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The integration of clinical exome sequencing into routine medical practice has fundamentally
changed the diagnostic pathway for rare genetic disorders.? Clinical exome sequencing is

increasingly performed for patients with neurological, cardiovascular, immunological, and

multisystem conditions, often revealing pathogenic variants unrelated to the original indication for
testing. In this issue of Haematologica, D'Apolito et al.® provide the first systematic estimate of

pathogenic or likely pathogenic variants across the complete International Society on Thrombosis
and Haemostasis (ISTH) Tier 1 gene set in individuals undergoing exome sequencing for conditions
unrelated to inherited disorders of hemostasis. Their findings offer an important perspective on how
frequently genetic predisposition to bleeding, thrombotic, and platelet disorders may be

encountered outside hematology practice.

The results are striking. Among 1,135 consecutive individuals undergoing clinical exome sequencing,
103 carried pathogenic or likely pathogenic variants in ISTH Tier 1 genes, corresponding to an overall
frequency of 7.5%. After consideration of the established inheritance pattern and the expected
biological consequences of each genotype, 47 individuals (4.1%) were classified as carrying
potentially clinically actionable incidental findings.3 These figures should not be interpreted as
estimates of disease prevalence. Rather, they demonstrate that disease-associated genetic variation
in hemostasis genes is encountered with appreciable frequency during routine genomic testing,
even among individuals who were not referred because of a suspected bleeding, thrombotic, or

platelet disorder.

These findings also raise the possibility that inherited bleeding disorders, particularly mild forms,
remain clinically underrecognized. The absence of a recognized bleeding phenotype does not
necessarily exclude an underlying disorder, as mild bleeding may become apparent only during
major hemostatic challenges such as surgery, trauma, dental procedures, or pregnancy. This may be
particularly relevant in individuals who have not previously encountered circumstances capable of
revealing a bleeding tendency. The identification of disease-associated variants in apparently
unaffected individuals therefore suggests that the burden of genetic susceptibility to bleeding
disorders may exceed that captured by current clinical diagnoses and highlights the potential value
of genotype-first approaches in facilitating their recognition. This concept is consistent with
previous reports suggesting that von Willebrand disease (VWD), rare bleeding disorders, hemophilia

A/B in female carriers, and inherited platelet disorders may be substantially underdiagnosed.“'8



This issue is particularly relevant in VWD. Sixteen individuals in the present cohort carried
pathogenic or likely pathogenic VWF variants, including variants associated with type 1, type 2B,
type 2N VWD, and low VWF. Population-based studies have suggested that reduced VWF levels and
disease-associated VWF variants are more common than clinically diagnosed VWD.* The present
findings reinforce the concept that VWD occupies a broad biological and clinical spectrum, ranging
from individuals with little or no spontaneous bleeding to those with clinically significant
hemorrhagic manifestations. The phenotype associated with a given VWF genotype may be
influenced by variant-specific effects as well as by additional genetic, environmental, and

hemostatic modifiers, further complicating the interpretation of incidental findings.4

An important distinction is that the classification of findings as potentially actionable was based on
the expected disease-associated genotype and the established inheritance pattern of each gene,
rather than on demonstrated clinical penetrance.3 Thus, heterozygous variants in autosomal
recessive disorders were considered carrier states and were not classified as actionable incidental
findings, whereas genotypes compatible with disease were retained. Nevertheless, a disease-
associated genotype does not necessarily imply a fully penetrant clinical disorder. This may be
especially relevant in inherited disorders of hemostasis, where genotype—phenotype relationships
can be highly variable, for example, in disorders caused by variants in SERPINC1, PROC, PROS1, F12,
F11, F7, VWF, fibrinogen genes (FGA, FGB, FGG), and F5/F2 thrombophilia variants.” Because the
study of D’Apolito et al 3 was not designed to evaluate genotype—phenotype correlations, these
findings should be interpreted alongside personal and family history as well as laboratory phenotype

whenever possible.

The study also highlights an important gap in the current framework for secondary genomic findings.
Despite the clinical relevance of inherited bleeding, thrombotic, and platelet disorders, genes
responsible for these conditions are not currently included in the American College of Medical
Genetics and Genomics (ACMG) recommended secondary finding list.2° This likely reflects the
substantial variability in penetrance, expressivity, and clinical actionability across these disorders
rather than a lack of clinical importance. Although several findings identified by D'Apolito et al.3 may

have implications for perioperative management, pregnancy, invasive procedures, thrombotic risk
assessment, surveillance, and family counseling, potential clinical relevance should not be equated

with established actionability. Determining which hemostasis genes and more importantly, which



specific variants or genotypes should be reported as secondary findings remains unresolved.
Defining these criteria will become increasingly important as genomic testing becomes more widely
accessible and incidental findings are encountered more and more frequently in routine clinical

practice.

The work further underscores a broader shift occurring throughout medicine. Traditionally,
inherited disorders of hemostasis have been diagnosed through a phenotype-first pathway, in which
bleeding history, thrombotic events, family history, and laboratory abnormalities drive genetic
investigation. Genome-scale sequencing may reverse this paradigm, placing the genotype at the
beginning rather than the end of the diagnostic process. However, the emerging genotype-first
model should not become a genotype-only model. Rather, incidental genomic findings should be
viewed as signals prompting targeted clinical evaluation, laboratory investigation, and, where

appropriate, family assessment. In this context, genetic findings complement rather than replace

careful clinical phenotyping.11

Ultimately, the study by D'Apolito et al.3 should not be viewed simply as a catalogue of incidental
variants. It highlights a fundamental question for contemporary hematology: determining what a
pathogenic genotype means when it is identified before a clinical phenotype. As clinical exome
sequencing becomes increasingly integrated into medical practice, the interpretation of these
findings will require close collaboration between geneticists, hematologists, and laboratory
specialists. The expanding availability of genomic information should reinforce rather than replace
rigorous clinical assessment. In inherited disorders of hemostasis, the significance of a genotype
ultimately lies not only in whether a variant is pathogenic, but in how that genotype translates into

an individual's actual bleeding, thrombotic, or platelet phenotype.
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