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The RUNX1 database (RUNX1db): establishment of
an expert curated RUNX1 registry and genomics
database as a public resource for familial platelet
disorder with myeloid malignancy

Familial platelet disorder with associated myeloid
malignancy (FPD-MM, OMIM:601399)'? is a rare cancer
predisposition syndrome caused by pathogenic germline
variants in RUNX1.? Despite research dating back over
two decades, many challenges remain in improving out-
comes for individuals with FPD-MM.* Firstly, the syn-
drome may go unrecognized due to poor recognition of
family history and/or access to appropriate genetic test-
ing. Secondly, intentional screening or incidental detec-
tion (e.g., tumour-sequencing) of RUNX? variants
requires access to expert interpretation. Thirdly, after
diagnosis, the relative rarity of the disorder inhibits the
collation of sizeable local cohorts, making identification
of commonalities in disease course and/or outcome high-
ly challenging. To help overcome these significant chal-
lenges, we have developed an interactive public web-
based international collaborative database for RUNX1:
RUNX1db (https://runx1db.runx1-fpd.org/). RUNX1db is a
centralized repository for germline RUNX1 variant infor-
mation, associated next-generation sequencing (NGS)
data, and expert-curated variant information (both
germline and somatic).

We recently identified, from publications, 140 different
families with germline RUNX1 variants.* While being a
rich resource, historically reported variants are largely not
classified according to the American College of Medical
Genetics and Genomics/Association for Molecular
Pathology (ACMG/AMP) guidelines, only established in
2015.° Additionally, the Clinical Genome Resource
myeloid malignancy variant curation expert panel
(ClinGen MM-VCEP) recently created guidelines specific
for classification of germline RUNX1 variants.® Gene-spe-
cific guidelines, while important, add additional com-
plexity to the curation of identified variants. Making

c.35141G>T

c.351+1G>A o @riecQ

@R66°

983 @ruee

@steors

0

RUNX1
NM_001754

@508+ 3delA
prest:

| @esonic
6@ cs08+1A g,

available expert knowledge to accurately classify these
germline variants prevents both missing pathogenic vari-
ants or the misattribution of benign variants as causative
in families.”® Additionally, variants identified through
clinical services and research studies don’t always make
it into the public domain due to constraints associated
with the reporting of variants through publication or vari-
ant repositories. To address some of these challenges, we
updated curated variants from publications and under-
took an international survey of colleagues, identifying
unpublished variants. This study identified an additional
119 families (259 in total), with 164 unique variants.
These included ten new variants not previously described

Table 1. RUNX1database genomics cohort demographics.

Germline Total Individuals/Unique Mutations 120/47
Mutations
Age All samples: Median (range), years 40 (1-76)
Malignancy Samples: Median (range), years 43 (3-69)
Pre-leukemic: Median (range), years 34 (1-76)
Gender Males: Total/Malignancy 51723
Females: Total/Malignancy 67/29
Malignancy Subtype Total Samples/Individuals 62/48
AML: #Individuals 29
MDS: #Individuals 14
MDS/MPN: #Individuals 2
MPN : #Individuals 2
ALL : #Individuals 4
AL : #Individuals 1
Pre-Leukemic (#Samples/#Individuals) 65/56

AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; MDS/MPN:
myelodysplastic syndrome/myeloproliferative neoplasm; MPN: myeloproliferative
neoplasm; ALL: acute lymphoblastic leukemia; AL: acute leukemia.

P
OR2010 @roos-
@R201* @R204Q
J

ie‘m«aeR
S

RUNT domain variants
@ Pathogenic, n=50

Variants outside RUNT domain
@ Pathogenic, n=18

@ Benign, n=25

Exon number|
/Amino acid number

° ‘ [ RUNT domain
o 450 [""TAD domain

Whole gene and intergenic deletions
Pathogenic, n=33

Figure 1. Registry of germline RUNX1 mutations. Germline RUNX1 variants currently included in the RUNX1db registry are visualised using the ProteinPaint
web application (https;//pecan.stjude.cloud/home).*? Variants (displayed as protein changes where possible) are colour-coded according to pathogenicity clas-
sification as determined by the MM-VCEP RUNX1-specific recommendations. The number of probands for each variant is indicated within the circle where the
number is greater than one. All variants are annotated to RUNX1c; NM_001754.4; LRG_ 482.
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Malignant 62 25 36
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Figure 2. RUNX1 database genomics cohort demographic. (A) Breakdown of the number and types of NGS samples currently stored in the RUNX1db. Pre-
Leukemic: thrombocytopenia, asymptomatic Other: includes post-transplant/post-treatment and saliva samples. Both WES and panel data is analysed and
stored in the database. (B) Scatter plot displaying the age of the individual when each sample was collected. Major RUNX1db cohorts (malignancy and pre-
leukemic samples) are displayed. The median age for each cohort is represented by the vertical line. Clinical demographics of the malignancy cohort is shown
with the number of individuals with different types of FPD-MM malignancy presentation and the (C) gender and (D) age distribution; Adult >40years, AYA=15-39
years, children <14years. AML: Acute myeloid leukemia; MDS: myelodysplastic syndromes; MDS/MPN: myelodysplastic syndrome/myeloproliferative Neoplasm
overlap; MPN: Myeloproliferative Neoplasm; ALL: acute lymphoblastic leukemia; AL: acute undifferentiated leukemia.

(Figure 1 and Table S1). Using this data, we created the
first comprehensive RUNX1 germline registry and per-
formed expert curation of all variants according to the
RUNX1-specific ACMG classification rules (ALB, CNH,
LAG, LM, CDD MM-VCEP members). The registry rep-
resents the largest collection of curated and clinically
classified RUNX1 germline variants to date, providing a
unique clinical resource for researchers, clinical genomics
laboratories, and haematologists (Figure 1, Table S1).
Utilizing this resource, we have identified 97 pathogen-
ic/likely pathogenic RUNX1 variants, with 54 located
within the RUNT domain (RHD)(75% of RHD variants),
of which 24 are missense mutations. Only one pathogen-
ic missense variant is observed outside of the RHD, sug-
gesting the RHD is highly intolerant to genetic-variation.
Most commonly observed pathogenic germline RUNX1
variations are whole-gene deletions (21 probands), dele-
tion of exons 1-2 (9 probands), and mutation of amino
acid p.Arg201 within the RHD (8 probands)(Table S1).
Accessibility and update-ability of this information is
available through a live-webportal which hosts the reg-
istry (https://runxdb.runx1-fpd.org/classification/classifica-
tions). Each curated variant has links to patient-phenotyp-
ic information and the current clinical classification,
including the evidence for each ACMG code assessed and
links to external clinical databases, including ClinVar and
associated publications. Importantly, expert crowdsourc-
ing allows the real-time updating of the database through
user profile accounts. Newly-identified variants can be

easily added to the database and are automatically anno-
tated with over 137 parameters required for accurate
classification (e.g., population frequency, pathogenicity
predictions). These parameters populate a classification-
tool that guides users stepwise through the ACMG clas-
sification of new variants (or updating current classifica-
tions with new information). Once curated and classified,
collated information can be exported as an automated
classification report summary, flagged for expert-review,
shared with other users, and uploaded to ClinVar.

In addition to a germline RUNX{ variant registry,
RUNX1db has the capacity to house NGS datasets, creat-
ing the first international genomics cohort of this rare dis-
ease. This initiative intends to enable researchers to
answer questions about FPD-MM beyond germline vari-
ant detection. For example, family members, heterozy-
gous for RUNX1 mutations, can have varying clinical pre-
sentations indicating variable penetrance and expressivi-
ty. In almost all cases, germline RUNX1 carriers present
with thrombocytopenia and qualitative platelet defects,
and progression to hematologic malignancies (HM) is
incompletely penetrant with variable age of onset rang-
ing from early childhood to late adulthood.? Patients
develop myeloid malignancies most frequently, and T-
cell and, more rarely, B-cell acute lymphoblastic
leukaemia (ALL).* Currently, there is no way to predict
which individuals will progress to myelodysplastic syn-
drome (MDS), acute myeloid leukaemia (AML), or other
HM. Accumulation of somatic mutations and additional
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germline modifier variants are mechanisms proposed to
contribute to this heterogeneity. NGS technology is
widely used for surveillance and diagnosis of HM,* accu-
mulating large amounts of data often not utilized beyond
RUNX1 variant detection. Individual laboratories often
only have small numbers of patients with deleterious
RUNX1 germline variants, which makes asking larger
questions about commonalities of genotype-phenotype,
disease progression, monitoring, treatment and outcome,
difficult.” To accumulate the data required to make evi-
dence-based clinical decisions in FPD-MM, a dedicated
resource utilizing the collective wealth of NGS data gen-
erated from research and diagnostic laboratories interna-
tionally is ideal in standardizing and collating disease-
specific clinical and genomics data. The database has also
been designed for the accumulation, sharing and curation
of genomics data acquired from individuals with
germline RUNX1 mutations both pre- and post-malig-
nancy progression. We have collated 179 NGS datasets,
both whole-exome sequencing (WES) and HM gene
panel data, from 19 distinct research centres worldwide.
This includes NGS from 60 FPD-MM families and 120
individuals, making it the largest FPD-MM NGS dataset
(Figure 2). The dataset includes individuals ranging in age
from 1-76 years, malignancy phenotypes of AML, MDS,
myelodysplastic syndrome/myeloproliferative neoplasm
(MDS/MPN), ALL, and pre-leukemic phenotypes includ-
ing thrombocytopenia and asymptomatic carriers (Table
1). Detailed clinical information for each patient and
associated samples are stored on the database and can be
updated, enabling specific phenotypic-genotypic cohort
studies to be performed on the clinical spectrum of FPD-
MM. Additionally, the database can be updated easily
with new NGS data as available, including longitudinal
datasets from serial testing of individual patients. The
database allows for a comprehensive, unbiased and cus-
tomizable review of all RUNX1 germline datasets with all
raw sequencing data being analyzed through a standard-
ized bioinformatics pipeline. This is designed to identify
both somatic and germline variants and is available on
the database as variant level data (VCEF, Figure S1). Using
the integrated VariantGrid (https://github.com/SACGF/vari-
antgrid) genomics analysis software, we have curated a
panel of somatic variants for each dataset (including all
malignancy and pre-leukemic samples), prioritizing the
identification of potentially pathogenic variants in HM
(2,643 variants, 167 samples). Standard filtering criteria
were adapted for identifying somatic variants (Online
Supplementary Figure S1). Variants that passed all filtering
criteria were subsequently manually curated. Variants
classified as having no clinical significance (benign/likely
benign) according to ACMG/AMP guidelines, were
excluded. Remaining variants were either classified as 1)
Clinically relevant, 2) Possibly relevant, or 3) Unknown
relevance (Online Supplementary Figure S1)."%'' Curated
somatic variant data is available through the interactive-
oncoplot on the database homepage or variant page.
Shared in real-time with the scientific community, this
curated dataset has already allowed the selection of sec-
ondary mutations to model FPD-MM disease and thera-
py in vitro and in animals. Importantly, investigators can
interrogate the data to answer additional research ques-
tions as the software provides a fully automated annota-
tion of variants and allows non-bioinformaticians to fil-
ter, sort, analyze, and curate genetic variants stored in the
database via a graphical interface (Online Supplementary
Figure S2).

This project serves as a model for data accumulation
for rare cancer predisposition syndromes. The adoption
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of a single database that serves as a repository for patient
demographic and clinical data, a mutational germline reg-
istry, and patient genomics data, which can be interrogat-
ed as a large cohort are essential components for the
diagnosis and treatment of patients with a rare-disorder
such as FPD-MM. This resource is especially useful in
FPD-MM, where the genetic cause is well established but
variability in clinical presentation and disease develop-
ment render diagnosis challenging. The aggregation of
multiple families, individuals, and disease stages into a
centralized database where all data undergo rigorous
quality control using a single bioinformatics analysis
strategy will aid in the exploration and discovery of the
molecular progression of the disorder. The harmonized
interpretation of genomic variants is imperative to under-
standing the mutational profile of a malignancy, which is
achieved through a curated list of variants displayed for
each sample. Institutional, national, and international
ethics and data sharing guidelines may initially limit con-
tributions to initiatives like this that are supported by
patient advocates but need to be overcome, given the
importance of the work. We envision that information
from this database will guide precision-based approaches
to patient care plans with reasonable surveillance and
adequate counselling and, eventually, the application of
new targeted therapies and interventions prior to malig-
nancy development for germline RUNX1 carriers. With
the continued accumulation of data and clinical informa-
tion, this type of gene-specific database can provide the
basis to developing evidence-based clinical decisions
such as when to watch and wait and when to apply more
aggressive therapies such as stem cell transplantation.
Finally, we hope that this database will serve as a model
from which similar efforts will emerge for other HMs,
benefiting all our patients and families.
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