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Chapter 4

A B S T R A C T

Up to 8.5% of children with cancer have a genetic cause for their cancer: a tumor 
predisposition syndrome (TPS). Diagnosing a TPS is of great importance, as it may have 
major consequences for clinical care. Patients with TPSs require specific monitoring and 
management. We present an overview of the cancer related and non-cancer related 
consequences for the 36 most common TPSs.
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I N T R O D U C T I O N

A tumor predisposition syndrome (TPS) is a syndrome in which there is an increased 
susceptibility (typically ≥5%) to develop cancer.1 In at least 8.5% of all patients who 
develop cancer as a child, a TPS is the underlying cause of this cancer.2,3 It is of great 
importance to recognize a TPS, not only for the understanding of the cause of the cancer, 
but also because of its clinical consequences. In some TPSs, a modification in therapy 
for the cancer is needed, for example when radiotherapy is contraindicated or when an 
adjustment of chemotherapy dose is advised. Furthermore, for several TPSs a surveillance 
program is indicated for the early recognition of other malignancies. The diagnosis of a 
TPS can also lead to the recognition and treatment of signs and symptoms unrelated to 
the cancer, such as neurological or immunological problems. Lastly, the diagnosis of a 
TPS can ensure proper genetic counselling for family members.

A TPS can be suggested by several factors, such as the family history and the tumor type. 
Some tumor types are highly associated with a TPS, e.g. adrenocortical tumors and choroid 
plexus carcinomas in Li-Fraumeni syndrome. Nevertheless, the recognition of a TPS remains 
a challenging issue. It is proposed that the presence of a TPS should be evaluated in every 
child with cancer, preferably by consultation of a clinical geneticist.4,5 However, research 
shows that not all children with cancer are referred to the clinical geneticist by the pediatric 
oncologist, and half of the TPSs in children with cancer are missed.6

Here we provide an overview of the consequences of diagnosing the most common TPSs. 
Knowledge of consequences of a TPS may lead to a more frequent referral to a clinical 
geneticist and should ensure optimal care for each child with cancer.

M A T E R I A L S  A N D  M E T H O D S

Tumor Predisposition Syndromes identification

For the identification of the TPSs with dysmorphic features, we searched the Winter–
Baraitser Dysmorphology Database (WBDD)7 and the textbook Gorlin’s Syndromes of the 
Head and Neck,8 as described previously.9 In addition, we performed a literature search 
using PubMed, to also include TPSs without dysmorphic features. This methodology is 
described in detail elsewhere10.

We included syndromes with a described cancer incidence of at least 5% and a minimum 
of 100 affected individuals reported in literature.1 In addition, we included syndromes 

4
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with 50 to 100 affected individuals described in literature, in order to allow inclusion of 
recently described TPSs as well. To avoid the inclusion of syndromes in which causality 
between the cancer and the syndrome was still uncertain, we included the latter group 
of syndromes with 50-100 reported individuals only if cancer incidence was 10% or 
higher, which admittedly was an arbitrary choice. In addition, the tumor should have 
been described occurring between 0-18 years at least once.

Consequences of TPSs

We searched the WBDD and Gorlin’s Syndromes of the Head and Neck for relevant 
information regarding the consequences of each TPS. Furthermore we searched in 
GeneReviews®,11 the textbook Management of Genetic Syndromes,12 and the Orphanet 
database.13 In addition we searched the Dutch Foundation Detection of Hereditary Tumors 
(www.stoet.nl), the Dutch website for guidelines for oncological care in The Netherlands 
(www.oncoline.nl) and the National Comprehensive Cancer Network (www.nccn.org) and 
PubMed for suggestions for cancer surveillance and follow-up in children.

Data Selection

For each syndrome we collected the most common associated pediatric cancers and 
the management and recommendations schedules. We selected all data regarding 
consequences which might be missed if the TPS would not have been diagnosed or for 
which monitoring and/or treatment are necessary.

These consequences were divided in cancer related and in non-cancer related. Cancer 
related consequences are the recommendations for therapy and surveillance to ensure 
early recognition of recurrences or additional malignancies. The non-cancer related 
consequences are recommendations regarding development, organ anomalies and 
dysfunctions, and immunologic, metabolic, and neurologic functioning.

R E S U L T S

Identification of TPSs

In total 33 syndromes were selected in which more than 100 individuals have been 
described, and in which cancer occurs in 5% or more of affected individuals. Three 
additional syndromes were described in 50-100 individuals, with a cancer incidence of 
10% or more (Supplementary Table S1). We provide an overview of all cancer and non-
cancer related consequences in Table 1.
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Surveillance

For 21 of the 36 TPSs, cancer surveillance schemes have been suggested.14-45 Especially 
in TPSs with a high risk of developing embryonal tumors, such as Wilms tumor or 
hepatoblastoma, close imaging surveillance has been recommended.46 For several 
syndromes differences of opinion regarding surveillance do exist.

Therapy adjustment

In 8 of the 36 syndromes, patients are known to be hypersensitive for ionizing 
radiation.28,29,33,35,47-50 In 4 out of the 36 syndromes, caution is advised when administrating 
chemotherapy.12,47-49

Development

In almost half of the TPSs (15/36) developmental problems may arise. Frequently detailed 
information regarding the nature and severity of the developmental problems was 
missing, and therefore we refrained from specifying these problems for each TPS.

Immunologic functioning

In three TPSs immunodeficiency is a frequent complicating problem: Ataxia Telangiectasia, 
Bloom syndrome, and Nijmegen Breakage syndrome.47,48,50 Neutropenia is a common 
complication in Shwachman-Diamond syndrome.41

Metabolism

Diabetes mellitus type 2 (DM2) is a serious metabolic complication common in patients 
with Bloom syndrome (18%) and Werner syndrome (71%).48,51 Approximately one third 
of individuals with Turner syndrome suffer from hypothyroidism.52

Neurologic functioning

Nearly 50% of patients with cardiofaciocutaneous (CFC) syndrome have a seizure disorder, 
mostly beginning in infancy or early childhood.53 In up to one third of patients with 
WAGR syndrome neurologic abnormalities such as hypertonia or hypotonia and epilepsy 
occur.54 Hypotonia is also seen in patients with Costello syndrome.20 Ataxia-Telangiectasia 
is characterized by progressive cerebellar ataxia beginning between one and four years 
of age,47 and children are typically wheelchair bound by the age of 10 years. Patients 
with congenital central hypoventilation syndrome suffer from autonomic nervous system 
dysregulation, which can range from mild to life-threatening.17 A neurologic feature of 
neurofibromatosis type 2 is a mononeuropathy occurring particularly in childhood and 



79

Consequences of tumor predisposition syndromes

frequently presenting as a facial nerve palsy, a squint (third cranial nerve palsy), or a 
foot or hand drop.35

Organ anomalies and dysfunctions

Organ anomalies and dysfunctions are common in TPSs, occurring in more than 80% of 
the TPSs (29/36) (Table 2). Anomalies in the cardio-vascular system, digestive system, 
integumentary system, sensory organs and in the urinary system, were the most 
frequently reported. Infertility is a serious problem in patients with Bloom syndrome and 
Fanconi Anemia, specifically for men.48,55 Most women with Turner syndrome are infertile 
due to gonadal dysgenesis.56 Anomalies in the kidney are just as common in syndromes 
which are associated with kidney tumors such as Wilms tumor as in syndromes not 
associated with these tumors.

Management and recommendations

In Bloom syndrome, Gorlin syndrome, Li-Fraumeni syndrome, Rothmund-Thomson 
syndrome and xeroderma pigmentosa (XP) excessive sun exposure should be avoided, 
due to a high risk of skin damage and skin malignancies.28,29,48,57,58 Patients with XP 
should try to completely avoid sun exposure, not only due to increased skin cancer risk, 
but also because of the severe sunburns that can develop even after only minutes of 
sun exposure.58 The syndrome specific issues (Table 1) typically require a physician or 
multidisciplinary team with expertise in the syndrome involved.

D I S C U S S I O N

The consequences of a TPS in a child with cancer are widespread and pediatric oncologists 
may wish to be aware of those consequences, in deciding whether or not a patient should be 
referred to a clinical geneticist. For instance in a two-year-old child with a hepatoblastoma, 
the pediatric oncologist will focus on adequate treatment of the malignancy first, so that 
evaluating the presence of a TPS has lower priority. However, a hepatoblastoma might be 
associated with a TPS as Beckwith Wiedemann syndrome (BWS), Familial Adenomatous 
Polyposis (FAP) and Simpson-Golabi-Behmel syndrome (SGBS). Morphological facial features 
as seen in BWS and SGBS may be present, but the signs may be too subtle to be recognized by 
pediatricians without specific experience in dysmorphology. However, the hepatoblastoma 
might be the first noticeable feature of the syndrome. In FAP morphological features are 
not common. BWS and SGBS go along with organ anomalies which can be monitored and 
in patients with FAP sigmoidoscopy and colonoscopy are required to monitor polyps. Also, 
sometimes preventive surgery might be advised. When the pediatric oncologist is aware of 
the possible consequences of a TPS, he or she will more easily refer to a clinical geneticist.

4
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Diagnosing a TPS in a child with cancer is of extreme importance as it may intervene 
with the cancer therapy protocol. The use of high resolution CT scans and radiotherapy 
may increase the chance to develop a second primary cancer in patients, and radiation 
is advised to be reduced or, if possible, avoided. Patients with Down syndrome are 
very susceptible to the side effects of chemotherapy, requiring chemotherapy dose 
reduction.12 For this reason, evaluation whether or not a TPS is present should preferably 
take place shortly after the cancer diagnosis.

The non-cancer related problems may have consequences as well. Knowing what signs 
and symptoms to expect in children might ensure the recognition of problems for which 
early intervention can be provided. Irrespective of nature and severity of the problems, the 
development is entitled to adequate support. For example, patients with WAGR syndrome 
can be affected by behavioral problems, including depression, anxiety, attention deficit 
disorder, obsessive-compulsive disorder, or autism spectrum disorders.54

In patients with a TPS in which immunodeficiency is a common problem, treating 
physicians should be aware of their increased susceptibility for infections. Intravenous 
immunoglobulin replacement therapy or prophylactic antibiotics can be considered 
when infections are frequent or may have a severe course.47,50 For patients with a TPS 
in which DM2 frequently occurs, screening should be standard and at least annually to 
diagnose the potential disease in an early stage and prevent further complications. When 
a TPS is diagnosed, a patient can be checked for the associated organ anomalies and 
dysfunctions. If such anomaly or dysfunction is present, monitoring may be necessary 
and if indicated it should be further managed.

Establishing the diagnosis of a TPS and starting surveillances when appropriate can make 
patients and their families feel more secure. It can be helpful to know that they will be 
closely monitored by a physician, including routine visits with full physical examination 
and/or additional imaging studies, monitoring growth and development, and to receive 
psychological support. However, these surveillances may also have downsides: it might 
increase medicalization of patients, and surveillances might cause anxieties and may lead 
to false positive or false negative results.15 Any surveillance should be well discussed with 
parents and patient, to match surveillance with their individual needs.

Scott et al. proposed that a chance of 5% or more of developing a malignancy in a TPS 
should be reason for surveillance.59 In the present study a surveillance program for 21 of 
the 36 TPSs is summarized. There is no global consensus on surveillance for every TPS. 
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For BWS patients for example abdominal ultrasound has been proposed at various ages 
and intervals.14-16,60 Maas et al. provided an overview of existing literature summarizing 
data on 2,000 BWS individuals, and suggested surveillance in BWS patients depending 
on molecular subgroups.15 We refrain from providing a detailed evaluation of each of 
the suggested surveillance schemes.

Diagnosing a TPS might influence family planning and reproductive choices. Parents and 
children with a TPS, when grown up, may consider preimplantation genetic testing or 
prenatal diagnosis when appropriate. All available options should be carefully discussed.

We have focused the present overview on consequences of TPSs during childhood. In 
adults different surveillance programs should be advised, such as prophylactic therapy 
and screening for colon and breast cancer for Bloom Syndrome patients.48 These issues 
are beyond the scope of the present study, and should be discussed separately.

Recognizing a TPS in a child with cancer is of extreme importance, as it has clinical 
consequences which require specific monitoring and management. We provided an 
overview of those cancer and non-cancer related consequences. Knowledge of these 
consequences and their importance to optimal care may facilitate early referral to a 
clinical geneticist and ensure optimal care for each patient with childhood cancer.

4
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S U P P L E M E N T A R Y  M A T E R I A L

Supplementary TABLE S1a.

Syndromes described in ≥100 individuals, and of whom ≥5% were reported to have cancer

Syndrome Syndrome described
in ≥100 individuals
[References]

Cancer reported in ≥5%
[References]

Ataxia telangiectasia [1] [1]

Beckwith-Wiedemann syndrome [2] [2]

Bloom syndrome [3] [3]

Cardiofaciocutaneous syndrome [4] [5]

Congenital central hypoventilation syndrome [6] [6]

Cons. Mismatch Repair-Deficiency Syndrome [7-11] [7-11]

Costello syndrome [12] [12]

Down syndrome [13] [13]

Dyskeratosis congenita [14] [14]

Familial adenomatous polyposis [15] [15]

Familial isolated pituitary adenoma [16] [16]

Familial or isolated WT1 mutations [17-20] [21]

Familial pheochromocytoma/paragangliocytoma [22] [22]

Familial retinoblastoma [23] [23]

Fanconi anaemia [24] [24]

Gorlin syndrome [25] [25]

Lateralized overgrowth [26-28] [21, 26, 27]

Li-Fraumeni syndrome [29] [29]

Multiple endocrine neoplasia type 2 [30] [30]

Neurofibromatosis type 1 [31] [31]

Neurofibromatosis type 2 [32] [32]

Nijmegen Breakage syndrome [33] [33]

Peutz-Jeghers syndrome [34] [34]

PTEN hamartoma tumour syndrome [35] [35]

Rothmund-Thomson syndrome [36] [36]

Rubinstein-Taybi syndrome [37] [38]

Shwachman-Diamond syndrome [39-43] [43]

Simpson Golabi Behmel syndrome [44] [45]

Turner syndrome [46] [46]

Von Hippel-Lindau syndrome [47] [47]

WAGR syndrome [48, 49] [21]

Werner syndrome [50, 51] [50, 51]

Xeroderma pigmentosa [52, 53] [52, 53]
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Supplementary TABLE S1b. 

Syndromes described in 50-100 individuals, and of whom ≥10% were reported to have 
cancer

Syndrome Syndrome described
in 50-100 individuals
[References]

Cancer reported
in ≥10% [References]

DICER1 syndrome [54-56] [54-56]

Familial neuroblastoma [57, 58] [57, 58]

Rhabdoid tumour predisposition syndrome [59-62] [59-62]
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