
oxygenation in patients with severe respiratory failure from COVID-19.
Intensive Care Med 2021;47:208–221.

6. Urner M, Barnett AG, Bassi GL, Brodie D, Dalton HJ, Ferguson ND, et al.;
COVID-19 Critical Care Consortium Investigators. Venovenous
extracorporeal membrane oxygenation in patients with acute covid-19
associated respiratory failure: comparative effectiveness study. BMJ
2022;377:e068723.

7. Terragni PP, Del Sorbo L, Mascia L, Urbino R, Martin EL, Birocco A, et al.
Tidal volume lower than 6 ml/kg enhances lung protection: role of
extracorporeal carbon dioxide removal. Anesthesiology 2009;111:
826–835.

8. Bein T, Weber-Carstens S, Goldmann A, M€uller T, Staudinger T,
Brederlau J, et al. Lower tidal volume strategy (�3 ml/kg) combined with
extracorporeal CO2 removal versus ‘conventional’ protective ventilation
(6 ml/kg) in severe ARDS: the prospective randomized Xtravent-study.
Intensive Care Med 2013;39:847–856.

9. Combes A, Fanelli V, Pham T, Ranieri VM; European Society of Intensive
Care Medicine Trials Group and the “Strategy of Ultra-Protective lung
ventilation with Extracorporeal CO2 Removal for New-Onset moderate to
severe ARDS” (SUPERNOVA) investigators. Feasibility and safety of
extracorporeal CO2 removal to enhance protective ventilation in acute
respiratory distress syndrome: the SUPERNOVA study. Intensive Care
Med 2019;45:592–600.

10. Brusatori S, Zinnato C, Busana M, Romitti F, Gattarello S, Palumbo MM,
et al. High vs. low flow extracorporeal respiratory support in

experimental hypoxemic acute lung injury. Am J Respir Crit Care Med
2023;207:1183–1193.

11. Combes A, Tonetti T, Fanelli V, Pham T, Pesenti A, Mancebo J, et al.
Efficacy and safety of lower versus higher CO2 extraction devices to
allow ultraprotective ventilation: secondary analysis of the
SUPERNOVA study. Thorax 2019;74:1179–1181.

12. Abrams D, Agerstrand C, Beitler JR, Karagiannidis C, Madahar P,
Yip NH, et al. Risks and benefits of ultra-lung-protective invasive
mechanical ventilation strategies with a focus on extracorporeal
support. Am J Respir Crit Care Med 2022;205:873–882.

13. McNamee JJ, Gillies MA, Barrett NA, Perkins GD, Tunnicliffe W,
Young D, et al.; REST Investigators. Effect of lower tidal volume
ventilation facilitated by extracorporeal carbon dioxide removal vs
standard care ventilation on 90-day mortality in patients with acute
hypoxemic respiratory failure: the REST randomized clinical trial. JAMA
2021;326:1013–1023.

14. Goligher EC, Costa ELV, Yarnell CJ, Brochard LJ, Stewart TE,
Tomlinson G, et al. Effect of lowering Vt on mortality in acute
respiratory distress syndrome varies with respiratory system elastance.
Am J Respir Crit Care Med 2021;203:1378–1385.

15. Dianti J, McNamee JJ, Slutsky AS, Fan E, Ferguson ND, McAuley DF,
et al. Determinants of effect of extracorporeal CO2 removal in
hypoxemic respiratory failure. NEJM Evid (In press)

Copyright © 2023 by the American Thoracic Society

Defining the Genetic Landscape of Idiopathic Pulmonary Fibrosis:
Role of Common and Rare Variants

Idiopathic pulmonary fibrosis (IPF) is a disease with complex
pathophysiology, in which genetic and environmental factors play
significant roles; however, their relative contributions remain
undefined (1). Understanding the genetic basis of IPF can help define
its heritability, risk, pathogenic mechanisms, and therapeutic targets.
Evidence for genetic risk stems from observations that 5–20% of
patients with IPF have relatives with fibrotic interstitial lung disease
and that genetic variants identified in familial forms of pulmonary
fibrosis (FPF) are present in nonfamilial, or “sporadic,” IPF (2).
As genetic determinants could significantly contribute to disease,
investigators have sought to identify the full scope of genetic variants
that account for IPF risk.

Increasingly powerful methodologies have elucidated the genetic
landscape of IPF, including candidate gene screens, genome-wide
association studies, whole exome sequencing (WES), and most
recently whole genome sequencing (WGS). These methods have
identified both common (typically with minor allele frequency
[MAF]> 0.05) and rare variants (RVs) (variably defined as
MAF< 0.0001–0.01). Common variants are more likely to be found
in healthy individuals, whereas RVs tend to cosegregate with affected

families and more clearly contribute to disease pathogenicity (3).
To date, at least 25 genetic loci have been associated with IPF (4, 5).
The most prevalent is the MUC5B risk allele, which accounts for up
to 30% of IPF risk and is also present in 10–20% of the general
population (6, 7). IPF RVs have been identified in the telomere-
related genes (TRGs) TERT, RTEL1, and PARN (8–12); surfactant-
related genes (13–15); and the mitotic spindle gene KIF15 (4, 16).
Of note, non-TRGs have not been consistently replicated across
studies andmethodologies (7, 10, 12, 16–18).

In this issue of the Journal (pp. 1194–1202), Peljto and colleagues
(19) further define the scope of RVs in IPF by usingWGS from the
Trans-omics for PrecisionMedicine (TOPMed) program. Compared
with prior methods, WGS provides a more unbiased analysis of both
coding and noncoding regions. Peljto and colleagues included 2,180
IPF cases and 2,457 control subjects (without interstitial lung disease),
split into discovery and validation cohorts. Cases of IPF were defined
using diagnostic criteria from international society guidelines (20).
The primary analysis focused on putative loss-of-function RVs
(MAF< 0.01). Five RVs were significantly associated with IPF in the
discovery cohort, but only RTEL1 remained significant in the
validation cohort. A prespecified secondary analysis included
missense variants and identified only TERT as significant. However,
SPDL1, a gene involved in cell division checkpoint regulation, was
modestly associated with IPF, as previously reported (4, 21, 22).
Notably, the authors used the Rare Variant Filtering Tool to
determine that a single variant in each of RTEL1, TERT, and SPDL1
genes accounted for most of the increased risk for IPF for that RV.
Patients with FPF were more likely to carry the influential variant in
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TERT but not in RTEL1 and SPDL1. Two potentially novel common
variants were also identified (inMCL1 and ENSG00000260803) that
require further validation.

Peljto and colleagues were among the first to useWGS to
examine genomic noncoding regions for RVs in IPF and have
affirmed previous findings that TRGs represent the most significant
RVs in IPF. The authors used well-defined and prespecified
preliminary, primary, secondary, and meta-analyses, which limits
potential biases. Use of the Rare Variant Filtering Tool provides
potentially useful information by highlighting individual RVs in
genes with the strongest influence on IPF risk. This may be important
in prioritizing variants for prognostication and personalizing care for
patients with IPF and their families. These results are further
supported by a contemporaryWGS study of exonic variants that
identified TERT and RTEL1 as the only significant RVs contributing
to risk (23).

Major contributions of this study are determining that the
genetic heritability of IPF is 32% and providing additional evidence
that most heritability is determined by common variants. Hence, we
agree with the conclusion that the overall SNP contribution to IPF
heritability may only modestly change as larger andmore diverse
population genomes are studied. However, efforts to identify
additional RVs should continue, as their discovery will provide novel
insights into IPF pathogenesis. For example, the discovery ofKIF15
(16), a mitotic spindle–related gene, could uncover novel disease
mechanisms and contribute to drug discovery. As the cost of
sequencing decreases andmore patients undergo genetic testing, it will
be important to continue defining pathogenic RVs using larger studies
in diverse populations with refinement of statistical methodologies.

There are several limitations to the study. First, the analysis of
Peljto and colleagues was restricted to IPF cases of European ancestry,
which potentially reduces the pool of RVs. For example, KIF15was
identified inWES andWGS studies when non-European individuals
were included (4, 24). Second, MAF cutoffs have been inconsistent
across studies. In a large cohortWES study, the MAF was 0.005 (10),
which is lower than that used by Peljto and colleagues. Third, because
RVs are, by definition, rare, splitting the sample into a discovery and
validation cohort may have resulted in loss of significance of RVs in
the validation cohort that were significant in the discovery cohort.
Together, these limitations may explain why only two RVs (three if
significance limitations are less stringent) were associated with IPF,
whereas previous studies identified additional non-TRG RVs, such as
SFTPC (13) and KIF15 (16). Last, in the bulk of the analysis, familial
and sporadic IPF were grouped together. As FPF is more strongly
associated with pathogenic RVs, it may be useful to investigate
genetic risk solely in sporadic IPF.

We believe that this study represents an important contribution
to further refine the genetic landscape of IPF; however, it may be
difficult to estimate the risk of acquiring IPF by genetic studies alone,
as myriad gene–gene and gene–environment interactions are likely to
contribute to the phenotypic penetrance of individual genetic
variants. To fully determine the genetic and environmental
contribution to IPF risk, more studies are needed on the “exposome,”
which integrates the entirety of an individual’s exposure starting from
conception, including genomic, metabolic, and other -omics
approaches (25). Continued efforts at understanding factors that
contribute to IPF risk will ultimately allow better prognostication and
therapies for patients and their families.�
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Could DNA Fragments Be the Key to Early Detection of Lung Cancer?

In the United States, lung cancer remains the leading cause of cancer-
related mortality, accounting for an estimated 136,000 deaths in 2023
(1). The survival of patients with lung cancer at 5 years after diagnosis
has improved to 23%, although it remains considerably lower than
survival rates observed for other common cancers such as breast,
colon, and prostate cancer. Multiple clinical trials have now confirmed
the efficacy of annual low-dose computed tomographic (LDCT)
screening in reducing lung cancer mortality (2–4); however, the
implementation of LDCT screening at the population level has proven
difficult because of challenges in eligibility determination and concerns
regarding potential harm from false-positive imaging results, radiation
exposure, andmorbidity from invasive diagnostic procedures (5).
Internationally, lung cancer screening implementation remains
limited; although there has been more rapid uptake in some
countries in Asia, the inclusion of low-risk individuals may influence
population-level outcomes (6, 7). Thus, in the short run, the use of
LDCT is likely to have only a limited impact on the global disease
burden of lung cancer. Advocates of alternative noninvasive

approaches to lung cancer screening have suggested that accurate
blood-based assays have the potential to overcomemany of the
limitations observed with LDCT.

The ability to noninvasively interrogate genomic and epigenomic
changes in circulating cfDNAmay transform the landscape of early
lung cancer detection. Plasma cell-free DNA (cfDNA) arises from
chromatin fragmentation that occurs during cell death; it is shed into
circulation and can be isolated from plasma obtained through a
routine blood draw (8). Plasma cfDNA contains circulating tumor
DNA (ctDNA), which is DNA specifically shed from tumor cells and
represents only a small fraction of the total cfDNAmolecules. ctDNA
can be detected by utilizing highly sensitive sequencing assays to
identify tumor-specific genetic alterations. The use of ctDNA, often
termed “liquid biopsy,” is already an integral part of routine clinical
practice for noninvasive tumor genotyping in advanced non–small cell
lung cancer as well as other malignancies; however, its use remains
limited for the detection of early-stage disease. Although
advancements in sequencingmethodologies and computational
biology have improved the yield of rare ctDNA somatic variant
detection, the scarce amount of ctDNA shed into circulation by small
tumors, typically,0.1% of the total cfDNA concentration, is often
below the limit of detection of current sequencing assays (9). In
addition, most cancer-derived DNA fragments are unmutated and are
thus not detected by mutation-based technologies. Several tumor
genotype–naive cfDNA-sequencing strategies have emerged to help
mitigate this limitation for early cancer detection that assess
epigenetic features such as methylation and fragmentation patterns.
Whole-genome sequencing analyses have shown that cfDNA
fragment sizes are more variable in cancer patients, compared with
those in healthy individuals (10–13), and that tumor-derived cfDNA
fragments tend to have shorter size distributions compared with
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