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Abstract
Expert recommendations for the management of tumor surveillance in children with a variety of cancer predisposition syn-
dromes (CPS) are available. We aimed (1) at identifying and characterizing children who are affected by a CPS and (2) at 
comparing current practice and consensus recommendations of the American Association for Cancer Research workshop 
in 2016. We performed a database search in the hospital information system of the University Children’s Hospital for CPS 
in children, adolescents, and young adults and complemented this by review of electronic patients’ charts. Between January 
1, 2017, and December 3, 2019, 272 patients with 41 different CPS entities were identified in 20 departments (144 [52.9%] 
male, 128 [47.1%] female, median age 9.1 years, range, 0.4–27.8). Three (1.1%) patients died of non-malignancy-associated 
complications of the CPS; 49 (18.0%) patients were diagnosed with malignancy and received regular follow-up. For 209 
(95.0%) of the remaining 220 patients, surveillance recommendations were available: 30/220 (13.6%) patients received CPS 
consultations according to existing consensus recommendations, 22/220 (10.0%) institutional surveillance approaches were 
not complying with recommendations, 84/220 (38.2%) patients were seen for other reasons, and 84/220 (38.2%) were not 
routinely cared for. Adherence to recommendations differed extensively among CPS entities.

Conclusion: The spectrum of CPS patients at our tertiary-care children’s hospital is manifold. For most patients, awareness  
of cancer risk has to be enhanced and current practice needs to be adapted to consensus recommendations. Offering special-
ized CPS consultations and establishing education programs for patients, relatives, and physicians may increase adherence 
to recommendations.

What is Known:
• A wide spectrum of rare syndromes manifesting in childhood is associated with an increased cancer risk.
• For many of these syndromes, expert recommendations for management and tumor surveillance are available, although based on limited 

evidence.
What is New:
• Evaluating current practice, our data attest significant shortcomings in tumor surveillance of children and adolescents with CPS even in a 

tertiary-care children’s hospital.
• We clearly advocate a systematic and consistent integration of tumor surveillance into daily practice.
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Introduction

Hereditary cancer predisposition is increasingly recognized 
these days [1–5]. More than 100 cancer predisposition syn-
dromes (CPS) are currently known [6–8]. The spectrum is 
diverse, and for the time being, diseases are grouped pro-
visionally as DNA repair and telomere biology disorders, 
immunodeficiencies, RASopathies, overgrowth syndromes, 
developmental disorders, chromosomal anomalies, and met-
abolic and endocrine disorders.

With rapidly increasing use and advances of genome 
sequencing, genome-wide chromosomal microarrays and 
long-read technologies, bioinformatic analyses, functional 
in vitro and in vivo assessment, and the availability of large 
databases, new genes and syndromes will be discovered and 
more children carrying cancer susceptibility variants will be 
identified [9]. Although a sequence variant may be clearly 
predisposing to cancer in general, the specific relevance for 
the respective carrier remains ambiguous in most cases [10]. 
This conflict goes beyond the scope of individuals already 
afflicted by cancer, but involves thus far unaffected children 
and adolescents as well.

By definition, individuals with CPS carry a statistically 
increased risk of developing cancer [11]. The identifica-
tion of individuals carrying cancer predisposing variants is 
closely connected with the hope to substantially improve 
outcome by early detection of tumors and, potentially, cancer 
prevention [12]. Due to the rarity of most CPS in childhood, 
our knowledge of penetrance and expressivity is limited, 
[10] and evidence-based guidelines for referral, diagnosis, 
and management of carriers are missing for most [12]. Rec-
ommendations concerning surveillance should focus on the 
types of cancer(s) to which the individual is most at risk, 
and the time frame of greatest risk [1, 11]. The benefit of 
early detection needs to be weighed against the physical and 
psychological burden of repeated examinations placed on the 
patients and their families [1, 12, 13].

To this end, the American Association for Cancer 
Research (AACR) conducted a workshop in 2016, aiming at 
developing consensus recommendations for cancer surveil-
lance in children and adolescents with CPS [11]. The group 
decided to recommend surveillance if the risk of developing 
cancer during the first 20 years of life exceeds 5% and effec-
tive screening modalities exist. Surveillance recommenda-
tions for conditions with a cancer risk between 1 and 5% 
were decided by the expert panel on an individual basis [11]. 
It should not go unmentioned that — in children — efficacy 
of many cancer surveillance protocols for rare CPS including 
screening modalities still needs to be confirmed. Currently, 
a survival benefit for children undergoing surveillance has 
only been demonstrated for Li-Fraumeni syndrome and con-
stitutional mismatch repair deficiency [14, 15].

Surveillance protocols are primarily designed for asymp-
tomatic carriers of variants with a predisposition to develop 
cancer. Yet, other serious conditions may be caused by the 
wide spectrum of rare diseases for which these children may 
already be cared for by various pediatric specialists.

We conducted a retrospective single-center cohort study 
in a tertiary-care children’s hospital to elucidate current 
practice of surveillance in children and adolescents carrying 
cancer predisposing variants. Aims of the study were (1) to 
determine the number and clinical characteristics of children 
and adolescents affected by CPS in a tertiary-care children’s 
hospital, and (2) to compare current hospital practice with 
the surveillance recommendations and, if necessary, adjust 
practice to recommendations.

Materials and methods

Identification of children, adolescents, and young 
adults diagnosed with CPS

We compiled a list of CPS manifesting in childhood and ado-
lescence by using the AACR recommendations [11, 16–28] 
and reviews on CPS in children and adolescents [6–8]. An 
ICD-10 code was assigned to each CPS based on the infor-
mation given in “orphanet” [29] (Table 1).

We searched the hospital information system (ORBIS® 
v. 08,043,302.11210.DACHL, Agfa Health Care N.V., Bel-
gium) for patients coded with any of the ICD-10 codes as 
primary or secondary diagnosis across all departments of 
the University Medical Center (UMC), Augsburg. In case a 
specific ICD-10 code was listed in “orphanet,” the general 
code was used instead (e.g., D12 instead of D12.6) in order 
to maximize search results. Results were checked for plau-
sibility comparing ICD-10 codes and text entries. Patients 
were removed if incorrectly coded based on the text entry.

Each CPS was assigned to at least one of seven pediatric 
departments (i.e., cardiology, endocrinology, gastroenterology, 
hemato-oncology, nephrology, neurology, pulmonology) at the 
University Children’s Hospital that care for affected patients 
due to concomitant symptoms and conditions (Table 1). We 
provided the relevant set of CPSs to the senior physicians of 
those specialties and asked to identify eligible patients.

We merged data to remove duplicate cases. Patients for 
whom the diagnosis of a CPS was not confirmed by manual 
review of electronic patients’ charts were excluded. Finally, 
we reviewed medical reports of each patient to assess 
demographic data, patient characteristics, tumor diagnosis 
if applicable, extent of tumor surveillance (including fre-
quency of appointments during the study period, type of 
examinations performed, and schedule of follow-up), and 
date and cause of death if applicable.
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Table 1   List of cancer predisposition syndromes (CPS) manifesting in 
childhood and adolescence compiled by using the AACR recommen-
dations and reviews on CPS in children and adolescents and assigned 

ICD-10 codes, OMIM® numbers and ORPHA codes. The right col-
umns indicate the pediatric specialties which were contacted for eligi-
ble patients

Multiple endocrine neoplasia 2, Familial Medullary

Thyroid Cancer

D44.8 155240, 162300, 171400 653

Multiple endocrine neoplasia 1 D44.8 131100 652

Multiple endocrine neoplasia 4 D44.8 610755 276152

Meningioma predisposition D32.9 606190 2495

MIRAGE syndrome E23, E27, E34, Q87 617053 494433

Mosaic Variegated Aneuploidy Q99.8 257300, 614114, 617598 1052

Mulibrey Nanism Q87.1 253250 2576

Multiple Myeloma, Familial C90.0 254500 29073

Neuroblastoma, Hereditary C74.9 256700, 613013, 613014, 613015, 613016,

613017, 616792

635

Neurofibromatosis Type 1 Q85.0 162200, 162210, 613675 636

Neurofibromatosis Type 2 Q85.0 101000 637

Nijmegen Breakage syndrome Q87.8 251260 647

NKX2-1 syndrome C73 600635 610978

Noonan syndrome Q87.1 163950, 605275, 609942, 610733, 611553,

613224, 613706, 615355, 616559, 616564,

618499, 618624, 619087

648

Noonan-like CBL syndrome Q87.1 613563 363972

Noonan Syndrome with multiple lentigines Q87.1 151100, 611554, 613707 500

NS-like with loose anagen hair Q87.1 607721, 617506 2701

Oculocutaneous albinism E70.3 - 55

Pancreatic Cancer, Hereditary C25 260350, 606856, 613347, 613348, 614320 1333

Paraganglioma and somatostatinoma with polycythaemia C25.4, D44.7, D45 - 324299

Perlman syndrome Q87.3 267000 2849

Peutz-Jeghers syndrome Q85.8 175200 2869

Polyposis, Familial Adenomatous (incl. Gardner

Syndrome)

D12.6 175100 733

Polyposis, Familial Juvenile D12.6 174900, 175050 329971,

2929

Polyposis, MUTYH-Associated D12.6 608456 247798

Proteus syndrome Q87.3 176920 744

Retinoblastoma, Hereditary C69.2 180200 357027

Rhabdoid Tumor Predisposition syndrome C49.9 609322, 613325 231108

Rothmund-Thomson syndrome Q82.8 268400 2909

Rubinstein–Taybi syndrome Q87.2 180849, 610543, 613684 783

Schinzel–Giedion syndrome Q87.0 269150 798

613308, 613309, 614900, 615550, 615909,
617408, 617409, 618310, 618312, 618313

DICER1 syndrome Z80 601200 284343

Dyskeratosis congenita Q82.8 127550, 224230, 305000, 613987, 613988,
613989, 613990, 615190, 616353

1775

Exostosis, Hereditary Multiple Q78.6 133700, 133701, 600209 321

Familial atypical mole-malignant melanoma syndrome D22.9 155600, 606719 404560

Familial cutaneous malignant melanoma C43 155600, 155601, 155700, 608035, 609048,
613099, 613972, 615134, 615848

618

Familial mosaic monosomy 7 Q93.5 252270, 619041 495930

Familial multiple lipomatosis E88.2 151900 199276

Familial platelet disorder with associated myeloid

malignancy

D69.4 601399, 616216 71290

Fanconi Anemia D61.0, D75 227645, 227646, 227650, 300514, 600901,

603467, 609053, 609054, 610832, 613390,

613951, 614082, 614083, 615272, 616435,

617243, 617244, 617247, 617883

84

Frasier syndrome N04.1 136680 347

Gastric Cancer, Hereditary Diffuse C16.9 137215 26106

Gastrointestinal Stromal Tumor C26.9 175510, 606764 44890

GATA2-associated predisposition to myelodysplasia/acute 

myeloid leukemia

D46.7 601626 319465

Glycogen storage disease Ia E74.0 232200 79258

Glycogen storage disease IV E74.0 232500 263570 367

Hereditary leiomyomatosis and renal cancer syndrome C64 150800 523

Hereditary paraganglioma/pheochromocytoma syndrome C74.1, C75.5, D35 115310, 168000, 171300, 601650, 605373,

614165, 618464, 618475

29072

Hyperparathyroidism, Familial/Hereditary

Hyperparathyroidism-Jaw Tumor syndrome

E21.0 145001 99880

Infantile myofibromatosis D48.1 228550, 615293 2591

Legius syndrome Q85.0 611431 137605

Leukemia, Acute Myeloid, Familial C92.0 601626 319465

Li-Fraumeni syndrome D48.9, Q93.5, Q99.9 151623, 609265, 609266 524

Lymphoma, Hodgkin, Familial C81 236000, 300221, 400021 391

Lymphoma, Non-Hodgkin, Familial C82-C86 605027 547

Melanoma neural system tumor syndrome C43, C71, D33, D43 155755 252206

Melanoma, Hereditary Multiple C43 155600, 155601, 155700, 608035, 609048,

613099, 613972, 615134, 615848

618
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This analysis included (i) children, adolescents, and 
young adults treated at the University Children’s Hospital 
and (ii) aged < 18 years treated at non-pediatric departments 
of the UMC Augsburg, who were seen between January 1, 
2017, and December 31 2019.

The study received approval by the Internal Review 
Board of the University Hospital, Augsburg, Germany.

Analyzing current surveillance strategies in patients 
with CPS

We assigned patients to the respective department where 
they presented most frequently to identify the (pediatric) 
specialist responsible for primary treatment. For clarity and 
unambiguousness, the departments of pediatric immunol-
ogy, pediatric rheumatology, developmental pediatrics, 
pediatric radiology, as well as pediatric emergency care, 
pediatric surgery, general pediatrics, neonatology, and inten-
sive care were combined into a category of “other pediatric 
departments,” and the non-pediatric departments of der-
matology, ophthalmology, and ear-nose-throat medicine to 
“non-pediatric” departments.

According to the published literature, CPSs were clas-
sified as entities in which surveillance (i) is recommended, 
(ii) is recommended depending on the affected gene/variant 
underlying the CPS, and (iii) is not recommended. We com-
pared the adherence to these surveillance recommendations 
by assigning each patient to one of four groups: (1) patients 
regularly cared for in a specialized CPS program by the 
department of pediatric hemato-oncology (herein referred 
to as consensus recommendations), (2) patients regularly 
presenting to non-oncological departments for CPS-specific 
surveillance and coexisting conditions (herein referred to as 
institutional surveillance), (3) patients regularly presenting 
to non-oncological departments for coexisting conditions but 

not receiving CPS-specific surveillance, and (4) patients not 
regularly presenting to the University Hospital Augsburg.

In a final step, guidelines from published surveillance 
recommendations were compared to current practice at the 
University Hospital Augsburg and classified as (i) adhering to 
consensus recommendations or (ii) not complying with con-
sensus recommendations.

Results

We retrieved a total of 4573 patients by ICD-10 codes; 4301 
patients were ultimately excluded, 272 patients remained 
eligible (Fig. 1). Median age was 9.1 years (range, 0.4–27.8) 
on December 31, 2019. Sex ratio demonstrated a small male 
preponderance (144 [52.9%] males; 128 [47.1%] females). 
During the study period, three (1.1%) patients died of non-
malignant perinatal complications of the underlying CPS. 
One or multiple benign and/or malignant tumors were 
diagnosed in 80 (29.4%) patients. Of those, all 49 patients 
with malignancies were seen in the department of pediat-
ric hemato-oncology for treatment and regular follow-up, 
respectively. No patient died of malignancy within the study 
period.

The cohort of 272 patients presented to 20 different 
departments of the UMC including five non-pediatric depart-
ments. While only 18 (6.6%) patients received in-patient 
treatment, 254 (93.4%) received out-patient care. Of 272 
patients, 194 (71.3%) were cared for in one department only; 
78 (28.7%) presented to two or more departments. A total 
of 91 (33.5%) were primarily cared for at the department of 
pediatric hemato-oncology, 58 (21.3%) at the department of 
cardiology, and 29 (10.7%) at the department of pediatric 
neurology (Fig. 2). Twelve (4.4%) patients only presented 
to non-pediatric departments.

Table 1   (continued)
Shwachman-Diamond syndrome D61.0, Q87 260400, 617941 811

Schwannomatosis/ Neurofibromatosis Type 3 Q85.0 162091, 162260, 615670 93921

Simpson-Golabi-Behmel syndrome Q87.3 312870 373

Sotos syndrome Q87.3 117550, 617169 821

Susceptibility to acute lymphoblastic leukemia C91.0 247640, 613065, 613067 513

Testicular Germ Cell Tumor, Familial C62.1 273300 363504

Thrombocytopenia, Familial D69.4 616913, 619130 466806

Thyroid Carcinoma, Familial Non-medullary C73 - 319494

Trisomy 13 Q91 - 3378

Trisomy 18 Q91 - 3380

Trisomy 21 Q90 190685 870

Trisomy 8 Q92 - 96061

Tuberous Sclerosis Complex Q85.1 191100, 613254 805

von Hippel-Lindau syndrome Q85.8 193300 892

WAGR syndrome Q87.8 194072, 612469 893

Waldenstroem Macroglobulinemia, Familial C88.0 153600, 610430 33226

Weaver syndrome Q87.3 277590 3447

Werner Syndrome (incl. Adult Progeria) E34.8 277700 902

Wilms Tumor, Familial (excl. Beckwith-Wiedemann 

syndrome, other Overgrowth syndromes)

C64 194070, 194071, 194090, 601363, 601583, 

616806

654

Xeroderma pigmentosum Q82.1 278700, 278720, 278730, 278740, 278760, 
278780, 610651

910
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A total of 41 different CPS entities were identified in 272 
patients. Trisomy 21 accounted for the largest proportion 
(n = 120, 44.1%) of all cases followed by neurofibromatosis 
type 1 (NF1) (n = 48, 17.6%) and retinoblastoma predispo-
sition (n = 10, 3.7%). At least three (1.1%) patients were 
diagnosed with multiple CPSs (patient 1, trisomy 21 and 
tuberous sclerosis complex; patient 2, Noonan syndrome 
and NF1; patient 3, 13q deletion syndrome, 17q deletion 
syndrome, and retinoblastoma predisposition syndrome) 
(Fig. 3).

Guidelines for surveillance existed for 31 (75.6%) of the 
41 CPS entities. While specific surveillance was recom-
mended in affected patients for 22 (53.6%) CPS entities, it 
was restricted to certain genes/variants underlying the CPS 
in 3 (7.3%). In 6 (14.6%) CPS entities, no explicit surveil-
lance was recommended (Table 2).

Patients who died during the study period (n = 3) and 
patients in oncological treatment and regular oncological 

follow-up, respectively, (n = 49) were excluded for analysis 
of the surveillance strategy. Of the remaining 220 (80.9%) 
patients, 30/220 (13.6%) were regularly assessed in a speci-
fied CPS program by the department of pediatric oncology 
(according to consensus recommendations), 22/220 (10.0%) 
regularly presented to non-oncological departments and 
received CPS-specific institutional surveillance not com-
plying with consensus recommendations, 84/220 (38.2%) 
were regularly cared for in non-oncological departments for 
symptoms and coexisting conditions without receiving CPS-
specific surveillance, and 84/220 (38.2%) were not regularly 
followed at the University Hospital Augsburg.

Patients not included in a specialized CPS program were 
seen a median of twice (range, 0–33) during the 3-year study 
period.

Surveillance recommendations were available for 
209/220 (95.0%) patients. Their surveillance adhered to 
consensus recommendations in 54/209 (25.8%) patients, 

Fig. 1   Consort diagram. *CPS 
diagnoses not confirmed 
because of imprecise coding; 
following manual review of 
medical reports

1589European Journal of Pediatrics (2022) 181:1585–1596
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whereas it did not comply with current recommendations 
in 151/209 (72.2%). Of those, 149/151 (98.7%) patients 
did not receive surveillance or surveillance modalities 
were incomplete, whereas 2/151 (1.3%) patients received 
regular surveillance although this was not recommended. 
In 4/209 (1.9%) patients with Noonan syndrome, the 
underlying genetic variant was not documented. Thus, 
adherence to recent recommendations could not be 
determined.

Comparing adherence to details of surveillance recom-
mendations, the surveillance program did not comply with 
recent recommendations in 109 of 120 (90.8%) patients with 
trisomy 21 and in 18 of 48 (37.5%) patients with NF1, while 
recommendations were followed in 7 of 8 (87.5%) patients 
with Diamond-Blackfan anemia. The 11/11 patients with tri-
somy 21 and 19/30 patients with NF1 in whom surveillance 
was done according to recommendations were cared for in 
the department of pediatric hemato-oncology.

Fig. 2   Departments of the 
University Medical Center car-
ing for 272 patients diagnosed 
with cancer predisposition 
syndromes. The departments of 
pediatric immunology, rheuma-
tology, radiology, emergency 
care, surgery, developmental 
pediatrics, general pediatrics, 
neonatology, and intensive 
care are summarized to “other 
pediatric,” the departments of 
dermatology, ophthalmology, 
and ear-nose-throat medicine to 
“non-pediatric”

Fig. 3   Cancer predisposition syndromes (CPS) and their relative proportion of all CPS that occurred in 272 patients treated at the University 
Medical Center. Rare entities were summarized to syndrome groups

1590 European Journal of Pediatrics (2022) 181:1585–1596



1 3

Ta
bl

e 
2  

C
an

ce
r p

re
di

sp
os

iti
on

 s
yn

dr
om

es
 (C

PS
) i

de
nt

ifi
ed

 in
 2

72
 p

at
ie

nt
s. 

In
di

ca
te

d 
ar

e 
th

e 
nu

m
be

r o
f p

at
ie

nt
s 

pe
r C

PS
. I

n 
3 

pa
tie

nt
s, 

m
ul

tip
le

 C
PS

 w
er

e 
di

ag
no

se
d.

 C
on

se
ns

us
 re

co
m

m
en

da
-

tio
ns

 a
re

 re
fe

re
nc

ed
 in

 th
e 

co
lu

m
n 

on
 th

e 
rig

ht
. R

ec
om

m
en

da
tio

ns
 d

ep
en

di
ng

 o
n 

th
e 

un
de

rly
in

g 
ge

ne
/p

at
ho

ge
ni

c 
va

ria
nt

 a
re

 m
ar

ke
d 

by
 a

 sh
ar

p

Sy
nd

ro
m

e
N

o.
 o

f 
pa

tie
nt

s
Su

rv
ei

lla
nc

e 
re

co
m

m
en

da
tio

ns
Su

rv
ei

lla
nc

e
st

at
us

Re
fe

re
nc

e

R
ec

om
m

en
de

d
N

ot
  

re
co

m
m

en
de

d
N

ot
 

st
at

ed
/

un
cl

ea
r

O
nc

ol
og

ic
al

 
tr

ea
tm

en
t 

or
 fo

llo
w

-u
p

Sp
ec

ia
liz

ed
 C

PS
 

su
rv

ei
lla

nc
e

C
PS

-s
pe

ci
fic

su
rv

ei
lla

nc
e

R
eg

ul
ar

 c
on

su
lta

tio
ns

 
bu

t n
o 

C
PS

-s
pe

ci
fic

 
su

rv
ei

lla
nc

e

N
o 

su
rv

ei
lla

nc
e 

or
 

st
at

us
 u

nk
no

w
n

Tr
is

om
y 

21
12

0
12

0
11

0
0

64
45

21
N

eu
ro

fib
ro

m
at

os
is

 ty
pe

 1
48

48
19

4
7

5
13

28
Re

tin
ob

la
sto

m
a 

 
pr

ed
is

po
si

tio
n

10
10

4
0

0
1

5
19

Tu
be

ro
us

 sc
le

ro
si

s c
om

pl
ex

9
9

2
0

4
0

3
-

D
ia

m
on

d-
B

la
ck

fa
n 

an
em

ia
8

8
0

7
0

0
1

21
M

ul
tip

le
 e

nd
oc

rin
e 

 
ne

op
la

si
a 

ty
pe

 2
A

8
8

0
3

4
0

1
27

N
oo

na
n 

sy
nd

ro
m

e 
#

7
1

1
5

1
0

0
4

2
25

O
ve

rg
ro

w
th

 sy
nd

ro
m

e 
#

7
7

0
4

0
1

2
18

B
ec

kw
ith

-W
ie

de
m

an
n 

sy
nd

ro
m

e
5

5
0

4
0

0
1

18

Fa
nc

on
i a

ne
m

ia
4

4
1

2
0

0
1

21
O

cu
lo

cu
ta

ne
ou

s a
lb

in
is

m
4

4
0

0
1

1
2

Tr
is

om
y 

18
4

4
0

0
0

2
2

18
M

ul
tip

le
 c

ar
til

ag
in

ou
s 

ex
os

to
se

s
3

3
0

1
0

0
2

Pe
ut

z-
Je

gh
er

s s
yn

dr
om

e
3

3
0

0
2

0
1

16
A

ta
xi

a 
te

le
an

gi
ec

ta
si

a
2

2
0

0
0

1
1

21
C

LO
V

ES
 sy

nd
ro

m
e

2
2

0
1

0
0

1
18

Li
-F

ra
um

en
i s

yn
dr

om
e

2
2

1
1

0
0

0
20

Ly
nc

h 
sy

nd
ro

m
e

2
2

2
0

0
0

0
24

N
eu

ro
fib

ro
m

at
os

is
 ty

pe
 2

2
2

2
0

0
0

0
28

Rh
ab

do
id

 tu
m

or
  

pr
ed

isp
os

iti
on

 sy
nd

ro
m

e 
#

2
2

2
0

0
0

0
17

Ru
bi

ns
te

in
-T

ay
bi

 sy
nd

ro
m

e
2

2
0

0
1

1
0

25
So

to
s s

yn
dr

om
e

2
2

0
0

0
0

2
25

Vo
n-

H
ip

pe
l-L

in
da

u 
 

sy
nd

ro
m

e
2

2
1

0
0

0
1

22

A
TR

X
 sy

nd
ro

m
e

1
1

0
0

0
1

0
C

ar
ne

y 
co

m
pl

ex
1

1
0

0
1

0
0

D
en

ys
-D

ra
sh

 sy
nd

ro
m

e
1

1
0

0
1

0
0

18

1591European Journal of Pediatrics (2022) 181:1585–1596



1 3

Ta
bl

e 
2  

(c
on

tin
ue

d)

Sy
nd

ro
m

e
N

o.
 o

f 
pa

tie
nt

s
Su

rv
ei

lla
nc

e 
re

co
m

m
en

da
tio

ns
Su

rv
ei

lla
nc

e
st

at
us

Re
fe

re
nc

e

R
ec

om
m

en
de

d
N

ot
  

re
co

m
m

en
de

d
N

ot
 

st
at

ed
/

un
cl

ea
r

O
nc

ol
og

ic
al

 
tr

ea
tm

en
t 

or
 fo

llo
w

-u
p

Sp
ec

ia
liz

ed
 C

PS
 

su
rv

ei
lla

nc
e

C
PS

-s
pe

ci
fic

su
rv

ei
lla

nc
e

R
eg

ul
ar

 c
on

su
lta

tio
ns

 
bu

t n
o 

C
PS

-s
pe

ci
fic

 
su

rv
ei

lla
nc

e

N
o 

su
rv

ei
lla

nc
e 

or
 

st
at

us
 u

nk
no

w
n

D
IC

ER
1 

sy
nd

ro
m

e
1

1
0

1
0

0
0

23
D

ys
ke

ra
to

si
s c

on
ge

ni
ta

1
1

1
0

0
0

0
21

G
ly

ko
ge

no
si

s t
yp

e 
V

I
1

1
0

0
0

1
0

16
C

ar
di

of
ac

io
cu

ta
ne

ou
s 

sy
nd

ro
m

e
1

1
0

0
0

1
0

25

Co
ng

en
ita

l a
m

eg
ac

ar
yo

cy
tic

 
th

ro
m

bo
cy

to
pe

ni
a

1
1

0
1

0
0

0

LE
O

PA
R

D
 sy

nd
ro

m
e

1
1

0
0

0
1

0
25

B
ru

to
n 

sy
nd

ro
m

e
1

1
0

0
0

0
1

M
ic

ro
de

le
tio

n 
sy

nd
ro

m
e

1
1

1
0

0
0

0
Po

ly
po

si
s c

ol
i

1
1

0
0

1
0

0
16

SA
M

D
9L

1
1

1
0

0
0

0
21

Sh
w

ac
hm

an
-D

ia
m

on
d 

sy
nd

ro
m

e
1

1
0

1
0

0
0

21

Tr
is

om
y 

13
1

1
0

0
0

0
1

W
A

G
R

 sy
nd

ro
m

e
1

1
1

0
0

0
0

18
13

q 
de

le
tio

n 
sy

nd
ro

m
e

1
1

0
0

0
0

1
17

q 
de

le
tio

n 
sy

nd
ro

m
e

1
1

0
0

0
0

1

1592 European Journal of Pediatrics (2022) 181:1585–1596



1 3

In 9 patients, a CPS with an estimated cancer risk of 1 to 
5% was identified. Of those, 2/9 (22.2%) patients (CLOVES 
syndrome, Rubinstein-Taybi syndrome) received surveil-
lance, whereas 7/9 (77.8%) did not. Surveillance, how-
ever, did not comply with AACR recommendations in both 
patients.

Discussion

Cancer predisposition syndromes in children and adoles-
cents carry numerous challenges, among others a wide spec-
trum of rare diagnoses and coexisting conditions involving 
various medical specialties. Thus, an array of management 
and tumor surveillance issues needs to be considered. Tumor 
risk and surveillance recommendations may depend on the 
specific underlying genetic variation.

Our data mirror these challenges. We identified 272 chil-
dren, adolescents, and young adults with 41 different CPS 
entities cared for at 20 different departments of the UMC 
Augsburg. In 72.2% of these patients, surveillance programs 
did not comply with current national or international rec-
ommendations; improvement needs to be discussed with 
patients and parents and details adapted to recommendations 
as appropriate. To the best of our knowledge, there are no 
other surveys reporting on children affected by CPS present-
ing at a distinct tertiary-care children’s hospital.

Within the past two decades, hereditary cancer predis-
position management has been recognized in pediatric 
oncology and integrated into current care [2–5, 30, 31]. In 
line with this, all patients with a CPS who presented at the 
department of pediatric hemato-oncology of our academic 
center were included in a specialized CPS program accord-
ing to consensus recommendations. This included patients 
with well-known leukemia-predisposing conditions such as 
Fanconi anemia, Diamond-Blackfan anemia, Shwachman-
Diamond syndrome, and SAMD9L germline variants.

An increased risk for the development of tumors has been 
perceived by other pediatric specialists for numerous rare 
genetic disorders and has accordingly been integrated into 
their management. CPS-specific institutional surveillance 
initiated by non-oncological specialists was provided to 7 
patients with NF1; 4 patients each with tuberous sclero-
sis complex and multiple endocrine neoplasia type 2A; 2 
patients with Peutz-Jeghers syndrome; and one patient each 
with Rubinstein-Taybi syndrome, Polyposis coli, oculocuta-
neous albinism, Denys-Drash syndrome, and Carney com-
plex. Noteworthy, in oculocutaneous albinism and Carney 
complex, surveillance recommendations are not available. 
Yet, surveillance in these patients may be useful and needs 
to be discussed on an individual basis. In fact, Carney com-
plex predisposes to various cancers and multiple endocrine 
and non-endocrine tumors leading to premature death [32].

In 75.6% of the CPS entities encountered in our cohort, 
corresponding to 95.5% of all patients, guidelines were 
available, and surveillance was recommended in 243 
patients, and recommended depending on the underlying 
variant in 9 patients. Variant-specific surveillance rec-
ommendations were available among others in multiple 
endocrine neoplasia type 2, von Hippel-Lindau syndrome, 
Noonan syndrome, and Gorlin syndrome [17, 22, 25, 27]. 
New insights in genotype–phenotype correlations will 
facilitate more genotype-specific recommendations for 
surveillance in the future [33].

In at least 151 patients, surveillance modalities did not 
comply with consensus recommendations. In most of these 
patients, the underlying tumor risk was only one (new) 
aspect of many of the primary disease but had no priority 
in daily care. Instead, most patients presented with seri-
ous other conditions necessitating specialized pediatric 
care, for example cardiac anomalies requiring cardiologic 
treatment in the large cohort of patients with trisomy 21 
(109/151 patients, 72.2%). Patients with trisomy 21 are at 
a 500-fold increased risk of developing myeloid leukemia 
of Down syndrome [34], a nearly 20-fold increased risk 
of developing acute lymphoblastic leukemia [35] (corre-
sponding to a risk of 1–2% each), and a 10% risk of tran-
sient myeloproliferative disease. The expert panel recom-
mended regular complete blood counts in patients with 
trisomy 21 [21], which may easily be integrated in routine 
cardiologic follow-up visits and certainly does not neces-
sitate care by a specialized cancer predisposition clinic.

Patients with NF1 present with a variable clinical phe-
notype and multisystem involvement commonly requiring 
specialist care by experienced pediatric neurologists. The 
highly increased risk for a wide range of malignancies 
has been recognized by pediatricians and requires an age-
specific, regular tumor surveillance [28]. In 18/48 (37.5%) 
patients with NF1, however, surveillance modalities gath-
ered from the digital records did not adhere to consensus 
recommendations and required improvement.

On the other hand, medical professionals were less aware 
of the increased risk of developing cancer in less common 
CPS with severe coexisting conditions such as Noonan 
syndrome. Due to the small number of patients, this is not 
provided in percentages in our study. It may, however, be of 
major clinical importance to every single child.

In contrast, despite not being recommended, tumor surveil-
lance was performed in 2 patients with CLOVES syndrome 
and Rubinstein-Taybi syndrome, respectively. In the patient 
with CLOVES syndrome, this was due to the intensive wish 
of the patient. We were not able to assess whether in the other 
patient this was due to the patient’s and family’s preferences 
or due to lack of knowledge of consensus recommendations.

Surveillance was explicitly not recommended by the 
expert panel, if the cancer risk was below < 1%, or in specific 
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conditions with a cancer risk between 1 and 5% [11]. This 
concerned 9 of our patients with 6 CPS entities, specifically 
cardiofaciocutaneous syndrome, CLOVES syndrome, Gly-
cogenosis type VI, LEOPARD syndrome, Rubinstein-Taybi 
syndrome, and Sotos syndrome. The expert panel based sur-
veillance decisions on cancer risk and the assumed benefit of 
early tumor detection including relatively cost-effectiveness 
of surveillance modalities [11]. While the cost-effectiveness 
of early cancer surveillance has recently been demonstrated 
for patients with Li-Fraumeni syndrome [36], such analyses 
are lacking for most CPS. In addition, tumor risk in various 
disorders is not well established and whether surveillance 
is truly useful remains speculative. Even more importantly, 
the physical and psychological burden of repeated examina-
tions and cumbersome surveillance protocols placed on the 
patients and their families as well as the uncertainties of the 
yield of surveillance and side-effects need to be considered 
[1, 11, 37]. Van Engelken et al. recently reported on ado-
lescents and parents for whom the benefits of surveillance 
outweighed perceived challenges [13]. Positive experiences 
were related to feelings of reassurance and taking a proactive 
approach. Thus, the decision for or against tumor surveil-
lance needs to include individual patient and family prefer-
ences. Psychosocial support should be offered to families on 
a regular basis. Due to the study design, we were not able 
to analyze the psychosocial burden, supportive needs, and 
support in place of affected families.

Based on our review of patient records, CPS-specific sur-
veillance was not performed in 168 patients even though 
national or international surveillance recommendations 
were available for all of these. This indicates that awareness 
of cancer risks and the knowledge of recommendations for 
the management and tumor surveillance among pediatri-
cians is still limited. To increase awareness, we need widely 
published education of medical professionals as well as of 
patients and families on cancer risk and tumor surveillance.

In addition, the complexity of hereditary cancer predis-
position necessitates a specialized multidisciplinary team of 
pediatric oncologists, human geneticists, and psychologists 
for individualized cancer risk assessment and personalized 
counselling of affected families. We recognize that in some 
countries, a specialized genetic counselor is also part of 
the CPS team but is not available in all countries. In recent 
years, a number of cancer predisposition programs and dedi-
cated cancer predisposition clinics for children have been 
established. In Germany, such clinics and programs are not 
yet offered on a nationwide basis and need to be expanded.

Our study has several limitations. We may not be aware 
of CPS-specific surveillance in place by other health care 
providers in 84 patients cared for in non-oncological depart-
ments for symptoms and coexisting conditions and in 84 
patients not regularly presenting at the UMC. In addition, 

patients and/or their relatives may have actively refused to 
participate in tumor surveillance for numerous reasons. Our 
approach was based on digital records. Important informa-
tion, however, may not have been documented fully. The 
ICD-10 code system does not allow for coding rare diseases 
such as most CPS. Most likely, we did not identify a num-
ber of patients, especially those not receiving CPS-specific 
surveillance.

Nevertheless, our analysis strongly demonstrates the 
urgent need for evaluating current practice of tumor sur-
veillance in children and adolescents with CPS and clearly 
advocates for a more systematic and consistent integration 
of tumor surveillance in daily practice.

The spectrum of CPS patients cared for at our tertiary care 
children’s hospital is manifold. In most patients, increased 
awareness of cancer risk is necessary and current practice 
needs to be adapted to published recommendations. Offering 
specialized CPS consultations and establishing education 
programs for patients, relatives, and physicians will hope-
fully increase adherence to surveillance recommendations.
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