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The journey of a thousand
miles begins with 1 step
Luca Malcovati | University of Pavia and IRCCS S Matteo Hospital Foundation

In this issue of Blood, Reilly et al analyze TERT rare variants in a large cohort of
patients withmyelodysplastic syndrome (MDS) enrolled in the Center for Inter-
national Blood and Marrow Transplant Research (CIBMTR) database. They
cloned all variants, quantified their impact on telomere elongation in cell-
based assays, and proved their association with inferior posttransplant
outcome.1

This study has implications for both clinical
and translational research. The pathophys-
iology of MDS has remained largely
obscure for a long time. High-throughput
DNA sequencing has identified the key
somatic mutation drivers of this type of
malignancy, including splicing factors,
DNA methylation, chromatin modifica-
tion, transcription regulation, DNA repair,
and signal transduction.2 In 2016, the
World Health Organization classification
added germline predisposition to mye-
loid neoplasms.3 This change has helped
reveal the relatively well-hidden world of
germline mutations in apparently spo-
radic hematologic cancers associated
with a spectrum of underlying conditions.
However, the relative contribution of the
germline genetic component to the path-
ophysiology of MDS, as well as its clinical
implications, still needs to be elucidated.

Indeed, some disorders seem to have
high penetrance and strong clinical
expressivity that raise clinical suspicion,
whereas others, such as germline
DDX41 mutations, do not.4 In addition,
even within those mutations associated
with organ dysfunction, clinical expres-
sion may be extremely variable, which
results in late onset or incidental diagno-
sis in adulthood.5

Reilly et al analyzed a large cohort of 1514
MDS patients in the CIBMTR repository
and research database who had banked
whole peripheral blood DNA, as well as a
separate cohort of 401 adult patients
with non-Hodgkin lymphoma who had
been treated with autologous stem cell
transplantation as a control group. In a
previous study on the same CIBMTR
cohort, the authors reported compound

heterozygous mutations in the
Shwachman-Diamondsyndrome–associated
SBDS gene in young adults with MDS
that were associated with a remarkably
shorter posttransplant survival.6 More
recently, using the same cohort, the
authors measured relative telomere
length in blood samples from pretrans-
plant recipients and found a significant
association with inferior survival
because of a high risk of nonrelapse
mortality (NRM).7 On the basis of this
information, Reilly et al analyzed TERT
rare variants in the CIBMTR cohort and
found a non-negligible prevalence of
2.7% in patients with no clinical diagno-
sis of telomere biology disorder. In line
with their previous findings, functionally
relevant TERT mutations proved to be
clinically relevant, significantly affecting
posttransplant outcome, mainly as a
consequence of an increased incidence
of NRM. Overall, these results concur to
sustain systematic genetic screening of
germline variants in patients who are can-
didates for allogeneic stem cell transplan-
tation to guide risk-adapted approaches
and inform donor selection.

Although next-generation sequencing
(NGS) technologies have helped pave
the way to integrating somatic mutation
analysis into the diagnosis process,
disease classification, and risk assessment,
they have also fostered a harmful feeling
of having a solution to every (diagnostic)
problem within arm’s reach. Indeed, not
all that glitters is gold, and the study by
Reilly et al nicely illustrates the huge effort
and the translational research method-
ology that must be applied to generate
a robust basis of evidence for interpreting
NGS test results in our clinical practice. In
fact, high-throughput genome sequenc-
ing outputs a plethora of data (variants)
of uncertain significance, of which we do
not yet know the actual relevance for pro-
tein function and, consequently, their clin-
ical value.

Standards and guidelines for interpreting
sequence variants have been developed
to provide guidance for interpreting
genetic tests by integrating a spectrum
of information sources, including popula-
tion data, computational data, functional
data, and segregation data, and by adopt-
ing of standard terminology.8 In addition,
the Clinical Genome Resource (ClinGen;
https://clinicalgenome.org), a large col-
laborative effort funded by the National
Institutes of Health, has been promoted
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with the aim of building a central resource
that defines the clinical relevance of genes
and variants for use in precision medicine
and research.9 Furthermore, a ClinGen
Myeloid Malignancy Variant Curation
Expert Panel has been created collabora-
tively with the American Society of Hema-
tology to make gene- and disease-
specific modifications for inherited mye-
loid malignancies and to incorporate
strength adjustments of existing rules,
including calculation of minor allele fre-
quency thresholds, identification of

functional domains and mutational hot-
spots, establishment of functional assay
thresholds, and characterization of
phenotype-specific guidelines.10

Despite these efforts, in many cases, the
classification of germline variants remains
challenging, mostly because of the lack
of appropriate functional studies and cell
models. Classification becomes even
more challenging when applying these
analyses to genetic defects with mild or
even absent clinical expressivity or when

analyzing newly identified genes for which
the available evidence is scanty. Thus, the
study by Reilly et al provides a paradigm
of the approach that has to be adopted
to generate the evidence required for
interpretation of germline variants (see fig-
ure). After identifying TERT raremutations,
they undertook the huge effort of cloning
each single variant and quantifying its
impact on telomere elongation in in vitro
assays. This allowed them to identify var-
iants that exhibited severe or intermediate
impaired or preserved capacity to

Workflow for the study by Reilly et al. By analyzing a cohort of 1514 MDS patients enrolled in the CIBMTR database, the authors identified rare TERT variants, quantified their
functional impact on telomere elongation, and proved their clinical relevance, eventually laying the foundations for evidence-based indication for patients screening and
risk-adapted protocols. CTE, C-terminal extension [domain]; NMR, nonrelapse mortality; RTD, reverse transcriptase domain; SCT, stem cell transplantation; TEN, telomerase
essential N-terminal [domain]; TRBD, telomerase RNA-binding domain.
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elongate telomeres, which generated
the evidence required to apply the anal-
ysis of these variants in the clinical
setting.

In summary, this study adds a relevant
contribution to the field by providing
further evidence of the as yet underesti-
mated effect of germline predisposition
to apparently sporadic myeloid neo-
plasms with myelodysplasia, and by
moving a step forward on the long jour-
ney toward accumulating the evidence
required for clinical implementation of
germline testing in myeloid malignan-
cies. With this aim in mind, collaborative
efforts and international networking are
warranted more than ever before,
because the set of genes of potential
interest is large (and continually increas-
ing), genes that confer predisposition to
myeloid cancer are (almost invariably)
rare, which compels large international
cohorts to reach adequate sample size
and, last but not least, consensus-
based standardized variant curation is

essential for making recommendations
for clinical care.
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