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Chapter 7

Abstract

Background

Identification of tumor predisposition syndromes in patients who have cancer in childhood is 

paramount for optimal care.  A screening instrument that can help to identify such patients 

will facilitate physicians caring for children with cancer. The complete screening instrument 

should consist of a standardized series of pictures and a screening form for manifestations 

not visible in the pictures. Here we describe the development of such a screening form 

based on an international two-stage Delphi process and an initial validation of the complete 

instrument.

Patients and methods

We identified manifestations that may contribute to the diagnosis of a tumor predisposition 

syndrome through the Winter-Baraitser Dysmorphology Database and the textbook “Gorlin’s 

Syndromes of the Head and Neck”. In a two-round Delphi process, eight international 

content-experts scored the contribution of each of these manifestations. We performed a 

clinical validation of the instrument in a selected cohort of 10 pediatric cancer patients from 

another centre.

Results

In total, 49 manifestations were found to contribute to the diagnosis of a tumor 

predisposition syndrome and were included in the screening form. The pilot validation study 

showed that patients suspect of having a tumor predisposition syndrome were recognized. 

Excellent correlation for indications of patient’s referral between the screening instrument 

and the reference standard (personal evaluation by an experienced clinical geneticist) was 

found.

Conclusions

The Delphi process performed by international specialists with a function as opinion leaders 

in their field of expertise, has led to a screening instrument for childhood cancer patients. 

Patients who may have a tumour predisposition syndrome and thus have an indication to 

be referred for further genetic analysis, can be identified using the screening instrument.
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Introduction

The diagnosis of a specific tumor predisposition syndrome in patients with childhood cancer 

is important and clinically relevant because it can affect management. Some syndrome-

associated malignancies require specific treatment strategies and some require screening 

for subsequent malignancies. Also, it may guide care for non-malignancy manifestations; it 

facilitates recurrence risk assessments and can facilitate pre-symptomatic identification of 

other relatives at risk for malignancies.

In previous studies, we found a substantial incidence of morphological abnormalities 

and recognisable clinical genetic syndromes in patients with childhood cancer. Half of 

these syndromes had not been recognized by the routine caregivers involved, despite 

expert pediatric care 1-3. We and others recommended that all children diagnosed with 

a malignancy should be assessed by a clinical geneticist or a pediatrician skilled in clinical 

morphology 2,4,5. However, in many countries there is limited access to such consultations 

and genetic consultations can be a low priority in acutely ill patients.  A screening instrument 

could be a reliable aid in assuring that all childhood cancer patients at risk of having a tumor 

predisposition syndrome can be recognized and referred.

We argue that an easy-to-use screening form together with a standard series of 2D and 

3D pictures could serve as a screening instrument. The form should easily be completed by 

a genetic nurse or physician involved in treatment of pediatric cancer patients. This would 

allow for a quick, efficient screen of completed forms accompanied by corresponding sets 

of pictures by a clinical geneticist who can then select those suspected to have a syndrome 

for a full genetic consultation. Such a screening form should be based on manifestations 

of known tumor predisposition syndromes, as these manifestations have already shown 

to indicate the cancer susceptibility. The number of tumor predisposition syndromes is 

large, which would result in a significant number of individual manifestations making a 

“non-focused’ form unfeasible. Therefore, it is important to extract the most significant 

manifestations. 

Part of the manifestations in tumor predisposition syndromes will be visible on a standard set 

of two-dimensional (2D, overview; face in two directions; hands; feet) and three-dimensional 

(3D) pictures (face). The goal of this study was to identify the most sensitive manifestations 

of known tumor predisposition syndromes, not visible on these pictures, to include these in 

a screening form. 
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Patients and Methods

General strategy

Two important sources for the manifestations of tumor predisposition syndromes were 

used; a database (Winter-Baraitser Dysmorphology Database [WBDD]) 6 and a textbook 

(Gorlin’s Syndromes of the Head and Neck)7. The recently published set of standardized 

terms to describe human morphology was used in the definite screening form 8-14. 

Expert-based opinion/Delphi process

We used a two-phase Delphi process 15,16 in which eight international specialists in this field 

participated. The Delphi technique is a widely accepted method for achieving convergence 

of opinion from experts. It is used as a method for consensus-building using a series of 

questionnaires in multiple consultation rounds to collect data from a panel of experts, 

where evidence from literature is lacking 15. In the present study we interrogated the 

expert-panel regarding manifestations that only can be found in body surface examination 

and their contribution to the diagnosis of a tumor predisposition syndrome. In the first 

assessment round, eight experts gave their opinion on the relevance of the morphological 

manifestations from the sources WBDD and Gorlin’s Syndromes of the Head and Neck.  

Relevance was defined as the significance or contribution of that manifestation to 

establishing a diagnosis of a tumor predisposition syndrome. Experts were asked to score 

the relevance of a manifestation on a scale from 1 to 5 (Likert scale) in which 1 was no 

contribution to the diagnosis of a tumor predisposition syndrome and 5 was pathognomonic 

for the diagnosis of a tumor predisposition syndrome. In the second assessment round, the 

same eight experts gave their final opinion on whether manifestations should be included 

in the screening form or not using a dichotomic score (in which 0 = exclude, 1 = include in 

screening form). 

The strategy of the Delphi process is provided in Figures 1 and 2. In Supplementary data 1 

more detailed information on search strategy and item selection (S1.1), search terms used 

(S1.2) visibility score of manifestations (S1.3) and details of the Delphi process (S1.4) are 

given.

Pilot validation study

The list of selected manifestations based on both Delphi rounds was converted to a clinical 

scoring form, to which was added space for relevant general data. At this stage, WBDD 

nomenclature was harmonized with the Elements of Morphology terms 8-14 (Supplementary 

data 4, S4.1). To aid users, a booklet was composed with definitions and pictures of included 

manifestations (Supplementary data 4, S4.2).

An initial clinical validation was performed using a cohort of ten selected pediatric 

cancer patients under care of another centre, who had a standard evaluation by a clinical 
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geneticist not involved in the development of the screening instrument (A.W.). This 

cohort was composed of patients suspected to have a tumor predisposition syndrome 

and those not suspected to have this. The study protocol was approved by the Medical 

Ethics Review Committee of the Academic Medical Centre in Amsterdam. All patients 

and parents gave their written informed consent. Specifically for the validation process of 

the screening instrument an independent genetic counsellor (nurse specialized in clinical 

genetics) evaluated every patient and filled in the scoring form for each patient, which 

was complemented with the 2D and 3D picture series. Two independent clinical geneticists 

from another centre, one with specific expertise in dysmorphology (R.C.M.H.) and one with 

specific expertise in oncogenetics (C.M.A.), neither of whom had been in contact with 

the patients, evaluated for each patient the set of pictures and completed scoring form 

from the screening instrument. Based on the completed screening instrument they assessed 

whether referral to a clinical geneticist was indicated and classified the reason for referral 

(i.e., history of the patient; tumor type; family history; phenotype; or any combination of the 

above). Combined outcomes of both observers were compared to the reference standard: 

the state of the art evaluation provided by the experienced local clinical geneticist (A.W.). 

Results

Identification of tumor predisposition syndromes

Using search terms based on the pediatric cancer classification system ICCC3 (International 

Classification of Childhood Cancer) (Supplementary data 1, S1.1), 460 potential syndromes 

were identified in the WBDD. Selection for those syndromes in which the abstract in the 

WBDD reported indeed an association with malignant conditions yielded 194 definite tumor 

predisposition syndromes. The search in the textbook ‘Gorlin’s Syndromes of the Head and 

Neck’ (Supplementary data 1, S1.2) yielded 27 additional tumor predisposition syndromes. 

Collection of all morphologic manifestations of these 221 included tumor predisposition 

syndromes (Supplementary data 1, S1.5) according to WBDD systematic yielded 335 

manifestations. After exclusion of 95 manifestations that were visible on the 2D and 3D 

picture series, 240 morphological manifestations remained upon which to collect expert-

based opinions (Figure 1).

Delphi round one

Decisive agreement for inclusion (median score ≥4.5, IQR 4-5) in the screening form 

was achieved for five manifestations (5/240, 2%) in the first round: abnormal genital 

pigmentation, adenoma sebaceous, axillary freckles, conjunctival teleangiectasia, 

neurofibromas/schwannomas.

Agreement for exclusion (median score ≤2, range 1 to 5) was achieved for 181 manifestations 

(181/240, 75%). For 54 manifestations (54/240, 23%) agreement was neutral (2 < median 
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Winter -Baraitser Dysmorphology Database
(WBDD)

 Potential tumor predisposition syndromes
(n=460) 

Gorlin’s Syndromes of the Head and Neck

Definite tumor predisposition syndromes
(n=27)

 

Manifestations characterizing tumor predisposition syndromes
 (WBDD systematics )

(n=335)

Definition of search terms

Total tumor predisposition syndromes
(n=221)

 Definite tumor predisposition syndromes
(n=194) 

Manifestations not visible on standard 2D/3D picture series 
(n=240)

Delphi

 Potential additional tumour predisposition 
syndromes

(n=27) 

Figure 1: Identification of tumor predisposition syndromes, search strategy and item selection
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WBDD category Manifestation Inclusion Delphi round

Abdomen Umbilical hernia 2

Cranium Macrocephaly 2

Cranium Microcephaly 2

Cranium Scalp tumors 2

Ears Crease/pits of ear lobule 2

Ears Pits of ear helix 2

Ears Posterior helical pits 2

Endocrine Ectopic/enlarged thyroid 2

Eyes, globes Cataract 2

Eyes, globes Conjunctiva telangiectasia 1

Eyes, globes Visible nerve fibres on cornea 2

Genitalia Abnormal genital pigmentation 1

Genitalia Ambiguous/absent genitalia 2

Genitalia Early puberty in females 2

Genitalia Early puberty in male 2

Genitalia Female pseudohermaphroditism 2

Genitalia Male pseudohermaphroditism 2

Genitalia True hermaphroditism 2

Hair Brittle hair 2

HandsII Palmar pits 2 (added by expert panel)

Leukoplakia Leukoplakia 2

Lower limbs Asymmetric lower limbsI 2

Lower limbs Hypertrophy of lower limbI 2

Neurology Ataxia 2

Neurology Cranial nerve palsies 2

Nose Nasal telangiectasia 2

Oral region Large tongue 2

Oral region Lobulated tongue (including hamartomata) 2

Oral region Oral pigmentation 2

Oral region Oral tumor 2

Oral region Protruding tongue 2

Oral regionII Abnormal oral mucosa (cobblestone) 2 (added by expert panel)

Oral regionII Mucosal neurinomas 2 (added by expert panel)

Oral regionII Papilloma periorifical 2 (added by expert panel)

Skeletal Hemi-hypertrophyI 2
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Skin Adenoma sebaceous 1

Skin Axillary freckles 1

Skin Lipomata 2

Skin Neurofibromas/schwannomas 1

Skin Pedunculated skin lesions/skin tags 2

SkinII Photosensitivity skin 2 (added by expert panel)

Skin Thin skin/generalized skin atrophy 2

Skin Teleangiectasia 2

SkinII Blue naevi 2 (added by expert panel)

SkinII Hyperpigmentation 2 (added by expert panel)

Stature Short stature, proportionate 2

Stature Tall stature, proportionate 2

Thorax Supernumerary nipples 2

Upper limbs Asymmetric arms 2

Table 1: All manifestations included in the screening form, ordered by Winter-Baraitser Dysmorphology 
Database (WBDD) systematic.
II: During the Delphi procedure the original terminology as used in the WBDD was maintained. For the 

definite screening form, terms were harmonized with the Elements of Morphology terms 8-14.
II: These items were added by the experts  and are not part of the WBDD systematic; categories were 

assigned by the investigators

Patient Tumor Judgment based on 
regular consultation
CG1

Reason referral
1/2/3/4* based on 
regular consultation

Judgment based on 
screening instrument
CG2

Reason referral
1/2/3/4* based on 
screening instrument

Judgment based 
on screening 
instrument CG3

Reason referral 
1/2/3/4* based on 
screening instrument

1 Neurofibroma prostate Referral (2), 4 Referral 2, 4 Referral 2, (4)

2 Hepatoblastoma Referral 2 Referral 2, 3 Referral 2, 3

3 Wilms tumor No referral NA No referral NA Referral 4

4 Hodgkin lymphoma Referral 4 Referral 1, 4 Referral 1, 3, 4

5 Hodgkin lymphoma No referral NA No referral NA No referral NA

6 Wilms tumor Referral 1, (4) Referral 1, 4 Referral 1, (3)

7 Dysgerminoma Referral 2 Referral 2 Referral 2

8 Acute Lymphoblastic Leukemia No referral NA No referral NA No referral NA

9 Adrenal cortical carcinoma Referral 2 Referral 2, 4 Referral 2

10 Burkitt lymphoma No referral NA Referral 2, 4 No referral NA

Table 2: Overview of the patients from the validation cohort, the judgements of the three clinical geneticists 
(CG1, CG2, CG3) on the indication for referral and the reason(s) for referral. 1 = patient’s history related, 2 
= tumor related, 3 = family history related, 4 = morphological examination related
NA = Not Applicable, CG1 = Clinical geneticist 1, CG2 = Clinical geneticist 2, CG3 = Clinical geneticist 3
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<4.5, range 1 to 5) and these manifestations were brought to the second round of the 

Delphi process.

Based on personal experience, the experts added 41 manifestations in the first round. Using 

the criteria as described earlier (manifestations found by body surface examination only or 

proposed by more than one expert), 7/41 manifestations were brought to the second round 

of the Delphi process as a separate dataset (Supplementary data 2, Table S2.2).

Delphi round two

In the second assessment round, the same eight experts gave their final opinion on whether 

61 (54 + 7) manifestations should be included in the screening form or not. Agreement for 

inclusion was achieved for 41 manifestations (41/61, 67%). 

The whole group of experts scored unanimous for 14 of the included manifestations (14/41, 

34%). For 27 manifestations (27/41, 66%), the majority of experts favoured inclusion. 

Agreement for exclusion was achieved for 13 manifestations (13/61, 21%), the agreement 

of seven manifestations (7/61, 11%), was non-decisive. Of these non-decisive, three were 

included based on the principal investigator’s assessment. Thus a total of 44 items (44/61, 

72%) were included in the second Delphi round (Supplementary data 2, Table S2.3). 

Together with the five manifestations that were selected in the first round, 49 definitive 

clinical manifestations (Table 1) were included in the screening form. In Supplementary data 

4 both the screening form and the accompanying definitions and pictures are shown.

Patient Tumor Judgment based on 
regular consultation
CG1

Reason referral
1/2/3/4* based on 
regular consultation

Judgment based on 
screening instrument
CG2

Reason referral
1/2/3/4* based on 
screening instrument

Judgment based 
on screening 
instrument CG3

Reason referral 
1/2/3/4* based on 
screening instrument

1 Neurofibroma prostate Referral (2), 4 Referral 2, 4 Referral 2, (4)

2 Hepatoblastoma Referral 2 Referral 2, 3 Referral 2, 3

3 Wilms tumor No referral NA No referral NA Referral 4

4 Hodgkin lymphoma Referral 4 Referral 1, 4 Referral 1, 3, 4

5 Hodgkin lymphoma No referral NA No referral NA No referral NA

6 Wilms tumor Referral 1, (4) Referral 1, 4 Referral 1, (3)

7 Dysgerminoma Referral 2 Referral 2 Referral 2

8 Acute Lymphoblastic Leukemia No referral NA No referral NA No referral NA

9 Adrenal cortical carcinoma Referral 2 Referral 2, 4 Referral 2

10 Burkitt lymphoma No referral NA Referral 2, 4 No referral NA

Table 2: Overview of the patients from the validation cohort, the judgements of the three clinical geneticists 
(CG1, CG2, CG3) on the indication for referral and the reason(s) for referral. 1 = patient’s history related, 2 
= tumor related, 3 = family history related, 4 = morphological examination related
NA = Not Applicable, CG1 = Clinical geneticist 1, CG2 = Clinical geneticist 2, CG3 = Clinical geneticist 3
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Pilot validation study

The considered opinions of three senior clinical geneticists, on the need and indication for 

referral were compared in a selected cohort of 10 pediatric cancer patients. Need for referral 

and the reasons for referral were independently assessed based on a routine clinical genetic 

consultation by one geneticist and on the use of the developed screening instrument by 

two other geneticists.

Figure 2: Expert-based opinion, Delphi method
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The geneticist that judged based on the routine consultation found an indication for referral 

(‘suspect for having a tumor predisposition syndrome’) in six patients, the two that judged 

based on the screening instrument found an indication for referral  (‘suspect for having 

a tumor predisposition syndrome’) in seven patients (Table 2). The reasons for referral as 

result of the routine consultation were also selected by the geneticists using the screening 

instrument. The geneticists using the instrument deduced more reasons for referral than 

the geneticist that judged based on the regular consultation.

Discussion

The development of a descriptive screening form is reported, and its application in a pilot 

study. It is anticipated that physicians or genetic nurses caring for children with cancer can 

easily fill out the form for each child. Completed forms accompanied by corresponding 

sets of pictures can then quickly and efficiently be evaluated for the need for a full genetic 

consultation by a clinical geneticist. 

Because available evidence on prevalence and recognition of tumor predisposition 

syndromes in patients with childhood cancer is scarce 1,2, the value of the expert opinions 

elicited in the Delphi process reflects and values the clinical consensus of these international 

opinion leaders in their field. One of the major benefits of the Delphi method is that it offers 

the opportunity to obtain expert opinions without potential influence of group dynamics 

on individual opinions. Because we chose to give feedback on the scores anonymously, 

experts could see their own opinion in relation to that of other experts, making it a safe, 

non-judgmental environment for sharing one’s opinion. Because the time frame of response 

was defined and standardized, this assessment gave a good reflection of the current opinion 

in the field of expertise at a given time point, making it more reliable. 

Because all opinions were weighed equally, an assumption was that the experts participating 

in the Delphi process were equal in experience and knowledge. However, this may not have 

been the case, especially if their fields of expertise were very specialized, as in our study. 

For our expert panel, we chose international clinical geneticists who functioned as opinion 

leaders in both dysmorphology and clinical cancer genetics, or are leaders in one of the 

two with good experience in the other field. The number of qualified experts was relatively 

small, which restrained the number of experts in our panel. The small size of the expert 

panel could be considered as a potential limitation in the current study. However we feel 

that, considering the small field of study, the expert panel optimally represents international 

expert opinions. Other Delphi studies with similar sized expert panels have shown to yield 

reliable results 17,18. 

In the present Delphi process we had to define criteria on when to include, exclude or bring 

a manifestation to the next Delphi round. For the first round of the Delphi we used the 
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median scores of experts for each manifestation for inclusion and exclusion, as the median 

is less affected by outliers which is especially important in small groups 15. 

We used a strict exclusion (median ≤2) and inclusion criterion (median ≥4.5) on the scale 

from 1 to 5 in the first Delphi round, so only items with strong agreement among the 

experts were included or excluded. 

We performed a pilot validation study in an independent series of ten pediatric cancer 

patients and compared the clinical judgment and rationale for referral by two independent  

clinical geneticists using the instrument, to those of a third clinical geneticist who evaluated 

the patients in routine consultations. In the pilot validation study, the clinical judgments 

of the two clinical geneticists using the screening instrument were very similar despite 

their different specialisation (dysmorphology vs oncogenetics). Furthermore, this was not 

a randomly selected patient cohort; the cohort in this clinical validation study consisted of 

both patients suspect as well as patients unsuspected for having a tumor predisposition 

syndrome which could give rize to selection bias.  In our pilot validation study, a genetic 

counsellor (genetic nurse) filled in the screening form; we do not expect a significant 

difference if the form were filled in by a pediatric oncologist or other physician involved in 

the care of childhood cancer patients, although this was not tested. 

We have not added criteria for referral indications for each tumor type and family history 

on our screening form: establishing reliable algorithms for the large range of tumor 

predisposition syndromes and the accompanying clinical spectrum with respect to tumor 

type and family history needs separate studies and is outside the scope of this manuscript. 

We have left this consideration to the expertise of the senior clinical geneticists evaluating 

the results of the instrument.

The optimal validation of the instrument would be a comparative prospective study in a 

cohort of newly diagnosed pediatric oncology patients: referrals and reasons for referral 

using the screening instrument could then be compared to the routine consultation done 

by an experienced clinical geneticist (‘reference standard’). The low incidence of tumor 

predisposition syndromes requires the recruitment of large numbers of patients for a 

considerable period of time to perform a study that potentially will yield useful results. 

This approach was not suitable for an initial, short-term validation. We recognize that the 

validation cohort is too small to support clinical implementation of the instrument. However, 

it does show that geneticists using the screening instrument recognize those childhood 

cancer patients that may have a tumor predisposition syndrome when compared to the 

reference standard. We can conclude that the geneticists using the instrument to evaluate 

the patient did not miss any significant clues for referral.  This supports the design of the 

aforementioned, subsequent study.  A prospective study, in which the feasibility and validity 

of the final screening instrument will be assessed, is needed to determine the diagnostic 

value of the instrument and is planned at present.
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Conclusion

We have used a Delphi process to gather expert opinions on manifestations detectable 

at body surface examination that contribute to the diagnosis of a tumor predisposition 

syndrome. The value of the assembled expert opinions using the Delphi method is that it 

reflects consensus in a group of experts on a subject where evidence from the literature is 

lacking. This study combines data from one of the most used databases in dysmorphology 

and a major textbook in clinical genetics with the opinion of recognized experts in tumor 

predisposition syndromes. The results of the overall process formed the basis of a screening 

form which, when combined with the standardized series of pictures, formed a screening 

instrument. The screening instrument showed an excellent correlation with the reference 

standard in a small pilot study. The feasibility and validity of the screening instrument will be 

evaluated in a subsequent, prospective large study.
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Supplementary data 1, Materials and methods and List 
of included syndromes

Supplementary data S1.1: Search strategy and item selection for Delphi 

First, search terms based on the diagnostic groups of the International Classification of 

Childhood Cancer1 were collected. Next, the Winter-Baraitser Dysmorphology Database 

(WBDD, http://www.lmdatabases.com, version 1.0.19, London Medical Databases Ltd., 

London, UK)2 and “Gorlin’s Syndromes of the Head and Neck”3 were used for systematic 

identification of known tumour predisposition syndromes. The WBDD describes over 4700 

non-chromosomal syndromes and in the Gorlin textbook, around 1500 syndromes are 

described. All syndromes from the WBDD and the Gorlin text, containing one or more of 

the search terms (Supplementary data S1.2) were checked against the Online Mendelian 

Inheritance in Man database (OMIM, http://www.ncbi.nlm.nih.gov/omim), consulted 

between April 01, 2010 and January 31, 2011) and three oncology textbooks 4-6 if there 

was doubt about the malignant character of the condition. The phenotype descriptions in 

the Gorlin textbook 3 were re-named according to WBDD systematics by one of the authors 

who has experience in updating the WBDD (R.C.M.H.). Three authors (S.M.J.H.; J.H.M.M.; 

R.C.M.H.) independently determined the set of manifestations that are insufficiently visible 

on 2D and 3D picture series (Supplementary data S1.3), but still can be found in phenotype 

evaluation using body surface examination. In case of discrepancy, consensus was reached. 

This search strategy generated a set of manifestations associated with known tumour 

predisposition syndromes, which are not visible in the standard 2D or 3D picture series, and 

described in the correct terminology. 

Supplementary data S1.2: Search terms used for the search in the WBDD

The search terms that were used for the search in the WBDD, based on the diagnostic 

groups of the third edition of the International Classification of Childhood Cancer 1

malignan, tumo, carcino, neoplasm, sarcom, lymphoma, astrocyt, ependymoma, 

craniopharyngeoma, meningeom, leukemi, leukaemi, myelodysplas, myeloproliferative, 

blastoma, Wilm, rhabdo, melanoma, glioma, Langerhans cell histiocytosis, PNET, 

adamantinoma, teratoma, neuroma

Supplementary data S1.3: Visibility score

 For the score of theoretic visibility of manifestations on 2D and 3D picture series, the basic 

assumption was that the 2D picture series would comprise bilateral and frontal views of 

the face, ventral and dorsal views of the hands and feet and ventral and dorsal overview 

picture of the skin with the underpants on. For the 3D picture we assumed only the face to 

be captured. For both picture series we assumed optimal quality without lighting or position 
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artefacts and ideal conditions. The theoretic visibility of the collected manifestations on 

the 2D and 3D picture series was independently scored by three physicians; a clinical 

geneticist and pediatrician (R.C.M.H.), a pediatric oncologist (J.H.M.M.) and research 

physician (S.M.J.H.), the latter two both trained in clinical morphology. Whenever there was 

discrepancy, agreement was reached by discussions.

Supplementary data 1.4: Detailed methodology of the Delphi process.

Expert- panel
The screening instrument is meant to be an aid to the anticipated users in evaluating patients 

for possible tumour predisposition syndromes. So the expert group should consist of 

colleagues that are expert in this clinical genetic field.  Nine international clinical geneticists 

were selected based on their function as opinion leaders in their field of expertise (tumour 

predisposition syndromes, dysmorphology, or both). In February 2011, these nine experts 

were invited separately to participate in a prospective Web-based Delphi process comprising 

two iterative assessment rounds. One expert declined the call for personal reasons, thus 

eight (C.E., E.L., T.C., D.H.V., R.W., E.R.M., L.G.B. and A.V.) committed and responded to 

two assessment questionnaires. Experts responded independently with their identity not 

disclosed to the expert-panel until after the second assessment questionnaire. All eight 

experts completed both rounds of questionnaires. Please refer to Supplementary data 2, 

Table S2.1 for more detailed information on the experience of experts.

Data collection
Delphi round one. In February 2011, the expert-panel received a first assessment 

questionnaire and cover letter with instructions. The questionnaire contained 240 

manifestations identified in the item selection as described above (Supplementary data 3, 

S3.1). Experts were asked to score the relevance of each manifestation to the diagnosis 

of a tumor predisposition syndrome on a 5 point Likert scale (1= no contribution to 5= 

pathognomonic for diagnosing a tumour predisposition syndrome). A Likert-type scale is 

the common term for a psychometric scale, often used in questionnaires. 

Delphi round two. In the second questionnaire the inconclusive manifestations were 

included and presented (Supplementary data 3, S3.2). Experts were informed on the 

anonymised summarized scores of other experts in the panel, and were asked to give a 

dichotomised score (1= include in screening form and 0= exclude from screening form). 

From the manifestations added by the experts in the first round, only manifestations that 

can be found by body surface examination only or manifestations that were proposed by 

more than one expert were included in the second assessment questionnaire as a separate 

dataset and scored in an identical way, meaning a dichotomised score (1= include in 

screening form and 0= exclude from screening form).
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Data analysis
Process data from both rounds were entered and analyzed into Excel for Windows 

version 2003 and PASW (IBM SPSS) version 18.0. Descriptive statistics were used to 

analyse responses in each round. Cut-off ranges for inclusion and exclusion in the first 

questionnaire were based on three possible outcomes: agreement for inclusion (median ≥ 

4.5), agreement for exclusion (median ≤ 2) or agreement neutral (2 < median < 4.5). We 

chose for a median score because the median is less affected by the presence of an outlier 

in scoring which is important when collecting opinions among a small group of experts. If 

agreement for definitive inclusion or exclusion had been achieved for specific items after 

the first round, experts were not questioned further. The pre-set level of agreement in the 

second questionnaire was five of the eight members in agreement. For manifestations on 

which no agreement was achieved in the second round, the assessment of the principal 

investigator (RCMH) was decisive.

Supplementary data S1.5: List of 221 included syndromes from the Winter-
Baraitser Dysmorphology database (WBDD).

SYNDROME

Aase-Smith - hydrocephalus; cleft palate; joint contractures

Achondroplasia

Acro-dermato-ungual-lacrimal-tooth syndrome

Adams-Oliver - scalp defects; terminal transverse defects

Aicardi syndrome

Aleck (1988) - holoprosencephaly; ectopia cordis; embryonal neoplasms

Aniridia - Wilms’ tumour / WAGR syndrome

Apert - acrocephalosyndactyly type I

Arnold (1973) - bone dysplasia with sarcomata

Arterio-hepatic dysplasia (Alagille)

Asymmetric crying facies

Ataxia - pancytopenia

Ataxia - telangiectasia (Louis-Bar)

Bachman (1980) - anophthalmia; intracranial germinoma

Baller-Gerold - craniostenosis - radial aplasia

Bannayan-Riley-Ruvalcaba syndrome

Bardet-Biedl (Laurence-Moon-Bardet-Biedl) syndrome

Bazex - basal cell carcinoma - depressed scars/pits

Becker’s nevus

Beckwith-Wiedemann (EMG) syndrome
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Biemond II - obesity; polydactyly; iris coloboma

Blanchet-Bardon (1987) - palmoplantar keratoderma; breast and ovarian cancer

Blepharophimosis - MR - type Verloes (2006)

Blepharophimosis-Ptosis-Epicanthus inversus Syndrome (BPES)

Bloom syndrome

Blue rubber bleb nevus syndrome

Branchial cleft anomalies - Wilms’ tumour

Branchio-oculo-facial syndrome (haemangiomatous branchial clefts)

C syndrome

Cafe-au-lait spots - malignancy

Cardio-Facio-Cutaneous (CFC) syndrome

Chediak-Higashi syndrome

Chromosome 10q23 - microdeletion

Chromosome 16p11.2-p12.2 - microdeletion

Chromosome 17q11 - microdeletion

Chromosome 22q13 - submicroscopic deletion

Chromosome 3q21.1-q21.3 - microdeletion

Chromosome 4q35 - submicroscopic deletion

Chromosome 8 - maternal disomy

Cleft lip/palate - gastric cancer

Cleidocranial dysostosis

Conley (1986) - chromosomal instability disorder

Costello syndrome

Cowden - multiple hamartomas

Cox (1980) - juvenile polyposis; pulmonary AV malformation, HHT

Currarino triad - Anal atresia; Sacral anomalies; Presacral mass (ASP)

Curry-Jones syndrome

Del 11p13 aniridia-Wilms tumor

Del 13q

Del 9p

DNA ligase IV mutations

Down syndrome

Drash - nephritis; pseudohermaphroditism; Wilms’ tumour

Dubowitz syndrome

Durkin-Stamm (1978) - sacral teratomas; lower limb abnormalities

Dyskeratosis congenita

Dysplastic nevus syndrome
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Ectodermal dysplasia - X-linked hypohidrotic type

Ectrodactyly - Ectodermal dysplasia - Clefting (EEC)

Emberger (1979) - deafness; lymphoedema; leukemia

Epidermodysplasia verruciformis

Epidermolysis bullosa - dystrophic - type Hallopeau-Siemens

Epidermolysis bullosa - dystrophica

Epidermolysis bullosa - muscular dystrophy

Facies (unusual)-Anorexia-Cachexia-Eye and Skin anomalies (FACES)

Fanconi pancytopenia

Fanconi-like syndrome

Fibrofolliculomas - trichodiscomas - acrochordons

Fragile X-linked mental retardation

Frasier (1964) - renal failure; XY gonadal dysgenesis

Freckling - cancer - photosensitivity

Gardner syndrome

Giant pigmented hairy naevus syndrome

GIST - gastrointestinal stromal tumors - cutaneous hyperpigmentation

Goldenhar (facio-auriculo-vertebral) syndrome/hemifacial microsomia

Graham (1987) - cystic hamartoma of lung and kidney

Greenberg (1981) - myelocytic leukemia; polyposis coli

Greig - digital anomalies - macrocephaly

Griscelli (1978) - Chediak-Higashi-like syndrome

Haemangioendotheliomas - hemihypertrophy

Hajdu-Cheney (acro-osteolysis)

Happle-Tinschert syndrome - basaloid follicular hamartoma plus

Hay-Wells - ankyloblepharon; ectodermal defects; cleft lip and palate

Hemihyperplasia - isolated

Hess (1974) (N-syndrome) - deafness; spasticity; dysmorphic facies

Hisama (1998) - renal dysplasia-absent nipples-multiple malformations

Holoprosencephaly-hypothalamic hamartoblastoma

Houlston (1992) - microcephaly; glomerulonephritis; marfanoid habitus

Humes (1984) - melanosis; hydrocephalus

Huriez syndrome

Hyper IgM - growth and pubertal delay

Hyperparathyroidism-multiple ossifying jaw fibromas

Hyperphosphatasia-osteoectasia (Hyperphosphatasemia)

Immunodeficiency-centromeric instability-facial anomalies
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Incontinentia pigmenti

Ishikawa (2000) - chromosome instability syndrome

Juvenile polyposis

Kabuki make-up syndrome

Kartagener syndrome

Keratitis-Ichthyosis-Deafness syndrome (KID)

Kindler - acrokeratotic poikiloderma with bullous atrophy

Klinefelter

Klippel-Trenaunay-Weber syndrome

L-2 Hydroxyglutaric aciduria

Lamellar ichthyosis

Leiomyoma - hereditary - multiple, of the skin

LEOPARD syndrome

Leri-Weill dyschondrosteosis

Leukonychia - sebaceous cysts - renal calculi

Linear sebaceous nevus syndrome

Longman (2001) - peripheral neuropathy - mental retardation

Macrocephaly - cutis marmorata telengiectatica congenita

Macular bullous dystrophy - mental retardation - microcephaly (X-linked)

Maffucci syndrome

Marinesco-Sjogren syndrome

McCune-Albright - polyostotic fibrous dysplasia

McKusick - cartilage-hair hypoplasia (metaphyseal dysplasia)

Meige - lymphoedema praecox

Melanoma - astrocytoma syndrome

Melorheostosis

Michaels (1999) - sensorineural deafnesss-enamel hypoplasia-carcinoma

Microphthalmia - cataract (autosomal recessive)

Microphthalmos - orbital cyst

Miller-Dieker lissencephaly

Morning Glory syndrome - sphenoethmoidal encephalocele

Mosaic genome-wide patUPD

Mosaic variegated aneuploidy with microcephaly

Mulibrey nanism

Multiple circumferential skin folds

Multiple endocrine adenomatosis

Multiple exostoses (diaphyseal aclasis)
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Mulvihill (1975) - progeria-like syndrome

Myotonic dystrophy

Neurocutaneous melanosis

Neuroendocrine carcinoma of salivary glands, sensorineural hearing loss, enamel hypoplasia

Neurofibromatosis - type 1

Neurofibromatosis - type 2

Nevi-Atrial myxoma-Myxoid neurofibromata-Ephelides (NAME or LAMB)

Nevoid basal cell carci noma syndrome (Gorlin)

Nevus comedonicus syndrome

Nijmegen immunodeficiency syndrome

Noonan syndrome

Noonan-like features - NF-like features - SPRED1 mutations

Ollier enchondromatosis

Olmsted - palmoplantar keratoderma plus

Ondine’s curse

Osteofibrous dysplasia

Osteoma cutis

Osteosarcoma, familial

OsteoSarcoma-Limb Anomalies-erythroid Macrocytosis (OSLAM)

Paget Disease

Pallister-Hall (ano-cerebro-digital) syndrome

Palmoplantar keratoderma

Palmoplantar keratoderma - sex reversal

Parrish (1972) - hypotrichosis; milia

Parry (1978) - cataracts; small head; hypogonadism; osteosarcoma

Perifollicular fibromas - intestinal polyposis

Perlman syndrome (gigantism with renal dysplasia/tumours)

Peutz-Jeghers syndrome

Poland syndrome

Porokeratosis - disseminated superficial actinic type

Prader-Willi syndrome

Primrose (1982) - muscle wasting; MR; cataracts; calcified pinnae

Progeria syndrome

Proteus syndrome (hemihypertrophy; nevi; hamartoma)

Punctate palmar keratoderma - malignancy

Purine nucleoside phosphorylase deficiency

RAPADILINO - radial and patellar aplasia/hypoplasia
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Rendu-Osler-Weber hereditary telangiectasia

Retinal arteriolar tortuosity, stroke, nephropathy

Rib anomalies and malignancy in childhood

Rombo - skin atrophy/tumours

Rothmund-Thomson (poikiloderma congenita)

Rubinstein-Taybi syndrome

Russell-Silver syndrome

Ruzicka (1981) - ichthyosis; deafness; brachydactyly

Sacral defects (anterior)

Saethre-Chotzen - acrocephalosyndactyly type III

Schimke (1974) - spondyloepiphyseal dysplasia tarda-lymphopenia-nephrosis

Schinzel-Giedion - hypertrichosis; midface retraction

Schopf (1971) - tricho-odonto-onychodermal syndrome

Seckel syndrome

Seemanova (1985) - microcephaly; immunodeficiency

Semerci (2001) - absence of vertebrae - renal agenesis - VSD - teratoma

Sex reversal in XY males

Shwachman - pancreatic insufficiency; neutropenia; metaphyseal dysplasia

Simpson-Golabi-Behmel syndrome

Smith-Lemli-Opitz syndrome type I

Smith-Lemli-Opitz syndrome type II (severe lethal form)

Sotos syndrome (cerebral gigantism)

Spinal hemangiomas - paraparesis - cong heart disease (PTEN mutation)

Stoll (1994) - myelodysplasia; immunodeficiency; vesico-ureteral reflux

Sybert (1980) - short stature; abnormal skin pigmentation; MR

Teebi (1987a) - microcephaly; normal intelligence

Thong (1978) - abnormal neutrophil chemotaxis; short stature; deafness

Thyroglossal duct cyst, familial

Tooth ageneis - colorectal cancer

Torre - sebaceous gland tumours; internal carcinomas

Trisomy 13

Trisomy 18

Tuberous sclerosis

Tumoral calcinosis

Turcot syndrome - cerebral tumours; colonic polyposis

Turner

Tylosis-carcinoma of the oesophagus
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Tyrosinaemia type I

Unusual facies, microcephaly, normal intelligence, immunodeficiency, lymphoreticular malignancy

Unusual facies, myelodysplasia, immunodeficiency

Unusual facies, osteosarcoma and malformation syndrome

Velo-cardio-facial syndrome

Von Hippel-Lindau syndrome

Weaver syndrome

Webster (1992) - growth retardation; immunodeficiency; DNA ligase I mutation

Werner syndrome

Westerhof (1978) - pigmentary anomalies; mental retardation; short stature

Wilms’ tumour - hemihypertrophy

Wilms’ tumour - horseshoe kidney

Wilms’ tumour - radial aplasia

Wiskott-Aldrich - thrombocytopenia; eczema; immunological deficiency

WT syndrome-pancytopenia-hand defects

Xeroderma pigmentosa
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Supplementary data 2, tables    

Expert
(arbitrary order)

Years of faculty Total number 
of publications 

(PubMed)

Percentage first 

authorship (%)

Percentage  last 
authorship (%)

A 31 145 12 34

B 22 116 10 27

C 24 308 31 19

D 20 369 14 40

E 23 194 16 25

F 14 468 13 47

G 24 118 13 12

H 18 181 34 55

Supplementary Table S2.1 Information on experience of experts that participated in the expert panel. 
Reference date for percentages first and last authorship is February 2012

Manifestation
 in WBDD

 systematic

Visibility on 
2D and/or 3D

3D picture series

To Delphi 
round two

Reason for inclusion 
or exclusion

Abnormal oral mucosa 
(cobblestone)

+ - yes invisible in picture series 
due to location

Blue naevi - +/- yes visibility in pictures 
depending on location 
(foot soles)

Hyperpigmented spots + +/- yes visibility in pictures 
depending on location 
(genitalia); added by two 
experts

Mucosal neurinomas - - yes invisible in picture due to 
location (oral cavity)

Palmar pits - - yes frequently invisible in 
picture series; added by 
two experts

Papilloma periorifical + - yes invisible in picture 
depending on location 
(oral cavity)

Photosensitivity of skin + +/- yes visibility in pictures 
depending on severity 
and season, added by 
two experts

A/hypoplastic thumbsI + + no visible in picture series

Aniridia + + no visible in picture series
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Blepharophimosis + + no visible in picture series

Bulging foreheadI + + no visible in picture series

Coarse face (adult) + + no visible in picture series

Comedones + + no visible in picture series

Deep set eyes + + no visible in picture series

Depigmented patches + + no visible in picture series

Hypotrichosis + + no visible in picture series

Juvenile 
xanthogranulomata

- + no visible in picture series

Large mandible / 
cherubismI

+ + no visible in picture series

Lentigines + + no visible in picture series

Loose skin on hands + + no visible in picture series

Macrosomia at birth + - no internal manifestation

Malar hypoplasiaI + + no visible in picture series

Mucosal neuromas - - no internal manifestation

Multiple exostoses + + no internal manifestation

Omphalocele + + no visible in picture series

Pectus excavatum + + no visible in picture series

Perioral macules + + no visible in picture series

Periungual fibromas - + no visible in picture series

Periungueal nodules - + no visible in picture series

Progeroid appearance - + no visible in picture series

Prominent nose + + no visible in picture series

Prominent supraorbital 
ridges

- + no visible in picture series

Radial aplasia - + no internal manifestation

Sebaceous adenoma + - no already in assessment 
questionnaire first round

Shagreen patches - + no visible in picture series

Triangular face + + no visible in picture series

Trichilemmoma - + no visible in picture series

Visceromegaly - - no internal manifestation

Supplementary Table S2.2: Manifestations added by the eight experts in Delphi round one. Only external 
manifestations that are regularly or always invisible on 2D and 3D picture series, or if added by two or more 
experts, were brought to Delphi round two. 
+= yes, -= no, +/-= dependent on other conditions (see column “Reason for inclusion or exclusion” for 
explanation.
I: During the Delphi procedure the original terminology as used in the WBDD was maintained. For the 
definite screening form, terms were harmonized with the Elements of Morphology terms1-8.
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Manifestation Proportion of agreement (%)

Abnormal oral mucosa (cobblestone) 100

Ambiguous/absent genitalia 100

Hemi-hypertrophy I 100

Hypertrophy of lower limbI 100

Large tongue 100

Lipomata 100

Macrocephaly 100

Mucosal neurinomas 100

Palmar pits 100

Perioral papilloma 100

Pedunculated skin lesions/skin tags 100

Photosensitivity skin 100

Scalp tumours 100

Visible nerve fibres on cornea 100

Asymmetric arms 88

Asymmetric lower limbsI 88

Crease/pits of ear lobule 88

Hyperpigmentation 88

Lobulated tongue (including hamartomata) 88

Male pseudohermaphroditism 88

Oral pigmentation 88

Oral tumour 88

Teleangiectasia 88

Ataxia 75

Cataract 75

Cranial nerve palsies 75

Ectopic/enlarged thyroid 75

Female pseudohermaphroditism 75

Leukoplakia 75

Pits of ear helix 75

Posterior helical pits 75

Protruding tongue 75
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True hermaphroditism 75

Umbilical hernia 75

Blue naevi 63

Early puberty in females 63

Early puberty in male 63

Microcephaly 63

Nasal telangiectasia 63

Tall stature, proportionate 63

Thin skin/generalized skin atrophy 63

Brittle hair 50II

Short stature, proportionate 50II

Supernumerary nipples 50II

Supplementary Table S2.3 Manifestations included in Delphi round two (agreement defined as 63%). 
When agreement was inconclusive (neutral), the opinion of the principal investigator was decisive.
I: During the Delphi procedure the original terminology as used in the WBDD was maintained. For the 
definite screening form, terms were harmonized with the Elements of Morphology terms1-8.
II: Because agreement was neutral in round two for these items, the principal investigator’s opinion was 
decisive. 

References to Supplementary Tables
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Supplementary data 3

Supplementary data S3.1 Score form Delphi round 1
Please score (on a scale from 1 to 5) which morphological abnormalities would contribute to the 
diagnosis of known tumor predisposition syndromes in the first screening of a patient. 

1- no contribution to diagnosis tumor predisposition syndrome
2
3
4
5- pathognomonic for diagnosis tumor predisposition syndrome

Morphological abnormality Score for contribution to diagnosis tumor 
predisposition syndrome

CRANIUM N/A

Brachycephaly

Dolichocephaly/scaphocephaly

Macrocephaly

Microcephaly

Plagiocephaly/asymmetrical skull

Trigonocephaly

Flat occiput

Prominent occiput

Scalp defects

Scalp tumours

HAIR N/A

Brittle hair

Fine hair

Kinky/curly hair (including pili torti)

Coarse hair

Abnormal secondary sexual hair

Unusual hair whorl/pattern

STATURE N/A

Short stature, proportionate

Short stature, short limbs

Short stature, short trunk

Tall stature, proportionate

Tall stature, disproportionate/dolichostenomelia
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EARS N/A

Absent auditory canal

Narrow/atretic auditory canal

Pits of ear helix

Crease/pits of ear lobule

Temporal bone aplasia/dysplasia

Posterior helical pits

EYES, GLOBES N/A

Conjunctivitis

Conjunctival nodules

Conjunctival telangiectasia

Cloudy corneae/sclerocornea

Keratoconus

Macrocornea/megalocornea

Visible nerve fibres on cornea

Microcornea

Ulceration of cornea

Microphthalmia

Iris atrophy/dysplasia

Cataract

Persistent pupillary membrane

Nevus of Ota

Vision, non-specific impairment

Blindness

Hypermetropia

Myopia

Nystagmus

Photophobia

Strabismus/gaze palsy

EYES, ASSOCIATED STRUCTURES N/A

Double eyelashes

Flame nevus of eyelids

Ptosis of eyelids

Blocked/absent nasolacrimal duct

Nasolacrimal duct, abnormal position

Increased tear production
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FACE N/A

Expressionless/dull face

Facial weakness

Telangiectasia

Asymmetrical maxilla

Prominent maxilla

MOUTH N/A

Open mouth appearance

Stomatitis

Trismus

ORAL REGION N/A

Oral tumour

Leukoplakia

Oral frenula (multiple)

Oral pigmentation

Thick/wide alveolar ridges

Gingivitis

Gum hypertrophy

Periodontoclasis/periodontitis

Cleft palate

Cleft uvula

High palate

Narrow palate

Prominent lateral palatine ridges

Submucous cleft palate

Torus palatinus

Absent or hypoplastic tongue

Bound tongue/ankyloglossia

Midline cleft tongue

Furrowed tongue/prominent groove

Glossoptosis

Large tongue

Lobulated tongue (including hamartomata)

Protruding tongue

NOSE N/A

Deviated nasal septum

Nasal telangiectasia

174



Structural genome variations in childhood cancer

ch
ap

te
r 

7

TEETH N/A

Advanced tooth eruption/development

Dental caries

Delayed tooth eruption/development

Enamel abnormalities

Irregular or crowded teeth

Large/prominent teeth

Malocclusion of teeth

Neonatal teeth

Oligodontia

Premature loss of teeth

Abnormally shaped teeth

Small teeth

Single central incisor

Talon cusp

Supernumerary teeth

Wide-spaced teeth

VOICE N/A

Hoarse voice

Nasal speech

High-pitched voice

Low-pitched voice

Speech defect/dysarthria

Speech delay

NECK N/A

Branchial cleft/sinus/cysts

Low posterior/trident hairline

Loose skin in neck

Torticollis, including stiff neck

BACK AND SPINE N/A

Pilonidal cyst/sinus/dimple

Scoliosis
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THORAX N/A

Asymmetric thorax

Short thorax

Short sternum

Stridor

Asternia or bifid sternum

Gynaecomastia

Supernumerary nipples

Wide-spaced nipples

Absent or hypoplastic pectorals

Winged scapulae

ABDOMEN N/A

Diastasis recti

Inguinal hernia

Umbilical hernia

Abdominal muscle hypoplasia/aplasia

Abnormal placement of anus

Anal fistula

GENITALIA N/A

Ambiguous/absent genitalia

Female pseudo hermaphroditism

Male pseudo hermaphroditism

True hermaphroditism

Hypogonadism

Abnormal genital pigmentation

Prominent clitoris

Abnormal labia

Early puberty in females

Late puberty in females

Hydrocele/lymphedema of testis

Hypospadias

Large penis

Small penis (including micro)

Early puberty in male

Late puberty in male

Hypoplastic scrotum
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Overriding scrotum

Absent testis

Cryptorchid testes

Large testes

Small testes

Scrotum, bifid

UPPER LIMBS N/A

Asymmetric arms

Mesomelia of upper limbs

Rhizomelia of upper limbs

Proportionate short arms

Limited movement of shoulder

Cubitus valgus

Dislocated elbow

Limited movement/flexion deformity of elbow

Madelung deformity

Restriction of supination/pronation

HANDS N/A

Large hands

Small hands

Thenar hypoplasia

Abnormal dermatoglyphic patterns

Hyper-mobile/extensible fingers

Post-axial polydactyly of fingers

Limited movement of fingers

Osseous syndactyly of fingers

Short/hypoplastic metacarpals

Synostosis of metacarpals

Hypoplastic phalanges

HANDS N/A

Large hands

Small hands

Thenar hypoplasia
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NAILS N/A

Thickened nails

Thin/brittle nails

LOWER LIMBS N/A

Asymmetric lower limbs

Hypertrophy of lower limb

Mesomelia of lower limbs

Oedema of lower limbs

Rhizomelia of lower limbs

Proportionate shortening of lower limb

Flexion deformity of hip

Coxa vara

Coxa valga

Absent or hypoplastic patella

Dislocated patella

Dislocated knee

Hyper-extensible knees

Limited movement of ankle

Abnormal dermatoglyphic patterns

Hyper-mobile/extensible fingers

Post-axial polydactyly of fingers

Limited movement of fingers

Osseous syndactyly of fingers

Short/hypoplastic metacarpals

Synostosis of metacarpals

Hypoplastic phalanges

Short phalanges

Wide phalanges

Abducted/hitchhiker thumb

Fetal finger pads
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FEET N/A

Flat arches of feet

High arches of feet (pes cavus)

Abnormal/deep plantar creases

Abnormal dermatoglyphics on feet

Large feet

Small feet

Vertical talus (see also rocker-bottom feet)

Hyper-mobile toes

ENDOCRINE N/A

Ectopic/enlarged thyroid

MUSCLES N/A

Muscle atrophy

Myotonia

Muscle weakness/myopathy

JOINTS N/A

Contractures (including arthrogryposis)

Laxity

Stiffness/arthritis

NEUROLOGY N/A

Anosmia

Ataxia

Cranial nerve palsies

Dementia/psychosis

Extra-pyramidal disorder

Hemiplegia

Hypotonia

Mental retardation/developmental delay

Spasticity/increased tendon reflex

Tremors
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SKELETAL N/A

Hemi-hypertrophy

SKIN N/A

Cutis laxa

Dimples

Hypohidrotic or dry skin

Hyperelastic skin

Hyperkeratosis

Space for additional items (not listed above) which cannot realiably be distinguished on the 2D and/or 3D 
picture series, that you feel would contribute to the diagnosis of a known tumor predisposition syndrome
Please check whether you have put in a score for each item

Thank you very much for your help!

SKIN N/A

Cutis laxa

Dimples

Hypohidrotic or dry skin

Hyperelastic skin

Hyperkeratosis

Keratosis pilaris

Seborrhoea

Soft skin

Thick/stiff skin

Thin skin/generalized skin atrophy

Scleroderma

Axillary freckles

Mongolian spot

Adenoma sebaceous

Cysts

Lipomata

Neurofibromas/schwannomas

Pedunculated skin lesions/skin tags

Xanthomas
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Supplementary data S3.2 Score form Delphi round 2
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Supplementary data 4

Supplementary data 4.1 Screening instrument part I, Screening form
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Tumor Predisposition Syndromes 
in Childhood Cancer Screening 

Instrument

part II: Definitions and pictures

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Cataract

Lens opacities of all types

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Brittle hair 

Easily breaking 
(often also thin) hair

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Visible nerve fibres on cornea 

Prominent nerve fibres on the 
cornea

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Photosensitivity

Hypersensitive reaction to sunlight of 
eye and/or skin

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

(Posterior) pits of ear helix 

Permanent indentation on the posteromedial aspect 
of the helix that may be sharply or indistinctly 
delineated

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Crease/pits of ear lobule 

Sharply demarcated, typically linear and 
approximately horizontal indentations in the ear lobe

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Leukoplakia 
White, slightly raised plaques on the mucosal 
surface

Supplementary data 4.2 Screening Instrument part II, Definitions and pictures
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         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Tongue (large, protruding, lobulated)

�  Large tongue: Increased length and width of 
the tongue 

�  Lobulated tongue: Multiple indentations and/
or elevations on the edge and/or surface of the 
tongue producing an irregular surface contour 

�  Protruding tongue: Tongue extending beyond 
the alveolar ridges or teeth at rest

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Abnormal oral mucosal (cobblestone) 

Thickened oral mucosa with 
irregular surface

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Oral pigmentation 

Increased pigmentation, 
either focal or generalized, 
of the oral mucosa

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Mucosal neurinomas 

Painful elevations on the edge or surface of the tongue

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Papilloma peri-orificial

Small epithelial tumor with a wart-like appearance

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Umbilical hernia 

Protruding swelling including 
the umbilicus

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Supernumerary nipples 

Uni/bilateral additional nipple(s), either complete or as indentation

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Asymmetry of extremities (length, width or both) 

Difference in the length, 
width or both of arms 
and/or legs
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         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Palmar pits 

Pin-point indentations in the palm(s) of the hand

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Abnormal genital pigmentation 

Localized or 
generalized increased 
or decreased genital 
pigmentation

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Abnormal genital pigmentation 

Localized or 
generalized increased 
or decreased genital 
pigmentation

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Ambiguous genitalia 

External genitalia without either typical male or female appearance

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Teleangiectasia (conjunctival, nasal, oral)

Dilated tangled small blood vessels on the conjunctivae or nasal/oral mucosa

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Blue naevus

Round, bluish-purple and somewhat 
elastic swelling

Tumor

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

(e.g. lipomata, adenoma sebaceous, neurofibromas, schwannomas, skin appendages)

Tumors on or just below the 
skin varying in consistency, 
size, and colour

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Axillary freckles
Freckles in the arm pits
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         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Thin skin/generalized skin atrophy 

Thin, almost translucent skin, often with decreased subcutaneous (fat) tissue

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Cranial nerve palsies (1)

1.  Patient has asymmetric pupils or has one or 
two eyelids overhanging part of the pupil

2.  Patient has jerky eye movements when 
following finger or disturbance in the 
normal balance of eye control (nystagmus)

3.  Patient has a squint (strabismus) or double 
vision (diplopia) 

4.  Sensation to light touch is abnormal on 
either side of the face

5.  Patient’s face shows asymmetry when 
raising eyebrows, closing eyes or showing 
teeth

When the patient scores “yes” for one of these items, 
please score cranial nerve palsies as “yes”on the score 
form and clarify which item was disturbed (1, 2, 3, 4, 5 or 
combination)

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Ataxia

1.  When bringing finger to nose, 
patient cannot touch the tip 
of the nose in a single fluent 
motion (dysmetria, either 
hypo- or hypermetria), or has 
increasing tremor in the vicinity 
of the target (intention tremor)

2.  When walking, the patient is not 
able to follow a straight line

When the patient scores “yes” for one of these items, please score ataxia as “yes”on the score form 
and please clarify which item was disturbed (1, 2, or combination)

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Cranial nerve palsies (2)

6.  Patient has a hearing disability or vertigo
7.  Patient has difficulty swallowing, a hoarse 

voice or a dysarthria
8.  Patient cannot hold shoulders in shrugged 

position against resistance or rotate head 
against resistance

9.  Tongue of the patient deviates when 
protruding or shows increased folds and/or 
wasting (atrophy)

When the patient scores “yes” for one of these items, 
please score cranial nerve palsies as “yes”on the score 
form and clarify which item was disturbed (6, 7, 8,9 or 
combination)

         Tumor Predisposition Syndromes in Childhood Cancer Screening Instrument  July 2012

Enlarged thyroid

Thyroid visibly enlarged or enlarged on 
palpation
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