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Abstract

In October 2016, the American Association for Cancer
Research held a meeting of international childhood cancer pre-
disposition syndrome experts to evaluate the current knowledge
of these syndromes and to propose consensus surveillance
recommendations. Herein, we summarize clinical and genetic
aspects of RASopathies and Sotos, Weaver, Rubinstein-Taybi,
Schinzel-Giedion, and NKX2-1 syndromes as well as specific
metabolic disorders known to be associated with increased
childhood cancer risk. In addition, the expert panel reviewed
whether sufficient data exist to make a recommendation that
all patients with these disorders be offered cancer surveillance.
For all syndromes, the panel recommends increased awareness

Introduction

A number of rare syndromes are known to be associated with
increased risk of cancer. In contrast with high cancer risk syn-
dromes such as Li-Fraumeni syndrome or constitutional mis-
match repair deficiency, others are associated with a mildly to
moderately increased cancer risk. Herein, we concisely review the
clinical features, genetic basis, and cancer association of several
rare syndromes and discuss the need for cancer surveillance as part
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and prompt assessment of clinical symptoms. Patients with
Costello syndrome have the highest cancer risk, and cancer
surveillance should be considered. Regular physical examina-
tions and complete blood counts can be performed in infants
with Noonan syndrome if specific PTPN11 or KRAS mutations
are present, and in patients with CBL syndrome. Also, the high
brain tumor risk in patients with L-2 hydroxyglutaric aciduria
may warrant regular screening with brain MRIs. For most syn-
dromes, surveillance may be needed for nonmalignant health
problems. Clin Cancer Res; 23(12); e83-¢90. ©2017 AACR.

See all articles in the online-only CCR Pediatric Oncology
Series.

of clinical management. A summary of these recommendations is
presented in Tables 1 and 2.

The RASopathies

The RASopathies are a group of disorders that are characterized
by (i) constitutional dysregulation of the Ras signaling pathway,
and (ii) a phenotype resembling Noonan syndrome (NS;
refs. 1-3). NS features include abnormal growth (proportionate
short stature and relative or absolute macrocephaly), congenital
heart defects (most commonly pulmonary stenosis or hypertro-
phic cardiomyopathy), dysmorphism (hypertelorism with down-
slanting palpebral fissures; ocular ptosis; low-set, posteriorly
rotated ears; broad neck with low hairline; and thorax deformity),
and abnormal skin and adnexa. Additional features may include
learning difficulties, ocular anomalies, feeding problems in infan-
cy, cryptorchidism, disorders of pubertal timing, lymphatic
anomalies, bleeding diathesis, and increased cancer risk. The
group of RASopathies are described in detail below (1-3). Among
these are neurofibromatosis type 1 (NF1); cancer surveillance in
persons with NF1 is discussed in the CCR Pediatric Oncology
Series article by Evans and colleagues (4).

NS is caused by germline mutations of PTPN11 (50%; ref. 5);
SOS1 (13%; refs. 6, 7); RAF1 (5%; refs. 8,9); RIT1 (5%; ref. 10); or
more rarely, KRAS (11), NRAS (12), BRAF (13), MAP2K1 (14),
RRAS (15), RASA2 (16), A2ML1 (17), SOS2 (18), or LZTR1 (18).
Children with NS are at an approximately 8-fold increased risk for
a spectrum of different cancers (19). These include (but are not
limited to) gliomas such as dysembryoplastic neuroepithelial
tumors, acute lymphoblastic leukemia, neuroblastoma (NBL),
and rhabdomyosarcoma (19-22). Specific mutations of PTPN11
(most commonly, but not exclusively at codon 61 or T73I;
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Table 1. Summary of cancer surveillance recommendations

Syndrome

Childhood cancer risk Surveillance guidelines

. Surveillance warranted
Costello syndrome

NS—specific PTPNII or KRAS mutations

CBL syndrome
SGS—mild

II. Baseline only
SGS—severe

IIl. No surveillance
For all of the following:

NS (non-high risk mutations)

NSLAH

NSML

CFCS

Legius syndrome

Sotos syndrome

Weaver syndrome
Rubinstein-Taybi syndrome

NKX2-1 syndrome

15% by 20 yrs: ERMS, NBL,
bladder cancer

High risk of myeloproliferative
disorder/JMML

High but not precisely defined JMML risk;
more rarely other neoplasms

Unknown but may approximate
10-15%: SC-GCT and PNET, HBL

0 to 8-10 yrs: physical exam and AP US + CXR g 3-4 mths

From 10 yrs: annual urinalysis

0 to 5 yrs: physical exam (with assessment of spleen) and CBC with
differential g 3-6 mths

0 to 5 yrs: Physical exam (with assessment of spleen) and CBC with
differential g 3-6 mths

Attention for congenital tumors on baseline imaging for SGS

Consider periodic AP US, AFP/BHCG

Unknown but may approximate
10-15%: SC-GCT and PNET, HBL

Attention for congenital tumors on baseline imaging for SGS
Consider addition of AFP/BHCG to baseline bloodwork for SGS

No routine surveillance
Increased awareness and low threshold for investigating new
potential tumor-related symptoms

<5% or unknown but low likelihood

Dysembryoplastic neuroepithelial
tumors, ALL, NBL, RMS, others

e.g., NBL, myelofibrosis

e.g., acute leukemias

e.g. ALL, NHL

Few cancers reported to date

e.g,, NBL, ALL, AML, HBL, SCT, etc.

e.d., NBL, hematologic malignancies

e.g., HBL, NBL, RMS, CNS tumors,
carcinomas, etc.

No evidence for cancer predisposition

Abbreviations: AFP, alpha-fetoprotein; ALL, acute lymphoblastic leukemia; AML, acute myelogenous leukemia; AP US, abdominopelvic ultrasound; BHCG, beta
human chorionic gonadotrophin; CBC, complete blood count; CFCS, cardiofaciocutaneous syndrome; CNS, central nervous system; CXR, chest x-ray; ERMS,
embryonal rhabdomyosarcoma; HBL, hepatoblastoma; JMML, juvenile myelomonocytic leukemia; mths, months; NBL, neuroblastoma; NHL, non-Hodgkin
lymphoma; NS, Noonan syndrome; NSLAH, Noonan syndrome-like with loose anagen hair; NSML, Noonan syndrome with multiple lentigines; PNET, primitive
neuroectodermal tumor; g, every; RMS; rhabdomyosarcoma; SC-GCT, sacrococcygeal germ cell tumor; SCT, sacrococcygeal teratoma; SGS, Schinzel-Giedion

syndrome; yrs, years.

refs. 23-26) or KRAS (T58]; ref. 11) are associated with a mye-
loproliferative disorder (NS/MPD) resembling juvenile myelo-
monocytic leukemia (JMML). NS/MPD occurs in neonates and
young infants, starts as a polyclonal disease, and typically resolves
over time. However, some neonates or infants with NS develop
an aggressive monoclonal disease that may be lethal, especially if
left untreated (27, 28).

NS-like with loose anagen hair (NSLAH) is caused by germline
mutations of SHOC2 (29) or more rarely, PPPICB (30) and is
characterized by NS features, darkly pigmented skin, and ecto-
dermal anomalies. Cancer risk appears to be mildly increased
based on a few reports of myelofibrosis and NBL among the small
group (<50) of NSLAH patients described previously (31).

NS with multiple lentigines (NSML) is typically caused by
specific mutations of PTPN11 (T468M and Y279C; ref. 32; other
rare mutations have been reported; ref. 33), and affected indivi-
duals show an NS phenotype with multiple lentigines, frequent
hypertrophic cardiomyopathy, and deafness. As in classic NS,
childhood cancer risk is mildly increased; acute leukemias and a
few other cancers have been reported in approximately 2% of
cases (19).

Cardiofaciocutaneous syndrome (CFCS) is due to germline
mutation of KRAS (11, 34), MAP2K1 (35), MAP2K2 (35), or BRAF
(34, 35). Affected persons have NS features and tend to have
significant mental and neurologic impairment, more severe ecto-
dermal involvement, and characteristic facies. Several cases of
childhood cancer have been reported, and the cancer risk may be
mildly increased (19, 20).

Clin Cancer Res; 23(12) June 15, 2017

Costello syndrome (CS) is due to germline mutations of HRAS
(36). In addition to NS features, CS patients have mental deficits,
poor feeding, hypertrophic cardiomyopathy, tachycardia, typical
skin and hair, a coarse face, and a high childhood cancer risk,
especially for embryonal rhabdomyosarcoma (ERMS), NBL, and
early-onset bladder cancer. The cumulative incidence of cancer is
15% by age 20 years (19, 20, 37, 38). The HRAS G12A mutation
appears to be associated with the highest cancer risk (39).

Legius syndrome (LS) is due to germline SPRED1 mutations
(40). Affected individuals show café-au-lait macules with or
without freckling but lack neurofibromas or NF1-associated
tumors. They may demonstrate an NS appearance and/or learning
difficulties. The childhood cancer risk is unclear, but occasional
neoplasms in patients have been reported (40).

Germline mutations of the CBL gene cause CBL syndrome
(CBLS), a variable phenotype characterized by a relatively high
frequency of neurologic features/vasculitis, mild NS features, and
high JMML risk (41). Other cancers [e.g., acute myelogenous
leukemia (AML) and glioma] have also been reported (41, 42).

Proposed Surveillance for Patients with
RASopathies

With a few exceptions, patients with RASopathies have a mildly
increased cancer risk justifying increased awareness and prompt
assessment when suspicious clinical symptoms are present. Given
that childhood cancer risk falls below 5% in most of these
syndromes, routine cancer surveillance is probably not warranted;
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Table 2. Summary of neoplastic features and surveillance recommendations for selected metabolic disorders

Autosomal Autosomal
dominant recessive X-linked Cancer
Metabolic pathway/ condition, gene condition, gene condition, gene Associated surveillance
enzyme and OMIM ID# and OMIM ID# and OMIM ID# cancer(s) recommendations
Urea cycle n/a Citrullinemia: Ornithine Associated with May consider
SLC25A13, transcarbamylase OTCD: adding AFP to
#603471 deficiency Hepatocellular scheduled
Argininosuccinate (OTCD): carcinoma (116) metabolic
lyase OTC, #311250 bloodwork in those
deficiency: without a liver
ASL, #207900 transplant
Arginase
deficiency:
ARGI, #207800
Succinate Familial Leigh syndrome: SDHA n/a Associated with autosomal See article by Rednam
dehydrogenase pheochromocytoma #600857 SDHB (117) dominant mutations: et al. (118) in this
complex and Pheochromocytoma, series.
paraganglioma paraganglioma,
syndrome: gastrointestinal stromal
SDHA #614165 tumor
SDHB #606864
SDHC #606864
SDHD #606864
SDHAF2 #613019
Cowden Cowden syndrome-
syndrome 2: associated tumors
SDHB #612359
L-2- n/a L-2- n/a Gliomatosis Clinical/neurologic
hydroxydehydrogenase hydroxyglutaric brain tumors exam every 3-6
aciduria: months
L2HGDH Annual Brain MRI?
#236792 (108)
Tyrosinemia n/a Tyrosinemia: n/a Hepatocellular AFP monthly for
FAH #276700 carcinoma the first 6 months
(risk is reduced of life, then every 6
with diet and months (114)
nitisinone Consider baseline
treatment) US/MRI of liver

Abbreviations: AFP, alpha-fetoprotein; n/a, not applicable; US, ultrasound.

AWith contrast for the first study, then without contrast thereafter, unless an abnormality is identified.

however, surveillance may be justified for nonmalignant compli-
cations (e.g., heart defects, vasculitis, endocrine disturbances). In
patients with CBLS or patients with NS due to specific PTPN11 or
KRAS mutations known to be associated with MPD/JMML (see
above), 3 to 6 monthly physical exams with spleen size assess-
ment and complete blood counts with differential should be
considered starting at birth (or diagnosis) and continuing until
age 5 years. There are no data indicating that this strategy leads to a
survival advantage, but the sometimes more aggressive course of
the MPD/JMML in patients with specific RASopathies may justify
this recommendation in selected patients. Treatment may be
necessary for patients with symptoms due to the hematologic
complications and should be discussed with JMML experts.

The high cancer risk in individuals diagnosed with CS (19)
supports cancer surveillance, although its benefit remains to be
proven. For patients with CS, based on previous recommenda-
tions (43), we propose increased awareness and prompt assess-
ment of new symptomology, 3 to 4 monthly physical exams, and
abdominal and pelvic ultrasound examinations to screen for
rhabdomyosarcoma and NBL until age 8 to 10 years, and annual

www.aacrjournals.org

urinalysis for evidence of hematuria to screen for bladder cancer
beginning at age 10 years (43). Of note, we suggest avoiding
urinary vanillylmandelic acid/Homovanillic acid (VMA/HVA)
for NBL screening in CS due to the high false positive rate in this
population (44). As described in the CCR Pediatric Oncology
Series article on NBL predisposition by Kamihara and colleagues
(45), chest X-ray is a recommended surveillance tool for pati-
ents with a high NBL risk. Although chest X-ray was not part of
previous recommendations for patients with CS (43), inclusion
of chest X-ray in the surveillance may be discussed with the family
as an option.

Sotos and Weaver Syndromes

Sotos syndrome is caused by heterozygous germline mutations
in NSD1 and is characterized by a distinctive facial appearance,
height and head circumference >97th percentile, advanced bone
age, and developmental delay (46, 47). Although the childhood
cancer risk is not known, it is likely to be mildly elevated (<5%).
Multiple individuals with Sotos syndrome have been reported to

Clin Cancer Res; 23(12) June 15, 2017

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.

e85


http://clincancerres.aacrjournals.org/

e86

CCR PEDIATRIC ONCOLOGY SERIES

develop neoplasms, including ovarian fibromatosis, NBL, acute
lymphoblastic leukemia, acute myelogenous leukemia, hepato-
blastoma, sacrococcygeal teratomas, ganglioneuroma, small cell
lung cancer, ganglioglioma, gastric carcinoma, and testicular
cancer (48-60). Although awareness of cancer risk is important,
routine surveillance is not recommended.

Weaver syndrome is characterized by overgrowth (tall stature),
distinct facial features (hypertelorism, broad forehead, almond-
shaped eyes, pointed chin with horizontal crease, large and fleshy
ears), and variable cognitive disability. Other common character-
istics of Weaver syndrome include doughy skin, camptodactyly,
poor coordination, umbilical hernia, hoarse cry, advanced bone age,
and hyper- or hypotonia (61). The syndrome is caused primarily by
heterozygous missense mutations in EZH2 (62, 63). Somatic EZH2
mutations, both activating and inactivating, have been identified in
hematologic malignancies and in solid tumors (64). Tumors have
been reported in individuals with germline EZH2 mutations, albeit
infrequently. One mutation-positive individual developed lympho-
ma at age 13 years, another developed NBL and acute lymphoblastic
leukemia at age 13 months, and a third was diagnosed with NBL at
age 4 years. The risk for developing NBL may be slightly increased in
individuals with Weaver syndrome, but currently, the numbers are
too small to calculate the absolute risk. There is no recommendation
fortumor surveillance at this time, but clinical vigilance and workup
of potential tumor-related symptoms, especially for NBL, are sug-
gested (61, 65).

Rubinstein-Taybi Syndrome

Rubinstein-Taybi syndrome (RSTS) is characterized by facial
features, including down-slanting palpebral fissures, low colu-
mella, high palate, grimacing smile, and talon cusps, broad
thumbs and great toes, short stature, and intellectual disability
(66, 67). RSTS is inherited in an autosomal dominant manner,
but mutations usually occur de novo. The incidence is approxi-
mately one in 100,000 to 125,000 (68, 69). RSTS is caused
by germline mutations of CREBBP (40%-50%; ref. 70) or EP300
(3%-8%); ref. 71), both affecting a pathway that is also implicated
in cancer (72). Several case reports indicate that individuals with
RSTS are at increased risk of developing cancer, but the cancer risk
is unknown and may be only moderately increased. Different
cancers have been reported in patients with RSTS, including
hepatoblastoma, ovarian and endometrial carcinomas, NBL,
medulloblastoma, meningioma, oligodendroglioma, pheochro-
mocytoma, rhabdomyosarcoma, leiomyosarcoma, seminoma,
and embryonal carcinoma. They may also develop benign
tumors, such as odontoma, choristoma, dermoid cyst, and pilo-
matrixomas (73-81). Because of the unknown cancer risk, firm
cancer surveillance recommendations cannot be made at this
time, but prompt assessment of any new or persistent symptoms
is warranted.

Schinzel-Giedion Syndrome

Individuals with Schinzel-Giedion syndrome (SGS) have
severe developmental delay, distinctive facial features, and mul-
tiple congenital anomalies (particularly skeletal, genitourinary/
renal, and cardiac); most patients die from the condition in the
first decade of life (82). The disorder is caused by de novo muta-
tions of SETBPI (83), an important gene implicated in myeloid
malignancies (84). Surprisingly, no SGS patients with myeloid
neoplasms have been reported. However, a number of patients

Clin Cancer Res; 23(12) June 15, 2017

have developed cancer, including sacrococcygeal germ cell tumors
(85-88); sacrococcygeal primitive neuroectodermal tumors (82),
an ependymal tumor with myxopapillary and ependymoblastic
differentiation (89); hepatoblastoma; and a malignant retroper-
itoneal tumor arising in a multicystic dysplastic kidney (90). The
cancer risk is unknown but is likely to be high based on the
number of reported tumors in patients with this condition
(approximately 10 tumors in 70 cases). Families should be made
aware of the increased risk for tumors. The merits of surveillance
need to be weighed against the severity of the patient's clinical
condition. We recommend close attention for the presence of
congenital tumors on baseline diagnostic investigations for SGS
(which may include imaging of the spine and abdomen/pelvis for
skeletal/neurologic and renal workup, respectively). Baseline
germ cell and hepatoblastoma tumor markers (alpha-fetopro-
tein—AFP, BHCG) with other baseline syndrome-related blood-
work can be considered. For milder cases, clinicians may consider
ongoing screening with periodic abdominal and pelvic ultra-
sound and periodic measurements of serum AFP and BHCG.

NKX2-1 Syndrome

Loss-of-function mutations in the NKX2-1 gene (also known as
TTF-1, TITF1, T/EBP), located at 14q13.3, are associated with the
"Brain-Lung-Thyroid syndrome (BLTS)," which is characterized
by (i) benign hereditary chorea (BHC); (ii) infantile respiratory
distress syndrome, which may be fatal; and (iii) congenital hypo-
thyroidism, which may present with a ectopic or dysgenetic gland
(91, 92). Familial non-medullary thyroid carcinoma (FNMTC)
represents roughly 5% of thyroid malignancies, and no repro-
ducible susceptibility genes have been consistently associated
with the diagnosis (93-95). Given the role of NXX2-1 role in
thyrocyte differentiation, proliferation, and survival (96), germ-
line mutations in NKX2-1 have been postulated to play a role in
predisposition to thyroid malignancies (97-99). A single case
series demonstrated a recurrent loss-of-function variant of
NKX2-1 (p.A339V) in four of 20 independent kindreds affected
by both papillary thyroid carcinoma (PTC) and multinodular
goiter (MNG; ref. 100). In only one of these families did PTC
segregate with the variant. Further studies have failed to show
germline variants of NKX2-1 in 38 kindreds affected by FNMTC
(101). Similarly, genome-wide association studies have failed
to demonstrate linkage to the NKX2-1 locus on 14q (93, 102).
Thus, it is plausible that the effect of NKX2-1 mutation identified
by Ngan and colleagues (100) is more tightly associated with the
MNG phenotype than with PTC.

Although NKX2-1 is reported to be overexpressed in small
cell and adenocarcinoma of the lung, and although there are
rare reports of lung carcinoma arising in individuals with
components of the BLTS (103, 104), the association with
germline NKX2-1 mutation has not been established. At pres-
ent, the available data do not support a strong role for NKX2-1
in predisposition to hereditary lung or thyroid malignancy,
thus we do not recommend screening NKX2-1 mutation carriers
for lung or thyroid cancer.

Metabolic Disorders/Genes

L-2-hydroxyglutaric aciduria is a recessive neurometabolic dis-
order characterized by the presence of high levels of L-2-hydro-
xyglutaric acid in urine, plasma, and cerebrospinal fluid. The
condition is caused by mutations of L2ZHGA and dlinically
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associated with progressive ataxia, mental impairment, subcorti-
cal leukoencephalopathy, and cerebellar atrophy (105). Despite
the rarity of the condition, several cases of brain tumors have been
associated with the disease, including ependymoma, primitive
neuroectodermal tumor, low- and high-grade glioma, medullo-
blastoma, and oligodendroglioma (106, 107). Nephroblastoma
has been reported in one patient (108). Although the cancer risk is
not currently known, the relatively large number of reported brain
tumors suggests that cancer surveillance with 3 to 6 monthly
clinical and neurologic assessments and annual brain MRI may be
warranted (using contrast enhancement for the baseline MRI
only). Notably, D-2-hydroxyglutaric aciduria is due to germline
mutations of IDH2 (109). Although somatic IDHI and IDH2
mutations occur in brain and other cancers (110, 111) and
somatic mosaic mutations of these genes lead to the Maffuci
syndrome and Ollier disease (which are also associated with
cancer), there does not appear to be documentation of an
increased cancer risk in individuals with germline mutations of
IDH2 (112, 113).

There are other metabolic conditions that are associated with an
increased cancer risk, including tyrosinemia type I (hepatocellular
carcinoma; ref. 114). The risk warrants consideration for baseline
liver imaging along with regular AFP measurements but is dra-
matically reduced when children are treated with nitisinone
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Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Received March 3, 2017; revised April 24, 2017; accepted April 27, 2017;
published online June 15, 2017.

12. Cirstea IC, Kutsche K, Dvorsky R, Gremer L, Carta C, Horn D, et al. A
restricted spectrum of NRAS mutations causes Noonan syndrome. Nat
Genet 2010;42:27-9.

13. Sarkozy A, Carta C, Moretti S, Zampino G, Digilio MC, Pantaleoni F, et al.
Germline BRAF mutations in Noonan, LEOPARD, and cardiofaciocuta-
neous syndromes: molecular diversity and associated phenotypic spec-
trum. Hum Mutat 2009;30:695-702.

14. Nava C, Hanna N, Michot C, Pereira S, Pouvreau N, Niihori T, et al.
Cardio-facio-cutaneous and Noonan syndromes due to mutations in
the RAS/MAPK signalling pathway: genotype-phenotype relation-
ships and overlap with Costello syndrome. ] Med Genet 2007;
44:763-71.

15. Flex E, Jaiswal M, Pantaleoni F, Martinelli S, Strullu M, Fansa EK, et al.
Activating mutations in RRAS underlie a phenotype within the RASopathy
spectrum and contribute to leukaemogenesis. Hum Mol Genet 2014;
23:4315-27.

16. Chen PC, Yin J, Yu HW, Yuan T, Fernandez M, Yung CK, et al. Next-
generation sequencing identifies rare variants associated with Noonan
syndrome. Proc Natl Acad Sci U S A 2014;111:11473-8.

17. Vissers LE, Bonetti M, Paardekooper Overman J, Nillesen WM, Frints SG,
de LigtJ, et al. Heterozygous germline mutations in A2ML1 are associated
with a disorder clinically related to Noonan syndrome. Eur ] Hum Genet
2015;23:317-24.

18. Yamamoto GL, Aguena M, Gos M, Hung C, Pilch J, Fahiminiya S, et al.
Rare variants in SOS2 and LZTR1 are associated with Noonan syndrome.
J Med Genet 2015;52:413-21.

19. Kratz CP, Franke L, Peters H, Kohlschmidt N, Kazmierczak B, Finckh U,
et al. Cancer spectrum and frequency among children with Noonan,
Costello, and cardio-facio-cutaneous syndromes. Br ] Cancer 2015;
112:1392-7.

20. Kratz CP, Rapisuwon S, Reed H, Hasle H, Rosenberg PS. Cancer
in Noonan, Costello, cardiofaciocutaneous and LEOPARD syn-
dromes. Am ] Med Genet C Semin Med Genet 2011;157C:
83-9.

21. McWilliams GD, SantaCruz K, Hart B, Clericuzio C. Occurrence of
DNET and other brain tumors in Noonan syndrome warrants caution
with growth hormone therapy. Am J Med Genet Part A 2016;170A:
195-201.

Clin Cancer Res; 23(12) June 15, 2017

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.

e87


http://clincancerres.aacrjournals.org/

CCR PEDIATRIC ONCOLOGY SERIES

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jongmans MC, van der Burgt I, Hoogerbrugge PM, Noordam K,
Yntema HG, Nillesen WM, et al. Cancer risk in patients with Noonan
syndrome carrying a PTPN11 mutation. Eur ] Hum Genet 2011;
19:870-4.

Tartaglia M, Niemeyer CM, Fragale A, Song X, Buechner J, Jung A, et al.
Somatic mutations in PTPN11 in juvenile myelomonocytic leukemia,
myelodysplastic syndromes and acute myeloid leukemia. Nat Genet
2003;34:148-50.

Kratz CP, Niemeyer CM, Castleberry RP, Cetin M, Bergstrasser E, Emanuel
PD, et al. The mutational spectrum of PTPN11 in juvenile myelomono-
cytic leukemia and Noonan syndrome/myeloproliferative disease. Blood
2005;106:2183-5.

Strullu M, Caye A, Lachenaud J, Cassinat B, Gazal S, Fenneteau O, et al.
Juvenile myelomonocytic leukaemia and Noonan syndrome. ] Med
Genet 2014;51:689-97.

Loh ML, Vattikuti S, Schubbert S, Reynolds MG, Carlson E, Lieuw KH, et al.
Mutations in PTPN11 implicate the SHP-2 phosphatase in leukemogen-
esis. Blood 2004;103:2325-31.

Bader-Meunier B, Tchernia G, Mielot F, Fontaine JL, Thomas C, Lyonnet S,
et al. Occurrence of myeloproliferative disorder in patients with Noonan
syndrome. J Pediatr 1997;130:885-9.

Niemeyer CM. RAS diseases in children. Haematologica 2014;99:
1653-62.

CordedduV, Di Schiavi E, Pennacchio LA, Ma'ayan A, Sarkozy A, FodaleV,
et al. Mutation of SHOC2 promotes aberrant protein N-myristoylation
and causes Noonan-like syndrome with loose anagen hair. Nat Genet
2009;41:1022-6.

Gripp KW, Aldinger KA, Bennett JT, Baker L, Tusi J, Powell-Hamilton N,
et al. A novel rasopathy caused by recurrent de novo missense mutations
in PPP1CB closely resembles Noonan syndrome with loose anagen hair.
Am ] Med Genet Part A 2016;170:2237-47.

Garavelli L, Cordeddu V, Errico S, Bertolini P, Street ME, Rosato S,
et al. Noonan syndrome-like disorder with loose anagen hair: a
second case with neuroblastoma. Am ] Med Genet Part A 2015;
167A:1902-7.

Tartaglia M, Martinelli S, Stella L, Bocchinfuso G, Flex E, Cordeddu
V, et al. Diversity and functional consequences of germline and
somatic PTPN11 mutations in human disease. Am ] Hum Genet
20006;78:279-90.

Nishi E, Mizuno S, Nanjo Y, Niihori T, Fukushima Y, Matsubara Y,
et al. A novel heterozygous MAP2K1 mutation in a patient with
Noonan syndrome with multiple lentigines. Am ] Med Genet Part A
2015;167A:407-11.

Niihori T, Aoki Y, Narumi Y, Neri G, Cave H, Verloes A, et al. Germline
KRAS and BRAF mutations in cardio-facio-cutaneous syndrome. Nat
Genet 2006;38:294-6.

Rodriguez-Viciana P, Tetsu O, Tidyman WE, Estep AL, Conger BA,
Cruz MS, et al. Germline mutations in genes within the MAPK
pathway cause cardio-facio-cutaneous syndrome. Science 2006;311:
1287-90.

Aoki Y, Niihori T, Kawame H, Kurosawa K, Ohashi H, Tanaka Y, et al.
Germline mutations in HRAS proto-oncogene cause Costello syndrome.
Nat Genet 2005;37:1038-40.

McCormick EM, Hopkins E, Conway L, Catalano S, Hossain J, Sol-Church
K, et al. Assessing genotype-phenotype correlation in Costello syndrome
using a severity score. Genet Med 2013;15:554-7.

Gripp KW. Tumor predisposition in Costello syndrome. Am J Med Genet
C Semin Med Genet 2005;137C:72-7.

Kerr B, Delrue MA, Sigaudy S, Perveen R, Marche M, Burgelin I, et al.
Genotype-phenotype correlation in Costello syndrome: HRAS mutation
analysis in 43 cases. ] Med Genet 2006;43:401-5.

Brems H, Chmara M, Sahbatou M, Denayer E, Taniguchi K, Kato R, et al.
Germline loss-of-function mutations in SPRED1 cause a neurofibroma-
tosis 1-like phenotype. Nat Genet 2007;39:1120-6.

Niemeyer CM, Kang MW, Shin DH, Furlan I, Erlacher M, Bunin NJ,
etal. Germline CBL mutations cause developmental abnormalities and
predispose to juvenile myelomonocytic leukemia. Nat Genet 2010;
42:794-800.

Becker H, Yoshida K, Blagitko-Dorfs N, Claus R, Pantic M, Abdelkarim M,
et al. Tracing the development of acute myeloid leukemia in CBL syn-
drome. Blood 2014;123:1883-6.

e88 Clin Cancer Res; 23(12) June 15, 2017

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Gripp KW, Scott CI Jr, Nicholson L, McDonald-McGinn DM, Ozeran JD,
Jones MC, et al. Five additional Costello syndrome patients with rhab-
domyosarcoma: proposal for a tumor screening protocol. Am ] Med Genet
2002;108:80-7.

Gripp KW, Kawame H, Viskochil DH, Nicholson L. Elevated catechol-
amine metabolites in patients with Costello syndrome. Am ] Med Genet
Part A 2004;128A:48-51.

Kamihara J, Bourdeaut F, Foulkes WD, Molenaar JJ, Mossé YP, Nakaga-
wara A, et al. Neuroblastoma and retinoblastoma predisposition
and surveillance. Clin Cancer Res 2017;23:doi: 10.1158/1078-0432.
CCR-17-0652.

Douglas J, Hanks S, Temple IK, Davies S, Murray A, Upadhyaya M, et al.
NSD1 mutations are the major cause of Sotos syndrome and occur in
some cases of Weaver syndrome but are rare in other overgrowth phe-
notypes. Am J] Hum Genet 2003;72:132-43.

Kurotaki N, Imaizumi K, Harada N, Masuno M, Kondoh T, Nagai T, et al.
Haploinsufficiency of NSD1 causes Sotos syndrome. Nat Genet 2002;
30:365-6.

Beurdeley M, Sabourin JC, Drouin-Garraud V, Liard A, Bachy B, Vivier PH.
Ovarian fibromatosis and sotos syndrome with a new genetic mutation. J
Pediatr Adolesc Gynecol 2013;26:39-41.

Chen CP, Yang YC, Lin SP, Wang W, Chang CL, Chang KM. Bilateral
calcified ovarian fibromas in a patient with Sotos syndrome. Fertil Steril
2002;77:1285-7.

Kulkarni K, Stobart K, Noga M. A case of Sotos syndrome with neuro-
blastoma. ] Pediatr Hematol Oncol 2013;35:238-9.

Nance MA, Neglia JP, Talwar D, Berry SA. Neuroblastoma in a patient with
Sotos' syndrome. ] Med Genet 1990;27:130-2.

Basel-Vanagaite L. Acute lymphoblastic leukemia in Weaver syndrome.
Am ] Med Genet Part A 2010;152A:383-6.

Kato M, Takita J, Takahashi K, Mimaki M, Chen Y, Koh K, et al.
Hepatoblastoma in a patient with sotos syndrome. J Pediatr 2009;
155:937-9.

Tatton-Brown K, Douglas J, Coleman K, Baujat G, Cole TR, Das S, et al.
Genotype-phenotype associations in Sotos syndrome: an analysis of
266 individuals with NSD1 aberrations. Am ] Hum Genet 2005;
77:193-204.

Deardorff MA, Maisenbacher M, Zackai EH. Ganglioglioma in a Sotos
syndrome patient with an NSD1 deletion. Am ] Med Genet Part A
2004;130A:393-4.

Al-Mulla N, Belgaumi AF, Teebi A. Cancer in Sotos syndrome: report of a
patient with acute myelocytic leukemia and review of the literature.
] Pediatr Hematol Oncol 2004;26:204-8.

Jin Y, Chen RL, Wang PJ, Hsu YH, Chen HT, Chang PY. Sacrococcygeal
germ cell tumor and spinal deformity in association with Sotos syndrome.
Med Pediatr Oncol 2002;38:133-4.

Leonard NJ, Cole T, Bhargava R, Honore LH, Watt J. Sacrococcygeal
teratoma in two cases of Sotos syndrome. Am ] Med Genet 2000;
95:182-4.

Le Marec B, Pasquier L, Dugast C, Gosselin M, Odent S. Gastric carcinoma
in Sotos syndrome (cerebral gigantism). Ann Genet 1999;42:113-6.
Muraishi O, Kumamaru T, Nozaki Y, Mori Y, Tokue A. Testicular
yolk sac tumour in a patient with Sotos syndrome. BJU Int 1999;
83:357-8.

Tatton-Brown K, Murray A, Hanks S, Douglas J, Armstrong R, Banka S,
et al. Weaver syndrome and EZH2 mutations: clarifying the clinical
phenotype. Am ] Med Genet Part A 2013;161A:2972-80.

Gibson WT, Hood RL, Zhan SH, Bulman DE, Fejes AP, Moore R, et al.
Mutations in EZH2 cause Weaver syndrome. Am ] Hum Genet 2012;
90:110-8.

Tatton-Brown K, Hanks S, Ruark E, Zachariou A, Duarte Sdel V, Ramsay E,
etal. Germline mutations in the oncogene EZH2 cause Weaver syndrome
and increased human height. Oncotarget 2011;2:1127-33.

Chase A, Cross NC. Aberrations of EZH2 in cancer. Clin Cancer Res
2011;17:2613-8.

Tatton-Brown K, Rahman N. EZH2-related overgrowth. In: Pagon RA,
Adam MP, Ardinger HH, Wallace SE, Amemiya A, Bean LJH, et al.,
editors. GeneReviews [Internet]. Seattle (WA): University of Washington,
Seattle; 1993. 2013 Jul 18 [updated 2015 Aug 6].

Stevens CA. Rubinstein-Taybi syndrome. In: Pagon RA, Adam MP, Ardin-
ger HH, Wallace SE, Amemiya A, Bean LJH, et al., editors. GeneReviews

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

[Internet]. Seattle (WA): University of Washington, Seattle; 1993. 2002
Aug 30 [updated 2014 Aug 7].

Spena S, Gervasini C, Milani D. Ultra-rare syndromes: the example of
Rubinstein-Taybi syndrome. J Pediatr Genet 2015;4:177-86.
Hennekam RC. Rubinstein-Taybi syndrome. Eur ] Hum Genet 2006;
14:981-5.

Milani D, Manzoni FM, Pezzani L, Ajmone P, Gervasini C, Menni F, et al.
Rubinstein-Taybi syndrome: clinical features, genetic basis, diagnosis,
and management. Ital J Pediatr 2015;41:4.

Petrij F, Giles RH, Dauwerse HG, Saris JJ, Hennekam RC, Masuno M, et al.
Rubinstein-Taybi syndrome caused by mutations in the transcriptional
co-activator CBP. Nature 1995;376:348-51.

Roelfsema JH, White SJ, Ariyurek Y, Bartholdi D, Niedrist D, Papadia F,
et al. Genetic heterogeneity in Rubinstein-Taybi syndrome: mutations in
both the CBP and EP300 genes cause disease. Am ] Hum Genet 2005;
76:572-80.

JiangY, Ortega-Molina A, Geng H, Ying HY, Hatzi K, Parsa S, et al. CREBBP
inactivation promotes the development of HDAC3-dependent lympho-
mas. Cancer Discov 2017;7:38-53.

Miller RW, Rubinstein JH. Tumors in Rubinstein-Taybi syndrome. Am J
Med Genet 1995;56:112-5.

Papathemeli D, Schulzendorff N, Kohlhase J, Goppner D, Franke I,
Gollnick H. Pilomatricomas in Rubinstein-Taybi syndrome. J Dtsch
Dermatol Ges 2015;13:240-2.

Milani D, Bonarrigo FA, Menni F, Spaccini L, Gervasini C, Esposito S.
Hepatoblastoma in rubinstein-taybi syndrome: a case report. Pediatr
Blood Cancer 2016;63:572-3.

Johannesen EJ, Williams T, Miller DC, Tuller E. Synchronous ovarian
and endometrial carcinomas in a patient with Rubinstein-Taybi syn-
drome: a case report and literature review. Int J Gynecol Pathol
2015;34:132-5.

de Kort E, Conneman N, Diderich K. A case of Rubinstein-Taybi
syndrome and congenital neuroblastoma. Am ] Med Genet Part A
2014;164A:1332-3.

Thara K, Kuromaru R, Takemoto M, Hara T. Rubinstein-Taybi syndrome: a
girl with a history of neuroblastoma and premature thelarche. Am ] Med
Genet 1999;83:365-6.

Bourdeaut F, Miquel C, Richer W, Grill J, Zerah M, Grison C,
et al. Rubinstein-Taybi syndrome predisposing to non-WNT, non-
SHH, group 3 medulloblastoma. Pediatr Blood Cancer 2014;61:
383-6.

Skousen GJ, Wardinsky T, Chenaille P. Medulloblastoma in patient with
Rubinstein-Taybi syndrome. Am J Med Genet 1996;66:367.

Verstegen MJ, van den Munckhof P, Troost D, Bouma GJ. Multiple
meningiomas in a patient with Rubinstein-Taybi syndrome. Case report.
J Neurosurg 2005;102:167-8.

Lehman AM, McFadden D, Pugash D, Sangha K, Gibson WT, Patel MS.
Schinzel-Giedion syndrome: report of splenopancreatic fusion
and proposed diagnostic criteria. Am J] Med Genet Part A 2008;
146A:1299-306.

Hoischen A, van Bon BW, Gilissen C, Arts P, van Lier B, Steehouwer M,
et al. De novo mutations of SETBP1 cause Schinzel-Giedion syndrome.
Nat Genet 2010;42:483-5.

Makishima H, Yoshida K, Nguyen N, Przychodzen B, Sanada M, OkunoY,
et al. Somatic SETBP1 mutations in myeloid malignancies. Nat Genet
2013;45:942-6.

Kishimoto K, Kobayashi R, Yonemaru N, Yamamoto H, Tsujioka T, Sano
H, et al. Refractory sacrococcygeal germ cell tumor in Schinzel-Giedion
syndrome. ] Pediatr Hematol Oncol 2015;37:e238-41.

Sandri A, Manazza AD, Bertin D, Silengo M, Basso ME, Forni M, et al.
Schinzel-Giedion syndrome with sacrococcygeal teratoma. J Pediatr
Hematol Oncol 2003;25:558-61.

McPherson E, Clemens M, Hoffner L, Surti U. Sacral tumors in Schinzel-
Giedion syndrome. Am ] Med Genet 1998;79:62-3.

Robin NH, Grace K, DeSouza TG, McDonald-McGinn D, Zackai EH.
New finding of Schinzel-Giedion syndrome: a case with a malignant
sacrococcygeal teratoma. Am J Med Genet 1993;47:852-6.
Beschorner R, Wehrmann M, Ernemann U, Bonin M, Horber V, Oehl-
Jaschkowitz B, et al. Extradural ependymal tumor with myxopapillary and
ependymoblastic differentiation in a case of Schinzel-Giedion syndrome.
Acta Neuropathol 2007;113:339-46.

www.aacrjournals.org

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

104.

105.

106.

107.

108.

Surveillance for RASopathies and Other Rare Conditions

Matsumoto F, Tohda A, Shimada K, Okamoto N. Malignant
retroperitoneal tumor arising in a multicystic dysplastic kidney
of a girl with Schinzel-Giedion syndrome. Int J Urol 2005;12:
1061-2.

Carre A, Szinnai G, Castanet M, Sura-Trueba S, Tron E, Broutin-L'Hermite
I, et al. Five new TTF1/NKX2.1 mutations in brain-lung-thyroid syn-
drome: rescue by PAX8 synergism in one case. Hum Mol Genet
2009;18:2266-706.

Lenherr N, Vuissoz J, Heinimann K, Szinnai G. Brain-lung-thyroid syn-
drome - clinical update on a heterogenous disorder: Presented at 54th
Annual Meeting of the European Society for Paediatric Endocrinology
(ESPE). Barcelona, Spain, October 1-3, 2015: Abstracts. Horm Res
Paediatr 2015;84:123-4.

Sturgeon C, Clark OH. Familial nonmedullary thyroid cancer. Thyroid
2005;15:588-93.

Vriens MR, Suh I, Moses W, Kebebew E. Clinical features and genetic
predisposition to hereditary nonmedullary thyroid cancer. Thyroid
2009;19:1343-9.

Nagy R, Ringel MD. Genetic predisposition for nonmedullary thyroid
cancer. Horm Cancer 2015;6:13-20.

Kimura S. Thyroid-specific transcription factors and their roles in thyroid
cancer. ] Thyroid Res 2011;2011:710213.

Gudmundsson J, Sulem P, Gudbjartsson DF, Jonasson JG, Sigurdsson A,
Bergthorsson JT, et al. Common variants on 9q22.33 and 14q13.3
predispose to thyroid cancer in European populations. Nat Genet
2009;41:460-4.

Gudmundsson J, Sulem P, Gudbjartsson DF, Jonasson JG, Masson G, He
H, etal. Discovery of common variants associated with low TSH levels and
thyroid cancer risk. Nat Genet 2012;44:319-22.

Jendrzejewski J, Liyanarachchi S, Nagy R, Senter L, Wakely PE,
Thomas A, et al. Papillary thyroid carcinoma: association between
germline DNA variant markers and clinical parameters. Thyroid
2016;26:1276-84.

Ngan ES, Lang BH, Liu T, Shum CK, So MT, Lau DK, et al. A germline
mutation (A339V) in thyroid transcription factor-1 (TITF-1/NKX2.1) in
patients with multinodular goiter and papillary thyroid carcinoma. J Nat
Cancer Inst 2009;101:162-75.

Cantara S, Capuano S, Formichi C, Pisu M, Capezzone M, Pacini F.
Lack of germline A339V mutation in thyroid transcription factor-1
(TITF-1/NKX2.1) gene in familial papillary thyroid cancer. Thyroid Res
2010;3:4.

Cavaco BM, Batista PF, Martins C, Banito A, do Rosario F, Limbert E,
et al. Familial non-medullary thyroid carcinoma (FNMTC): analysis of
fPTC/PRN, NMTC1, MNG1 and TCO susceptibility loci and identifi-
cation of somatic BRAF and RAS mutations. Endocr Rel Cancer
2008;15:207-15.

. Glik A, Vuillaume I, Devos D, Inzelberg R. Psychosis, short stature in

benign hereditary chorea: a novel thyroid transcription factor-1 mutation.
Mov Disord 2008;23:1744-7.

Willemsen MA, Breedveld GJ, Wouda S, Otten BJ, Yntema JL,
Lammens M, et al. Brain-Thyroid-Lung syndrome: a patient with
a severe multi-system disorder due to a de novo mutation in the
thyroid transcription factor 1 gene. Eur J Pediatrics 2005;164:
28-30.

Rzem R, Veiga-da-Cunha M, Noel G, Goffette S, Nassogne MC, Tabarki B,
et al. A gene encoding a putative FAD-dependent L-2-hydroxyglutarate
dehydrogenase is mutated in L-2-hydroxyglutaric aciduria. Proc Natl Acad
Sci U S A 2004;101:16849-54.

Patay Z, Mills JC, Lobel U, Lambert A, Sablauer A, Ellison DW.
Cerebral neoplasms in L-2 hydroxyglutaric aciduria: 3 new cases and
meta-analysis of literature data. AJINR Am ] Neuroradiol 2012;33:
940-3.

Patay Z, Orr BA, Shulkin BL, Hwang SN, Ying Y, Broniscer A, et al.
Successive distinct high-grade gliomas in L-2-hydroxyglutaric aciduria.
J Inherit Metab Dis 2015;38:273-7.

Rogers RE, Deberardinis RJ, Klesse LJ, Boriack RL, Margraf LR, Rakheja D.
Wilms tumor in a child with L-2-hydroxyglutaric aciduria. Pediatr Dev
Pathol 2010;13:408-11.

. Kranendijk M, Struys EA, van Schaftingen E, Gibson KM, Kanhai WA, van

der Knaap MS, etal. IDH2 mutations in patients with D-2-hydroxyglutaric
aciduria. Science 2010;330:336.

Clin Cancer Res; 23(12) June 15, 2017

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.

e89


http://clincancerres.aacrjournals.org/

CCR PEDIATRIC ONCOLOGY SERIES

110.

111.

112.

113.

114.

Yan H, Parsons DW, Jin G, McLendon R, Rasheed BA, Yuan W,
et al. IDH1 and IDH2 mutations in gliomas. N Engl ] Med 2009;
360:765-73.

Ward PS, Patel J, Wise DR, Abdel-Wahab O, Bennett BD, Coller HA, et al.
The common feature of leukemia-associated IDH1 and IDH2 mutations
is a neomorphic enzyme activity converting alpha-ketoglutarate to 2-
hydroxyglutarate. Cancer Cell 2010;17:225-34.

Pansuriya TC, van Eijk R, d'Adamo P, van Ruler MA, Kuijjer ML, OostingJ,
et al. Somatic mosaic IDH1 and IDH2 mutations are associated with
enchondroma and spindle cell hemangioma in Ollier disease and Maf-
fucci syndrome. Nat Genet 2011;43:1256-61.

Amary MF, Damato S, Halai D, Eskandarpour M, Berisha F, Bonar
F, et al. Ollier disease and Maffucci syndrome are caused by
somatic mosaic mutations of IDH1 and IDH2. Nat Genet 2011;
43:1262-5.

Sniderman King L, Trahms C, Scott CR. Tyrosinemia type L. In: Pagon RA,
Adam MP, Ardinger HH, Wallace SE, Amemiya A, Bean LJH, etal., editors

e90 Clin Cancer Res; 23(12) June 15, 2017

116.

117.

118.

GeneReviews [Internet]. Seattle (WA): University of Washington, Seattle;
1993. 2006 Jul 24 [updated 2014 Jul 17].

. van Spronsen FJ, Bijleveld CM, van Maldegem BT, Wijburg FA. Hepa-

tocellular carcinoma in hereditary tyrosinemia type I despite 2-(2
nitro-4-3 trifluoro- methylbenzoyl)-1, 3-cyclohexanedione treatment.
J Pediatr Gastroenterol Nutr 2005;40:90-3.

Wilson JM, Shchelochkov OA, Gallagher RC, Batshaw ML. Hepatocellular
carcinoma in a research subject with ornithine transcarbamylase defi-
ciency. Mol Genet Metab 2012;105:263-5.

Alston CL, Davison JE, Meloni F, van der Westhuizen FH, He L, Hornig-Do
HT, et al. Recessive germline SDHA and SDHB mutations causing leu-
kodystrophy and isolated mitochondrial complex II deficiency. ] Med
Genet 2012;49:569-77.

Rednam SP, Erez A, Druker H, Janeway KA, Kamihara J, Kohlmann WK,
et al. Von Hippel-Lindau and hereditary pheochromocytoma/paragan-
glioma syndromes: clinical features, genetics, and surveillance recom-
mendations in childhood. Clin Cancer Res 2017;23:e68-e75.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/

AAC_R American Association
for Cancer Research

Clinical Cancer Research

Recommendations for Cancer Surveillance in Individuals with
RASopathies and Other Rare Genetic Conditions with Increased

Cancer Risk

Anita Villani, Mary-Louise C. Greer, Jennifer M. Kalish, et al.

Clin Cancer Res 2017;23:e83-e90.

Updated version

Access the most recent version of this article at:
http://clincancerres.aacrjournals.org/content/23/12/e83

Cited articles

Citing articles

This article cites 114 articles, 21 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/23/12/e83.full#ref-list-1

This article has been cited by 1 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/23/12/e83.full#related-urls

E-mail alerts

Reprints and
Subscriptions

Permissions

Sign up to receive free email-alerts related to this article or journal.

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.

To request permission to re-use all or part of this article, contact the AACR Publications Department at
permissions@aacr.org.

Downloaded from clincancerres.aacrjournals.org on July 28, 2017. © 2017 American Association for Cancer Research.


http://clincancerres.aacrjournals.org/content/23/12/e83
http://clincancerres.aacrjournals.org/content/23/12/e83.full#ref-list-1
http://clincancerres.aacrjournals.org/content/23/12/e83.full#related-urls
http://clincancerres.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
mailto:permissions@aacr.org
http://clincancerres.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




