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Abstract 

Background: Idiopathic pulmonary fibrosis (IPF) is characterized by a poor prognosis, with a progressive decline in 
lung function and  considerable variability in the disease’s natural history. Besides lung transplantation (LTx), the only 
available treatments are anti-fibrosing drugs, which have shown to  slow down the disease course. Therefore, predict-
ing the prognosis is of pivotal importance to avoid treatment delays, which may be fatal for patients with a high risk 
of progression. Previous studies showed that a multi-dimensional approach is practical and effective  in the develop-
ment of a reliable prognostic score for IPF. In the RIsk Stratification scorE (RISE), physiological parameters, an objec-
tive measure of patient-reported dyspnea and exercise capacity are combined to capture different domains of the 
complex pathophysiology of IPF.

Methods: This is an observational, multi-centre, prospective cohort study, designed to reflect common clinical 
practice in IPF. A development cohort and a validation cohort will be included. Patients newly diagnosed with IPF 
based on the ATS/ERS criteria and multi-disciplinary discussion will be included in the study. A panel of chest radiolo-
gists and lung pathologists will further assess eligibility. At the first visit (time of diagnosis), and every 4-months, MRC 
dyspnea score, pulmonary function tests  (FEV1, FVC and DLCO), and 6-min walking distance will be recorded.  Patients 
will be prospectively followed for 3 years. Comorbidities will be considered. The radiographic extent of fibrosis on 
HRCT will be recalculated at a 2-year interval. RISE, Gender-Age-Physiology, CPI and Mortality Risk Scoring System will 
be calculated at 4-month intervals. Longitudinal changes of each variable considered will be assessed. The primary 
endpoint is 3-year LTx-free survival from the time of diagnosis. Secondary endpoints include several, clinically-relevant 
information to ensure reproducibility of results across a wide range of disease severity and in concomitance of associ-
ated pulmonary hypertension or emphysema.

Discussion: The objective of this study is to validate RISE as a simple, straightforward, inexpensive and reproducible 
tool to guide clinical decision making in IPF, and potentially as an endpoint for future clinical trials.

Trial registration: U.S National Library of Medicine Clinicaltrials.gov, trial n. NCT02632123 “Validation of the risk stratifica-
tion score in idiopathic pulmonary fibrosis”. Date of registration: December 16th, 2015.
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Background
Idiopathic pulmonary fibrosis (IPF) is a chronic, pro-
gressive lung disease characterized by lung scarring and 
by the histologic pattern of usual interstitial pneumo-
nia (UIP) [1]. IPF has a mean survival time of only 3 to 
5 years from the time of diagnosis, in the absence of ther-
apy [2–4]. Currently the estimated incidence of IPF is in 
the range of 2–30 cases per 100,000 person-years, while 
estimated prevalence is 10 to 60 cases per 100,000 people 
[1]. As the global incidence of IPF and associated rates 
of morbidity, mortality and economic burden of health-
care utilization continue to rise [5], improved prognos-
tic tools are needed. Clinical outcomes of IPF are highly 
variable and difficult to predict, and disease progression 
may not proceed in a linear fashion. There is the need for 
a validated staging system to guide clinicians in provid-
ing individualized care for patients with IPF, particularly 
when choosing the optimal type and timing of therapeu-
tic options, including lung transplantation (LTx) referral, 
assessment and listing.

After diagnosis, the major challenge with management 
of IPF is represented by the difficulty in determining the 
clinical course of the disease and promptly detecting clin-
ically significant progression. Uncertainty around clinical 
progression could impact the timing of initiating anti-
fibrotic treatment to slow the progression of fibrosis, or 
could delay the timing of LTx assessment. Furthermore, 
the rate of progression of IPF is highly variable both 
between and within individual patients [6]. The rate of 
deterioration and progression in IPF is variable, with 
some patients experiencing a stepwise rather than steady 
decline [4], even after prolonged periods of stability. Pro-
gression of disease in IPF can be further complicated by 
the occurrence of acute exacerbation (AEs), defined as 
a sudden acceleration of the disease, with a rate of mor-
tality upwards of 50% [7]. Symptom progression may 
advance or change quickly even for an individual patient, 
further necessitating a reliable staging tool that can be 
used to   make a valid prognostic evaluation and guide 
changes to the treatment plan.

Multi-dimensional scores are more likely to capture the 
complex pathophysiology of IPF, where gas exchange and 
ventilatory impairments, excessive dead space ventila-
tion, increased elastic inspiratory load, muscle dysfunc-
tion and associated pulmonary hypertension (APH) may 
establish a complex and variable interplay [10].

We previously demonstrated that exertional dyspnea 
measured with the Medical Research Council dyspnea 
score (MRCDS), lung function and 6-min walk distance 

(6MWD) are significant and independent predictors 
of survival in IPF, with no observed collinearity among 
them [8]. The independence of the 3 domains (dyspnea, 
lung function, exercise capacity) was demonstrated in a 
prospective study [3] and in a multi-centre study as well 
[9].

The Risk Stratification Score (RISE) was first devel-
oped in a cohort of patients with IPF who were prospec-
tively followed, and tested in another, retrospectively 
enrolled cohort. The acronym was later changed from 
ROSE to avoid confusion with “rapid onsite evaluation”. 
Capturing each of the 3 aforementioned domains, RISE 
is based on MRCDS, Composite Physiologic Index (CPI) 
and 6MWD. RISE was demonstrated to be superior to 
individual variables in predicting LTx-free survival [3]. 
We subsequently demonstrated that RISE was a reliable 
predictor of mortality in patients assessed for LTx [9], 
and also able to capture patient response to anti-fibrotic 
therapy better than the commonly used variables [11]. 
However, the main limitations of the 2012 study were the 
size of the prospective cohort, and the lack of prospective 
validation.

The current approach to the detection of progression 
of disease in IPF is largely based on forced vital capac-
ity (FVC) changes and high-resolution chest CT scan 
(HRCT). We recently demonstrated that the prognostic 
accuracy of a decline of FVC combined with an increase 
of the extent fibrosis on HRCT (visual score) is far from 
being optimal, although the 2 variables are independent 
from each other [12]. This finding further strengthens the 
rationale for pursuing the development and validation of 
an integrated, multi-dimensional prognostic tool for IPF. 
As a more recent development, we tested a modified ver-
sion of CPI against the original one, and found the new 
CALIPER-based CPI to be a stronger predictor of sur-
vival in IPF [13], making it a candidate component of the 
RISE.

The main objective of the study is to test and validate 
a modified version of the RISE in 2 separate cohorts of 
patients with IPF, prospectively followed from the time 
of diagnosis. To our knowledge, no previous, large scale, 
prospective, 3-year observational study has been con-
ducted to validate a multi-dimensional staging system for 
IPF.

We hypothesize that both RISE at baseline and its lon-
gitudinal changes are the best predictors of survival in 
patients newly diagnosed with IPF followed for a period 
of 3  years, both in terms of sensitivity and specificity. 
The prognostic power of RISE will be compared to the 
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current standard of care (individual pulmonary function 
tests, 6MWD, HRCT chest scan fibrosis score) and with 
other multi-dimensional scores as well, namely Gender-
Age-Physiology (GAP) Index [14], CPI (both original and 
CALIPER-revised versions) [15, 16] and Mortality Risk 
Scoring System (MRSS) [17].

Methods and design
This is an observational, international, prospective cohort 
study including 2 large tertiary referral centres for inter-
stitial lung disease (ILD) (London, Canada and Rome, 
Italy). The study was designed to reflect common clinical 
practice in IPF.

Only patients newly diagnosed with IPF based on the 
American Thoracic Society/European Respiratory Soci-
ety (ATS/ERS) criteria [1] and local multi-disciplinary 
discussion (MDD) [18] at participating centres will be 
included in the study. As a further inclusion step, for 
all patients who did not undergo a surgical lung biopsy 
(SLB), a panel of 3 chest radiologists with ILD expertise 
will examine each HRCT, and patients will be included, if 
at least 2 out of 3 agree on a pattern of probable/definite 
UIP. For patients who underwent a SLB, a panel of 3 lung 
pathologists with ILD expertise will examine each biopsy, 
and patients will be included if at least 2 out of 3 agree on 
a pattern of probable/definite UIP.

All known causes of ILD will carefully excluded  before 
each patient is  included in the study. These include 
domestic, environmental, occupational, exposures; drug-
induced lung toxicity; and connective tissue diseases. 
Comorbidities considered will include APH (only if right 
heart catheterization[RHC]-proven), chronic obstruc-
tive pulmonary disease (COPD), coronary artery disease 
(CAD), left heart dysfunction (LHD), and sleep apnea 
(SA).

A development cohort and a validation cohort will 
be included in the study. In both cohorts, at the first 
visit (time of diagnosis) and at each subsequent visit 
at 4-month intervals, for a period of 3  years, MRCDS 
(Table  1), pulmonary function tests (PFTs)(forced 
expiratory volume during the first second  [FEV1], FVC, 

diffusing lung capacity for carbon monoxide [DLCO]), 
and 6MWD will be obtained. 6MWD % predicted will be 
calculated, as previously described [19]. The use of sup-
plemental oxygen and the level of oxygen desaturation 
will be considered. The following events will be recorded 
in the study: death; LTx referral; LTx; AEs; hospitali-
zation for respiratory causes; start, stop and switch of 
anti-fibrotic therapy; start of supplemental home oxygen 
therapy; start and stop of physiotherapy program enrol-
ments; progression of disease (see Secondary endpoints).

The RISE (Table 2) will be first calculated, as previously 
described, on a scale from 1 to 3 [3]. However, a modi-
fied and improved version of the RISE will also be con-
sidered, using the CALIPER-revised CPI instead of the 
original version of CPI [13], and with a new 1 to 4 scale, 
which may allow for better stratification for mortality risk 
(Table 2). If superior to the previous version of RISE, the 
modified version will be tested for validation.

Patients will be prospectively followed for a period of 
3  years from the time of diagnosis and enrolment. All 
multi-dimensional scores will be calculated at 4-months 
intervals corresponding to each visit. A 2nd HRCT will 
be obtained at the 2-year visit, or sooner if clinically indi-
cated, and as per clinicians’ discretion. The HRCT fibro-
sis score [12] will be then recalculated on the 2nd scan. 
Deaths, LTx, AEs and hospitalizations due to respiratory 
causes will be recorded. All protocol violations (missed 

Table 1 MRC dyspnea score (0 to 5 scale) [20]

Grade Description

0 I only get breathless with strenuous exercise

1 I get short of breath when hurrying on level ground or walking up a slight hill

2 On level ground, I walk slower than people of the same age because of breathlessness

3 On level ground, I have to stop for breath when walking at my own pace

4 I stop for breath after walking about 100 m or after 5 min on level ground

5 I am too breathless to leave the house or I am breathless when dressing

Table 2 Risk Stratification Score (RISE) (revised)

MRCDS: MRC dyspnea score; 6MWD: 6-min walk distance; CPI: Composite 
Physiologic Index (CALIPER-revised version)
* selected cut-offs for each variable will be determined by receiver operating 
characteristics analysis (c-statistics)

RISE components:
1. MRCDS ≥ selected cutoff*
2. 6MWD % pred ≤ selected cutoff*
3. CPI ≥ selected cutoff*

RISE

No parameter met 0

One parameter met 1

Two parameters met 2

Three parameters met 3
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visits, delayed visits, data not obtained at individual vis-
its) will be systematically recorded. Every interruption or 
change in course of therapy will be recorded. When avail-
able, hemodynamic data from RHCs will be considered. 
Since 2D echocardiograms alone are unreliable in pre-
dicting the presence of APH in IPF [21], they will not be 
considered.

At the end of the study period, both baseline RISE and 
longitudinal changes of RISE will be tested as predic-
tors of mortality. Other individual variables will also be 
tested as predictors of mortality, including age at the time 
of diagnosis, time between onset of symptoms and diag-
nosis (months), gender, body mass index, smoking his-
tory (pack-years), FVC, DLCO, 6MWD (meters and % 
predicted), desaturation during 6-min walk test,  HRCT 
visual fibrosis score at the time of diagnosis, and other 
multi-dimensional scores (GAP, CPI, MRSS). In the vali-
dation cohort, we will seek to confirm and validate results 
obtained in the development cohort.

Primary endpoint
Three-year, LTx-free survival from the time of diagno-
sis, measured as the time between diagnosis and death 
from any cause, or LTx. Once they receive a LTx, patients 
will be censored. Since mortality and LTx are compet-
ing events, a Fine-Gray competing risk regression analy-
sis will be used. Please refer to the statistics section for 
details.

Secondary endpoints

• Comparative analysis of RISE as predictor of LTx-free 
survival in subgroups stratified by age; gender; base-
line lung function; baseline 6MWD; baseline extent 
of fibrosis on HRCT; time between onset of symp-
toms and diagnosis; presence of APH; presence of 
concomitant emphysema; presence of comorbidities 
(COPD, CAD, LHD, SA); participating site.

• Clinical progression, as a predictor of mortality, 
defined as either: absolute decline of FVC >10% pred; 
decline of 6-min walk distance >50 m; hospitalization 
for respiratory causes; LTx assessment; or death.

• Incidence of AEs of IPF and its predictors, if any.
• Incidence of hospitalizations due to respiratory 

causes and its predictors, if any.
• LTx-free survival, incidence of AEs, incidence of hos-

pitalizations, and time to progression of patients with 
HRCT pattern definite/probable for UIP vs. patients 
with indeterminate/inconsistent pattern. In this sub-
analysis, 2 groups of patients matched for age, gen-
der, BMI, and extent of fibrosis at the time of diagno-
sis will be considered.

• LTx-free survival, incidence of AEs, incidence of hos-
pitalizations, and time to progression of patients with 
autoimmune markers (although not meeting crite-
ria for interstitial pneumonia with autoimmune fea-
tures [23] versus those without. In this subanalysis, 2 
groups of patients matched for age, gender, BMI and 
extent of fibrosis at the time of diagnosis will be con-
sidered.

• LTx-free survival, incidence of AEs, incidence of 
hospitalizations and time to progression of patients 
with concomitant emphysema versus those without. 
In this subanalysis, 2 groups of patients matched for 
age, gender, BMI and extent of fibrosis at the time of 
diagnosis will be considered.

• LTx-free survival, incidence of AEs, incidence of 
hospitalizations and time to progression of patients 
treated with pirfenidone versus patients treated with 
nintedanib. In this subanalysis, 2 groups of patients 
matched for age, gender, BMI and extent of fibrosis at 
the time of diagnosis will be considered.

• LTx-free survival, incidence of AEs, incidence of 
hospitalizations and time to progression of patients 
whose therapy was switched (from pirfenidone to 
nintedanib and viceversa). In this subanalysis, 2 
groups of patients matched for age, gender, BMI and 
extent of fibrosis at the time of diagnosis will be con-
sidered.

• 6MWD m versus % pred as predictors of mortality.
• Survival, incidence of AEs and time to progression 

on the LTx waitlist of listed patients.
• Time to progression in patients with initially non-

clinically significant disease.
• Long-term follow-up (beyond 3  years) of patients 

who are still alive without a LTx, until required 
recruitment is completed. This will include LTx-free 
survival, incidence of AEs, incidence of hospitaliza-
tions and time to progression.

Inclusion criteria
Adult patients with a new diagnosis of IPF based on ATS/
ERS criteria, confirmed by local MDD. A panel of 3 chest 
radiologists with ILD expertise will review each HRCT 
and patients will be included, if at least 2 out of 3 agree 
on a pattern of probable/definite UIP. A panel of 3 lung 
pathologists with ILD expertise will review each SLB and 
patients will be included, if at least 2 out of 3 agree on a 
pattern of probable/definite UIP.

Exclusion criteria
ILD other than IPF.
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Previous (rather than new) diagnosis of IPF.
Exclusion determined by the chest radiologists’ or lung 

pathologists’ panel.
Age < 18 years.
Patient not able to provide informed consent.

MRC dyspnea score, pulmonary function tests and 6‑min 
walk test
Dyspnea will be rated by using the MRCDS, which is a 
score designed to measure perceived respiratory disabil-
ity, grading the effect of breathlessness on daily activities 
[24]. PFTs and 6-min walk test (6MWT) will be per-
formed according to ERS/ATS guidelines [25–27] and the 
ATS guidelines [28], respectively. A standard reference 
equation will be used to calculate 6MWD percent pre-
dicted [19].

High resolution chest CT scans
A quantitative fibrosis score on HRCT will be obtained 
at the time of diagnosis and on the repeat HRCT(s). 
The score will be calculated as previously described [12] 
by each of the chest radiologists, and the average of the 
scores will then be calculated for each scan. Interobserver 
variability will be evaluated. The presence and severity 
of coronary calcifications will be evaluated semi-quanti-
tively as absent, mild, moderate or severe.

Longitudinal follow‑up
After diagnosis, patients are seen at 4-month intervals, 
for a period of 3 years in both the development and vali-
dation cohort. At each visit, MRCDS, PFTs and 6MWT 
will be obtained. Patients may be seen at closer intervals 
between visits, at the clinician’s discretion. After comple-
tion of the 3 years follow-up period, patients who are still 
alive without a LTx will continue to be followed regularly 
until required recruitment is completed, as long-term 
follow-up is part of secondary endpoints.

Statistical analysis and sample size calculation
The distribution of variables considered will be analysed 
with Kolmogorov–Smirnov test. Interobserver vari-
ability among chest radiologists and lung pathologists 
will be assessed with Weighted kappa coefficients [29]. 
Survivors and non-survivors will be compared by using 
the unpaired t-test, or, for not normally distribute vari-
ables, with the Mann–Whitney U-test. To rule out mul-
ticollinearity and demonstrate that included variables are 
truly independent, variance inflation factors of the RISE 
components will be calculated [30]. Receiver operating 
characteristics analysis will be used to identify the most 
accurate cut-off values for each variable to predict end-
points. Multivariate analysis of significant predictors of 
endpoints will be conducted with the Cox proportional 

hazard model. Results will be summarized as hazard 
ratios. Once patients are listed for LTx, death and LTx 
become competing events. To account for the compet-
ing risks of LTx and death in the population of patients 
undergoing LTx assessment, the Fine-Gray competing 
risk regression model [31] will be used. This will identify 
variables significantly predicting independent survival 
status and results will be summarized as subdistribution 
hazard ratios. These represent the relative risk of dying 
prior to LTx. Survival will be further evaluated using 
Kaplan–Meier curves and the log-rank test. Sample size 
calculation for an observational, cohort study was con-
ducted using the methodology described by Wang and Ji 
[32], with the assistance of a statistician. Using available, 
preliminary data on 109 patients, dropout rate, ratio of 
low RISE to high RISE, and mortality rates in low RISE 
and high RISE subgroups were determined. With a power 
(probability of detecting a real effect) of 90%, and with a 
conservative approach, a sample size of 125 patients for 
each cohort was determined to be required.

Ethics approval and consent to participate
The study was approved by the Research Ethics Board of 
Western University (protocol n. 107131) and of Univer-
sity of Rome “Tor Vergata” (protocol n.171.15). The study 
is a registered clinical trial (identifier: NCT02632123) at 
the U.S. National Library of Medicine clinicaltrials.gov 
registry.

Informed, written consent is required from all partici-
pants. A letter of information and consent form is pro-
vided to each patient prior to entry to the study. The 
investigator will answer any questions the patient has 
regarding the involvement in the study or the study pro-
tocols. Consent forms with identifiable information will 
be stored in a locked office on site. Participants will be 
assigned an identifier number at the time of study entry. 
All study records will identify the participant by the iden-
tifier number only. All personal information will remain 
confidential. Patients will be informed that they are free 
to withdraw from the study at any time.

Discussion
IPF is a condition associated with a poor prognosis [2–4], 
but clinical deterioration occurs with rather difficult to 
predict patterns. Many deaths in IPF occur due to suba-
cute respiratory deterioration [4], with a slow decline in 
lung function. Nevertheless, approximately 30% of the 
patients die because of AEs, while infection, pulmonary 
embolism, heart disease, and lung carcinoma have a sig-
nificant impact on the evolution of the disease in indi-
viduals affected by IPF as well [4]. Anti-fibrotic agents 
pirfenidone and nintedanib have shown to slow the dis-
ease course [6, 33], but LTx remains the only definitive 
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treatment for this disease, associated with significantly 
improved survival [34].

In this context, clinical decision making on therapy 
start and switch has a direct impact on survival. It is also 
equally important not to miss the LTx window, when 
patients are still eligible for transplant. This is particularly 
challenging when navigating a lengthy assessment pro-
cess with a condition that can be rapidly progressive. Not 
surprisingly, LTx waitlist mortality is the highest among 
patients with IPF [35]. As a result, clinical tools able to 
detect clinically significant progression and predict the 
prognosis in individual patients are paramount in IPF.

In this observational, prospective trial, RISE will be 
tested as a candidate staging system for IPF to be used 
in day-to-day clinical decision making. RISE is designed 
to be straightforward, easy to obtain and repeat, inexpen-
sive and entirely managed by the pulmonary specialist. 
The 3 domains captured by RISE are exertional dyspnea, 
exercise capacity and lung function. The prognostic inde-
pendence between the 3 domains has been demonstrated 
[3].

As in all chronic lung diseases, IPF impacts patients’ 
quality the life with disabling symptoms (i.e., dyspnea and 
cough) and with functional impairment in everyday life. 
As far as dyspnea perception is concerned, several scales 
have been utilized. Among them, an increase of MRCD-
Shas shown good correlation with quality-of-life impair-
ment [36, 37] and mortality [38] in patients with IPF.

The 6-min walk test is a well-established tool in the 
evaluation of chronic lung diseases, since it was dem-
onstrated to correlate well with both quality of life [39] 
and post-therapeutic improvement [40], and to provide 
useful data for the prescription of ambulatory oxygen in 
ILDs [41]. Importantly, 6MWD was shown to also pre-
dict mortality in IPF: a 24-week decline of greater than 
50  m [42] and the presence of desaturation during the 
test in patients with UIP [43] are both associated with an 
increase in risk of death at 1 year.

FVC decline significantly correlates with mortality in 
patients affected by IPF, even with a marginal decline of 
more than 5% at a 6-month interval [44]. Indeed, pirfeni-
done and nintedanib were approved for clinical use based 
on the data on FVC decline. FVC alone, however, has sig-
nificant limitations in detecting progression of disease, 
as pointed out by several studies [6, 45]. The advantage 
of using the CPI is the combination of FVC with DLCO 
and  FEV1. This index was developed against the morpho-
logic extent of fibrosis on HRCT and considers the pres-
ence of coexisting pulmonary emphysema, which may be 
a confounding element in the interpretation of pulmo-
nary function tests [15]. An improved version of the CPI 
was developed against the CALIPER-measured extent of 
fibrosis [13].

To predict the prognosis of such a complex condition 
as IPF, a multidimensional approach encompassing dif-
ferent domains is likely to better account for the sever-
ity of the disease, compared to a single variable approach 
[9]. A first step to identify the variables to associate in a 
multi-dimensional scoring system is to prove that each 
parameter is an independent predictor of the endpoint, 
and that there is no strong correlation or collinearity 
[30] among them. This has been proven in several stud-
ies for MRCDS, 6MWD and lung function measures [3, 
8, 10], making them suitable candidates to be included in 
a prognostic score for IPF.

The Gender-Age-Physiology (GAP) index considers 
gender, age, FVC (% predicted) an DLCO (% predicted) 
to stratify patients in 3 different stages of the disease. 
This model was validated with a 3-year retrospective 
study using 3 different cohorts (558 patients), and it was 
shown to predict mortality in patients with IPF [4]. How-
ever, 3 different studies demonstrated that longitudinal 
changes of GAP performed poorly in predicting survival 
[11, 46, 47]. The use of (relatively) fixed variables such 
as gender and age and the lack of prospective validation 
may explain these limitations.

The MRSS with Ascertainable Predictors (accounting 
age, history of respiratory hospitalization, FVC [% pre-
dicted] and 24-week change in % predicted FVC), was 
studied in a 1-year prospective clinical trial with 830 
participants [17]. A longer follow-up will be needed to 
adequately capture mortality in IPF. A potential concern 
in this score is the use of hospitalization as a parameter, 
given that criteria for hospital admission vary in different 
institutions, potentially compromising reproducibility.

An encouraging finding was that multi-dimensional 
indices (RISE, CPI and GAP) proved their effectiveness 
even in patients undergoing LTx assessment [9], with 
an accuracy in predicting mortality similar to the Lung 
Allocation Score, which is commonly used to evaluate 
patients on LTx waiting lists, but is much more complex 
to calculate [48, 49].

The use of multi-dimensional indices as clinical tri-
als endpoints is another, crucially important, potential 
application of multi-dimensional indices. The search for 
new therapies in IPF in the immediate future will be par-
ticular challenging, as most treatments are only able to 
slow down an occurring progression of disease, making it 
very difficult to capture a clinically significant difference. 
This further points to the limitations of FVC decline as 
only endpoint measure, and, at the same time, to the 
advantage of using parameters that better capture patho-
physiology and clinical status in IPF, but are still easily 
repeatable. A preliminary study on RISE as a parameter 
to longitudinally capture response to pirfenidone indeed 
yielded encouraging results [11].
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The purpose of our study is to validate a multi-dimen-
sional index prospectively and with a period of observa-
tion (3 years) more than adequate to capture significant 
progression of disease and mortality. Inclusion criteria 
will be rigorous, with a panel of chest radiologist and 
lung pathologists with ILD expertise assessing each 
case. An important aspect of this study will be the 
assessment of longitudinal changes of RISE as a reliable 
predictor of survival, as well as the assessment of per-
formance across a wide range of disease severity, as this 
will ensure clinical reproducibly of this tool in a variety 
of clinical scenarios. The inclusion of 2 separate cohorts 
will ensure that results are indeed validated. While our 
primary objective is to validate a clinical tool for stag-
ing and clinical decision making, secondary endpoint 
measures will generate a wide array of clinically rel-
evant information.

In conclusion, it is our hope that the current study 
will establish RISE as a straightforward, inexpensive, 
easily obtainable, reproducible, and reliable tool for 
clinical decision making in patients with IPF.

Abbreviations
6MWD: 6-Minute walk distance; AE: Acute exacerbation; APH: Associated 
pulmonary hypertension; COPD: Chronic obstructive pulmonary disease; CAD: 
Coronary artery disease; CPI: Composite Physiologic Index; DLCO: Diffusing 
lung capacity for carbon monoxide; FVC: Forced vital capacity; GAP: Gender-
Age-Physiology; HRCT : High-resolution chest CT scan; ILD: Interstitial lung 
disease; IPF: Idiopathic pulmonary fibrosis; LHD: Left heart dysfunction; LTx: 
Lung transplantation; MRCDS: Medical Research Council dyspnea score; MRSS: 
Mortality Risk Scoring System; MDD: Multi-disciplinary discussion; PFTs: Pul-
monary function tests; RHC: Right heart catheterization; RISE: Risk Stratification 
Score; SA: Sleep apnea; SLB: Surgical lung biopsy.

Acknowledgements
The authors thank Ms. Fatemeh Gholizadeh, MSc, for her statistical 
consultation.

Authors’ contributions
GMM: study design, manuscript drafting; KH: manuscript drafting; MJC: study 
design; KK: study design; MA: study design; MZ: study design; PR: study design; 
MM: study design, manuscript drafting. All authors have read and approved 
the manuscript.

Funding
This study is funded by the Department of Medicine Research Fund (Western 
University) and by the Chest Foundation Research Grant in Pulmonary Fibrosis 
(recipient Dr. Marco Mura for both). Funders provided supports for the salary 
of research assistant (KH), statistical analysis and publication fees, but have no 
role in the interpretation and presentation of data.

Availability of data and materials
This is a study protocol article and data for this study are not yet available. 
To obtain access to the raw data, you may contact Dr. Marco Mura at marco.
mura@lhsc.on.ca.

Declarations

Ethics approval and consent to participate
Written, informed consent will be obtained from all of the participants at the 
beginning of the study”. The study was approved by the Research Ethics Board 

of Western University (protocol n. 107131) and of University of Rome “Tor 
Vergata” (protocol n.171.15).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Malattie Apparato Respiratorio, Policlinico Tor Vergata, University of Rome 
“Tor Vergata”, Rome, Italy. 2 Division of Respirology, Schulich School of Medi-
cine and Dentistry, Western University, London, ON, Canada. 3 Department 
of Pathology and Laboratory Medicine, Western University, London, ON, 
Canada. 4 Department of Medical Imaging, Western University, London, ON, 
Canada. 5 Radiologia, MultiMedica Group, I.R.C.C.S. San Giuseppe Hospital, 
Milan, Italy. 

Received: 10 November 2021   Accepted: 18 November 2021

References
 1. Martinez F, et al. Idiopathic pulmonary fibrosis. Nat Rev Dis Prim. 

2017;3:17047.
 2. Raghu G, et al. Diagnosis of idiopathic pulmonary fibrosis. An official 

ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med. 
2018;198:e44–68.

 3. Mura M, et al. Predicting survival in newly diagnosed idiopathic pulmo-
nary fibrosis: a 3-year prospective study. Eur Respir J. 2012;40:101–9.

 4. Ley B, Collard H, King TJ. Clinical course and prediction of survival in idi-
opathic pulmonary fibrosis. Am J Respir Crit Care Med. 2021;183:431–40.

 5. Farrand E, et al. Impact of idiopathic pulmonary fibrosis on longitudinal 
health-care utilization in a community-based cohort of patients. Chest. 
2021;159:219–27.

 6. Nathan S, et al. Effect of continued treatment with pirfenidone following 
clinically meaningful declines in forced vital capacity: analysis of data 
from three phase 3 trials in patients with idiopathic pulmonary fibrosis. 
Thorax. 2016;71:42935.

 7. Collard H, et al. Acute exacerbation of idiopathic pulmonary fibrosis. 
An international working group report. Am J Respir Crit Care Med. 
2016;194:265–75.

 8. Serajeddini H, Rogliani P, Mura M. Multi-dimensional assessment of IPF 
across a wide range of disease severity. Lung. 2018;196:707–13.

 9. Fisher J, et al. Multi-dimensional scores to predict mortality in patients 
with idiopathic pulmonary fi brosis undergoing lung transplantation 
assessment. Respir Med. 2017;125:65–71.

 10. Rozanski C, Mura M. Multi-dimensional indeces to stage idiopathic 
pulmonary fibrosis: a systematic review. Sarcoidosis Vasc Diffus Lung Dis. 
2014;31:8–18.

 11. Hosein K, Le J, Mura M. Assessing the therapeutic response to pirfenidone 
in idiopathic pulmonary fibrosis: can we do better than with forced vital 
capacity alone? Lung. 2017;195:101–5.

 12. Taha N, et al. Longitudinal functional changes with clinically significant 
radiographic progression in idiopathic pulmonary fibrosis: are we follow-
ing the right parameters? Respir Res. 2020;21:119.

 13. Hosein KS, Sergiacomi G, Zompatori M, Mura M. The CALIPER - revised 
version of the composite physiologic index is a better predictor of sur-
vival in IPF than the original version. Lung. 2020;198:169–72.

 14. Ley B, et al. A multidimensional index and staging system for idiopathic 
pulmonary fIbrosis. Ann Intern Med. 2012;156:684–91.

 15. Wells A, et al. Idiopathic pulmonary fibrosis: a composite physiologic 
index derived from disease extent observed by computed tomography. 
Am J Respir Crit Care Med. 2003;167:962–9.

 16. Jacob J, et al. Automated quantitative computed tomography versus 
visual computed tomography scoring in idiopathic pulmonary fibrosis. J 
Thorac Imaging. 2016;31:304–11.

 17. du Bois R, et al. Ascertainment of individual risk of mortality for 
patients with idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 
2011;184:459–66.



Page 8 of 8Manzetti et al. BMC Pulmonary Medicine          (2021) 21:396 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 18. Flaherty K, et al. Idiopathic interstitial pneumonia: what is the effect of 
a multidisciplinary approach to diagnosis? Am J Respir Crit Care Med. 
2004;170:904–10.

 19. Enright P, Sherrill D. Reference equations for the six-minute walk in 
healthy adults. Am J Respir Crit Care Med. 1998;158:1384–7.

 20. Murciano D, et al. Expiratory flow limitation in COPD patients after single 
lung transplantation. Am J Respir Crit Care Med. 1997;155:1036–41.

 21. Nathan S, et al. Right ventricular systolic pressure by echocardiography as 
a predictor of pulmonary hypertension in idiopathic pulmonary fibrosis. 
Respir Med. 2008;102:1305–10.

 22. King TJ, et al. A phase 3 trial of pirfenidone in patients with idiopathic 
pulmonary fibrosis. N Engl J Med. 2014;370:2083–92.

 23. Fischer A, et al. An official European Respiratory Society/American 
Thoracic Society research statement: interstitial pneumonia with autoim-
mune features. Eur Respir J. 2015;46:976–87.

 24. Khadawardi H, Mura M. A simple dyspnoea scale as part of the assess-
ment to predict outcome across chronic interstitial lung disease. Respirol-
ogy. 2017;22:501–7.

 25. Miller M, et al. Standardisation of spirometry. Eur Respir J. 2005;26:319–38.
 26. Wanger J, et al. Standardisation of the measurement of lung volumes. Eur 

Respir J. 2005;26:511–22.
 27. Graham B, et al. 2017 ERS/ATS standards for single-breath carbon monox-

ide uptake in the lung. Eur Respir J. 2017;49:1600016.
 28. ATS statement: guidelines for the six-minute walk test. Am J Respir Crit 

Care Med. 2002; 166:111–17
 29. Brennan P, Silman A. Statistical methods for assessing observer variability 

in clinical measures. Br Med J. 1992;304:1491.
 30. Slinker B, Glantz S. Multiple regression for physiological data analysis: the 

problem of multicollinearity. Am J Physiol. 1985;249:R1-12.
 31. Fine J, Gray R. A proportional hazards model for the subdistribution of a 

competing risk. J Am Stat Assoc. 1999;94:496–509.
 32. Wang X, Ji X. Sample size calculation in clinical research. Chest. 

2020;158:S12–20.
 33. Brown K, et al. Efficacy and safety of nintedanib in idiopathic pulmonary 

fibrosis. N Engl J Med. 2014;370:2071–82.
 34. Chambers D, et al. The registry of the International Society for Heart and 

Lung Transplantation. J Hear Lung Transplant. 2017;36:1047–59.
 35. Kistler K, Nalysnyk L, Rotella P, Esser D. Lung transplantation in idiopathic 

pulmonary fibrosis: a systematic review of the literature. BMC Pulm Med. 
2014;14:139.

 36. Bestall JC, et al. Usefulness of the Medical Research Council ( MRC ) dysp-
noea scale as a measure of disability in patients with chronic obstructive 
pulmonary disease. Thorax. 1999;54:581–6.

 37. Rajala, K. et al. mMRC dyspnoea scale indicates impaired quality of life 
and increased pain in patients with idiopathic pulmonary fibrosis. ERJ 
Open Res. 2017; 3(4):00084–2017

 38. Nishiyama O, et al. A simple assessment of dyspnoea as a prognostic 
indicator in idiopathic pulmonary fibrosis. Eur Respir J. 2010;36:1067–72.

 39. Sullivan M, Townsend M, Jones N, Pugsley S. How should we measure 
function in patients with chronic heart and lung disease? J Chronic Dis. 
1985;38:517–24.

 40. Guyatt GH, Townsend M, Singer JKJ, Nogradi S. Measuring functional 
status in chronic lung disease: conclusions from a randomized control 
trial. Respir Med. 1989;83:293–7.

 41. Ora J, et al. A 6MWT index to predict O2 flow correcting exercise induced 
SpO2 desaturation in ILD. Respir Med. 2013;107:2014–21.

 42. du Bois R, et al. Six-minute-walk test in idiopathic pulmonary fibrosis test 
validation and minimal clinically important difference. Am J Respir Crit 
Care Med. 2011;183:1231–7.

 43. Lama V, et al. Prognostic Value of desaturation during a 6-minute walk 
test in idiopathic interstitial pneumonia. Am J Respir Crit Care Med. 
2003;168:1084–90.

 44. Zappala CJ, et al. Marginal decline in forced vital capacity is associated 
with a poor outcome in idiopathic pulmonary fibrosis. Eur Respir J. 
2010;35:830–5.

 45. King TJ, et al. Analyses of efficacy end points in a controlled trial of inter-
feron-gamma1b for idiopathic pulmonary fibrosis. Chest. 2005;127:171–7.

 46. Lee SH, Park JS, Kim SY, Kim, D. et al. Comparison of CPI and GAP models 
in patients with idiopathic pulmonary fibrosis: a nationwide cohort study. 
Sci Rep. 2018;8:4784

 47. Salisbury M, et al. Idiopathic pulmonary fibrosis: gender-Age-Physi-
ology index stage for predicting future lung function decline. Chest. 
2016;149:491–8.

 48. Levine G, et al. Analytical methods and database design: implications for 
transplant researchers. Am J Transplant. 2006;6:1228–42.

 49. Lyu D, Goff R, Chan K. The lung allocation score and its relevance. Semin 
Respir Crit Care Med. 2021;42:346–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Validation of the risk stratification score in idiopathic pulmonary fibrosis: study protocol of a prospective, multi-centre, observational, 3-year clinical trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Methods and design
	Primary endpoint
	Secondary endpoints
	Inclusion criteria
	Exclusion criteria
	MRC dyspnea score, pulmonary function tests and 6-min walk test
	High resolution chest CT scans
	Longitudinal follow-up
	Statistical analysis and sample size calculation
	Ethics approval and consent to participate

	Discussion
	Acknowledgements
	References


