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Abstract
Molecular diagnostics of inherited platelet disorders (IPD) has been revolutionized by 
the implementation of high-throughput sequencing (HTS) approaches. A conclusive di-
agnosis using HTS tests can be obtained quickly and cost-effectively in many, but not all 
patients. The expanding use of HTS tests has raised concerns regarding complex vari-
ant interpretation and the ethical implications of detecting unsolicited findings such as 
variants in IPD genes RUNX1, ETV6, and ANKRD26, which are associated with increased 
leukemic risk. This guidance document has been developed and written by a multidis-
ciplinary team of researchers and clinicians, with expertise in hematology, clinical and 
molecular genetics, and bioethics, alongside a RUNX1 patient advocacy representative. 
We recommend that for clinical diagnostics, HTS for IPD should use a multigene panel 
of curated diagnostic-grade genes. Critically, we advise that an HTS test for clinical 
diagnostics should only be ordered by a clinical expert that is: (a) fully aware of the 
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1  | INTRODUC TION TO INHERITED 
PL ATELET DISORDERS

Inherited platelet disorders (IPD) are caused by germline genetic var-
iation in genes involved in the function and/or formation of platelets 
from megakaryocytes. IPD are extremely heterogeneous, with more 
than 60 genes now known to be associated with these disorders.1 
These genes can be classified according to their predicted role in 
platelet formation and function2,3 (Table S1). IPD typically result in 
mild to severe bleeding symptoms, spontaneous or related to he-
mostatic challenges including trauma, surgery, pregnancy, and de-
livery. Bleeding is mucocutaneous and symptoms include petechiae, 
ecchymoses, epistaxis, menorrhagia, and gastrointestinal hemor-
rhage.4 However, some IPD are not associated with obvious bleed-
ing symptoms and patients with inherited thrombocytopenias may 
be identified incidentally during routine investigations that include 
a complete full blood count. Table S1 summarizes the main plate-
let phenotypes associated with pathogenic variants in genes that 
cause IPD. Deleterious variants in genes that are expressed in other 
blood cell types or tissues are often associated with broader clinical 
phenotypes.

2  | DIAGNOSTIC S OF IPD USING PANEL-
BA SED HIGH-THROUGHPUT SEQUENCING

As in other rare inherited diseases, several high-throughput sequenc-
ing (HTS) approaches have recently been introduced into research 
and clinical diagnostic laboratories that study IPD. HTS technolo-
gies have transformed the field of IPD with the discovery of more 
than 20 genes (Table S1) using whole exome and whole genome se-
quencing since 2011.2,5 Clinical testing of candidate genes by Sanger 
sequencing and linkage analysis have now largely been replaced by 
sequencing techniques, mostly using targeted gene panel tests or 
whole exome sequencing, to survey multiple genes simultaneously. 
These tests are routinely used in many countries.6 To improve HTS 
testing in a clinical setting, the International Society on Thrombosis 

and Haemostasis (ISTH) Scientific and Standardization Committee 
for Genetics in Thrombosis and Hemostasis has recently curated 
the “diagnostic-grade genes” (Table S1) associated with bleeding, 
thrombotic, and platelet disorders, which is updated annually.1 Most 
guidelines recommend the use of such disease-specific multigene 
targeted or virtual panels in diagnostic HTS to prevent the detection 
of unsolicited findings (variants identified in disease-causing genes 
unrelated to the original rationale for testing) or the detection of 
variants in genes without sufficient genotype-phenotype evidence 
of a pathological phenotype in humans.7

Usually, several candidate disease-causing DNA variants are 
identified when using HTS technology to survey multiple genes. 
Correct pathogenicity scoring of these variants is crucial for diagno-
sis and counseling. A molecular diagnostic service should therefore 
have an array of available expertise, including a multidisciplinary 
team comprising of clinicians, geneticists, nonclinical platelet 

complexity of genotype-phenotype correlations for IPD; (b) able to discuss these com-
plexities with a patient and family members before the test is initiated; and (c) able to in-
terpret and appropriately communicate the results of a HTS diagnostic report, including 
the implication of variants of uncertain clinical significance. Each patient should know 
what an HTS test could mean for his or her clinical management before initiating a test. 
We hereby propose an exemplified informed consent document that includes informa-
tion on these ethical concerns and can be used by the community for implementation of 
HTS of IPD in a clinical diagnostic setting. This paper does not include recommendations 
for HTS of IPD in a research setting.

K E Y W O R D S

blood platelet disorders, consent forms, ethics, high-throughput nucleotide sequencing

Glossary

Virtual gene panel: Predefined panel of disease-causing 
genes that are selected from whole exome or whole ge-
nome sequencing datafiles for the analysis and reporting 
of variants.
Unsolicited findings: Variants in disease-causing genes 
that are unrelated to the original rationale for testing and 
that are identified inadvertently (eg, RUNX1, ETV6, and 
ANKRD26 variants that are risk factors for leukemia when 
testing for inherited thrombocytopenia or carriership of 
variants in recessive genes).
Secondary findings: Variants in disease-causing genes that 
are unrelated to the original rationale for testing but should 
be actively sought during the analysis. This refers to the 
medically actionable gene list from the American College 
of Medical Genetics and Genomics for conditions as he-
reditary cancer and cardiac diseases.
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experts, and bioinformaticians.8 Together they can generate an in-
tegrated report with recommendations that are comprehensible for 
clinicians to allow for appropriate communication of results back to 
patients. Guidelines for variant classification have been formulated 
by the American College of Medical Genetics.9 Pathogenic and likely 
pathogenic variants are reported in clinical genetic reports to inform 
clinicians and patients that these are disease-causing. However, for 
some variants, there is not enough evidence available at the time of 
interpretation to define these as likely pathogenic or likely benign. 
These are variants of uncertain significance (VUS) that alone should 
not be used to inform clinical practice.10

To date, current practices regarding the inclusion, or exclusion, of 
VUS in a diagnostic genetic report vary.11 A clinician receiving a report 
containing VUS could use this information to order further functional 
tests and family studies that could inform on the pathogenicity of the 
variant. Because VUS will have to be discussed with the patient, it is 
essential to provide a clear explanation of VUS, and the possibility for 
a change of the initial genetic report in the future. Therefore, to avoid 
misinterpretation of VUS findings and provide appropriate counsel-
ing, it is strongly advised that an HTS test for clinical diagnostics and 
inclusion of VUS reporting should only be requested by clinicians ex-
perienced in genetic interpretation. Laboratory reports should clearly 
distinguish between VUS and (likely) pathogenic variants to reduce 
potential confusion. Reporting VUS and initiating further studies 
is an extension of standard patient care. It is of crucial importance 
when considering VUS that data sharing is promoted to allow for im-
proved interpretation of variants. We endorse that reported variants 
should be routinely shared in variant databases provided the patient 
is deidentified, appropriate data protection mechanisms are in place, 
and patients are notified their data will be shared.

What diagnostic rate can we expect when performing a multi-
gene panel HTS test for IPD? A recent review compared the diag-
nostic rate obtained in different HTS studies for IPD and the main 
conclusion is that this strongly depends on the patient inclusion 
criteria.6 Thrombogenomics, the largest HTS study performed to 
date, shows that when performing an HTS test on DNA from 335 
patients with suspected inherited (macro)thrombocytopenia and 
430 patients with a known platelet function disorder confirmed by 
laboratory tests, a diagnostic rate of 47.8% and 26.1% was obtained, 
respectively.12 The low diagnostic rate for the platelet function dis-
orders in this study was due to the inclusion of patients with isolated 
delta storage pool disease for which the gene(s) are still unknown. If 
a patient's exome or genome sequence has been used for diagnos-
tics, and no pathogenic variants identified, the data can be used for 
gene discovery in a research setting.

3  | HOW GENETIC TEST RESULTS INFORM 
CLINIC AL MANAGEMENT OF IPD

As with many rare diseases, a genetic test result for IPD may help 
health professionals provide information to patients regarding dis-
ease prognosis and management, as well as family planning and 

counseling, and in some cases even disease prevention approaches. 
In addition, patients with a genetic condition may also just “want to 
know” why their symptoms occur.

Therapeutic options for the management of bleeding symptoms 
present in most IPD are limited and include the administration of 
desmopressin, platelet transfusions, recombinant FVIIa, and antifibri-
nolytics.4 The result of a genetic test currently does not have much 
influence on the bleeding management strategy. However, for some 
IPD, the type of variant can predict bleeding severity. For example, 
Glanzmann thrombasthenia patients with a null variant generally 
have more severe bleeding problems compared to those with mis-
sense variants, and they are at higher risk of developing isoantibodies 
when transfused with platelets and should therefore preferentially 
be treated with rFVIIa. Another example is the difference in treat-
ment for platelet-type von Willebrand disease and von Willebrand 
disease type 2B. Patients with platelet-type von Willebrand disease 
are treated with platelet transfusions, whereas von Willebrand dis-
ease type 2B patients are treated with von Willebrand factor concen-
trates.20 Both conditions share similar platelet phenotypes including 
enhanced binding between von Willebrand factor and glycoprotein 
(GP) Ib alpha, and thrombocytopenia.13 Although functional assays 
can help differentiate between these disorders,13,14 the differential 
diagnosis relies largely on genetic studies.14

An HTS gene panel test designed using the ISTH-curated genes1 
contains more than 35 genes known to cause thrombocytopenia. 
Genetic variants in these genes have also been identified in pa-
tients with low platelet counts that were initially treated for immune 
thrombocytopenia.12 Therefore, if thrombocytopenia is detected in 
a patient with a positive family history, a gene panel test may be 
useful to provide a correct diagnosis and prevent unnecessary and 
potentially harmful treatments such as a splenectomy. Some throm-
bocytopenia genes are also known risk factors for leukemia.15,16 
Germline genetic defects in RUNX1, ETV6, and ANKRD26 can pre-
dispose to hematologic malignancies with an estimated lifetime risk 
of about 45%, 30%, and 4.9%, respectively.17 WAS variants are as-
sociated with increased risk of lymphoma, lymphoblastic leukemia, 
myelodysplasia, and myeloproliferative disorders with a prevalence 
of approximately 13%.18 An accurate molecular diagnosis of pa-
tients with these genetic defects can improve our understanding of 
these diseases and may improve cancer risk predictions, which will 
ultimately benefit patients and their families in future generations. 
Today, the knowledge of these genetic predispositions to malignancy 
informs clinicians of the need to perform regular hematological eval-
uations and to provide family counseling. If allogenic bone marrow 
transplantation is required in a leukemic patient who has a germline 
risk variant, a genetic test in any potential donor family members 
is highly recommended because some affected individuals may be 
asymptomatic with borderline normal platelet counts. Moreover, 
if genetic studies for these genes have never been undertaken, 
there is a risk that a leukemic patient will receive stem cells from 
an affected family donor with a variant in such gene. A molecular 
diagnosis in some other thrombocytopenia genes can also provide 
prognostic information for the development of specific symptoms 
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with age. For patients with macrothrombocytopenia, a pathogenic 
variant in MYH9 or DIAPH1 can result in hearing loss and, for MYH9, 
also in kidney failure.19,20 For MYH9, avoidance of nephrotoxic med-
ications can reduce the risk of progression to renal failure. Some 
initial genotype-phenotype relations are known for MYH9 and it is 
accepted that some MYH9 variants do result in more severe phe-
notypes than others.19 For specific inherited thrombocytopenias 
with defects in MYH9, WAS, ANKRD26, DIAPH1, and monoallelic 
GP1BA/GP1BB, a patient's platelet count can be raised by supplying 
THPO-receptor agonists, such as eltrombopag and romiplostim.21-23 
Variants in FERMT3, WAS, MECOM, and MPL can result in severe 
immune disease, pancytopenia, or bone marrow failure that often 
requires bone marrow transplantation.24-26 Early initiation of donor 
search and stem cell transplantation can prevent immunization by 
repeated transfusions because of progressive bone marrow failure. 
In contrast, thrombocytopenia with bone marrow failure from bi-
allelic THPO variants does not respond to bone marrow transplan-
tation and is treatable with romiplostim.27 Finally, KDSR-related 
thrombocytopenia appears to improve with age.28 An HTS test can 
provide similar important prognostic information for patients with 
Hermansky Pudlak syndrome (HPS). Ten different genes cause HPS 
that include a variable degree of bleeding, delta storage pool disease, 
and oculocutaneous albinism, but only HPS1, HPS4, and AP3B1 de-
fects can cause pulmonary fibrosis,29,30 HPS1 and HPS4 defect can 
also cause kidney disease and colitis 31 and only pathogenic variants 
in AP3B1 and AP3D1 are associated with immune disease.30,32

4  | LIMITATIONS AND ETHIC AL ISSUES 
REL ATED TO DIAGNOSTIC HTS GENE 
PANEL TESTING FOR IPD

Although HTS panel tests for IPD can result in rapid and cost-effec-
tive diagnoses, such tests also have limitations, and have recently 
raised ethical concerns.15,16 Panel tests for IPD are currently avail-
able in clinical diagnostic labs but also from private companies with 
costs that are highly variable. The turn-around time mostly varies 
between 3-4 months. Table S2 and the Appendix S1 provide an over-
view of strengths and weaknesses of the classical approach vs HTS 
for the genetic diagnosis of IPD.

The main point of concern are the ethical issues that can occur 
with HTS of IPD. If for example pathogenic variants are detected in 
either RUNX1, ETV6 or ANKRD26 in a patient with thrombocytopenia 
or platelet dysfunction without a family history of leukemia, such 
variants can be considered as an unsolicited finding if the patient 
was not aware about these genetic risk factors for leukemia before 
initiating the HTS test.15,16 Various documents have recommended 
that the informed consent process should ensure that patients com-
prehend the possible detection risk of unsolicited findings. Patients 
should be asked before testing whether they want to receive un-
solicited findings and they should be able to opt-out. The informed 
consent process should explain the likelihood of unsolicited findings 
and the reporting approach taken.33 In addition, it is possible to 

detect a carrier status of recessive genes.12 It is generally advised 
that if carrier status is identified, regardless of whether it relates to 
the clinical question, it should be reported if informed consent is ob-
tained prior to testing. This is because knowing one's carrier status 
can increase reproductive options.34

An additional important ethical issue to be considered is when 
it is appropriate for children to be tested. Clinical guidelines have 
emphasized the importance of not testing children, unless there is a 
clear medical benefit for the minor.35 In the context of diagnosis, a 
confirmative molecular diagnosis is a major advantage. In other sit-
uations, deferring testing might allow minors to make personal de-
cisions about testing later in life, hereby respecting their right not 
to know. For this reason, predictive genetic testing, which has little 
impact on the clinical management of the platelet disorder is not rec-
ommended and should be deferred until the minor is able to consent 
for themselves. Currently, the information of pathogenic variants 
in RUNX1, ANKRD26 or ETV6 cannot inform prevention of hemato-
logic malignancies but it can suggest leukemic surveillance proto-
cols and ultimately impact treatment at the time of cancer diagnosis. 
Knowledge of these germline genetic disorders also informs careful 
selection of a non-affected family member as a stem cell donor for 
allogeneic bone marrow transplantation. Some parents, and poten-
tially older minors, may feel relieved by leukemic surveillance, which 
would not be routine practice if the genetic variant was not known. 
To conclude, as HTS testing for IPD clearly involves ethical concerns 
related to unsolicited findings, it should be mandatory that patients 
(and parents) are informed prior to initiating testing.36

Secondary findings comprise results that are not the primary tar-
get of the test but rather an additional result actively sought by the 
clinician. When applying a multi-gene panel HTS test for IPD, the 
detection of secondary findings is avoided.

5  | IMPLEMENTATION OF INFORMED 
CONSENT WHEN APPLYING DIAGNOSTIC 
HTS TESTING FOR IPD

It is important that a patient/parent understands the testing pro-
cedure, the benefits and limitations of the test, and the possible 
consequences of the test results in relation to clinical management 
options. Advice on how the informed consent can improve the com-
munication between the patient, clinician, and the HTS laboratory 
and what information should be included has been suggested by 
multiple studies.37,38 Such formal written informed consent is not 
always taken for a diagnostic multigene panel HTS tests, but is 
strongly recommended in most countries and is in fact mandatory 
in others. Such an informed consent could be used by clinicians to 
direct a conversation with patients to prevent problems with unso-
licited findings and other ethical issues.

In this guidance document, we suggest a general consent that is 
easy to understand for all patients, clearly mentions the test expec-
tations in relation to their clinical management, and points to the 
possibility of unsolicited findings. Table 1 proposes information that 
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TA B L E  1   Guidance for discussion and recommended text to be included in an informed consent for HTS of IPD

Recommended items to 
include in the informed 
consent of diagnostic 
panel-based HTS test 
for IPD Example of text for informed consent for patients (in between brackets is adjusted informed consent for parents)

Information:
What is an HTS test for 

IPD?

You (or your child) is suspected of having an IPD based on clinical and/or laboratory evidence and/or family history. 
This might include platelet dysfunction or an abnormal low platelet count (thrombocytopenia) associated with 
bleeding or other clinical symptoms. These symptoms may be caused by a change in the DNA of a specific gene, 
called a variant, that may have been passed down from generation to generation or occurs for the first time as a 
novel variant (de novo). A confirmative genetic diagnosis of this IPD can sometimes be obtained using an HTS test. 
The test is a DNA-based analysis of all genes that are currently known to cause an IPD.

Information:
What are the limitations 

of an HTS test?

Some IPD cannot be explained by a genetic diagnosis because the gene defects for these disorders are not yet 
known or the genetic change may be missed because of technical limitations of the test. Sometimes a genetic 
change is found, but it is not clear whether it is the cause of an IPD or not. These are known as “variants of 
uncertain significance” (VUS).

Information:
What type of genetic 

report will I receive?

You (or your child) can receive three types of genetic reports when HTS test is performed: (a) a disease-causing, 
referred to as pathogenic, DNA variant is found that can explain your IPD (the IPD in your child); (b) no DNA variant 
is found that can explain your IPD (the IPD in your child); and (c) a DNA variant is found that requires further 
studies because its clinical significance is not clear. This type of variant is sometimes referred to as a VUS

Information:
Implication for family 

members

The results of a genetic test for IPD are likely to have implications for your (your child's) family members. It is 
encouraged to discuss that you (your child) are being tested for an IPD with your (your child's) family. Your (your 
child's) family members can be informed about the option for genetic counselling.

You may be asked to share your (your child's) genetic test report with the clinician of family members.

Information:
Are there any risks 

involved?

A genetic change may be identified that indicates a disorder, or the risk of having or carrying a disorder, that is not 
part of the IPD that you (your child) is being tested for.

There may be unexpected findings. For example, the results might indicate that the relationship between family 
members is not what is expected.

Patient choice:
Opt_in/Opt_out choice 

for testing of IPD genes 
that are also associated 
with an increased risk of 
leukemia

The HTS test includes three genes (RUNX1, ETV6, and ANKRD26) that if a pathogenic variant is discovered, it is 
associated with an increased risk of leukemia, in addition to causing my IPD (the IPD in my child). The estimated 
risk for leukemia differs between these three genes. Close to one-half of patients (~44%) with a variant in RUNX1 
develop a blood cancer. The average age of onset is 33 y and approximately 25% who are diagnosed with a blood 
cancer are children. About one in three patients with ETV6 variants develop leukemia. Among those who develop 
leukemia, most are children. About one in 20 patients with an ANKRD26 variant develop leukemia. Among those 
who develop leukemia, most are adults.

Knowing the genetic variant will not help my clinician (the clinician of my child) predict my (his/her) precise risk for 
developing leukemia but the clinician can regularly test my (his/her) blood cell count and look for changes in my 
(his/her) bone marrow more closely. It is possible that close surveillance could help detect a blood cancer early and 
knowing the genetic variant would impact donor selection for bone marrow transplant.

I understand that a genetic test cannot prevent leukemia.
I understand that I have the “right not to know” about these unsolicited findings.
I have chosen (for my child) to analyze these three genes:
(YES) or (NO).

Patient choice:
Participation to the HTS 

test is voluntary

I understand that my participation (the participation of my child) to the HTS test for IPD is voluntary and that I am 
free to withdraw this participation (the participation of my child) at any time, without giving any reason and this will 
not alter the clinical care I (my child) receive. In this case, any further addition of data to my record (the record of 
my child) will be stopped.

Patient choice:
Sharing variants with 

other health care 
specialists to improve 
disease knowledge

My anonymized genetic variants (or genetic variants of my child) can be shared among health care professionals 
and laboratory scientists nationally or internationally in publicly accessible databases. This is done to compare the 
findings from patients with similar symptoms or variants, which can help to determine which variants may or may 
not be linked to a particular condition. Sharing data can also support ongoing research aimed at understanding how 
genetic variants cause disease and may potentially support the discovery of new treatments for a specific inherited 
condition. My privacy and my health status (The privacy and the health status of my child) is fully respected upon 
sharing the genetic information. No personal data are shared among other health care professionals or scientists. 
All data will be anonymized.

Patient choice:
Acknowledgment of 

expectations related to 
an HTS test for IPD

I want to know the genetic cause of my IPD (of the IPD present in my child). I have been told and understand how 
information about the genetic cause of my IPD may or may not change my clinical care (the clinical care of my 
child). I have been informed about the option for genetic counseling.

(Continues)
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is strongly recommended to be included in an informed consent for 
diagnostic HTS screening. Also, a specific informed consent example 
is provided that can be used for patients or the parent of a patient 
(Table 1). In addition, questions suggested in Table S3 can be used by 
patients during the process of consenting and by clinicians to test if 
their patients understands the consent.

6  | CONCLUDING RECOMMENDATIONS 
FOR L ABOR ATORIES AND CLINICIANS

The implementation of HTS approaches to diagnose IPD has 
changed the field. With this communication, we provide information 
and also points of consideration for laboratories and clinicians who 
develop and use HTS tests for IPD in a diagnostic setting (Figure 1). 
We however do not provide recommendations for genetic studies in 

a research setting that are mainly focused on gene discovery and are 
outside the scope of this paper.

We recommend that laboratories use a multigene panel test that 
only involves curated diagnostic-grade genes that have a proven as-
sociation with IPD.1 Variant interpretation should follow American 
College of Medical Genetics criteria and are typically discussed 
during multidisciplinary meetings. Genetic reports include a clear 
distinction between pathogenic variants versus VUS. An informa-
tion sheet can explain the expectations (inclusion criteria, mean di-
agnostic rates, turn-around time, cost, and more) and shortcomings 
(technical limitations, VUS detection, and more) of an HTS test for 
IPD. It is highly recommended to use a consent form for patient 
referral.

We also provide some recommendations for clinicians. 
Genetic testing for a heterogeneous condition such as IPD and 
understanding the impact is not straightforward; clinicians should 

Recommended items to 
include in the informed 
consent of diagnostic 
panel-based HTS test 
for IPD Example of text for informed consent for patients (in between brackets is adjusted informed consent for parents)

Additional items that can be included

Patient choice:
Opt_in/Opt_out choice 

for further studies of a 
VUS (type 3 report)

If my report (the report of my child) contains a DNA variant(s) that requires further studies and from which the 
relevance for my (their) IPD is not clear, I grant permission for my clinician to recontact me (on behalf of my child) 
for further studies:

(YES) or (NO)

Patient choice:
Opt_in/Opt_out choice 

for information 
regarding carriership of 
recessive conditions and 
implications

I would like to receive details of DNA variants that I carry (that my child carries). These DNA variants are not always 
directly related to my clinical condition (the clinical condition of my child). I want to know if I (my child) carry 
(carries) a DNA variant for a recessive disease:

(YES) or (NO)

TA B L E  1   (Continued)

F I G U R E  1   Recommendation when applying a multigene panel test for IPD diagnostics for clinicians and laboratories

Recommendations for CLINICIANS
when requesting a HTS test for IPD diagnostics

Recommendations for LABORATORIES
when applying a HTS test for IPD diagnostics

Who can request a HTS test for IPD
Content and iterpretation of a HTS test for IPD 
diagnostics

Use an informed consent for patient inclusion

Use a multi-gene panel test that only comprises curated diagnostic-grade 
genes for IPD

Provide opportunities for patients to opt_in/opt_out of 
testing specific genes
Use ACMG criteria for variant interpretation
Organise multidisciplinary meetings to discuss genotype-phenotype findings
Report sufficient information about the interpretation of genetic data to 
avoid misinterpretation of variants (including VUS)

Critical information for HTS test information sheet

A disease causing variant is not always identified due to technical 
limitations or because some IPD genes are not yet known.

A VUS dose not confirm a diagnosis and should not be used to 
direct clinical management
A VUS can be used for further research in families
or for ordering a specific functional test

•

•

•

•

•
•

•

•

•
Clinical experts with knowledge of the complex genotype-phenotype 
correlations in IPD
Clinicians experienced in the interpretation of genetic data to avoid 
misinterpretation of variants (this includes VUS)

What patients need to understand before HTS test
testing for IPD (consent form)

Detailed information of what a HTS test could mean for their clinical 
management

Opt_in/opt_out possibility for screening of RUNX1, ETV6 and ANKRD26 
that are known risk factors for leukemia

Opt_in/opt_out possibility for receving feedback of carriership of variants in 
recessive genes that are not involved in their IPD but can be 
relevant for counselling
That the results may include VUS that require
further studies

•

•

•

•

•

•

•

Patients should be referred to centres with theseclinical expertise or 
multidisciplinary meetings can be organised between the referring 
clinician and clinical experts
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consider referring their patients to expert centers that perform 
HTS instead of sending patient samples to external laborato-
ries.39 Alternatively, multidisciplinary meetings can be organized 
between expert(s) and prescriber, to discuss a patient's suitabil-
ity for testing, results interpretation and patient and family care. 
Such approaches can also promote the examination and reclassi-
fication of VUS. Screening all genes in a single assay, as is done 
with a multigene HTS approach, allows for a diagnosis of the “un-
expected.” However, this also involves the potential detection of 
unsolicited findings, including variants in genes associated with 
leukemic risk. Such variants typically present in families with au-
tosomal dominant thrombocytopenia or bleeding, and a history of 
hematological malignancy. We recommend that patients should be 
well informed about this possibility before performing the test, 
preferably by using an informed consent document to aid dis-
cussion and provide a written record. This is in line with ethical 
debates related to how personalized medicine is creating a more 
patient-centered approach to health care,40 highlighting the need 
for sufficient information and understanding to enable a patient 
to make an informed decision. Based on interviews with genetic 
health care professionals, patients’ reactions to receiving a genetic 
report that includes a positive molecular diagnosis vary, from pa-
tients feeling relieved to being frustrated that a diagnosis does 
not lead to a (change in) treatment.41 This strongly indicates the 
necessity of discussing expectations before testing and including 
this topic in the informed consent. We have recommended import-
ant content for an informed consent that can be used for HTS of 
IPD for adult patients and children represented by their parents. 
Performing HTS in newborns and children leads to additional ethi-
cal debates in which no specific guidelines on this issue have been 
formulated.42 Parents should be well informed about the impact 
of the HTS on the clinical management of their child, possibilities 
and limitations for genetic counseling, and the possibility of unso-
licited findings before initiating the test.

In conclusion, we suggest that these ISTH Scientific and 
Standardization Committee for Genetics in Thrombosis and 
Hemostasis recommendations regarding diagnostic HTS for IPD and 
obtaining consent from the patient or parent are taken up by na-
tional thrombosis and hemostasis societies and adjusted to account 
for prerequisites that differ between countries.
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