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Abstract
Background The Distance-Oxygen-Gender-Age-Physiology (DO-GAP) index has been shown to improve
prognostication in idiopathic pulmonary fibrosis (IPF) compared to the Gender-Age-Physiology (GAP)
score. We sought to externally validate the DO-GAP index compared to the GAP index for baseline risk
assessment in patients with IPF. Additionally, we evaluated the utility of serial change in the DO-GAP
index in predicting survival.
Methods We performed an analysis of patients with IPF from the Pulmonary Fibrosis Foundation-Patient
Registry (PFF-PR). Discrimination and calibration of the two models were assessed to predict transplant-
free survival and IPF-related mortality. Joint longitudinal time-to-event modelling was utilised to
individualise survival prediction based on DO-GAP index trajectory.
Results There were 516 patients with IPF from the PFF-PR with available demographics, pulmonary
function tests, 6-min walk test data and outcomes included in this analysis. The DO-GAP index
(C-statistic: 0.73) demonstrated improved discrimination in discerning transplant-free survival compared to
the GAP index (C-statistic: 0.67). DO-GAP index calibration was adequate, and the model retained
predictive accuracy to identify IPF-related mortality (C-statistic: 0.74). The DO-GAP index was similarly
accurate in the subset of patients taking antifibrotic medications. Serial change in the DO-GAP index
improved model discrimination (cross-validated area under the curve: 0.83) enabling the personalised
prediction of disease trajectory in individual patients.
Conclusion The DO-GAP index is a simple, validated, multidimensional score that accurately predicts
transplant-free survival in patients with IPF and can be adapted longitudinally in individual patients. The
DO-GAP may also find use in studies of IPF to risk stratify patients and possibly as a clinical trial
end-point.

Introduction
Idiopathic pulmonary fibrosis (IPF) is a chronic progressive fibrotic lung disease with an uncertain
trajectory and a highly variable rate of clinical decline [1]. Given this heterogeneity, risk prediction models
have been developed to predict the course of the disease based on clinical parameters [2–6]. The
Gender-Age-Physiology (GAP) index is a well-known, validated and simple risk prediction model to
estimate disease prognosis based on baseline patient factors. This model has been modified to incorporate
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additional factors over a 6-month time period to predict clinical trajectory more precisely [3]. However,
emerging evidence has demonstrated that the baseline GAP index lacks predictive precision and
overestimates risk in some cohorts [3, 7, 8].

An extended baseline clinical risk prediction model for IPF, the Distance-Oxygen-Gender-Age-Physiology
(DO-GAP) index has been developed and validated in IPF (supplementary table S1). This model adds
measures of exercise capacity (distance ambulated during a 6-min walk test (6MWT) and exertional
hypoxaemia) to the GAP index and has demonstrated improved predictive performance from baseline
measures in real-world patient cohorts [8]. Despite being previously validated in a small external
geographically distinct cohort of patients with IPF (n=108), further validation is essential to provide
additional support and confidence of generalisability, thus enabling wider-spread adoption in clinical
practice [8].

The primary aim of this study was to compare the performance of the GAP and DO-GAP indices in
patients enrolled in the Pulmonary Fibrosis Foundation-Patient Registry (PFF-PR), a well-defined,
real-world cohort of patients with IPF [9]. In addition to predicting transplant-free survival, we sought to
evaluate model performance to specifically predict IPF-related mortality. Finally, we examined the
DO-GAP index trajectory over time and evaluated if this longitudinal change could be used to enable the
dynamic prediction of transplant-free survival in individual patients with IPF.

Material and methods
Data from the PFF-PR, a large multicentre registry of patients with interstitial lung disease, which has
collected data on >2000 patients across the USA since 2016, was collated and analysed through January
2022 [9]. Registered patients with IPF were included if baseline spirometry, diffusion capacity and 6MWT
distance was performed within 6 months of their enrolment in the PFF-PR. Important specifics related to
the design and methods utilised to enrol patients into the PFF-PR, including diagnostic considerations
related to IPF, have previously been described in detail [9].

The DO-GAP and GAP indices were calculated at baseline (the date of baseline spirometry) and repeated
testing was collected where available for up to 1 year after initial baseline measures. Derivation and
validation of the DO-GAP index has also previously been described and additional details related to the
component predictor variables are included within the supplementary materials [8].

Statistical analysis
For the external validation of the DO-GAP index, survival analysis to predict transplant-free survival was
performed using the Kaplan–Meier method and the log-rank test was used to compare groups. The Cox
proportional hazards model was used to calculate hazard ratios and relevant 95% confidence intervals (CI).
All evaluated models complied with the assumptions of proportional hazards.

Model discrimination was assessed by the change in Harrell’s C-statistic. “Strict” calibration of the
DO-GAP index was assessed by comparing predicted survival from the original DO-GAP derivation
cohort to the observed survival in the PFF-PR database [10]. Calibration was evaluated over 3 years of
follow-up by examination at multiple time points comparing observed to predicted model values and by
risk groups of the staging system.

To assess the utility of the DO-GAP index to predict ILD-related mortality, Fine and Gray competing-risk
regression estimating the subdistribution hazard ratio (sHR) was utilised treating non-IPF-related death as a
competing risk. Indicators for whether cause of death was IPF-related was adjudicated and recorded by the
PFF-PR. Bootstrap resampling with 500 repetitions was used to calculate 95% bias-corrected CIs of the
C-statistic.

Finally, we evaluated whether the serial change and trajectory of the DO-GAP score over time was
associated with a change in predicted transplant-free survival. This was accomplished by utilising joint
longitudinal and time-to-event modelling through a simultaneous estimation of a random-intercept-
and-slope longitudinal model, Cox proportional hazards model for the time-to-event component and
Markov chain Monte Carlo parameter estimation. The longitudinal and survival sub-models included a
covariate for treatment with an antifibrotic medication (at the time of initial spirometry after enrolment in
the PFF-PR) as emerging evidence supports these having a survival benefit [11–13]. The primary output
of interest from this modelling method is the association parameter α (the association between longitudinal
DO-GAP score trajectory and the hazard of death or transplantation expressed as a hazard ratio).
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Time-dependent area under the curve (AUC) at 3 years of follow-up of the joint model was estimated and
internally validated utilising 10-fold cross-validation [14].

Though the DO-GAP index was originally derived to predict overall survival, censoring patients as event
free at the time of lung transplantation (to evaluate overall survival) may result in informative censoring
and introduce bias in the model by not accounting for changes in the risk of death related to lung
transplantation. To more appropriately account for this risk and to ease implementation and interpretation
of subsequent survival and joint modelling procedures, mortality and lung transplantation were considered
as a composite outcome in all analyses (transplant-free survival). Relatedly, several sensitivity analyses
were performed. Details regarding these measurements and other statistical considerations including sample
size calculation and the handling of missing data are described in detail within the supplementary material.

Results
PFF-PR cohort and baseline models
There were 516 patients with IPF in the PFF-PR identified with lung function testing and 6MWT data
completed within 6 months of enrolment. The median age of the cohort was 71 years (25th percentile
(Q1), 75th percentile (Q3): 66–75), 122 (23.6%) were women and 484 (96.2%) were white. The median
forced vital capacity (FVC) % predicted and uncorrected diffusion capacity of the lung for carbon
monoxide (DLCO) % predicted were 65.6 (Q1–Q3: 56.1–78.1) and 38.3 (Q1–Q3: 29.1–48.0), respectively.
Median 6MWT distance was 365 m (Q1–Q3: 274–441) and a total of 270 patients (52.3%) exhibited
exertional hypoxaemia. Median follow-up was 2.4 years (Q1–Q3: 1.2–3.4) during which 149 deaths and
79 lung transplantations occurred. Demographics, baseline characteristics and relevant pulmonary metrics
of the cohort are summarised in table 1.

The discrimination of the original GAP index was measured by a C-statistic of 0.67 (95% CI: 0.64–0.71).
Calibration of the staging system of the original GAP was assessed by comparing previously published
mortality by GAP index stage to that observed in this cohort and generally overestimated the observed risk
(supplementary table S2) [2]. The DO-GAP index demonstrated good outcome discrimination compared to
the GAP index (C-statistic: 0.73; 95% CI: 0.70–0.76, difference in C-statistic compared with the GAP
index 0.06; 95% CI: 0.03–0.09, p<0.001). Overall transplant-free survival in the cohort based on DO-GAP

TABLE 1 Baseline characteristics of all 516 patients in the cohort

Demographics

Age years 71 (66–75)
Gender, female 122 (23.6)
Race, white 484 (96.2)
Body mass index kg·m−2 28.4 (25.5–32.2)
COPD 52 (10.1)
Pulmonary hypertension 34 (6.6)
Lung cancer 7 (1.4)
Extrapulmonary malignancy 101 (19.6)
Coronary artery disease 122 (23.6)
Congestive heart failure 17 (3.3)
Diabetes mellitus 106 (20.5)
History of tobacco use 324 (62.8)
Pack-years of smoking history (prior smokers) 22 (14–31)

Measures of IPF severity and management considerations
FVC (%) predicted 65.6 (56.1–78.1)
DLCO (%) predicted 38.3 (29.1–48.0)
6MWT distance m 365 (274–441)

Exertional hypoxaemia 270 (52.3)
Desaturation during 6MWT 55 (20.4)
Prescribed oxygen 215 (79.6)

Antifibrotic therapy 348 (67.4)
Pirfenidone 188 (36.4)
Nintedanib 167 (32.4)

Data are presented as median (25th percentile–75th percentile) or n (%). FVC: forced vital capacity; DLCO: single
breath diffusion capacity of the lung for carbon monoxide; 6MWT: 6-min walk test.
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stage is displayed in figure 1. In complete cases, the DO-GAP staging system resulted in stage
reclassification from the original GAP stage (for example, GAP stage II → DO-GAP stage I) in n=136
(31.6%) of patients. A complete breakdown of stage reclassification is provided in supplementary table S3.

Calibration of the DO-GAP index was assessed by comparing the predicted survival from the original
DO-GAP derivation set to the observed transplant-free survival in the PFF-PR database. This relationship
is graphically displayed overall and by DO-GAP stage in figures 2 and 3, respectively. Tabulated data by
DO-GAP stage is presented in supplementary table S4. Results of the intercept, slope, and joint intercept
and slope test were all non-significant, indicative of good overall model calibration.

Sensitivity analyses evaluating DO-GAP index performance when treating lung transplantation as a
competing risk, predicting transplant-free survival in patients taking antifibrotic medications, and when
missing DLCO measurements were considered as “unable to perform” were performed and included in
supplementary table S5. Of note, DO-GAP model discrimination in these instances remained good and
overall consistent with estimation derived in the primary analysis. Assessment of the calibration of the
DO-GAP model to predict survival considering lung transplantation as a competing risk demonstrated
some evidence of miscalibration (overestimation of observed risk) in patients with the highest predicted
event probabilities (supplementary figure S1). Miscalibration of the GAP staging system when applied in
this manner was substantial and evident over all stages and time periods (supplementary table S6).

The GAP and DO-GAP indices were then applied to predict death related to IPF (or lung transplantation)
treating death from other cause as a competing risk. The DO-GAP index and, separately, the related staging
system were both significantly associated with IPF-related mortality (sHR: 1.11; 95% CI: 1.09–1.12,
p<0.001 and sHR: 1.85; 95% CI: 1.65–2.07, p<0.001, respectively). The DO-GAP index continued to
provide improved model discrimination compared to the GAP index in this competing-risk analysis
(C-statistic: 0.74; 95% CI: 0.69–0.79 versus 0.70; 95% CI: 63.5–75.7). The cumulative incidence of
IPF-related transplant-free survival based on DO-GAP stage is displayed in figure 4.
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FIGURE 1 Kaplan–Meier survival curves from time of initial pulmonary function testing based on idiopathic
pulmonary fibrosis stage defined by the Distance-Oxygen-Gender-Age-Physiology (DO-GAP) index.
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DO-GAP index trajectory
After baseline assessment, 207 patients returned at least once for lung function and 6MWT testing within
1 year of follow-up resulting in 275 additional instances where repeat DO-GAP index was calculable. Of
those that returned for repeat testing, the median duration from baseline assessment to repeated testing was
153 days (Q1–Q3: 99–189). In these individuals, an increased longitudinal DO-GAP index was associated
with a higher rate of mortality at any time of follow-up (table 2). This association persisted when the
longitudinal and survival sub-model were adjusted for baseline receipt of antifibrotic medication. When
DO-GAP index was modelled as a continuous variable on an ordinal scale, every 1-unit increase in score
results in a 31.5% higher rate of transplant or death. Discrimination of the joint model incorporating serial
measures of the DO-GAP index over time markedly improved compared to assessment based solely on
baseline functional testing (cross-validated AUC: 0.83). A unique benefit of joint longitudinal and
time-to-event modelling is the ability to obtain personalised predictions of mortality risk based on each
patient’s DO-GAP index trajectory. Figure 5 provides a representation of four patients in the PFF-PR that
returned for follow-up lung function testing after initial testing and depicts how each individual’s risk

1.00

0.75

0.50

0.25

0.00

O
b

se
rv

e
d

 m
o

rt
a

li
ty

Predicted mortality
0.00 0.25 0.50 0.75 1.00

Test

Intercept
Slope
Joint

Wald �2

0.06
1.26
1.46

p-value

0.80
0.26
0.48

FIGURE 2 Calibration of the Distance-Oxygen-Gender-Age-Physiology (DO-GAP) index by stage in the
Pulmonary Fibrosis Foundation-Patient Registry (PFF-PR). Smoothed pseudovalues (dashed lines) with
pointwise 95% confidence intervals (shaded area) are plotted against predicted event probabilities at 2 years of
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profile differs based on repeated scoring. Figure 6 provides a more detailed examination of the clinical
course of one typical patient in the PFF-PR and how that patient’s predicted survival changed based on
repeated functional evaluation.

Discussion
In this evaluation of IPF prognosis among patients enrolled in the PFF-PR, we assessed the performance of
the DO-GAP index in a well-characterised registry cohort of real-world patients with IPF. We found that
the DO-GAP index significantly outperforms the GAP index in the baseline prediction of transplant-free
survival, and this finding was persistent over several subgroup analyses including when prediction was
confined to only patients taking antifibrotic medications. Further, the DO-GAP index accurately identified
the risk of IPF-related transplant-free survival and finally, we demonstrated that DO-GAP index trajectory
over time is reflective of overall prognosis and can be incorporated to estimate prognosis accurately on an
individual level.

Several models exist to predict survival in IPF [2–6]. Of these models, some attempt to estimate prognosis
incorporating baseline data, while others include clinical factors over a 6-month period to improve risk
prediction [3, 5]. The GAP index is the most commonly used model to predict prognosis in IPF; however,
significant changes in clinical care have occurred resulting in improvement in overall survival of patients
with IPF since it was developed in 2011 [15, 16]. In addition, no baseline or longitudinal clinical

1.00

0.75

0.50

0.25

0.00

C
u

m
u

la
ti

ve
 in

ci
d

e
n

ce

Years
0 1 2 3

p<0.001

Stage IIIStage I Stage II

Year 1 2 3

Stage I

Stage II

Stage III

0.9
12.4
28.3

6.9
24.9
39.4

15.5
35.2
47.9

FIGURE 4 Cumulative incidence curves for idiopathic pulmonary fibrosis-related mortality from the time of
initial pulmonary function testing based on idiopathic pulmonary fibrosis stage defined by the
Distance-Oxygen-Gender-Age-Physiology (DO-GAP) index. Table beneath figure includes the estimated observed
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TABLE 2 Association of Distance-Oxygen-Gender-Age-Physiology (DO-GAP) index trajectory and transplant-free
survival

Trajectory variable Association parameter α (hazard ratio) 95% CI p-value

Model 1# DO-GAP Index (ordinal scale) 1.31 1.19–1.46 <0.001
Model 2¶ DO-GAP Index (per doubling) 3.03 1.71–6.59 <0.001

#: joint model with DO-GAP index modelled on an ordinal scale to provide easy to understand association
parameter of the hazard ratio associated with a 1-unit increase in current true value of DO-GAP index; ¶: joint
model based on log-transformed DO-GAP index, hazard ratio represents risk per doubling of DO-GAP index.
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prediction model has demonstrated sufficient clinical utility to be included in clinical practice guidelines
for the care of IPF patients [15, 17]. Furthermore, although the original GAP index has been updated to
incorporate change in clinical status at 6 months, this adaptation is limited by its development among
clinical trial participants and the utility of trends in this score beyond the 6-month period is unclear [3]. A
further limitation is that the baseline and longitudinal versions of the GAP index include different
parameters, which makes the incorporation of these models in day-to-day practice challenging [2, 3]. The
relative improvement in the C-statistic of the DO-GAP index compared to the original GAP index of 0.06
for baseline transplant-free survival prediction observed in this cohort is consistent with a large overall
improvement in model discrimination and is similar to the improvement noted in the initial derivation and
validation of the DO-GAP index [8, 18]. Further, the DO-GAP index demonstrated better overall
calibration, which may reflect its construction in a more contemporary cohort. Notably, the GAP index was
developed to predict overall survival considering lung transplantation as a competing risk [2]. To ensure
appropriate comparison, as a sensitivity analysis, we applied both models in this manner, and
discrimination remained improved utilising the DO-GAP index compared to the GAP index. Model
calibration when applied for this outcome (overall survival with lung transplantation as a competing risk)
was worse for both models. Specifically, the GAP index overpredicted risk across all stages and time
points (“miscalibration in the large”), while the DO-GAP index overpredicted mortality only for patients at
the highest observed risk levels. This may reflect an expected change in risk of death at the time of lung
transplantation in patients that underwent this procedure. A significant strength of this study was the ability
to compare predicted to observed event frequency on an individual basis (“strict calibration”) given access
to the original DO-GAP index derivation cohort [19]. We chose not to refit the DO-GAP index as we
judged the magnitude of observed miscalibration to be acceptable, and further, the model was well
calibrated to predict transplant-free survival, which represents a clinically meaningful end-point in the care
of patients with IPF.
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FIGURE 5 Personalised prediction of 3-year overall transplant-free survival of four study patients. Predictions
are based on model 2 in table 2. Asterisks represent Distance-Oxygen-Gender-Age-Physiology (DO-GAP) score
(expressed as log-transformed value) at baseline and then subsequent follow-up encounters up to 1 year after
enrolment in the Pulmonary Fibrosis Foundation-Patient Registry. Patient A (deceased after 1.6 years of
follow-up) has a high score (DO-GAP stage III) consistently over time and, thus, has lower survival probability
compared to patient B (alive at 3 years), who starts at a similarly high score and then improves over time.
Likewise, Patient C (alive at 3 years) has a moderate DO-GAP index which remains stable over time and has a
much lower risk of death compared to patient D (deceased after 1.8 years of follow-up), who starts at the same
score but experiences a progressive worsening over the course of 1 year.
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IPF is a progressive disease with a worse prognosis than many forms of cancer [20]. Prior evidence
suggests clinical judgement in estimating disease trajectory in such diseases is often quite poor [21, 22]. In
IPF, accurate prognostication is critical to prepare patients for their expected disease course and further, to
ensure identification and referral of individuals with IPF who may be candidates for lung transplantation.
Relatedly, existing IPF clinical prediction tools based on proportional hazards models apply at the group
level, and such predictions can be inaccurate on an individual patient basis [21]. Further, a number of
studies that have evaluated the change in functional measures of IPF over a longitudinal time frame have
employed statistical techniques that do not account for endogenous covariates [3, 23–25]. The joint
longitudinal and time-to-event modelling framework simultaneously estimates both longitudinal and
time-to-event components, making it better suited for evaluating longitudinal parameters contingent upon
the longitudinal outcome [14]. This modelling technique has been applied previously in diseases related to
respiratory health; however, application of this modelling technique to personalise disease prediction is rare
overall, but becoming increasingly common in other fields [26–29]. This technique holds exciting
opportunities to improve the care of patients with IPF as well as other respiratory diseases. Conceptually,
tools to individualise event prediction based on trajectory of clinical risk scores or biomarkers could be
incorporated into electronic health record decision tools as relevant technology improves [30].

The International Society for Heart and Lung Transplantation (ISHLT) suggests that patients with a chronic
end-stage lung condition with a >50% 2-year mortality risk without transplant may be acceptable
candidates for consideration of lung transplantation [17]. In figure 6, we demonstrate how the risk profile
of a patient (“Patient B”) in the PFF-PR cohort changes over time. Individual prediction confidence is
quite poor based on a single “snapshot” assessment at the time of enrolment in the PFF-PR, but the
confidence in disease trajectory improves dramatically as additional data are collected over the course of a
year. Based on a single assessment of the DO-GAP index at entry in the PFF-PR, this patient would be
classified as DO-GAP stage III disease with an associated estimated survival at 2 years of roughly 50%.
Based solely on this initial value, the patient may be deemed to meet the ISHLT threshold for
consideration of lung transplantation. With the benefit of additional DO-GAP index assessment over the
course of 1 year, this individual patient’s predicted survival for an additional 2 years is estimated to be
>80% and our confidence in this latter prediction improves dramatically.

The GAP index has been used in prior clinical trials to risk stratify patients but has never been employed
in a serial fashion to provide better longitudinal prognostication. In fact, its performance in this regard is
likely to be suboptimal as there are only two components of the GAP index that might be subject to
meaningful change (DLCO% and FVC%). This current analysis demonstrates the excellent performance
characteristics of serial change in the DO-GAP index. As such, the DO-GAP index might not only be
useful in baseline risk stratification, but also possibly as a clinic trial end-point as there are four modifiable
components (FVC%, DLCO%, 6MWT distance and oxygen needs).
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FIGURE 6 Change in personalised risk prediction of transplant-free survival for a representative patient (Patient B). Plots from left to right
demonstrate predictions and their associated 95% confidence intervals based on available functional testing over the course of 1 year after registry
enrolment. Asterisks represent Distance-Oxygen-Gender-Age-Physiology (DO-GAP) score (expressed as log-transformed value) at baseline and then
subsequent follow-up encounters. With repeated testing, predicted survival and the confidence in this prediction improve dramatically.
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Our study has a few limitations. First, the race of patients included from the PFF-PR was almost
exclusively white. Though the age of non-white patients in the original external validation cohort of the
DO-GAP was higher, the overall number of non-white patients thus far assessed by the model is small, and
as a result, further study in different geographic and racially diverse populations is important. Additionally,
the DO-GAP index includes factors such as categories of age and gender which are unlikely to change
over time. Joint modelling of scores based on continuous factors or scores with different parameters may
produce even more accurate estimates of prognosis; however, this was beyond the scope of our current
research. Likewise, the DO-GAP index improved upon the GAP index by the inclusion of exercise
capacity parameters. In some settings, it may be challenging or impractical to collect necessary lung
function testing and 6MWT on a routine longitudinal basis. Additionally, though the administration of
antifibrotics at the time of initial spirometry was included in the longitudinal model, the effect of changes
in treatment over time or of individual antifibrotic medications on mortality were not examined in this
current work. Further, it may be possible that changes in other factors, such as the inclusion of
radiographic parameters or biomarkers, may further improve the model. Finally, this study was a
retrospective evaluation of an existing patient registry. Notably, the PFF-PR included patients with
comorbidities in addition to IPF. For instance, nearly 20% of the patients in this cohort were recorded as
having extrapulmonary malignancies. Though the inclusion of patients in model validation with
comorbidities is valuable to ensure a broadly applicable model, it remains possible that the model may not
accurately reflect the population prognosis in regions where the prevalence of such comorbidities is
different. Relatedly, comorbidities with prognostic value in IPF, such as pulmonary hypertension, were
based on reported data from registry centres. This reporting may reflect use of various diagnostic strategies
and case definitions which were likely not standardised across all reporting centres. Though updated
frequently to attempt to capture patient outcomes, the PFF-PR requires timely reporting by enrolled sites to
ensure accuracy. Bias may have been introduced if outcome data related to patient deaths was not provided
in all instances. Patient follow-up for subsequent testing after the initial encounter is complicated by many
factors including but not limited to geographic proximity to treatment centres, patient compliance,
inconsistent follow-up testing and disease severity. Though joint longitudinal and time-to-event modelling
is well suited for application in this situation and allows for valid inferences in the setting of missing data,
the utility of our joint model should be externally validated [31].

In summary, we compared two existing baseline multidimensional models for the prediction of
transplant-free survival in IPF. In a large real-world patient registry, we found that the DO-GAP index,
which incorporates exercise capacity into the GAP index, provides significantly better baseline risk
prediction compared to the GAP index. Further, we extended this model to the baseline prediction of
IPF-related survival and found a similar improvement in predictive performance. Finally, we demonstrated
that the DO-GAP trajectory over time can be incorporated to adjust and more accurately estimate prognosis
on an individual patient basis. These results confirm the DO-GAP index as a validated tool that can be
incorporated into clinical practice for the baseline risk assessment of IPF. The DO-GAP index may also
find utility in the context of clinical trials to risk stratify patients, while the joint model may prove to have
a role as a clinical trial end-point. Further studies are still necessary and strongly encouraged to confirm the
utility of longitudinal DO-GAP index assessment for individualised IPF survival prediction thus enabling
dynamic, real-time patient counselling.
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