and 805

(79.4%) were men. Nearly two-thirds of the patients were

ex-smokers (67.9%), followed by never smokers (27.8%)

and current smokers (4.2%).

Data were available for 843 patients for all four 3-month

intervals during the study period, for 91 patients for three

intervals, for 49 patients for two intervals and for 31

patients for only one interval (Fig. 2). Altogether, the

dataset contained 3774 intervals of 3 months for the cur-

rent-interval analysis. The previous-interval analysis

included a subset of 2767 intervals, because there were no

observations for the interval preceding 0–3 months.

Across all 3774 intervals, the average change observed

in FVC%pred was - 1.1 percentage points (standard

deviation [SD] 5.6 points). Of those, 2251 (59.6%) were

negative changes (drop in FVC%pred); a three-point drop

occurred 1169 (31.0%) times, a five-point drop 691

(18.3%) times and a 10-point drop 175 (4.6%) times. There

were 35 (0.9%) observed investigator-reported acute

exacerbations.3

Table 1 INPULSIS and

present study baseline

characteristics

Characteristics Pooled data of INPULSIS 1 and 2 Present study

Placebo Nintedanib 150 mg bid Both treatment arms (pooled)

Number of patients 423 (100.0) 638 (100.0) 1014 (100.0)

Age (years) 67.0 ± 7.9 66.6 ± 8.1 66.7 ± 8.0

Sex

Male 334 (79.0) 507 (79.5) 805 (79.4)

Female 89 (21.0) 131 (20.5) 209 (20.6)

Weight (kg) 78.64 ± 16.54 79.23 ± 16.57 79.24 ± 26.52

Height (cm) 168.2 ± 9.1 167.5 ± 9.3 169.94 ± 9.21

Smoking history

Never smoked 122 (28.8) 174 (27.3) 282 (27.8)

Ex-smoker 283 (66.9) 435 (68.2) 689 (67.9)

Currently smokes 18 (4.3) 29 (4.5) 43 (4.2)

Time since diagnosis (years)

Mean ± SD 1.57 ± 1.31 1.65 ± 1.36 1.61 ± 1.33

Minimum 0.0 0.0 0.0

Median 1.17 1.26 1.2

Maximum 5.0 5.20 5.0

FVC (ml) 2727.7 ± 810.2 2713.5 ± 757.0 2734.59 ± 772.93

FVC%pred 79.27 ± 18.22 79.74 ± 17.57 78.3 ± 18.2a

Data are presented as N (%) or mean ± SD

bid twice daily, FVC force vital capacity, FVC%pred force vital capacity percent predicted, SD standard

deviation
aThe value reflects the FVC%pred at the beginning of any of the available 3-month intervals (3774)

3 All exacerbation events were considered for the period from

baseline until the day of the last FVC measure in the trial period for

each patient (circa 12 months).
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The mean duration of hospitalisation was 10.6 days (SD

12.7; range 1–80; median 7) (Table 2). Visits to a physi-

cian occurred in 1136 of 3774 intervals (30.1%). During

these intervals, the mean number of visits was 2.0 (SD 1.8;

range 1–22; median 1). The number of hospitalisation visits

were similar between gender-age-physiology (GAP) index

stages at baseline. The duration of hospitalisation was

higher for patients with GAP index stage III at baseline

(Table 3).

3.1 Factors Associated with Hospitalisation

A categorical analysis of absolute FVC%pred change,

acute exacerbations and hospitalisation suggested a strong

relationship between the variables (Table 4). Further to

this, various factors were examined for their possible

association with the occurrence of at least one hospitali-

sation during a given 3-month interval (Table 5). Our

analysis estimated that the odds of hospitalisation were

1.58 and 2.62 times higher for patients who had lost,

respectively, 5 and 10 percentage points of FVC%pred

within the same 3-month interval. The odds of hospitali-

sation were more than 14 times higher when an acute

exacerbation occurred. No other predictors were estimated

as statistically significant. The above factors remained

significant when repeating the analysis for hospitalisation

based on change in FVC%pred or events occurring during

the previous 3-month interval. Smoker status and a unit

change in FVC%pred during the previous interval were

added to the significant factors (Table 5).

As a second step, we combined the above variables into

a multivariate model (see Table 6 for current-interval and

for previous-interval analysis). On the current-interval

analysis, the 5-point FVC%pred drop variable was no

longer statistically significant. The analysis showed that a

loss of at least FVC10%pred and the occurrence of an acute

exacerbation during a 3-month interval were significantly

associated with increased odds of being hospitalised during

that same interval. The odds of being hospitalised during a

given 3-month interval were 2.12 times higher for patients

who had lost 10 points of FVC%pred or more during that

interval than for those who did not decline. The odds of

being hospitalised during a given 3-month interval were

12.37 times higher for patients who experienced an acute

exacerbation during that interval than for those who did

not. The model did not change when we tried a 10%

probability of significance level. When we combined the

current and previous interval factors into a multivariate

model, the odds remained similar for all significant vari-

ables (Table 7).

Fig. 2 Number of patients with available 3-month intervals for the

analysis

Table 2 Hospitalisation and FVC%pred level at baseline

Baseline

FVC%pred

Patients Patients with hospitalisations Hospitalisations per patient hospitalised Duration of hospitalisation (days)

\ 50 5 (0.5) 1 (20.0) 1 ± – 2 ± –

50–80 544 (53.6) 84 (15.4) 1.2 ± 0.4 10.1 ± 12.01

[ 80 465 (45.9) 69 (14.8) 1.2 ± 0.5 11.1 ± 13.4

Overall 1014 (100) 154 (15.2) 1.2 ± 0.4 10.6 ± 12.7

Data are presented as N (%) or mean ± SD

FVC%pred force vital capacity percent predicted, SD standard deviation
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Table 3 Hospitalisation and GAP index stage at baseline

Baseline GAP index Patientsa Patients with hospitalisations Hospitalisations per patient hospitalised Duration of hospitalisation (days)

Stage I 493 (48.6) 65 (13.2) 1.2 ± 0.5 10.4 ± 11.8

Stage II 455 (44.9) 75 (16.5) 1.1 ± 0.4 10.1 ± 12.0

Stage III 65 (6.4) 14 (21.5) 1.2 ± 0.4 14.7 ± 19.2

Data are presented as N (%) or mean ± SD

DLCO diffusing capacity of the lung for carbon monoxide (CO), GAP gender-age-physiology, SD standard deviation
aOne patient had a missing DLCO reading, which was assumed to be missing at random, not that the patient could not perform the test

Table 4 FVC%pred drop and acute exacerbations and hospitalisation

Number of 3-month time intervals Hospitalisations reporteda Duration of hospitalisation (days)

3 percentage points drop in FVC%pred 1169 61 (5.2) 13.7 ± 17.3

5 percentage points drop in FVC%pred 691 46 (6.7) 13.9 ± 17.5

10 percentage points drop in FVC%pred 175 19 (10.9) 10.9 ± 12.3

All 35 acute exacerbation events 35 14 (40) 14.8 ± 13.8

Data are presented as N, N (%) or mean ± SD

FVC%pred force vital capacity percent predicted, SD standard deviation
aThe percentage refers to the number of hospitalisations reported out of the total events observed (change in FVC%pred or acute exacerbations).

For example: Hospitalisations were reported in 40% of the times an event occurred; that is, 14/35

Table 5 Univariate analysis to identify factors associated with hospitalisation of patients with IPF during 3 months

Predictor parameter Modality Current-interval analysis Previous-interval analysisa

OR (95% CI) p value OR (95% CI) p value

FVC%Pred at beginning of interval For 10-unit decrement 1.08 (0.97, 1.21) 0.169 1.06 (0.95, 1.20) 0.305

Change in FVC%Pred over interval For 10-unit decrement 1.28 (0.96, 1.70) 0.087 1.46 (1.10, 1.93) 0.008

Any drop in FVC%Pred during interval Yes (vs no) 1.08 (0.80, 1.47) 0.611 0.99 (0.71, 1.39) 0.976

Drop of 3 points in FVC%Pred during

interval

Yes (vs no) 1.16 (0.85, 1.59) 0.355 1.40 (0.99, 1.97) 0.058

Drop of 5 points in FVC%Pred during

interval

Yes (vs no) 1.58 (1.12, 2.23) 0.009 1.70 (1.18, 2.46) 0.005

Drop of 10 points in FVC%Pred during

interval

Yes (vs no) 2.62 (1.53, 4.49) \ 0.001 3.22 (1.87, 5.53) \ 0.001

Acute exacerbation during interval Yes (vs no) 14.44 (7.31, 28.52) \ 0.001 3.47 (1.06, 11.38) 0.040

Age at baseline For 5-year increment 1.08 (0.97, 1.21) 0.151 1.08 (0.96, 1.21) 0.222

Time since IPF diagnosis For 1-year increment 1.01 (0.90, 1.14) 0.826 0.98 (0.86, 1.11) 0.733

Gender Female (vs male) 1.27 (0.85, 1.92) 0.247 1.25 (0.81, 1.93) 0.320

Smoking status at baseline Ex-smoker (vs never-smoker) 1.33 (0.89, 1.99) 0.159 1.38 (0.91, 2.09) 0.126

Current smoker (vs never-

smoker)

1.88 (0.99, 3.60) 0.056 2.35 (1.21, 4.57) 0.012

Current smoker (vs others) 1.52 (0.86, 2.70) 0.148 1.85 (1.02, 3.35) 0.042

Never-smoked (vs others) 0.73 (0.49, 1.09) 0.123 0.70 (0.46, 1.05) 0.083

FVC%Pred force vital capacity percent predicted; IPF idiopathic pulmonary fibrosis; vs versus
aThis analysis was conducted on a subset of the primary analysis (total of 2767 observation) since we have no evidence for the interval before the

0–3 months

86 A. Diamantopoulos et al.



The predictive power of the model (the percentage of

observations correctly classified) was high (95.1%). How-

ever, this was entirely driven by the fact that 95% of

observations in the dataset were non-events. The best

predictive value achieved was a sensitivity of 7.8% and a

specificity of 99.4%.

Attempts with various types of regression and non-re-

gression modelling failed to identify significant predictors

of specific duration of hospitalisation (data not shown).

3.2 Factors Associated with Visits to a Physician

Various factors were examined for their possible associa-

tion with the occurrence of at least one visit to a physician

during a given 3-month interval (Table 8). We found that

the odds of having at least one visit during a given 3-month

interval was 1.05 times higher for each difference of 10

points in FVC%pred at the start of the interval and 1.13

times higher for each difference of 10 points in FVC%pred

during the interval. Moreover, a loss of 5 points in

Table 6 Multivariate model for hospitalisations during a 3-month interval

Predictor Current-interval analysis Previous-interval analysis*

OR (95% CI) p value OR (95% CI) p value

Drop of 10 points in FVC%Pred during interval: yes vs no 2.12 (1.15, 3.91) 0.017 3.22 (1.87, 5.53) \ 0.001

Exacerbation during interval: yes vs no 12.37 (5.92, 25.89) \ 0.001 –

OR odds ratio; CI confidence interval; FVC%Pr0065d force vital capacity percent predicted; vs versus
aThis analysis was conducted on a subset of the primary analysis (total of 2767 observation) since we have no evidence for the interval before the

0–3 months. Note that exacerbation was not significant in the univariate analysis

Table 7 Multivariate model for

hospitalisations during the

previous 3-month interval and at

the current 3-month interval

Predictor OR (95% CI) p value

Drop of 10 points in FVC%pred during previous interval: yes vs. no 3.44 (2.01–5.88) \ 0.001

Drop of 10 points in FVC%pred during current interval: yes vs. no 2.11 (1.10–4.05) 0.025

Exacerbation during current interval: yes vs. no 12.13 (5.25–28.04) \ 0.001

CI confidence interval, FVC%pred force vital capacity percent predicted, OR odds ratio

Table 8 Univariate analysis to identify factors associated with physician visits of patients with IPF during 3 months

Predictor parameter Modality Current-interval analysis Previous-interval analysisa

OR (95% CI) p value OR (95% CI) p value

FVC%Pred at beginning of interval For 10-unit decrement 1.05 (1.00, 1.10) 0.040 1.04 (0.99, 1.10) 0.141

Change in FVC%Pred over interval For 10-unit decrement 1.13 (1.00, 1.28) 0.042 0.93 (0.81, 1.06) 0.293

Any drop in FVC%Pred during interval Yes (vs no) 1.10 (0.95, 1.26) 0.197 0.90 (0.77, 1.05) 0.178

Drop of 3 points in FVC%Pred during interval Yes (vs no) 1.14 (0.98, 1.32) 0.096 1.07 (0.90, 1.28) 0.433

Drop of 5 points in FVC%Pred during interval Yes (vs no) 1.23 (1.03, 1.46) 0.020 1.05 (0.85, 1.30) 0.638

Drop of 10 points in FVC%Pred during interval Yes (vs no) 1.26 (0.90, 1.75) 0.175 0.88 (0.58, 1.32) 0.526

Acute exacerbation during interval Yes (vs no) 1.75 (0.91, 3.37) 0.094 0.95 (0.36, 2.53) 0.924

Age at baseline For 5-year increment 1.07 (1.01, 1.14) 0.028 1.07 (0.99, 1.14) 0.070

Time since IPF diagnosis For 1-year increment 1.04 (0.97, 1.12) 0.244 1.03 (0.95, 1.12) 0.427

Gender Female (vs male) 1.32 (1.05, 1.67) 0.017 1.29 (1.00, 1.67) 0.047

Smoking status at baseline Ex-smoker (vs never-smoker) 0.96 (0.77, 1.19) 0.692 0.91 (0.72, 1.16) 0.450

Current smoker (vs never-smoker) 0.94 (0.59, 1.50) 0.809 0.85 (0.49, 1.46) 0.545

Current smoker (vs others) 0.97 (0.63, 1.51) 0.904 0.90 (0.54, 1.51) 0.693

Never-smoked (vs others) 1.04 (0.85, 1.29) 0.684 1.10 (0.87, 1.39) 0.424

FVC%Pred force vital capacity percent predicted; IPF idiopathic pulmonary fibrosis; vs versus
aThis analysis was conducted on a subset of the primary analysis (total of 2767 observation) since we have no evidence for the interval before the

0–3 months
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FVC%pred during the interval increased the odds of a

physician visit by 1.23 times. Age and sex were also

associated with higher odds: the odds of having at least one

visit during a given 3-month interval were 1.07 times

higher for each increase of 5 years in age at baseline, and

the odds of having at least one visit during a given 3-month

interval were 1.32 times higher for female patients than for

males. The other predictors we tested did not show statis-

tical significance. When repeating the analysis for visits

due to changes in FVC%pred or events occurring during

the previous interval, most factors were not statistically

significant. Sex was the only significant factor (Table 8).

For this reason, this analysis was not explored any further

with multivariate modelling.

For the current-interval analysis, after combining the

significant factors into a multivariate model, we maintained

statistical significance in all variables except the

FVC%pred change during the interval (Table 9). The

model did not change when we tried a 10% probability of

significance level. The predictive value achieved by this

model was a sensitivity of 55.7% and a specificity of

54.4%, with an overall proportion of observations correctly

classified of 54.8%. This suggests only a marginal

improvement compared with a model based on chance only

and is therefore not a satisfactory predicting model for this

outcome.

Similar to the hospitalisation healthcare resource use

intensity analysis, attempts with various types of regression

and non-regression modelling failed to identify significant

predictors of the number of visits during a given 3-month

interval (data not shown).

4 Discussion

This study provides insights into how IPF progression and

acute exacerbations can affect hospitalisations and physi-

cian visits. The evidence base was a relatively large global

patient population, drawn from two rigorous RCTs, which

examined patients over 12 months of treatment. Since

median survival of patients with IPF in the UK is 3 years

after diagnosis and only 20% survive longer than 5 years

[2], examination of the disease over 1 year should provide

a reasonable basis for estimating healthcare use.

Our results suggest that the occurrence of acute exac-

erbations is associated with significantly more hospitali-

sations, implying increased use of in-hospital resources.

However, acute exacerbations were not associated with

increased visits to a physician. This may mean that acute

exacerbations influence primarily hospitalisation-related

costs, which is consistent with the often-severe nature of

this complication and its strong association with morbidity

and mortality [11–13]. Our analysis covered unscheduled

visits to the hospital or physicians. It follows that if pro-

gression or acute exacerbations coincided with any study

per-protocol visits, then our estimates are likely to under-

estimate the true impact of the disease on healthcare

resource use.

Disease progression, as reflected by FVC%pred status,

was associated with an increase in both occurrence of

hospitalisation and physician visits. A loss of 5 or 10

FVC%pred points in a 3-month interval was linked to a

statistically significant increase in the odds of hospitalisa-

tion. The same binary analysis was repeated for the

physician visits but was not found to be statistically sig-

nificant. Instead, the condition of the patient at baseline and

a discreet change per 1-unit of FVC%pred were significant

predictors of increase in physician visits.

To explore further the association between the events

occurred and hospitalisation or physician visits, we con-

ducted two analyses on events and changes from the pre-

vious and the current interval. The statistically significant

factors with an impact on hospitalisation remained largely

similar between the two analyses. When the variables were

combined in a multivariate model, the odds of hospitali-

sation were also similar to when the previous and current-

interval analyses were run separately. The latter suggests

that the impact would not change whether the change

occurred in the past or present 3 months. The same was not

observed when exploring significant factors associated with

physician visits.

Although in theory the timing of the exacerbation events

is easier to analyse in relation to hospitalisation or physi-

cian visits, the rareness of the events meant we did not have

enough observations to form any conclusions.

Our objective was to analyse the INPULSIS-1 and -2

healthcare use evidence to provide estimates of association

with several patient characteristics and disease progression.

Table 9 Multivariate model for

physician visits during the

current 3-month interval

Predictor OR (95% CI) p value

Age at baseline: for 1-year increment 1.02 (1.00–1.03) 0.012

Sex: male vs. female 0.73 (0.58–0.92) 0.008

FVC%pred at beginning of interval; for 1-unit increment 0.99 (0.99–1.00) 0.005

Drop of 5 points in FVC%pred during interval: yes vs. no 1.23 (1.03–1.47) 0.02

CI confidence interval, FVC%pred force vital capacity percent predicted, OR odds ratio
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Although some associations were found to be statistically

significant, the results fell short of providing meaningful

predictive outcomes. On both occasions, when a multi-

variate model was used to combine all the significant

univariate variables, the predictive value of the model was

found to be poor. Further examination of the resource use

intensity (length of stay and number of visits) was also

unsuccessful. This is likely to be due to insufficient data to

show an acceptable level of significance. For example,

FVC%pred negative changes within a 3-month interval

(disease progression) were only 18% (5-point) and 5% (10-

point) of all the observed changes in this variable. The

number of exacerbations observed in the trial were too few

(35 events) to allow any further analysis. The lack of sig-

nificance may also be because the events have an unpre-

dictable impact on the duration of hospitalisation or the

number of physician visits, and it is difficult to determine a

trend.

It is an important limitation of our analysis that our

selection of covariates was not exhaustive. We were pri-

marily guided by the conceptualisation of disease models

in the literature that used FVC%pred and, at times, acute

exacerbations to reflect natural progression [17]. The

analysis did not control for seasons and climate. As these

were not variables collected in the clinical trials, imple-

mentation would require assumptions based on the loca-

tions of the investigation centres around the world.

Another limitation of the analysis is that all estimates were

based on two experimental drug clinical trials [9]. Although

such studies are considered the gold standard to evaluate the

comparative efficacy and safety ofnew interventions, their use

may not be suitable for drawing conclusions on healthcare

resource use. The resource use from the clinical trial may not

be a good representation of real-world use: the presence of a

protocol for patient monitoring and frequent patient access to

healthcare professionals may underestimate visits for non-

urgent issues. Further, hospitalisation practice may differ

between healthcare systems,whichwould not be reflected in a

multinational clinical trial because of the pooling of the data.

Moreover, the resource use evidence was a further outcome in

both studies, and reporting is likely to have been less rigorous

compared with the primary clinical outcomes.

No data imputation was performed for patients lost to

follow-up during the observation period or with missing

information. As a comparison, we obtained 3774 intervals

of 3 months from the clinical trials. Of those, 843 patients

had data for four intervals, 91 patients had data for three

intervals, 49 patients had data for two intervals and 31

patients had data for only one interval. Data imputation in

most cases would require assumptions on the FVC%pred at

the start or end of the intervals, which is difficult to predict.

Moreover, by imputing all the missing data, we would get a

maximum of 4056 data; an increase of 7.5% in complete

data intervals. Overall, the impact of not imputing missing

values was deemed to be minimal to the final model results.

Our analysis considered all INPULSIS patients,

including those receiving active treatment with nintedanib.

Given that acute exacerbation events were rare in the

clinical trials, by pooling all trial arms we reduced the

chance of a type 2 error in our results (non-significance

because of a small sample). Our research question was

about the impact of the patient condition, not the treatment

effect, on resource use. The effect of adding treatment as a

covariate in the models was not statistically significant, and

the final models remained unchanged.

Several recent studies suggested that IPF incurred a

substantial economic and health burden [18–23]. The

methods varied between studies from an Adelphi panel

[22], database analyses of patients with IPF [20, 21] and

comparisons of IPF and non-IPF estimates [18, 19, 23].

The latter provide useful information on the relative cost

burden of IPF from a US-payer perspective, and both

studies agreed on a more than twofold increase in the

annual rate of hospitalisation (post-index) [18, 19, 23].

Raimundo et al. [20] estimated that respiratory events were

responsible for half of the hospitalisations that occurred

during the 3 years of observations for patients with IPF.

Although it is difficult to compare with accuracy with the

other studies, our findings point to the same direction with

increased odds of hospitalisation after a 10-point reduction

in FVC%pred during a 3-month interval. The Adelphi

panel of clinical experts in Spain suggested that patients

use considerable healthcare resources during an acute

exacerbation and follow-up, including medical visits, hos-

pitalisations and multiple tests [22]. This is also in line with

our estimates of an increase in hospitalisation with acute

exacerbation events. However, we did not find statistical

significance in the increase in healthcare professional visits

with each exacerbation event. This variation may be due to

the aforementioned data limitations.

The present analysis helps lay the groundwork for more

extensive modelling of healthcare resource use by patients

with IPF. Such work will be valuable to those making deci-

sions about resource use and allocation for patients with IPF.

Such work will also help inform and guide future efforts at

assessing and comparing treatments for the disease, which is

critical given the limited range of drugs and alternative

treatments available, including lung transplantation, oxygen

therapy, and pulmonary rehabilitation [2, 10].

5 Conclusion

We found significant association between hospitalisation

and both the loss in FVC%pred and occurrence of exac-

erbation in 3 months. Furthermore, physician visits were
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significantly associated with the baseline FVC%pred, a

drop in FVC%pred within a 3-month interval, patient

baseline age and sex. However, the synthesis of these

variables in a multivariate model could not accurately

predict the occurrence of hospitalisation or visits.
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