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With the increasing use of clinical genomics to guide cancer treatment and manage-
ment, there is a rise in the identification of germline cancer predisposition syndromes
and a critical need for patients with germline findings to be referred for surveillance and
care. The University of Chicago Hematopoietic Malignancies Cancer Risk Team has
established a unique approach to patient care for individuals with hereditary hematologic
malignancies through close communication and coordination between our pediatric and
adult programs. Dedicated program members, including physicians, nurses, genetic
counselors, and clinical research assistants, screen individuals for cancer predisposition
at initial diagnosis through survivorship, in addition to testing individuals with an estab-
lished family history of a cancer predisposition syndrome. Sample procurement, such as
a skin biopsy at the time of bone marrow aspirate/biopsy in individuals with a positive
screen, has facilitated timely identification of clinical germline findings or has served as a
pipeline for translational research. Our integrated translational research program has led
to the identification of novel syndromes in collaboration with other investigators, which
have been incorporated iteratively into our clinical pipeline. Individuals are referred for
clinical assessment based on personal and family history, identification of variants in sus-
ceptibility genes via molecular tumor testing, and during evaluation for matched related
allogeneic stem cell transplantation. Upon referral, genetic counseling incorporates
education with mindfulness of the psychosocial issues surrounding germline testing at
different ages. The training and role of genetic counselors continues to grow, with the
discovery of new predisposition syndromes, in the age of improved molecular diagnostics
and new models for service delivery, such as telemedicine. With the identification of new
syndromes that may predispose individuals to hematologic malignancies, surveillance
guidelines will continue to evolve and may differ between children and adults. Thus,
utilizing a collaborative approach between the pediatric and adult oncology programs
facilitates care within families and optimizes the diagnosis and care of individuals with
cancer predisposition syndromes.

Keywords: germline predisposition, inherited mutation, hereditary hematopoietic malignancy, familial mutation,
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INTRODUCTION

As health-care professionals consider the diagnosis of inherited
predisposition to hematopoietic malignancies increasingly in
patients with a strong personal and family history (1), coordina-
tion between pediatric and adult care teams is critical for optimal
assessment of all family members across the age spectrum.
Communication and coordination between pediatric and adult
hematology/medical oncology groups are the hallmarks of the
approach utilized by The University of Chicago Hematopoietic
Malignancies Cancer Risk Team. These unique aspects of our
clinical program allow a unified and fluid approach that utilizes
the expertise within both programs to provide age-appropriate
counseling, assessment, and testing for all members of a family.
Children and adult family members can be seen together, main-
taining cohesive care within a family and continuity in counseling
through joint counseling. This approach has also allowed patients
to receive consistent care from childhood and adolescence to
adulthood, bypassing age constraints and providing dual care

for the adolescent and young adult population. From a cancer
risk and management perspective, description of novel germline
syndromes, such as our contributions to the recently described
germline mutations in ETV6 and DDX41 (2-4), and SAMDY/
SAMDOIL (5-8) have defined new familial predisposition syn-
dromes, which have impacted the care and testing of both adults
and their children, and further emphasize the importance of joint
management.

IDENTIFICATION OF INDIVIDUALS AND
FAMILIES FOR GERMLINE GENETIC
COUNSELING

At our center, genetic counselors and physicians from both adult
and pediatric oncology work together to identify families at
risk for hereditary hematologic malignancies (HHM; Figure 1).
Individuals and families are referred for genetic counseling/cancer
risk assessment through various channels. First, our colleagues,
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FIGURE 1 | Algorithm for our clinical assessment of patients. Note that all patients undergoing clinical testing are offered participation in IRB-approved research
studies to advance our knowledge about familial syndromes that predispose to hematopoietic malignancies. Abbreviations: CNV, copy number variant; WES,
whole-exome sequencing; WGS, whole-genome sequencing. This figure was modified with permission from its original version, published in Ref. (1).
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both within pediatrics and adult medicine, are attuned to the
existence of inherited susceptibility syndromes and have a low
threshold for contacting us for an assessment. When possible,
assessments are made at the time of a scheduled visit with the
individual’s regular provider to minimize return clinic visits for the
patient. If face-to-face discussions are not possible, then genetic
counseling is performed via telephone or occasionally video
conferencing. Second, increasingly, we are identifying variants in
genes associated with a germline predisposition syndrome at the
time of somatic molecular testing of hematopoietic malignancies.
Although these tests were designed mainly for prognostication
purposes with an assumption that they are useful for detection
of somatic mutations, they cannot distinguish somatic from
germline variants. Therefore, we have developed a pipeline for
identification of those variants most likely to be germline, and we
make every attempt to offer germline testing to those individuals.
With this approach, we have identified several patients/families
with germline mutations, validating the importance of this means
of patient identification.

Finally, we view allogeneic stem cell transplantation as an
essential time to identify families with germline predisposition
syndromes necessitating germline genetic testing to prevent
transplantation with an affected sibling. This is one of the only
times in medicine when the relative, usually a sibling, is assessed
as a patient when presenting to be the allogeneic stem cell donor.
Particular findings, such as cytopenias or poor mobilization,
raise suspicion of a germline syndrome and prompt a thorough
evaluation (9, 10). We have identified several families with an
inherited mutation in this way as well. The identification of a
germline syndrome is critical at the time of allogeneic stem cell
transplant, since inadvertent use of an allogeneic stem cell donor
who carries a germline predisposition mutation has resulted in
recipients with failure to engraft, poor graft function, posttrans-
plant lymphoproliferative disease, and donor-derived leukemias
(10-15). Moreover, those donors have also developed leukemias,
raising the question as to whether the G-CSF given for mobiliza-
tion has contributed to the malignancy. We have recommended
the use of an unrelated donor even in cases in which a germline
mutation has not been detected for families with an overwhelm-
ing history of cancer, out of concern that the family could harbor
an undescribed mutation.

Identification of families with an HHM is more robust when
thought of in a reciprocal manner, with the initial patient poten-
tially identified in either the pediatric or adult setting. The first
step in case identification is expanding the pedigree to include
detailed information about all available relatives. It is standard
of care to complete a 3-generation pedigree, but it is of increased
importance to expand each pedigree further by querying about
the health of all children in these families. We emphasize
the importance of recognizing that the initial descriptions of
germline susceptibility syndromes are likely to be incomplete,
since they are by definition based on an initial small set of fami-
lies, and in our experience, the phenotypes of these syndromes
expands as additional individuals and families are identified (4).
Therefore, itis very important to keep an open mind about which
individuals/families may be at risk for an inherited syndrome.
Automatic referral criteria for cancer risk genetic counseling

and consideration of genetic testing can also be made based
on HHM histopathologies such as juvenile myelomonocytic
leukemia (neurofibromatosis 1-NFI; Noonan syndrome—
e.g., PTPN11, NRAS, and KRAS; Noonan-like syndrome—CBL)
(16),low hypodiploid ALL (TP53) (17), or myelodysplastic syn-
drome (MDS) diagnosed in children or young adults (GATA2,
SAMDSY, SAMDS9L, and SRP72) (5-8, 18, 19). Individuals with
suspected inherited syndromes that confer risk for additional
organ manifestations beyond the bone marrow, such as Noonan
syndrome or GATA2 deficiency, should also be referred to
additional specialists as appropriate (e.g., a medical geneticist
for Noonan syndrome; infectious disease specialist for GATA2
deficiency), if they have not already been evaluated by one
for comprehensive management of other non-malignant
conditions.

It is also important to recognize that some patients with HHM
may not initially present with a suspicious family history in part
due to lack of complete or accurate knowledge about relatives,
cancer diagnoses, treatment, general health, or unexplained
causes of death in the family. The possibility of incomplete
penetrance, a de novo mutation or gonadal mosaicism can also
provide an explanation for a single person with HHM, identified
in a family, harboring a germline mutation. Germline SAMD9
mutations are often de novo as are germline GATA2 mutations
arising in MDS diagnosed in young patients who lack a family
history (6, 18).

In addition to families with established cancer risk, the genetic
counselor in our pediatric program meets with new oncology
patients who are interested in learning more about cancer risk,
adolescents and young adults, and childhood cancer survivors.
Patients of reproductive age, parents of patients with siblings
or parents who are themselves considering having additional
children, are often interested in genetic counseling and risk
assessment. With an identified germline mutation, accurate test-
ing of siblings, future pregnancies and preimplantation genetic
diagnosis is possible. Having the ability to identify and provide
genetic counseling for patients in various clinical settings and
encompassing a wide age range has allowed for improvement in
the identification and detection of high-risk hematologic malig-
nancy predisposition families.

PROCESS OF OBTAINING SAMPLE
PROCUREMENT FOR CLINICAL TESTING
AND CONSENT FOR RESEARCH

As we have discussed in previous reviews (1, 20, 21), we recom-
mend clinical testing for the presence of a germline syndrome in
individuals with: (i) multiple cancer diagnoses; (ii) hematopoietic
malignancies diagnosed in two individuals within a 3-generation
pedigree; (iii) relatives with cytopenias, hematopoietic abnormal-
ity such as macrocytosis/dysplasia, and/or poor stem cell mobi-
lization; and (iv) relatives with other physical findings associated
with a known germline predisposition syndrome (Table 1). Once
genetic counseling has been performed, and an individual wants
to proceed with clinical testing, an appropriate sample must be
obtained. True germline material is difficult to obtain in someone
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TABLE 1 | Hereditary hematopoietic malignancies screening form.

Step 1: Draw the family pedigree using standard symbols

Step 2: Utilize screening questions to guide workup [see Table 1 of Ref. (1) for specific syndromes corresponding to letter
designations]

Consider:

Do you/does anyone in your family have chronic low blood counts, including low red blood cells (anemia), low platelets
(thrombocytopenia or ITP), low white blood cells (leukopenia, monocytopenia, and lymphopenia)? Has anyone required a
transfusion for a low blood count?

ANRD26, ETV6, RUNX1, GATA2,
TERC/TERT, inherited bone marrow
failure syndromes, Fanconi anemia,
SAMD9, and SAMDOIL

Did you or did anyone in your family have thrombocytopenia and/or anemia requiring transfusions in early infancy?

SAMD9

Did you/does anyone in your family bleed or bruise easily? If yes, have they required transfusions for bleeding?

ANKRD26, ETV6, and RUNX1

Do you/does anyone in your family have or have had warts (genital, hands, feet, or any other site?) If yes, where and for how
many years?

GATA2

Do you/does anyone in your family get infections easily or severe or unusual types of infections? If yes, how many infections and
what type? (e.g., pneumonia, meningitis, sepsis, and fungal) and at what age(s)? Did they require hospitalization or antibiotics?

GATA2, inherited bone marrow
failure syndromes, Fanconi anemia,
and SAMD9

Does anyone in the family have swelling of one limb larger than the others (also known as lymphedema)? If yes, what limb and is
there a known reason why that limb is swollen?

GATA2

Do you/does anyone in your family have deafness? If yes, at what age did it occur and is there a known reason for why that
person cannot hear?

GATA2, SRP72, and inherited bone
marrow failure syndromes

Do you/does anyone in your family have abnormal nails (e.g., misshapen or missing not due to injury)?

TERC/TERT, inherited bone marrow
failure syndromes, and Fanconi
anemia

Did you/does anyone in your family get grey hair in their 20s or earlier? Whom and at what age?

TERC/TERT and inherited bone
marrow failure syndromes

Have you or anyone in your family had skin cancer or abnormal coloration of the skin, especially around the neck region?

TERC/TERT, inherited bone marrow
failure syndromes, Fanconi anemia,
and Lynch syndrome

Have you/anyone in your family had a specific skin problem called eczema?

RUNX1

Do you or does anyone in your family have lung disease, including pulmonary fibrosis, or early onset emphysema?

TERC/TERT and inherited bone
marrow failure syndromes

Do you or does anyone in your family have a lung disease called pulmonary alveolar proteinosis?

GATA2

Do you/does anyone in your family have a liver disease called cirrhosis? If yes, at what age and is there a known reason why you/
they have cirrhosis (for example, heavy alcohol use)?

TERC/TERT and inherited bone
marrow failure syndromes

Have you or other family members had other types of cancer, such as head and neck cancer?

TERC/TERT, inherited bone marrow
failure syndromes, Fanconi anemia,
Li-Fraumeni syndrome (LFS), and
BRCA1/2

Have you or other family members had other types of cancer, such as cervical or anal cancer?

TERC/TERT, inherited bone marrow
failure syndromes, Fanconi anemia,
and LFS

Have you or other family members had other types of cancer, such as early-onset breast cancer, sarcoma, or brain or colon
cancers?

LFS, BRCA1/2, and Lynch
syndrome

Did you or anyone in your family have growth restriction during both the prenatal and postnatal periods?

Inherited bone marrow failure
syndromes and SAMD9

Do you or does anyone in your family have short stature?

Fanconi anemia and SAMD9

Do you or does anyone in your family have intellectual impairment?

Inherited bone marrow failure
syndromes, Fanconi anemia, and
SAMD9

Do you or does anyone in your family have adrenal insufficiency or hyperpigmentation of the skin?

Fanconi anemia, SAMD9

Do you or does anyone in your family have genital underdevelopment (i.e., microphallus, cryptorchidism, hypospadias, or
hypoplastic ovaries)?

Fanconi anemia and SAMD9

Did you or did anyone in your family have delayed puberty or show limited signs of puberty?

Fanconi anemia and SAMD9

Are there any unexplained newborn deaths in the family?

SAMD9

Do you or has anyone in your family have a history of chronic diarrhea? If yes, was there colonic dilatation?

SAMD9

Do you or does anyone in your family have ataxia (lack of muscle coordination affecting voluntary movements such as walking)?

SAMDIL

(Continued)
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TABLE 1 | Continued

Step 3: Determine exposure history

Do you smoke? If yes, how many packs per day?

Do you drink alcohol? If yes, how many drinks per day?

Have you been exposed to pesticides? If yes, for what career, what agents, and for how many years?

Have you been exposed to radiation and/or chemotherapy? If yes, what drugs or type of radiation were you exposed to and for

what reason?

Have you been exposed to other chemicals such as benzene? If yes, what chemicals, why, and for how long?

Have you been exposed to endocrine disrupting chemicals (i.e., phthalate and bisphenol A) or synthetic estrogen such as

diethylstilbestrol?

This table was modified with permission from its original version, published in Ref. (1).

with a history of a hematopoietic malignancy, since blood and
bone marrow are affected tissues. Even in remission, somatic
mutations associated with clonal hematopoiesis of indeterminate
potential can persist in the hematopoietic compartment and be
confused for a germline mutation (22, 23). This has also been
reported in T-cell acute lymphoblastic leukemia, in which somatic
mutations in SMO, GLI1, and GLI3 were found to be present even
at the time of remission, suggesting de novo acquisition of these
mutations during early life in the hematopoietic compartment
(24). In children with low hypodiploid ALL, 43.3% of TP53 muta-
tions were also found in non tumor hematopoietic stems cells,
which may reflect an inherited origin, acquired de novo mutation
in the germline or hematopoietic compartment (17). Other easily
obtainable tissues, such as saliva and nails, can be contaminated
with blood cells. Therefore, we are strict in considering only
cultured skin fibroblasts as true germline tissue. Note that if
the same mutation is found in any tissue from two individuals
within the same family, the most likely explanation is that the
variant is germline in origin, since it would be highly unlikely
for two individuals to acquire the same mutation. However, since
certain somatic mutations can be common, we prefer to define
germline status based on variant presence in skin fibroblasts. We
recognize that the culturing process itself can result in acquisition
of somatic mutations/genomic rearrangements, but in our expe-
rience, this artifact results in mosaic results detectable during
clinical testing. We have observed this phenomenon in less than
10% of cultures and have performed repeat skin biopsies, con-
firming the suspected somatic nature of these mutations in each
case to date. However, because cultured skin fibroblasts provide
true germline tissue as well as cells that can be grown at least to a
limited degree in the research laboratory, providing a somewhat
renewable source of patient material for study, we continue to
prefer these cells for testing. A skin biopsy can be obtained easily
at the time of a regularly scheduled bone marrow biopsy, and we
have a dedicated clinical research associate who calls patients in
advances and meets them at their appointment to discuss the
option of performing a skin biopsy for clinical testing and for
participating in research. This approach has facilitated our ability
to perform skin biopsies conveniently for patients. If this is not
possible, we also perform a standard 3 mm punch biopsy in clinic
for patients who are not scheduled for a routine bone marrow
biopsy. A drawback in using cultured skin fibroblasts as the source
of germline DNA is the prolonged time it takes for the culture

to grow sufficient numbers of fibroblasts, generally 3-6 weeks.
Therefore, in rare cases in which the result is needed urgently for
clinical management, we perform simultaneous testing of blood
as the skin fibroblasts are growing. If a negative result is obtained
in the blood, then there is no concern for a known predisposition
syndrome. Saliva can be used as a source of germline DNA if a
known predisposition syndrome exists in a particular family or in
patients with long-term remissions from diseases in which cure is
possible, such as Hodgkin lymphoma. At our institution, we are
fortunate to be able to culture skin fibroblasts in a CLIA-certified
laboratory, but this ability may not be widely available, especially
to those who use outside reference laboratories.

Care should be given to which platform is used to test for
germline predisposition syndromes that confer elevated risk for
hematopoietic malignancies. Few tests are comprehensive for all
types of gene mutations that can be causative for these syndromes,
including both point mutations and gene rearrangements, most
often deletions. We generally use a custom pipeline developed in
the Genetic Services Laboratory at The University of Chicago,'
which is updated several times per year to allow addition of
newly described syndromes. The University of Washington also
provides the MarrowSeq panel appropriate for testing of patients
with bone marrow failure-like syndromes.

In our experience using a series of panels sensitive for both
point mutations as well as gene rearrangements and criteria for
clinical testing as described earlier, we have an overall diagnostic
yield of 19% (37 of 197 patients), with a diagnostic rate of 15% for
probands in the pediatric age group and 21% for adult probands
(25). The diagnostic rate was highest for the dyskeratosis congen-
ita/telomere biology and Fanconi anemia panels (25), which may
reflect the more long-standing descriptions of these syndromes
and hence more reliable clinical features compared with many
of the more recently described HHM syndromes. Based on our
and recently published experience, we believe the prevalence
of pediatric leukemia predisposition is higher than previously
recognized (18). There is a potential role to screen every pedi-
atric leukemia or lymphoma patient, regardless of family history
or other factors for HHM mutations. We encourage all of our
patients who are undergoing clinical testing to consent to research

'http://dnatesting.uchicago.edu.
*http://web.labmed.washington.edu/tests/genetics/ MRW.
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protocols that allow the definition and characterization of novel
syndromes. Thus, patients/families whose clinical testing fails to
identify a known predisposition syndrome may contribute to the
description of novel syndromes.

REFERRAL GUIDELINES:
BEST PRACTICE 2017

A detailed past medical history, family history, and physical
examination, as well as a review of key laboratory findings, are
critical to identify patients with genetic predisposition for hemat-
opoietic malignancies (Table 1). Findings such as dysmorphic
features, short stature, cytopenias, immunodeficiency, specific
histopathology, or toxicity out of proportion to that typically
seen after chemotherapy or radiation, may indicate an underlying
cancer predisposition syndrome (1, 16, 26-29). In the era of pre-
cision medicine and identification of new prognostic biomarkers,
referral to our Hematopoietic Malignancies Cancer Risk Team
is also driven by the use of next generation sequencing panels
that are designed for use for diagnosis and prognostication, but
when performed on DNA derived from affected tissue, cannot
distinguish somatic from germline variants.

TP53 is a frequently mutated gene in human cancers, although
it is more frequently mutated in solid tumors compared with
hematologic malignancies (30, 31). A study of both pediatric and
adult cases of AML, ALL, MDS, and CLL identified alterations in
TP53 in approximately 10% of cases, with the highest frequency
in ALL (31). However, TP53 alterations were identified in 91.2%
of pediatric low hypodiploid (32-39 chromosomes) ALL, with up
to 40% of these patients harboring a germline mutation in TP53
(17). Sporadic mutations in CEBPA (monoallelic or biallelic)
have been reported 5-14% of individuals with AML (32, 33), and
among those whose leukemias have biallelic mutations, germline
CEBPA mutations were found in about 11.1% of patients (33).
Germline GATA2 mutations have been found in 15% of advanced
and 7% of all primary MDS cases in children, yet germline
mutations were absent in children with therapy-related MDS or
acquired aplastic anemia (18). Thus, discerning the frequency of
somatic versus associated germline mutations in different malig-
nancies, as well recognition of malignancies outside of expected
age ranges (i.e., MDS in the pediatric population) is essential to
identifying underlying predisposition syndromes.

GENETIC COUNSELING

In general, the reporting of solid and hematologic malignancies
occurring in families by patients to their primary health-care
providers may be incomplete. Thus, to identify families at risk
for HM susceptibility, it is essential to know the particular line of
questions that are unique to hematologic malignancies (Table 1).
Without directed questions to our patients, we may miss relevant
family history information.

Standard family history questions should include the following:

1. Are there two or more relatives with a diagnosed blood can-
cer? We generally include relatives within two generations of
the proband, both older and younger generations.

2. Are the blood cancers in the family acute or chronic? What
are the specific diagnoses? Death certificates and/or medi-
cal records are helpful in confirming patient-reported data.
Generally, patient-derived histories about other hematopoi-
etic abnormalities, such as cytopenias and macrocytosis, are
more difficult to elicit.

3. When mining for hereditary HM families, we also have to take
a detailed family history including that of solid tumors, since
many predisposition syndromes increase the likelihood for
development of both solid tumors as well as hematopoietic
malignancies.

NEW MODELS OF SERVICE DELIVERY:
GENETIC COUNSELING COLLABORATION
AND TELEGENETICS

Our collaboration between the adult and pediatric oncology
program has fostered identification of high-risk families, as
well as communication with our families. When adult patients
are identified as harboring a pathogenic mutation, placing their
children at risk, it has been optimal to have a genetic counselor
and oncologist available to communicate risk and management
to the children of these patients in language that is tailored to
their developmental ages. For our remote patients, without local
genetic services, it has been necessary to accommodate and sim-
plify the genetic counseling process by providing telemedicine
services. With the use of telegenetics counseling, we can enable
family participation in genetic counseling and associated genetic
testing, by reducing access barriers, such as distance or shortage
of local genetic counselors in a particular geographic location.
We have utilized encrypted telephone conference calling services,
but currently do not provide audiovisual services. To ease the
telecommunication process, we have benefited from emailing a
slide deck that covers information on genetics and hematologic
malignancies in advance of a telecommunication/telephone
counseling appointment. The information that is shared takes
into consideration the developmental age and health literacy
of the patient. It has been possible for us to provide genetic
counseling successfully using this methodology and to obtain
assent from minors before testing for a familial mutation. It is
necessary to utilize HIPAA compliant technology, however, and
care should be given to ensure the use of appropriate web-based
platforms. We have provided encrypted teleconferencing and
counseling to adult presymptomatic, mutation positive patients,
and their children, with their family listening from home through
use of the speaker option on their phone. Although telephone
conferencing has been acceptable for our patients and was well
received by the children, it is not the technological gold standard.
This type of practice can be optimized with use of video educa-
tion and virtual counseling with the aid of a visual, face-to-face,
component. A multicenter feasibility study evaluating the use
of videoconferencing to expand access to genetic services con-
cluded that although there were a few disadvantages to real-time
videoconferencing (concerns about confidentiality breach, reim-
bursement, technical issues), all patients reported that they were
satisfied with this type of genetic service delivery model and many
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patients reported that there were many advantages (34). Another
study provided telegenetics services to presymptomatic patients
in patients’ homes, differentiating them from the prior study in
which patients received video counseling at the community site
and were not physically in their own homes. Similarly, patients
reported satisfaction and had similar psychological outcomes
when compared with patients receiving a standard in-person
genetic counseling appointment (35).

At this time, we have not been able to bill for information
provided via telegenetics communication. The ability to bill and
to be reimbursed can be a requirement in many clinical practices.
Another option is to consider commercial genetic counseling tel-
egenetics services. Commercial telegenetics counseling services,
however, may not have counselors with expertise in hematologic
malignancies. Genetic counseling programs have not historically
trained genetic counselors in the specific area of HHM and MDSs.
Currently, most training in HHM occurs “on the job,” or as stu-
dents, during very specific clinical rotations. Genetic counseling
program curriculums would benefit from adding HMM to their
standard training and subject matter.

PSYCHOSOCIAL ASPECTS OF GENETIC
COUNSELING IN PEDIATRIC ONCOLOGY

In contrast to adult cancer genetic counseling, genetic coun-
seling in the pediatric oncology setting necessitates the need to
contract with parents before consultation whether in person or
remote. It is understandable that many parents are protective
and concerned about upsetting their children by discussing the
cancers that have occurred in the family and risk to develop
cancer, particularly as it pertains to the child. Although genetic
counselor providers are specifically trained to be empathic and
supportive with patients and to assist families to achieve the
best possible adjustment to a genetic diagnosis, there are often
situations in which parents are insistent in having their young
children tested for a familial mutation without their knowledge
or assent. Some parents wish to inform their children after the
results of their genetic test are completed and hope to accomplish
the blood draw without involving them in the process. It may
also be unclear how much the unaffected child knows about the
cancer related deaths in a family and if they are aware, what the
emotional toll has been on the child. In our experience, to help
achieve alignment and consensus with such parents, it is impera-
tive to have an a priori “contracting” discussion. This discussion
should include the benefits of including the child in the process,
the resilience, coping ability, and adaptation by many children,
and how we, as providers, help children to “normalize” the testing
process and the recommended cancer screening and risks after
learning of a positive test result. Parents are also advised about the
importance of being honest with children. The age of assent varies
by state, and at our institution is 10-17 years of age. If testing
is accomplished without assent from appropriate aged patients,
the child may resent the parent’s decision and adversely affect the
parent/child relationship in the future. In one recent publication,
children surveyed who were age 10 and above indicated that they
preferred to be involved in the assent process and believed that

they have the right to decline testing (36). In short, without prior
contracting, alignment and consensus building with parents,
genetic counseling and the assent process may be suboptimal at
best or unachievable at worst.

Of course in the pediatric oncology setting, many children are
tested before the age of assent, without their knowledge, when they
are too young to understand inheritance and the implications of a
cancer diagnosis. This is more typical for families with conditions
that begin cancer risk management in early childhood, such as
Li-Fraumeni syndrome (LFS) or familial adenomatous polyposis.
Genetic counseling, for these patients, is then typically provided at
various time points as they return to our pediatric cancer risk pro-
gram for management throughout the years. Genetic counseling in
the pediatric, adolescent, and young adult population is a continuous
process since new concerns arise as they relate to the developmental
stage and maturity of the patient (i.e., reproductive risk).

UNIQUE ASPECTS OF COUNSELING
FAMILIES AT RISK FOR HEMATOLOGIC
MALIGNANCIES

Opinion statements, regarding patient management once an
inherited mutation has been identified, have been published
by various groups (1, 28, 29, 37, 38), and consensus guidelines
now exist for clinical testing (39-41). Consensus management
guidelines for families with LFS have been published (42), and
guidelines for clinical management for HHM in pediatrics are
emerging (29).

It is difficult to standardize and simplify the patient identifica-
tion process in HM families. The pedigrees we are identifying
are not always straightforward, because the initial description of
families with HHM is limited and based on only a few families
and may not be representative of the biology of the particular
disease in all families. Therefore, some families present with
features that diverge from the initial syndrome description.

For example, in DDX41 mutation families, the initial descrip-
tion included families with only myeloid malignancies. However,
over time, we identified a family with segregation of lymphoid
malignancies as well as younger age of onset (4).

In addressing the effect of variable expression and the pos-
sibility of children developing a hematologic malignancy in a
family that demonstrates adult onset cancer only, we also discuss
the phenomenon of anticipation, in which younger generations
develop malignancy at an earlier age compared with relatives in
previous generations. Anticipation is common in families with
hematopoietic malignancies (43), although the molecular mecha-
nism by which this occurs is not clear. Since the recognition of
many of these syndromes is evolving and the currentidentification
of HHM families is few in number, there is an inherent selection
bias that renders it difficult to provide genetic counseling with
accuracy and precision for many of these families.

MANAGEMENT AND SURVEILLANCE

Although published opinion papers are able to provide some
guidance regarding management for family members with
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genetic predisposition to MDS and other hematologic malignan-
cies (1, 28, 29, 37, 38), these recommendations are largely based
on expert opinion, rather than prospective study, and therefore
present limitations. Unlike LFS families for whom there are now
recent and encouraging data demonstrating the benefits of cancer
screening for early detection of malignancies (42, 44), there are
not yet comparable studies or guidelines for HHM families to
make a compelling argument for the benefit of genetic testing
and cancer screening for early detection in adults let alone
children. Consensus guidelines are emerging based on available
information to date (29). Nonetheless, we caution readers that
management and surveillance of HHM is an evolving field as new
syndromes are identified. Phenotypic expression in many of these
predispositions is unknown due to incomplete penetrance and
variable expression. As a result, penetrance estimates and survival
advantage with screening is not known or quantifiable for these
families. Depending on the type of HM in a family, genetic test-
ing can have no direct benefit. For example, the knowledge that
someone is at risk for acute leukemia will not change the course of
the disease or treatment once it is identified. Early detection may
improve outcomes for patients with MDS or bone marrow failure
since individuals can undergo allogeneic transplantation sooner,
before development of acute leukemia.

Taking such situations into account, recently published
guidelines suggest a CBC with platelet count and white blood cell
differential at the initial visit of all patients at risk for an HHM
and annually in asymptomatic patients, with more frequent CBC
monitoring (ranging from every 3-6 months) at higher risk for
MDS/AML. Clinical symptoms or abnormal findings in the CBC
necessitate more frequent monitoring and additional testing.
Annual bone marrow aspiration and biopsy is reccommended for
individuals at higher risk of MDS/AML, and more frequent test-
ing should be completed for new or worsening cytopenias (29).
In addition, we have experienced logistical issues with regard to
management for families who do not live close to our center. We
maintain flexibility to communicate with a local primary care
physician if a family is comfortable having CBCs drawn locally
and having results sent to us for additional review.

Regardless of the uncertainties discussed here, which we
continue to share with our patients before genetic testing, the
families that we currently follow have been in favor of learning
as much as possible about the hereditary nature of the HM in
the family for their own personal use or for the greater good of
other families identified in the future. If we can identify a man-
agement plan, based on the premise of early detection, it would
be worthwhile to offer genetic testing for at-risk relatives of all
ages. A recent publication showed that adolescents with LES feel
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