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ABSTRACT

Introduction Idiopathic pulmonary fibrosis (IPF) is a form
of chronic fibrosing interstitial pneumonia with unknown
disease aetiology. Acute exacerbation (AE) of IPF is an
accelerated disease progression beyond its expected
course. A 30-day mortality of AE of IPF is 40%. While
death may occur, there is much variation in the clinical
progression of this condition. Previous attempts have been
made to investigate various possible prognostic factors
for AE of IPF; however, they have yet to be confirmed. The
aim of this systematic review is to clarify these prognostic
factors.

Methods and analysis In this review, AE of IPF is the
condition of interest, which has been defined according

to previously established diagnostic criteria. The primary
outcomes of interest include short-term all-cause mortality
and pulmonary-cause mortality. The secondary outcomes
of interest include long-term mortality and hospital
separation for the disease. Primary studies investigating
prognostic factors for AE of IPF are eligible for inclusion

in this review. All study types are permitted except case
reports. Two reviewers will search electronic databases,
such as Medline and EMBASE, from 2002 to the 1 April
2019 and extract data independently. Risk of bias in
individual studies will be assessed using the Quality in
Prognostic Studies tool. Meta-analysis will be conducted
for univariate data if at least three studies report the effect
of a specific prognostic factor using similar statistical
methods. Multivariate results will be reported qualitatively.
Subgroup analysis and sensitivity analysis will be
considered with the aim of generalising findings to the
clinical settings and drawing more robust conclusions. The
Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) method will be applied to evaluate
the quality of evidence for each prognostic factor.

Ethics and dissemination Ethical approval will not be
required. Results will be reported in a peer-reviewed
scientific journal.

PROSPERO registration number CRD42018106172

INTRODUCTION

Rationale

Idiopathic pulmonary fibrosis (IPF) is a form
of chronic fibrosing interstitial pneumonia
with unknown disease aetiology. IPF is the
most common type of pneumonia among

Strengths and limitations of this study
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» This systematic review and meta-analysis will be
the first addressing prognostic factors for acute ex-
acerbation of idiopathic pulmonary fibrosis and be
the foremost evidence for this potentially fatal dis-
ease as large-scale cohort studies investigating this
disease may prove difficult.

» This study will focus on relevant clinical information,
commonly used in clinical practice, which may facil-
itate the application of the review’s findings to the
clinical setting.

» There may be difficulty in combining the result due
to substantial heterogeneity between studies.

idiopathic interstitial pneumonias (IIPs)."
IPF is a progressive disease that can result in
death. A recent study in the USA found that
patients over the age of 65 years had a median
survival time of 3.8 years.” Another study
reported numerous complications resulting
from IPF such as lung cancer, pneumonia,
pulmonary embolism and heart failure,
with mortality often a consequence of respi-
ratory failure due to IPF.> However, after a
rapid deterioration of IPF beyond its usually
expected clinical course was recognised as
not uncommon phenomenon,® this condi-
tion was termed as acute exacerbation (AE)
of IPF and demonstrated to be a major cause
of death of the disease.” In early reports, AE
of IPF was diagnosed by excluding known
causes of disease deterioration, in particular,
eliminating potentially causative infectious
agents.® However, the latest international
guideline proposed a new diagnostic criteria
for AE of IPF, which isolates worsening symp-
toms and newly emerging bilateral radiolog-
ical opacities, rather than focusing on the
aetiology of the exacerbation.” Irrespective
of the aetiology of this phenomenon, it can
be fatal, with a 30-day mortality rate of 40%"
and a l-year mortality of over 80%.” The
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absence of effective treatment may explain the high rate
of mortality."’

The clinical course of AE of IPF can vary and does
not always lead to immediate death in affected individ-
uals."’ Recently, some studies trialling antifibrotic agents
suggested a promising preventive effect for disease
progression from IPE.'® To better prevent against the
harmful effects of AE of IPF, prognostic factors for the
disease must be determined. Identifying these factors may
help in tailoring specific treatment options to affected
patients and better anticipate the consequence of this
disease. Several studies have investigated diverse clinical
information that could be related to the prognosis of AE
of IPF. However, these studies have been limited by small
sample sizes drawn from a single institution.”” '* Further-
more, it seems unfeasible to conduct a large-scale cohort
study to compensate for this shortcoming of previous
research because unpredictable and lethal clinical course
might prevent a recruitment of a sufficient number of
participants.”” Due to the disparity of existing evidence,
the aim of the proposed systematic review and meta-anal-
ysis is to clarify prognostic factors for AE of IPF. The results
from this study will be the leading evidence available for
this condition. The aim of this article is to rationalise the
need for a systematic review of prognostic factors for AE
of IPF and outline a proposed methodology for research
integrity and transparency. Expected results of this study
will not be discussed in this article.

Research aims
The aim of the proposed systematic review is to clarify
prognostic factors for AE of IPF.

METHODS AND ANALYSIS

Patient and public involvement

There is no patient and public involvement in the whole
process of conducting this research.

Registration
This protocol has already been registered with PROS-
PERO (International Prospective Register of Systematic
Reviews).'*

Eligibility criteria

Subjects

Patients with AE of IPF are eligible for this review. IPF
will be diagnosed based on previously published interna-
tional guidelines, such as an official American Thoracic
Society/European Respiratory Society/Japanese Respi-
ratory Society/Latin American Thoracic Association
(ATS/ERS/JRS/ALAT) statement.'” AE of IPF will be
diagnosed based on the latest international guideline,
which consists of a previous or concurrent diagnosis of
IPF, acute worsening or development of dyspnoea (typi-
cally within less than 1 month), newly emerging bilateral
ground glass opacity (GGO) and/or consolidation super-
imposed on a background radiological change consistent

with usual interstitial pneumonia (UIP) on high-resolu-
tion computed tomography (HRCT) scans.” Although it
is necessary to rule out cardiac failure or fluid overload as
a cause of deterioration of IPF, infections or other poten-
tial triggers of AE of IPF do not need to be excluded,
as per the latest diagnostic criteria, which accounts for
both triggered and idiopathic cases. Accordingly, previ-
ously proposed diagnostic criteria (which emphasised
the exclusion of pulmonary infection using endotracheal
aspirate or bronchoalveolar lavage)® can be used to justify
the inclusion of idiopathic cases for the disease under the
latest diagnostic criteria.” Subjects diagnosed with a rapid
progressive form of interstitial pneumonia at their first
presentation will also be included. However, their diag-
nosis must have been accompanied by radiological and/
or pathological UIP and known causes for the disease,
such as connective tissue disease'® or drug toxicity must
have been absent.'” In cases where patients had multiple
episodes of AE of IPF, only the first presentation of the
disease will be considered for further analysis.

Exposures

Any clinical information related to demographics, symp-
toms, pulmonary functions, radiological findings and
laboratory tests will be considered as potential prog-
nostic factors for AE of IPF, provided they have been
investigated for their association with the outcomes of
the disease. These factors may include age, sex, breath-
lessness, percentage of predicted forced vital capacity,
percentage of predicted diffusion capacity of the lung for
carbon monoxide, arterial oxygen pressure, Krebs von
den Lungen-6, GGO and consolidation on HRCT.

Outcomes and prioritisation

The primary outcomes of interest will be short-term
all-cause mortality and pulmonary-cause mortality,
defined as in-hospital mortality or 30-day mortality. The
secondary outcomes of interest will include the propor-
tion of patients discharged from the hospital and long-
term all-cause mortality, determined at 90 days, 6 months
or lyear after the diagnosis of the disease or the start of
treatment. Long-term health-related quality of life will
also be considered and will be evaluated according to
a validated tool such as the 36-Item Short Form Health
Survey.”

Studies

All primary study types (excluding case reports) will
be considered for review, provided quantitative data
have been used and they describe an association between
potential prognostic factors and predefined outcomes
for AE of IPF. Furthermore, editorials, letters and review
articles will not be considered. Conference proceedings
and reports containing abstracts only will not be consid-
ered to alleviate concerns of insufficient information.
Research papers prior to 2002 will not be considered, as
2002 marked the first year when the current classification
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system of ITPs was firstintroduced.' Onlyarticles published
in English will be reviewed.

Information sources

» Medline (via Ovid 2002—present).

» EMBASE (via Ovid 2002-present).

» Science Citation Index Expanded (via Web of Science
2002-present).

» Google Scholar.

Search strategy

Two reviewers (HK and OMP) will search electronic data-
bases, such as Medline and EMBASE using subject head-
ings and text words related to study population such as
‘idiopathic pulmonary fibrosis” and ‘acute exacerbation’.
The Cochrane Database of Systematic Reviews will guide
the search process by finding reviews similar to this area
of research. Search terms will be combined with meth-
odology filters for prognosis, which can be modified
to fit each electronic database (online supplementary
appendix).”' * The Science Citation Index Expanded will
also be consulted using terms adapted from the previous
search of Medline and EMBASE. The search period spans
2002 through to 1 April 2019. The reference list of each
study eligible for inclusion in this review will also be hand-
searched to consolidate the implemented search strategy.
Grey literature for this subject area will be identified
using Google Scholar.”

Study records

Data management

All retrieved articles will be processed through EndNote
X7, where duplicates can be identified and removed.
All extracted data will be stored in a Microsoft Excel
spreadsheet.

Study selection and the data collection process

Two reviewers (HK and OMP) will independently
examine the titles and abstracts of all retrieved articles
(after removing duplicates) to identify eligible reports.
In cases where one research group conducted multiple
studies with the same outcome of interest focusing on the
same prognostic factor(s), only the study with the largest
sample size will be considered. Data will be extracted
based on a modified data extraction form used in a previ-
ously published protocol paper reviewing prognostic
factors.”® Any uncertainty or disagreement between
reviewers arising from these processes will be resolved by
discussion.

Data items

The following data will be extracted from each eligible
study: first author’s name, year of publication, study loca-
tion, study design, sample size (and their demographic
features), outcomes of interest, potential prognostic
factors for disease, potential aetiology of disease, length
of follow-up, methods for statistical analysis, summary
statistics and items associated with risk of bias.

Candidate prognostic factors

Any clinical information relevant to the prespecified
outcomes reported by a minimum of three separate
studies will be further investigated as potential prognostic
factors for this review.

Risk of bias in individual studies

The Quality in Prognostic Studies (QUIPS) tool will
be applied to assess risk of bias in individual studies.
QUIPS consists of six domains. Each domain receives
an individual bias rating (low, moderate or high), with
overall risk of bias based on the combined rating of each
domain. For example, a study showing low risk of bias
across all domains would be deemed as having low risk of
bias overall.®

Statistical analysis

Summary statistics

Where binary outcomes are presented, effect sizes will be
measured using either hazard ratios (HRs) derived from
Cox proportional hazards models®™ or odds ratios (ORs)
derived from logistic regression models.”’ Where an
outcome is presented only using a Kaplan-Meier survival
curve or log-rank test, HRs will be recalculated, as previ-
ously reported.”® Where both HRs and log-rank tests are
presented, HRs will be prioritised. ORs or risk ratios (RRs)
may be calculated manually based on absolute numbers of
the outcome of interest across two groups under compar-
ison. Where prognostic factors or the outcome of interest
are measured as continuous variables, effect sizes may
be presented as absolute values using mean difference
(calculated by the unpaired Student’s t-test) or difference
in medians (calculated by the Wilcoxon rank-sum test).

Data synthesis

Where an association between one potential prognostic
factor and an outcome of interest is presented using the
same summary statistics in three or more studies, results
will be pooled. Binary outcome will be summarised sepa-
rately using ORs, RRs or HRs. Continuous outcomes will
be combined using mean difference or standardised
mean difference (calculated as Hedge’s g),29 based on
whether outcomes are presented using the same unit(s).
When the median, range or IQR are presented for contin-
uous variables, they will be converted to a respective mean
value with an SD, using a formula reported by a previous
study.” Only unadjusted effect estimates for potential
prognostic factors will be combined. Effect estimates
from multivariate models will be described qualitatively,
as model adjustments will likely vary significantly, such
that pooling these data could be misleading. If meta-anal-
ysis is feasible from the collated data, it will be conducted
using a random-effects model employing the DerSimo-
nian and Laird method.” If possible, meta-analysis will
be conducted using the Statistical Software Package,
Review Manager (RevMan) V.5.3 (Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration,
2014). The 95% prediction interval will be calculated
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if combined results are presented and heterogeneity
between studies has been determined.” Statistical signif-
icance is considered with respect to a p-value of <0.05. If
combining data is deemed inappropriate (due to a small
number of studies or substantial clinical or methodolog-
ical variability between studies), results will be reported
qualitatively.

Heterogeneity between studies

Between-study variance will be estimated with respect to
the Tau square value and assessed using both Q) statis-
tics and the I* value. For the assessment of heterogeneity
between studies, statistical significance will be considered
with respect to a p-value of <0.1due to the low power of
the test. Magnitude of heterogeneity can be categorised
as low (0%-30%), moderate (30%-50%), considerable
(50%-70%) and substantial (70%-100%).”° To better
interpret sources of heterogeneity, subgroup analysis will
be conducted based on the definition of AE of IPF (idio-
pathic or triggered), study location (Asia or non-Asia)
and sample sizes (n<50or n=50). Sensitivity analysis will
also be conducted focusing on studies with low risk of
bias.

Reporting bias

Small study bias (such as publication bias) will be exam-
ined using graphical asymmetry of a funnel plot and
Egger’s test, if 10 or more studies are available that report
the effect of a specific potential prognostic factor for AE
of IPE.* Statistical significance will be considered with
respect to a p-value of <0.1due to the low power of the
test. If publication bias is suspected, an adjusted summary
effect will be estimated using the trim and fill method,
which considers the presumptive number of missing
studies.*

Confirmation of prognostic factors

Prognostic factors will be determined and judged based
on statistically significant findings and the consistency
of results. Prognostic factors will be confirmed if their
effects are consistently in the same direction across all
studies and statistically significant in at least 75% of the
included studies. Effects from multivariate analyses will
be considered for confirmation of prognostic factors.

Confidence in cumulative evidence

The credibility of evidence generated from this systematic
review will be assessed by the Grades of Recommenda-
tion, Assessment, Development and Evaluation (GRADE)
system. The GRADE system will be applied to the final
list of confirmed prognostic factors generated from both
univariate and multivariate results.”

ETHICS AND DISSEMINATION

Extensive ethical consideration will not be required to
conduct this systematic review as evidence will be gener-
ated from existing published data. Furthermore, patient-
level or potentially identifiable information will not

be accessed. The results of the review will be reported
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses” and Meta-analysis of Obser-
vational Studies in Epidemiology guidelines.”” A Micro-
soft Excel spreadsheet containing all data gathered for
this review will be stored in a digital repository such as
Dryad for open access after publication and may be made
available on reasonable request to the corresponding
author.

DISCUSSION

This article has outlined the rationale for a methodolog-
ically sound systematic review of prognostic factors for
AE of IPF. Due to the relative complexity of conducting
systematic reviews of prognostic factors,™ a detailed
description of the proposed methodology was required
to ensure transparency and research integrity for the
proposed study.™

There are several methodological limitations that
warrant discussion to appropriately interpret the find-
ings of this proposed study. First, prognostic factors will
be determined based on the result of multivariate anal-
ysis, which will be summarised qualitatively in this review.
This may result in the omission or misclassification of
potential prognostic factors due to the low power of indi-
vidual studies with small sample sizes. Statistical synthesis
is expected to solve this issue.*” However, pooling multi-
variate data can be misleading as adjusted variables and
the final model will be diverse between studies.*! Besides,
prognostic factors will be determined based on statistically
significant results and the consistency of findings. This is
an arbitrary measure that may disregard other potentially
viable prognostic factors for the disease. Therefore, even
if some potential prognostic factors are not confirmed in
this proposed study, we suggest that all identified factors
be examined for their clinical significance in future
research. Furthermore, the results of this proposed study
should be updated to include future research.

Second, it is likely that studies identified for this review
will be both clinically and methodologically hetero-
geneous. The included studies may contain a mix of
patients with both idiopathic and triggered forms of AE
of IPF, diagnosed using the previous (narrow)® or current
(broad) diagnostic criteria.7Additionally, the definition of
an outcome may also vary between studies. For example,
mortality may be evaluated at different timescales across
studies, such as in-hospital, 30 days, 90 days or 1year after
the diagnosis of the disease or the start of treatment.
Comparison of outcomes may be further complicated for
continuous factors, which could be categorised with arbi-
trary cut-off points, imposed by each respective research
group.” While these limitations may undermine some of
the statistical capabilities of the proposed meta-analysis, a
qualitative description of results may also provide mean-
ingful insights into prognostic factors for AE of IPF.

Finally, potential prognostic factors will be selected
for further analyses if they are reported in a minimum
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of three separate studies. Repeated mention of clinical
information may suggest clinical relevance, which could
serve to improve the applicability of our findings. By
employing this inclusion criteria, potential prognostic
factors reported by only one or two studies will be omitted.
This will deprive these potential prognostic factors from
further investigation in this study and may stifle their
further research in other studies.

Despite the potential methodological limitations
discussed in this protocol paper, we believe in the value of
clarifying current evidence surrounding prognostic factors
for AE of IPF through systematic review. Peer review of
this protocol paper will also serve to improve the integrity
and transparency of our proposed research.

CONCLUSION

This protocol paper outlined the need for a methodolog-
ically sound systematic review of prognostic factors for AE
of IPF. The methodological limitations of the proposed
study are common to research examining prognostic
factors and are largely unavoidable. Despite these limita-
tions, this study would represent the leading body of
evidence for this area of research.
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