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1.1  What Defines a Rare Tumor?

Compared to cancer in adults, childhood cancer
is rare, accounting for significantly less than 1%
of all cancer diagnoses. A meaningful clinical
definition of a rare childhood cancer has to be
developed in the context of the development of
childhood cancer therapy over time. The success-
ful treatment of children has been a remarkable
accomplishment of the last 50 years. Today,
approximately 75% of children diagnosed in
countries with highly developed healthcare sys-
tems can be expected to be “cured” (Smith et al.
2010). This has been accomplished through
extensive scientific exploration and the develop-
ment of collaborative national and international
clinical trials. Evidence from these trials has been
incorporated into treatment strategies, suitable
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and assessable for children in countries with lim-
ited economic resources.

While most early pediatric clinical trials were
conducted as national studies, collaborations
have evolved which have incorporated specific
disease members of several national groups into
consortia. These alliances were necessary to
allow randomized trials that could be completed
in a reasonable period of time. Examples include
Ewing’s sarcoma and osteosarcoma trials, as well
as current germ cell tumor and hepatoblastoma
trials.

However, there is a hierarchy in the studies of
childhood cancers. Most pediatric clinical trials
involve childhood cancers that are relatively more
common than other childhood cancers.
Hepatoblastoma and germ cell tumors are exam-
ples of rare tumors in which national studies have
led to established international collaborative clini-
cal trials (Mann et al. 2000; Ortega et al. 2000;
Gobel et al. 2002; Cushing et al. 2004; Perilongo
et al. 2004, 2009). Other infrequent childhood
cancers were often not registered or reported.
However, there have been significant recent
advances in the study of these cancers with the
emergence of collaborative groups. An excellent
example is the European EXPeRT collaboration
(Ferrari et al. 2019). After establishing a consen-
sus for joint actions, the EXPeRT group have sub-
sequently published collaborative articles on
mesothelioma (Orbach et al. 2020), sex cord stro-
mal tumors (Schneider et al. 2021), and pleuro-
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pulmonary blastoma (Bisogno et al. 2021). From
a clinical and scientific perspective, these rare
cancers might be classified as orphan diseases,
indicating that no clinical structures have been
developed to aid in diagnosis and treatment. There
are also many cancers that are common in adults,
yet infrequently seen in children. This phenome-
non increases as children age through adolescence
into young adulthood. For some of these cancers,
no specific clinical studies have been designed,
but patients have been treated according to the
corresponding guidelines for adult patients.
Figure 1.1 illustrates the different epidemiologi-
cal patterns of rare childhood cancers. There are
some tumor types (Fig. 1.1a) that are defined by
their generally extremely low incidence; never-

theless, they constitute characteristic tumors of
childhood that are not diagnosed in adult patients.
Well-defined examples include pancreaticoblas-
toma (see Chaps. 28 and 35) or mesoblastic
nephroma. In contrast, other types (Fig. 1.1b) may
be diagnosed during both childhood and adoles-
cents. Clinically and pathologically, they may be
undistinguishable; however, molecular genetic
studies may reveal biological differences, as it has
been demonstrated, e.g., for germ cell
tumors in children and adults (for details see
Chaps. 31 and 39) (Schneider et al. 2004).

Adult cancers, such as colon cancer and
malignant melanoma, may also be diagnosed
during childhood and adolescence (Fig. 1.1c). In
general, this epidemiological pattern is character-

1 83 5 7 9 11131517 1921 2325 27 2031

Year of life

ni|c

1 3 5 7 8% 111315171921 23 25 27 29 3N
Year of life

Fig. 1.1 Epidemiological patterns of rare childhood can-
cers: (a) low incidence tumor entity occurring exclusively
in children. (b) A tumor entity with bimodal age distribu-
tion and age-dependent biology. (¢) An adult-type tumor
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entity with rare occurrence during childhood and adoles-
cence. (d) An adult-type tumor entity with rare occurrence
during childhood and adolescence but with distinct
biology
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ized by a continuous increase of incidence over
age. Thus, these rare childhood cancers consti-
tute the left edge of the Gauss distribution curve
of a frequent adult cancer. However, it should be
noted that such cancers may also show biological
and clinical characteristics that may distinguish
such patients from others. Breast cancer and
malignant melanomas are good examples. Both
are frequent cancers in adults but infrequent in
children and adolescents, and their presentation
in young patients may be different from that in
older patients (see Chaps. 33 and 40). Moreover,
there are increased realization and identification
of hereditary cancer and cancer predisposition
syndromes in young patients (see Chap. 64).
Epidemiological investigations have formed
the basis of our understanding of rare cancers.
Most information on these “rare” tumors comes
from national data sources such as Surveillance
Epidemiology and End Results (SEER) database
of the US National Cancer Institute (Ries et al.
1999), the German Childhood Cancer Registry,
disease-specific registries (Schneider et al. 2004),
or other national and international registries. The
advancement of molecular profiling may enhance
our understanding of these rare pediatric cancers.
This book will focus on both rare pediatric can-
cers and cancers that commonly occur in adults,

but only sporadically in children. Difficulties in
diagnosis and treatment will be emphasized.

The first question to be addressed is what con-
stitutes a “rare” disease? The National Institutes
of Health in the USA defines a rare or orphan dis-
ease as one with a prevalence of fewer than
200,000 individuals in the USA (https://raredis-
eases.info.nih.gov). Subpopulations within a dis-
ease may also be considered “rare.” In addition,
the National Cancer Institute in the USA defines
a “rare” cancer as one with an incidence less than
15/100,000 individuals. Of note, only 10,400
new cancer diagnoses are expected in 2010
among children up to 15 years of age in the USA
(Table 1.1).

Though the incidence of childhood cancers is
dwarfed by the numbers of most adult cancers,
the individual impact on life expectancy is high-
est in children, in which a cancer diagnosis short-
ens life expectancy by approximately 70 years,
compared to 9 years in prostate cancer. Thus,
cancer remains the number one health-related
cause of death in children beyond the neonatal
period.

National pediatric groups have always under-
stood that it was also their responsibility to care
for children with “rare” tumors and to study the
behavior of these childhood cancers. But the

Table 1.1 Incidence of selected cancer diagnoses in adult patients compared to age-related incidence rates of children

and adolescents up to 19 years

Adult cancer Childhood cancer
Histology/site Incidence (2003-2007) Histology/site Age-related incidence (2003-2007)
Resp. system/lungs 66.8 Leukemia 474
Digestive tract 87.0 Lymphoma 23.8
Breast (women) 152.9 Brain 414
Genital tract (women) 25.8 Neuroblastoma 10.2
Genital tract (men) 163.4 Gonadal tumors 11.6
Urinary system 36.0 Soft tissue 12.2
Skin 21.9 Bones 8.6
Endocrine system 10.9 Nephroblastoma 7.4
Oral cavity/pharynx 10.4 Thyroid 6.4
Soft tissues 32 Skin 5.8
Bones and joints 0.9 Others 5.1
Brain 6.5

Lymphoma 224

Leukemia 12.3

Total 461.6 Total 183.2

Data from the US-SEER registry (http://seer.cancer.gov/cst/1975_2007/results_merged/sect_01_overview.pdf; http://
seer.cancer.gov/csr/1975_2007/results_merged/sect_29_childhood_cancer_iccc.pdf)
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development of clinical trials for infrequent
childhood tumors has been limited. As a conse-
quence, the definition of a rare cancer in child-
hood does not simply reflect the low incidence but
mainly refers to its status as an “orphan disease.”
No standardized diagnostic and therapeutic
guidelines are available to ensure that each
patient is treated on an individual basis. For many
of the more common childhood cancers, sophisti-
cated risk stratification has led to further improve-
ment of therapy. Many patients are treated on an
individualized basis, determined by evidence-
based risk assessment. But in rare pediatric can-
cers, limited risk assessment and treatment data
are available. Therefore, networking, as demon-
strated by the European EXPeRT Group, has as
its goal the improved exchange of experience
(and data) providing a method to increase under-
standing of these rare tumors. Finally, limited
research opportunities exist for such rare cancers.
This limits opportunities to collect further data
that might speed up development of improved
therapies. Current collection methods might not
provide data on the true incidence of these
tumors. Perhaps, the encouraging experience that
has been gained with collaborative rare tumor
groups might provide new perspectives for scien-
tific evaluation and the development of guide-
lines based on better evidence.

The Issue of Adult Cancers
in Children

1.2

Many adult cancers occur very infrequently in
children. Gastrointestinal cancers, melanomas,
lung cancer, breast cancers, and head and neck
carcinomas cause millions of deaths each year.
Yet, they are exceedingly rare in pediatric-aged
patients. Nevertheless, parents and pediatric
healthcare providers must be aware that these
tumors can affect children because these children
are rarely referred to a pediatric oncologist.

The question “Do adult-type cancers found in
children have the same biological characteristics
and behavior of the same cancer, isolated from an
adult patient?” should be addressed (Ferrari et al.
2005). Are melanomas or epithelial cancers in

children and adults the same disease? There are
even more very important questions: “Why and
how do pediatric patients develop adult tumors in
a very short time period compared to protracted
development in adults?” “Do they also develop
through precancerous stages, as it has been exten-
sively described, e.g., for intestinal polyps and
colon carcinoma?” “How may these tumors arise
in the obvious absence of environmental carcino-
gens such as ultraviolet light, tobacco smoke,
asbestos, or others?”

One hypothesis is that pediatric tumors, which
are classified as an adult-type tumor, such as ade-
nocarcinoma of the colon, may not be biologi-
cally comparable to the histologically identical
tumor in elderly patients. For some tumors, this
hypothesis may be supported by different
response rates to chemotherapy (e.g., gastrointes-
tinal stromal tumors, GIST; see Chap. 27)
(Demetri et al. 2006; Janeway et al. 2009). In this
situation, pediatric patients would be expected to
have decreased response rates when compared to
adult patients. It is essential that if you administer
treatments that have had success in adult patients,
you collect data to support the hypothesis that
this particular treatment will also save pediatric
patients’ lives.

In other entities, such as testicular and extrago-
nadal germ cell tumors (GCT), different biologi-
cal subgroups according to age have been clearly
defined by genetic and molecular genetic analy-
ses (see Chaps. 31 and 39). Even more impor-
tantly, there are well-defined biologic differences
despite identical histology, e.g., yolk sac tumor.
Of note, these biological differences may also
translate into prognostic stratification, e.g., of
mediastinal germ cell tumors according to age.

Comparable studies need to be performed for
other adult cancers rarely occurring in children.
However, such genetic studies have been ham-
pered by the limited availability of appropriate
tissue samples of these rare tumors. Therefore,
central collection of tissue samples from rare
tumors in central registries should strongly be
advocated. This measure would provide research-
ers with the opportunity to advance the molecular
understanding of rare cancer entities, with imme-
diate impact on clinical diagnosis and follow-up
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(e.g., association of DICER1 mutations in pleu-
ropulmonary blastoma and Sertoli-Leydig cell
tumor (Hill et al. 2009)) and maybe even options
for targeted treatment (C-KIT mutations in gas-
trointestinal stromal tumors (Demetri et al. 2006;
Janeway et al. 2009)).

1.3 Clinical Issues
in the Diagnosis
and Treatment of Rare

Pediatric Tumors

Rare pediatric tumors pose many challenges to
pediatric oncologists. Some rare tumors, such as
hepatoblastoma and GCT, are well known to
pediatric oncologists. Pediatricians are also
familiar with these tumors, even if they have
never seen a patient with hepatoblastoma or
GCT. However, the majority of tumors described
in this book are tumors usually seen in adults.
Diagnosis of these cancers in children can be dif-
ficult. Diagnostic approaches may not be familiar
to pediatric oncologists. Once a diagnosis is
established, treatments are often complex due to
the lack of evidence to guide treatment in chil-
dren. Moreover, some of the drugs or drug com-
binations applied in adult patients may not be
familiar to pediatric oncologists, and toxicity in
children has not yet been studied.

1.4  Delays in Diagnosis

Many pediatric providers may not be aware of the
unusual presentations of rare tumors. An illustra-
tive example is adenocarcinoma of the colon (see
Chap. 32). Abdominal pain is a frequent com-
plaint in children and adolescents. Most children
with abdominal pain have gastrointestinal infec-
tions, and stool may often contain some blood.
Another characteristic sign of adenocarcinoma of
the right colon is iron deficiency. Iron deficiency
constitutes another rather frequent diagnosis in
children. In both situations diagnosis may be
delayed. Several reports have suggested that
colorectal carcinomas in children present with
more extensive disease, more aggressive histio-

types, and poorer prognosis (Hill et al. 2007;
Ferrari et al. 2008; Saab and Furman 2008; Sultan
et al. 2010). These data may suggest that this dis-
ease may be biologically different in children
(Durno et al. 2005). However, a delay in diagno-
sis may also contribute to the poorer prognosis.
Education is important to identify patients at risk.
We do have experience with screening as is well
established in some childhood diseases, such as
Beckwith-Wiedemann and familial polyposis
(Half and Bresalier 2004; Erdman 2007). More
must be done.

There are two decision points once a patient
is referred for diagnosis. The appropriate labo-
ratory and imaging studies must be completed.
Diagnostic material must be acquired by appro-
priate surgery or biopsy. To ensure that adequate
and complete material is collected for optimal
diagnosis, both skilled (pediatric) surgeons and
pathologists must collaborate. This expertise
may be lacking at many institutions. This often
results in further delays, and patients must be
referred to other specialists. Patients often
require subsequent surgery to collect more
material.

Skilled pathologists are essential. One might
require pathologists who specialize in both adult
and pediatric tumors to be located in close prox-
imity. Often, specimens must be sent to other
pathologists for review, further delaying
diagnosis.

Many pediatric tumors are treated on clinical
trials. Central pathology review is mandated for
some rare tumors such as hepatoblastoma and
germ cell tumors. But for many rare pediatric
cancers, central review does not exist; however it
would urgently be required in order to avoid
misdiagnoses.

1.5 The Challenge of Referral

and Treatment

There is a great need for practical guidelines that
can help physicians. Who to call, where to go,
and what to do? There are few evidence-based
studies because the numbers of patients are very
small (Fig. 1.2). Pediatric oncologists will only
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Fig. 1.2 Clinical
standardization and
development of
increasing evidence in
more frequent and rare
childhood cancers. (a)
The inclusion of large
numbers of patients
facilitates
standardization of

diagnosis and treatment.

Clinical evidence is
generated by the
opportunity of “pattern
recognition,” thus
identifying recurring
clinical, pathological,
and biological features
that define prognostic
and therapeutic groups.
(b) In contrast, rare
tumors are diagnosed
and treated in a more
individual approach.
Therefore, and as a
result of the low
numbers, pattern
recognition is impaired

Prospective (randomized) trials

Clinical registries
No prospective (randomized) trials

Individualized diagnosis + therapy
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manage a few patients with a specific diagnosis
in their entire career.

It is crucial to develop a strategy for referral
and treatment of children and adolescents with
rare tumors. It is important that children and ado-
lescents first have access to pediatric oncology
treatment centers (Pastore et al. 2009). There are
several considerations (Ferrari et al. 2010). There
are comparison groups that, though not ideal,
may be helpful. First, there are tumors that are
very common in adults. Second, infrequent pedi-
atric tumors that rarely occur in adults may also
serve as a comparison group.

For children with adult-type tumors, one stra-
tegic option would be referral to an adult oncol-
ogy facility. In the case of colorectal carcinoma,
the presence of an experienced colorectal sur-
geon would seem beneficial. This might be
appropriate in an older adolescent. Few pediatri-
cians would be comfortable having a 10-year-old
or even a 14-year-old treated in this manner. This
may be “a good solution for the tumor, but not for
the patient” (Ferrari and Sultan 2010). Many chil-
dren, both adolescents and young children, ben-
efit from the family-focused care found in most
pediatric oncology facilities. The availability of
psychologists, social workers, teachers, child life
specialists, and volunteers contributes signifi-
cantly to the well-being of the patients, parents,
and other family members.

Another solution could be to treat these chil-
dren in a pediatric setting with the contribution
of experts who specialize in the treatment of
adult tumors. This is often complicated by the
physical separation of pediatric and adult treat-
ment facilities. Though difficult, these obstacles
have been overcome in many institutions,
through collaboration at combined tumor
boards, multidiscipline meetings, or clinics.
Adolescent and young adult oncology centers
have also been established. This collaborative
strategy with medical oncologists may not
always assure the best clinical management of
children with adult cancers. Children are not
small adults. They differ significantly from
adults in physical, physiological, and cognitive
functions. It is also important to emphasize that
the description “child” is not uniform. Infants

and old prepubertal children have immense dif-
ferences in physiological, pharmacokinetic, and
psychological characteristics. This knowledge
and understanding of the developing child, how-
ever, is limited to the pediatrician and pediatric
surgeon. One might argue that postpubertal ado-
lescents and adults have similar physiological
characteristics. However, no one would agree
that their maturity and psychological states were
similar. Gastrointestinal stroma tumor (GIST) in
children may be one example of a complex inte-
grated strategy. The National Cancer Institute in
the USA has established a comprehensive pedi-
atric GIST clinic that brings patients, clinicians,
and scientists to the NCI clinical center for
yearly study. The knowledge gained in this fash-
ion has been very helpful in establishing that
pediatric GIST differs from adult GIST. This
effort benefits greatly from the strong commit-
ment of patients, clinicians, and scientist as well
as funding for NCI.

1.6 Biology

Pathological and biological studies are crucial to
further success in the study of rare pediatric
tumors. Clinicians and investigators must be pre-
pared to apply new information to the study of
rare pediatric tumors. This topic will be further
developed in this book.

1.7  Possible Strategies
in Pediatric Oncology Rare
Tumors

1.7.1 Possible Solutions:

“Collaboration, Find Friends!”

These tumors should no longer be viewed as
“orphan” diseases, nor should they be the sole
interest of small groups and experts. Rather,
focused clinical/biologic studies should be pro-
moted within the pediatric oncology community.
Biology studies in pediatric rare tumors may also
inform on biologic patterns in other pediatric
tumors (Fig. 1.3).
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Fig. 1.3 Strategies for
clinical trials in frequent
and rare cancers

Design Paradigm

“Randomized trials are the definitive way
to establish best therapies for children”

Relevant question

Adequate # of pts

Reasonable time
(4-6 yrs)

\Y"
Sponsored
randomized trial

There have been recent movements to pro-
mote studies of patients with rare pediatric
tumors. In Europe, several national groups estab-
lished committees within their structures: the
Italian Tumori Rari in Eta Pediatrica (TREP)
(Ferrari et al. 2007) and Rare Tumor Group in the
German Society of Pediatric Oncology and
Hematology (GPOH) (Brecht et al. 2009). As
detailed previously, the European Cooperative
Study Group on Pediatric Rare Tumors (EXPeRT)
has been very successful. In the USA, the
Children’s Oncology Group (COG) established
the Rare Tumor Committee. Several collabora-
tive groups for rare tumors, such as thyroid can-
cer, have also been established. Collaborations
with national pediatric rare tumor groups could
be established. One suggestion would be to
develop specific guidelines for institutions that
see only one to two new cases per year. The goal
of such a study might be to collect biological
specimens and minimal clinical data for correla-
tion. These studies would require standard meth-
odology to collect data.

It is essential that cooperative groups support
efforts in advancing knowledge of rare pediatric
tumors. However, these studies are hampered by
lack of funding. In times of government cutbacks
in research funding, priorities are established.

studies (Find Friends)

Relevant question
Few patients
Reasonable time
with collaborators

Relevant question
Unreasonable time
None or few
collaborators

Sponsored single
therapy trial: Defined
therapy end-point
Biological end-point

Y

Joint randomized

Funding for infrequent childhood cancers may
require innovative strategies.

There has been success recently in establish-
ing clinical trials that accrue patients from child-
hood through adolescence, into young adulthood.
Examples of these trials include leukemia, osteo-
sarcoma, Ewing’s sarcoma, and germ cell tumors.
It is essential to determine a strategy for treating
children and adolescents with adult-type cancers
and referral institutions that have appropriate
pediatric and internal medicine oncology collab-
oration. In addition, skilled oncology surgeons
and pathologists are required.

1.8 Perspective

Despite the obstacles to the clinical management
and research of rare cancers in childhood and
adolescents, the field of rare cancers is one of the
most fascinating aspects of pediatric oncology.
Rare cancers may involve all different organ sys-
tems and many histological tumor types, includ-
ing tumors of the spectrum of adult cancers.
Thus, each patient broadens the perspective and
deepens the knowledge of the responsible physi-
cian. In addition, the management of rare cancers
poses specific challenges to the treating pediatric
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oncologist who must create a diagnostic and stra-
tegic concept for an individual patient rather than
completing diagnostic algorithms proposed by a
checklist within a study protocol. Lastly, in the
perspective of no or only limited evidence, treat-
ment decisions must be considered extremely
carefully and in truthful and intensive discussions
with the patient and his family. This is only pos-
sible in a trustful relation to the patient, which, on
the other hand, makes the patient “special” not
only in a medical and scientific but also in a very
personal sense. Therefore, the “care for the rare”
may constitute a very intensive and satisfying
experience.

References

Bisogno G, Sarnacki S et al (2021) Pleuropulmonary
blastoma in children and adolescents: the EXPeRT/
PARTNER diagnostic and therapeutic recommen-
dations. Pediatr Blood Cancer 68 Suppl 4:¢29045.
https://doi.org/10.1002/pbc29045

Brecht IB, Graf N et al (2009) Networking for children
and adolescents with very rare tumors: foundation of
the GPOH Pediatric Rare Tumor Group. Klin Pédiatr
221(3):181-185

Cushing B, Giller R et al (2004) Randomized comparison
of combination chemotherapy with etoposide, bleo-
mycin, and either high-dose or standard-dose cisplatin
in children and adolescents with high-risk malignant
germ cell tumors: a pediatric intergroup study—
Pediatric Oncology Group 9049 and Children’s
Cancer Group 8882. J Clin Oncol 22(13):2691-2700

Demetri GD, van Oosterom AT et al (2006) Efficacy and
safety of sunitinib in patients with advanced gastroin-
testinal stromal tumour after failure of imatinib: a ran-
domised controlled trial. Lancet 368(9544):1329-1338

Durno C, Aronson M et al (2005) Family history
and molecular features of children, adolescents,
and young adults with colorectal carcinoma. Gut
54(8):1146-1150

Erdman SH (2007) Pediatric adenomatous polypo-
sis syndromes: an update. Curr Gastroenterol Rep
9(3):237-244

Ferrari A, Brecht IB et al (2019) Defining and listing
very rare cancers of paediatric age: consensus of the
joint action on rare cancers in coordination with the
European Cooperative Study Group for rare tumors.
Eur J Cancer 110:120-126. https://doi.org/10.1016/j.
ejca2018.12.031

Ferrari A, Sultan I (2010) When adult cancers
occur in children. Expert Rev Anticancer Ther
10(11):1683-1685

Ferrari A, Bono A et al (2005) Does melanoma behave
differently in younger children than in adults? A ret-

rospective study of 33 cases of childhood melanoma
from a single institution. Pediatrics 115(3):649-654

Ferrari A, Bisogno G et al (2007) The challenge of very
rare tumours in childhood: the Italian TREP project.
Eur J Cancer 43(4):654-659

Ferrari A, Rognone A et al (2008) Colorectal carcinoma in
children and adolescents: the experience of the Istituto
Nazionale Tumori of Milan, Italy. Pediatr Blood
Cancer 50(3):588-593

Ferrari A, Casanova M et al (2010) Peculiar features
and tailored management of adult cancers occur-
ring in pediatric age. Expert Rev Anticancer Ther
10(11):1837-1851

Gobel U, Calaminus G et al (2002) Management of germ
cell tumors in children: approaches to cure. Onkologie
25(1):14-22

Half EE, Bresalier RS (2004) Clinical management of
hereditary colorectal cancer syndromes. Curr Opin
Gastroenterol 20(1):32—42

Hill DA, Furman WL et al (2007) Colorectal carcinoma
in childhood and adolescence: a clinicopathologic
review. J Clin Oncol 25(36):5808-5814

Hill DA, Ivanovich J et al (2009) DICER1 mutations
in familial pleuropulmonary blastoma. Science
325(5943):965

Janeway KA, Albritton KH et al (2009) Sunitinib treat-
ment in pediatric patients with advanced GIST fol-
lowing failure of imatinib. Pediatr Blood Cancer
52(7):767-771

Mann JR, Raafat F et al (2000) The United Kingdom
Children’s Cancer Study Group’s second germ cell
tumor study: carboplatin, etoposide, and bleomycin
are effective treatment for children with malignant
extracranial germ cell tumors, with acceptable toxic-
ity. J Clin Oncol 18(22):3809-3818

Orbach D, Andre N et al (2020) Mesothelioma in chil-
dren and adolescents: the European cooperative study
Group for Rare Tumors (EXPeRT) contribution.
Eur J Cancer 140:63-70. https://doi.org/10.1016/j.
ejca2020.09.011

Ortega JA, Douglass EC et al (2000) Randomized com-
parison of cisplatin/vincristine/fluorouracil and cispla-
tin/continuous infusion doxorubicin for treatment of
pediatric hepatoblastoma: a report from the Children’s
Cancer Group and the Pediatric Oncology Group. J
Clin Oncol 18(14):2665-2675

Pastore G, De Salvo GL et al (2009) Evaluating access
to pediatric cancer care centers of children and ado-
lescents with rare tumors in Italy: the TREP project.
Pediatr Blood Cancer 53(2):152-155

Perilongo G, Shafford E et al (2004) Risk-adapted treat-
ment for childhood hepatoblastoma. Final report of the
second study of the International Society of Paediatric
Oncology—SIOPEL 2. Eur J Cancer 40(3):411-421

Perilongo G, Maibach R et al (2009) Cisplatin versus cis-
platin plus doxorubicin for standard-risk hepatoblas-
toma. N Engl ] Med 361(17):1662-1670

Ries LA, Smith MAS, Gurney JG, Linet M, Tamra T,
Young JL, Bunin GR (eds) (1999) Cancer incidence
and survival among children and adolescents: United


https://doi.org/10.1002/pbc29045
https://doi.org/10.1016/j.ejca2018.12.031
https://doi.org/10.1016/j.ejca2018.12.031
https://doi.org/10.1016/j.ejca2020.09.011
https://doi.org/10.1016/j.ejca2020.09.011

T.A.Olson et al.

States SEER Program 1975-1995, National Cancer
Institute, SEER Program, NIH Publication No.
99-4649. Bethesda: National Cancer Institute

Saab R, Furman WL (2008) Epidemiology and manage-
ment options for colorectal cancer in children. Paediatr
Drugs 10(3):177-192

Schneider DT, Orbach D et al (2021) Consensus recom-
mendations from the EXPeRT/PPARTNER groups for
the diagnosis and therapy of sex cord stromal tumors
in children and adolescents. Pediatr Blood Cancer 68
Suppl 4:¢29017. https://doi.org/10.1002/pbc.29017

Schneider DT, Calaminus G et al (2004) Epidemiologic
analysis of 1,442 children and adolescents registered
in the German germ cell tumor protocols. Pediatr
Blood Cancer 42(2):169-175

Smith MA, Seibel NL et al (2010) Outcomes for chil-
dren and adolescents with cancer: challenges for the
twenty-first century. J Clin Oncol 28(15):2625-2634

Sultan I, Rodriguez-Galindo C et al (2010) Distinct
features of colorectal cancer in children and adoles-
cents: a population-based study of 159 cases. Cancer
116(3):758-765


https://doi.org/10.1002/pbc.29017

	1: Rare Tumors: A Different Perspective on Oncology
	1.1	 What Defines a Rare Tumor?
	1.2	 The Issue of Adult Cancers in Children
	1.3	 Clinical Issues in the Diagnosis and Treatment of Rare Pediatric Tumors
	1.4	 Delays in Diagnosis
	1.5	 The Challenge of Referral and Treatment
	1.6	 Biology
	1.7	 Possible Strategies in Pediatric Oncology Rare Tumors
	1.7.1	 Possible Solutions: “Collaboration, Find Friends!”

	1.8	 Perspective
	References


