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            Defi nition 

 When is a tumor called rare? From a practical point of view 
we will use the defi nition in this chapter that a tumor is con-
sidered “rare” if there is no treatment protocol available. One 
can derive a very long “list of rarities” from the pediatric 
pathology literature [ 1 – 3 ], which allows the following subdi-
vided defi nitions:

    1.     Rare tumors independent of age.   
   2.     Adult-type tumors in children 1 .   
   3.     Rare but typical childhood tumors.   
   4.     Common pediatric tumors with rare histologic features.   
   5.     Common pediatric tumors in rare locations.   
   6.     Seemingly common but in fact rare tumors.   
   7.     Rarely recognized occurrences of common tumors.    

  In view of the surgical character of this book it seems 
appropriate to discuss the rare tumors arranged according to 
their anatomical regions, with special emphasis on the 
abdominal cavity. The aim of this chapter is not to provide an 
exhaustive list of all rare tumors, but rather to focus on solid 
tumors that require surgical treatment. Where possible, 
guidelines for management will be derived from the avail-
able literature. To that purpose, literature searches have been 
performed in Medline (PubMed) using the type of tumor as 

1   Ethical issues may arise in families with a genetic predisposition for 
malignant tumor. Recently a discussion was published by the commit-
tee on bioethics of the American Academy of Pediatric on the pro’s and 
con’s of genetic testing of children for adult-type tumors, like familial 
adenomatous polyposis and breast cancer (Caga-anan et al.,  Pediatric  
2012;129:163–7). 

MESH term, focusing on reviews. Also, cross references and 
hand searches of the literature have been done. 

    IPSO Rare Tumor Registry 

 Ten years ago, a registry of rare tumors was instituted by the 
International Society for Pediatric Surgical Oncology 
(IPSO). The aims of this registry are to collect data and tis-
sue for research, and to provide information and guidance on 
the management of patients with rare tumors. 

 The entries provide an impression (but nothing more 
exact than an impression) of the epidemiology. For the epi-
demiology and incidence: see also [ 2 ]. Table  28.1  provides 
an overview of the spectrum of tumors registered.

        Benign (Pseudo)Tumors 

 These are essentially benign tumors and the reason to pres-
ent them here is because of the confusion that may arise with 
malignant tumors (Laffan EE. Pediatric soft tissue tumors .., 
 Radiographics  2009;e36) 

    Infl ammatory Myofi broblastic Tumor 

 Infl ammatory myofi broblastic tumor (IMT) was fi rst 
described in the lung in 1937, and since then has been reported 
at various sites. Histopathologically, IMT is a benign solid 
tumor, mainly composed of spindle-shaped cells, and has a 
chronic infl ammatory component [ 4 ]. Synonyms are: infl am-
matory pseudotumor, pseudosarcomatous myofi broblastic 
proliferation, plasma cell tumor, xanthomatous pseudotumor, 
fi broxanthoma, and histiocytoma [ 4 ,  5 ]. 

 The presentation varies according to the location: respi-
ratory symptoms and clubbing in pulmonary IMT; abdomi-
nal pain, fever, and weight loss in abdominal IMT [ 6 ]. 
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Large fi brous infl ammatory pseudo-tumors may occur in 
the mesentery, duodenum, jejunum, pancreas, spleen, and 
liver [ 4 ,  5 ,  7 – 9 ]. 

 Malignant transformation of IMT has been described in a 
13-year old boy with NF-1 presenting with a pelvic tumor 
with liver metastases. Despite resection and chemotherapy, 
the tumor recurred (Ernst et al.,  JBR BTR  2011) 

 The most frequent fi nding is a palpable mass in the abdo-
men [ 4 ,  9 – 11 ]. Jaundice was the presenting sign in a 6-year- 
old boy with IMT in the hilum of the liver [ 7 ]. 

 Thoracic IMT has been reported in the heart [ 12 ], lung 
[ 4 ], mediastinum, and trachea [ 5 ]. A 14-year-old boy with 
IMT of the trachea underwent successful CO 2 -laser excision 
[ 5 ] (Fig.  28.1 ). Successful diagnosis of IMT by fi ne needle 
aspiration cytology (FNAC) with ancillary studies towards 
ALK and actin expression has been reported (Stoll & Li). 
ALK expression may also be of prognostic signifi cance as 
Fragoso et al. (ref) describe seven cases with ALK-negative 
IMT and a benign course.

   The treatment of IMT is complete resection, which may 
require sacrifi ce of blood vessels and other vital structures 
[ 7 ,  13 ]. There are scarce data on recurrence rate, but the 
available evidence suggests it may be higher than 10 %. 
Tumors that have ill-defi ned margins and therefore cannot be 
resected completely have a higher risk of recurrence [ 8 ]. 
Although usually histologically benign, radiation and cyto-
toxics have been successfully used in unresectable and recur-
rent IMT. Corticosteroids have also been advocated under 
these circumstances [ 11 ]. Good response to adjuvant chemo-
therapy was reported for an unresectable IMT in a 10-year 
old boy with multiple abdominal tumors (Bertocchini,  JPS  
2011)  

    Xanthogranulomatous Pyelonephritis 

 Xanthogranulomatous pyelonephritis (XPN) is a rare 
destructive infl ammatory process. This condition can be mis-
taken for a Wilms’ tumor; however, the radiographic pres-
ence of infection and calculi often help to make a preoperative 
diagnosis of XPN. Treatment is nephrectomy and antibiotic 
coverage [ 14 ].  

   Table 28.1    Overview of the spectrum of tumors registered with IPSO   

 Tumor spectrum 

 Adrenocortical carcinoma  30 

 Hamoudi (Frantz) tumor  11 

 Carcinoid  3 

 GIST  3 

 Pancreaticoblastoma  3 

 Aggressive fi bromatosis  3 

 Pulmonary blastoma  2 

 Pheochromocytoma  2 

 Lipoblastoma  2 

 Chorioncarcinoma liver  2 

 Desmoplastic tumor abdomen  2 

 Single entries (n = 25) 

 Transitional cell carcinoma 

 Spindle epithelial tumor with thymus-like 
differentiation (SETTLE) 

 Seminoma 

 Renal cell carcinoma 

 Mullerian papilloma 

 Mucoepidermoid bronchial carcinoma 

 Metanephric adenofi broma 

 Mesenchymal hamartoma 

 Malignant trophoblastic tumor placental site 

 Malignant fi brohistiocytoma 

 Malignant nonchromaffi nic paraganglioma 

 Infl amm. myofi broblastic tumor – pt known with 
neurofi bromatosis 

 Infantile fi bromatosis 

 Hemangiopericytoma (infantile type) 

 Granulosa-Theca cell tumor 

 Gonadoblastoma 

 Follicular thyroid ca (lft) 

 FNH (focal nodular hyperplasia) 

 Embryonic pancreatic tumor 

 Ductal adenocarcinoma of pancreas/hepatoblastoma 
(fetal type) 

 Chondroblastoma 

 Chemodectoma 

 Angiomyolipoma (Tuberous sclerosis) 

 Angiomatoid fi brous histiocytoma 

 Adenocarcinoma colon 

  With acknowledgement to Dr. D.C. Aronson  

  Fig. 28.1    I.M.T. of the trachea. Infl ammatory pseudotumor of the tra-
chea (From Bumber et al. [ 5 ])       
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    Juvenile Xanthogranuloma 

 Juvenile xanthogranuloma (JXG) is a member of the group 
of histiocytic proliferative disorders. JXG is a usually benign 
self-limiting disorder presenting as nodular skin lesions. It 
occurs mainly in the head and neck region and is present at 
birth in 5–17 % of the cases [ 15 ]. In the hand, JXG may arise 
from the tendon sheath and is called giant cell tumor of the 
tendon sheath [ 16 ]. 

 Disseminated JXG in contrast may involve liver, lungs 
and CNS, and in young children has a poor prognosis. 
Various treatments, including surgical resection, have been 
attempted. Dölken et al. report a 7-month-old girl with life- 
threatening systemic JXG, including multiple CNS lesions, 
that responded well to chemotherapy according to the 
Langerhans cell histiocytosis protocol [ 17 ]. The association 
of JXG and mastocytosis was described recently in a 3-year 
old girl (Gruber et al.,  Int J Dermatol )  

    Langerhans’ Cell Histiocytosis 

 Histiocytic and dendritic neoplasms in children are rare. 
They arise from antigen-processing phagocytes (histiocytes) 
and antigen-presenting dendritic cells, which are derived 
from the hemopoietic stem cells. The WHO classifi cation 
distinguishes six entities, of which Langerhans’ cell histio-
cytosis is the most common. Other types are: Langerhans’ 
cell sarcoma and histiocytic sarcoma. These tumors have 
been described in the vertebral bodies, responding to irradia-
tion, but later metastasizing to the lung [ 18 ]; but also as pri-
mary pulmonary cystic lesions with fatal outcome despite 
chemotherapy [ 19 ]; as facial swelling [ 20 ] (Fig.  28.2 ); and as 
cervical lymphadenopathy, with a favorable response to che-
motherapy [ 21 ].

       Association of Malignancy and Langerhans’ 
Cell Histocytosis 

 A case of simultaneous occurrence of malignant histocytosis 
and primary gonadal germ cell tumor was reported in an 
18-year-old male by Margolin and Tarweek [ 22 ]. The testic-
ular cancer was a stage 1 teratocarcinoma with endodermal 
sinus tumor elements with malignant histocytosis. The 
patient died despite treatment with chemotherapy. 

 Two case reports described the association of histocyto-
sis and germ cell tumors. A 14-year-old boy developed 
fatal malignant histiocytosis of the spleen during cytotoxic 
treatment for mediastinal immature teratoma which had 
been excised 11 months before [ 23 ]. A 15-year-old boy 
presented with chest pain and was diagnosed with a medi-
astinal germ cell tumor and simultaneous histiocytioc 

sarcoma of the spleen [ 24 ]. Recently more report have been 
published on the association of LCH with nephroblastoma 
in a 2 years old girl (Narui,  PBC  2009); neuroblastoma in a 
5 year old boy (Rayburg,  PBC  2009); Broncho- Alvaeolar 
Carcinoma in a 15-year old male with colonic polyposis 
(von der Thusen,  JCO  2011)   

    Fibromatosis 

 Fibromatosis in children comprise a wide spectrum of condi-
tions. A fi broblastic stem cell, called collagenoblast with 
many oncogenic potentials, has been postulated as the com-
mon origin of fi bromatoses [ 25 ]. 

 Infantile digital fi bromatosis (Reye tumor) is a benign 
condition with a tendency to spontaneous regression. 
Calcifying aponeurotic fi broma is equally benign and 
requires conservative excision. In newborns, plantar nodules 

a

b

  Fig. 28.2    Langerhans cell histiocystosis ( a ) CT scan shows a lytic 
lesion of the frontal and sphenoid bones ( arrows ) ( b ) CT scan shows 
destruction of the temporal bone ( arrowhead )       
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have been reported, that are classifi ed as precalcaneal con-
genital fi brolipomatous hamartoma [ 26 ,  27 ]. At the other end 
of the spectrum are lesions like: low-grade myofi broblastic 
sarcoma, plexiform fi brohistiocytic tumor, and congenital 
and infantile fi brosarcoma that require complete (radical) 
excision [ 16 ]. 

 Congenital intestinal fi bromatosis has been reported to 
cause obstruction (Fig.  28.3 ) [ 28 ]. Aft er excision, the prog-
nosis is good [ 28 ,  29 ].

   Aggressive fi bromatosis (AF), also called desmoid 
tumor, arises form the connective tissue of muscles and 
overlying fascia. The histological features are benign 
and they do not metastasize, but show local invasiveness 
and have a tendency to recur. The age distribution peak of 
pediatric AF is at 8 years (range 0–19). The majority 
occurs sporadically, but they can be associated with 
Familial Adenomatous Polyposis (FAP) and Gardner syn-
drome. The recurrence risk after complete excision is sig-
nifi cantly lower than in the case of positive surgical 
margins [ 30 ,  31 ]. If complete excision is not feasible, as 
in intra-abdominal, mesenteric tumors, NSAIDs and 
tamoxifen may be effective [ 32 ]. The role of cytotoxic 
agents (a combination of vincristin, actinomycin-D, and 
cyclophosphamide, VAC) and radiotherapy, although 
advocated in cases of positive resection margins, is not 
defi ned [ 31 ]. Prognostic factors have been described by 
Salas et al. ( JCO  2011) and particularly for children by 
Meazza ( Minerva Pediatr  2011) and encompass: age, 
size, site (girdle or intra-abdominal localization) 

incomplete resection, and beta-catenin activating muta-
tions. Similar fi ndings in pediatric aggressive fi bromato-
sis of head and neck were reported by Sharma et al. Wilks 
et al. present an algorithm for facial pediatric desmoids 
tumors ( JPRAS  2011) (Fig.  28.4 ).

   Mesenteric fi bromatosis has been reported in a 13 year- 
old boy after irradiation for Hodgkin’s disease [ 33 ]. 

 Another rare variation in the spectrum is 
DermatoFibroSarcoma Protuberans, DFSP. The pigmented 

  Fig. 28.3    Intestinal fi bromatosis. Congenital solitary intestinal fi bro-
matosis (With kind permission from Numanoglu et al. [ 28 ]). Review 
For an overview of the role of imaging, particularly MRI in fi bromato-
sis (see Laffan et al. (2009))       
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  Fig. 28.4    Wilks et al. present a treatment algorithm for facial pediatric 
desmoids tumors (From  JPRAS  2011)       

  

H.A. Heij



555

version is also known as Bednar Tumor. It is a low grade 
malignancy but with a high risk of local recurrence. 
Fibrosarcomatous transformation has been reviewed by Voth 
et al. A good response to imatinib, allowing complete resec-
tion of an initially irresectable tumor, has been reported 
(Gooskens et al.,  PBC  2010). 

 Fibromatoses in children are diffi cult to manage for a 
variety of reasons. They are rare and their clinical behavior is 
unpredictable. Most cannot be diagnosed without histologic 
material. Management must therefore be based on an ade-
quate biopsy followed by a detailed discussion between 
pathologist and surgeon. Although some recur, those that are 
not malignant are best treated by conservative, nonmutilating 
excision, with further excision as recurrence occurs. When 
malignancy is found on biopsy, excision with a margin of 
normal tissue is necessary. MRI is helpful in planning these 
procedures. Appropriate staging, including CT-scan of the 
chest, is indicated [ 32 ].  

    Vascular Tumors 

    Malignant Vascular Tumors 

 Malignant vascular tumors (hemangiosarcoma, malignant 
hemangioendothelioma, and Kaposi sarcoma) are extremely 
rare in children. 

 A case of a 13-year-old girl with malignant hemangioen-
dothelioma has been reported. The tumor was treated by sur-
gical excision of the omentum. However, bloody ascites and 
multiple peritoneal implants were already present [ 34 ]. 

 A series of 18 children were described by the combined 
Italian and German oncology groups [ 35 ]. Surgery is the 
mainstay of treatment, but even with combined treatment of 
excision, chemotherapy and radiotherapy the 5-year survival 
was 30 %. A 2-year old girl with rupture of a angiosarcoma 
of the spleen and liver metastases came into complete remis-
sion after splenectomy, partial liver resection, and treatment 
with VAI [ 36 ]. 

 Kaposi sarcoma (KS) is associated with HIV in children 
in Africa (Fig.  28.5 ), but less frequently in children in 
industrialized countries [ 37 ]. In Africa, it is now one of the 
most frequent tumors in children [ 38 ]. The Human Herpes 
Virus 8 (HHV 8) is involved in the pathogenesis [ 39 ]. 
Thalidomide appears a promising and affordable inhibitor 
of angiogenesis [ 40 ].

       Hemangiopericytomas 

 Hemangiopericytoma (HPC) is a rare tumor that represents 
1 % of all vascular tumors and arises not from endothelium 
but from pericytes, therefore strictly spoken it is not a blood 

vessel tumor. In children, there are two forms: the infantile 
(below the age of 12 months) and the adult type. Although 
histologically this tumor looks aggressive, it behaves in a 
benign manner. Spontaneous regression has sometimes 
been observed. HPC can be localized in the heart, lung, 
 retroperitoneum, or the urinary tract and may present 
as an abdominal mass causing obstructive symptoms. 
Subcutaneous tumors may not appear vascular. While the 
tumor is benign, tumor recurrence has been recorded more 
than 10 years later. Imaging studies may show calcifi cation 
in the soft tissues. The treatment of choice is complete 
excision of the tumor, which is followed by complete 
remission in patients with the infantile type. HPC in older 
children behaves like the adult type. Adjuvant treatment 
with VAC and IVA [ifosfamide, vincristine, Adriamycin 
(doxorubicin)] is advised in patients with irresectable 
lesions or positive margins [ 41 ]. 

  Fig. 28.5    Kaposi’s sarcoma (From Manji et al. [ 38 ])       
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 A review from St Jude Children’s Hospital (17 children 
between 1962 and 2009) showed a better clinical behavior 
than the adult type with chemoresponsiveness and spontane-
ous regression (Fernandez-Pineda,  JPHO  2011) 

 Recently, a malignant Perivascular Epitheloid Cell tumor 
(PEComa) has been reported in a 2 year old child by Alaggio 
et al. ( JPS  2012;47:e31). This family of tumors was fi rst 
described by Zamboni in 1996, and includes angiomyolipoma, 
lymphangio-leiomyomatosis, clear cell ‘sugar’ tumor of the 
lung, and clear cell myomelanocytic tumor (CCMMT). In this 
case the tumor was located in the ligamentum teres. After 
excision, a recurrence showed good response to sirolimus.   

    Rare Tumors of the Head and Neck 

    Malignant Mesenchymoma 

 Malignant mesenchymoma is a rare neoplasm of mesenchy-
mal origin arising in the soft tissues, the extremities, neck, 
back, sacrum, and occasionally in the mediastinum. See 
below, the section titled “ Ectomesenchymoma .”  

    Brain Metastases in Children 

 Hematogenous brain metastases are uncommon in children. A 
literature review revealed an incidence of 4 % in over 2000 
reported patients. The incidence varied according to the pri-
mary tumor: between 1.3 % in Wilms’ tumor, 4.4 % in 
neuroblastoma, and 13.5 % in germ cell tumor [ 42 ]. In the 
SIOP Wilms’ tumor studies between 1971 and 2000, brain 
metastases were reported in 14 out of 3040 patients (0.5 %). 
Treatment consisted of multimodal chemotherapy, radiotherapy, 
and surgery in seven patients. None of the patients survived 
[ 43 ]. In a review of 20 patients reported in the literature, death 
was recorded in fi ve cases and in the remaining patients sur-
vival time of up to 8.5 years was noted [ 44 ]. There may be a 
publication bias in this compiled data since the experience of a 
single institution with 16 patients with brain metastases from 
various primary pediatric tumors, reported one survivor at 20 
months with alveolar soft part sarcoma [ 45 ]. Many of these 
patients had metastases in multiple organs. In summary, the 
prognosis of brain metastases from solid tumors in children 
appears dismal, despite multimodal treatment.  

    Nasopharyngeal Carcinoma 

 Epithelial cancers (carcinomas) are the single largest 
group of rare tumors in children, with an incidence of 
2–3 % of all childhood malignancies in the Western popu-
lation. For most sites incidence increases with age, but 

nasopharyngeal carcinoma (NPC) has a bimodal age dis-
tribution, with an early peak in adolescence. The most 
common presentation is with cervical lymphadenopathy. 
The role of surgery is therefore limited to biopsy. 
Chemotherapy (methotrexate, 5-FU, and cisplatinum) and 
irradiation achieved a high response rate and sustained 
remission in 91 % [ 2 ]. An increase in the prevalence of 
squamous cell carcinoma (SCC) in various locations but 
particularly in the nasopharynx, was reported by Chow 
et al. Possible causes for this increase are the improved 
survival of cancer patients who may develop SCC as sec-
ondary tumor. (Chow,  JPS  2007;42:2035–9) 

 In 1997, Srotjan et al. [ 46 ] described fi ve children with 
nasopharyngeal carcinoma with advanced stage IV tumors 
that were treated with low irradiation dose adjusted to prera-
diation neoadjuvant chemotherapy. Tumor control was 
achieved and acute and long-term morbidity reduced.  

    Salivary Gland Carcinoma 

 Carcinoma of the salivary gland is very rare in children [ 47 ]. 
Taylor et al. [ 48 ] described 15 such children. The primary 
site was the parotid gland in 11 cases, submandibular gland 
in three, base of the tongue in one. Six children were treated 
with complete excision, one required postoperative radio-
therapy, fi ve had partial excision, and four tumors were biop-
sied only. They concluded that complete excision is the 
treatment of choice. 

 Mucoepidermoid carcinoma of the parotid has been 
reported as secondary malignancy in a 17-year-old boy and a 
16-year-old girl, who had been treated for osteosarcoma and 
Ewing’s sarcoma, respectively. Subtotal parotidectomy 
appeared curative. Mucoepidermoid carcinoma has been 
reported before as secondary tumor after leukemia or lym-
phoma treatment, but not in sarcoma patients [ 49 ].  

    Synovial Sarcoma of the Larynx in a Child 

 Morland et al. [ 50 ] reported the fi rst case of synovial sar-
coma of the larynx in a child. He was treated with combina-
tion chemotherapy and radiotherapy, which led to remission 
for 3 years. Only six cases have been previously reported.   

    Rare Tumors of the Chest 

    Tumors of the Sternum 

 In addition to malignant bone tumors of the sternum, a 
deceptive condition called Self Limiting Sternal Tumors of 
Childhood (SELSTOC) occurs. Te Winkel et al. describe a 
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series of 14 young children with a rapidly growing sternal 
mass that disappeared within 6 months. (Te Winkel,  PBC  
2010)  

    Mediastinum 

 Thymic lesions consist of tumors, cysts, or hyperplasia. 
Clinical presentation varies from respiratory symptoms to 
incidental fi ndings on x-rays. About 30 cases in children 
have been reported in the literature. Benign thymoma, is, 
unlike in adults, not always associated with myasthenia or 
other autoimmune diseases. Complete surgical excision is 
curative. Multiple localizations have been reported [ 51 ]. 
Malignant thymomas are aggressive and require complete 
excision. 

 Stage of the tumor is an independent prognostic factor for 
survival. Adjuvant chemotherapy and radiotherapy are advo-
cated for invasive tumors [ 52 ,  53 ].  

    Tracheal and Bronchial Tumors in Children 

 Primary tumors of the trachea are rare in adults, and even 
more so in children. Carcinoid represents about one third of 
the cases, bronchogenic carcinoma one quarter, and muco-
epidermoid carcinoma and pleuropulmonary blastoma 9 and 
8 %, respectively [ 54 – 56 ]. 

 Diagnosis may be delayed because of lack of awareness. 
Presentation may be with hemoptysis, pneumonia, and other 
respiratory symptoms. The diagnosis of carcinoid can be 
improved by octreotide nuclear scan, as these tumors contain 
somatostatin receptors. Improved imaging will outline the 
extent of the tumor and hence guide the surgical treatment, 
which consists of complete excision, if necessary involving 
lobectomy or pneumonectomy. Endoscopic treatment of car-
cinoid is discouraged by most authors [ 57 ]. Craig et al. 
reported on video-assisted thoracoscopic pneumonectomy 
for bronchial carcinoid affecting the bronchus intermedius in 
a 14-year-old girl [ 58 ]. 

 The outcome of mucoepidermoid carcinoma of the tra-
cheobronchial tree appears good after complete excision 
[ 59 ,  60 ]. 

  Personal experience 
 I treated a child with one a couple of years back. It was in the 
left main bronchus, occluding LLL bronchus totally and 
wiping out the left lower lobe, but didn’t occlude LUL bron-
chus and extended up into Left main bronchus about 1 cm. I 
took out the left lower lobe and did a sleeve resection of left 
main and a bit of LUL bronchus, joining upper lobe bron-
chus to the residual left main bronchus. Histology was inter-
mediate grade Mucoepidermoid carcinoma, 3 mm clear of 

all margins, no nodes involved. No chemo or radio therapy 
and no recurrence now 4 years later. 

 We tried High Res CT with reconstruction and MRI for 
follow up, but while they are adequate for nodal or hilar 
 disease, they were not helpful or reliable for mucosal or 
bronchial wall recurrence. I therefore do regular 
Bronchoscopies, ceasing at 5 years, which also checks for 
any stricture formation (none yet). High Res CT subjects 
them to too much radiation and would only pick up bulky 
disease in this site, which is a bit late. MRI not really impres-
sive in the bronchus/mediastinum. CXR changes would be 
too late, so I would encourage you to do Bronchoscopies, 
probably 3 monthly for a year, 6 monthly for 2 more years 
then yearly to 5 years. No evidence based support for this, as 
it is too rare a tumour, but that seems a reasonable protocol. 
Very curable if recurrence picked up early. 

 Regards, 
 Bruce G Currie 
 Sydney Children’s Hospitals Network.  
 Infl ammatory pseudotumor of the trachea has been men-

tioned above. Cartilaginous neoplasms of the trachea have 
been described in a child with Mafucci’s syndrome, causing 
obstructive symptoms. Endoscopic laser ablation was suc-
cessful [ 61 ].  

    Primary Lung Tumors 

 Primary tumor of the lung is rare in childhood. Yu et al. 
report the Boston experience with 40 cases in 90 years. The 
more frequently occurring tumors were: carcinoid (8), IMT 
(7) and PleuroPulmonary blastoma (6). The mortality was 
17.5 % (Yu,  JPS  2010) 

    Pleuropulmonary Blastoma 
 Pleuropulmonary blastoma is a rare malignant primary tumor 
of the lung in children, but 25 % of cases are extrapulmonary 
and metastasize mainly to the CNS. A case of extrapulmo-
nary pleuropulmonary blastoma was reported in a child [ 62 ]. 
This tumor is associated with pre-existing cystic lesions of 
the lung (congenital cystadenomatoid malformation, 
CCAM). In fact, the extended classifi cation of CCAM (or 
Congenital Pulmonary Airway Malformation, CPAM) 
encompasses 5 types, of which type 4 has a histological pic-
ture similar to grade 1 PPB. Table  28.2  [ 63 ] presents an over-
view of this classifi cation. The differentiation between PPB 
and CPAM continues to defy clinicians. There are no reliable 
characteristic and low-threshold resection of cystic lung 
lesions is recommended (Oliveira et al.,  Eur J Ped Surg  
2011; Nasr et al.  JPS  2010;45:1086–9).

   PPB is also associated with cystic lesions of the kidney: 
cystic nephroma [ 64 ]. Familial cases of this association 
have been reported [ 65 ,  66 ]. An association with ovarian sex 
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cord stromal tumors has been reported by Schultz et al. 
( Gynaecol Oncol  2011). A genetic syndrome has been pos-
tulated [ 67 ,  68 ]. 

 The treatment of choice is surgical excision but the prog-
nosis for this type of tumor is poor. Adjuvant chemotherapy 
has been used successfully in a child with metastatic disease 
[ 69 ]. The registry web site serves as an important resource 
for physicians and families (  http://www.ppbregistry.org    ).  

    Cystic Adenomatoid Malformation of the Lung 
and Malignant Tumors 
 Apart from PPBs, there are several published cases of other 
tumors, like mesenchymomas and rhabdomyosarcomas, 
arising in CCAM [ 63 ]. 

 A case of a 22-month-old child with a CCAM who 
developed rhabdomyosarcoma of the lung was reported by 
d’Agostino [ 70 ]. Among 382 cases of primary pulmonary 
tumors only 17 had rhabdomyosarcoma, with six of these 
17 (35 %) arising in a pre-existing pulmonary cystic mal-
formation [ 71 ].   

    Tumors of the Diaphragm 

 Primary tumors of the diaphragm are rare, even in adults, with 
fewer than 200 cases reported. In children these tumors are 
exceptional, with 41 cases published [ 72 ]. The majority [ 32 ] 
was malignant; half of these were rhabdomyosarcomas. A 
benign Schwannoma was successfully excised in a 13 year old 
girl. The literature review in this paper focuses on Schwannomas 
and the diagnosis of diaphragmatic tumors (Hobbs et al.,  JPS  
2012) The presentation may be with chest symptoms or with 
abdominal symptoms. The diagnosis is oft en diffi cult because 
of the rarity and localization. The treatment depends on the 
histological diagnosis. Preoperative chemotherapy may shrink 
the tumor to allow complete excision [ 72 ].  

    Breast Masses 

    Epidemiology and Etiology 
 Malignant tumors of the breast are rare in children and ado-
lescents. In this age group, only one-third arise from pri-
mary breast tissue; the rest arise from non-breast tissue 
(rhabdomyosarcoma) or are metastatic tumors. Predisposing 
factors are: genetic (BRAC-1 and BRAC-2 mutations, 
Li-Fraumeni syndrome) or exposure to ionizing radiation, 
as in survivors of Hodgkin’s disease [ 73 ]. These patients 
need careful and frequent follow-up according to a detailed 
schedule [ 74 ]. 

 Sixteen patients under the age of 20 years were seen 
between 1951 and 1990. Four had benign cystosarcoma 
phyllodes, one osteosarcoma, and metastatic histocytic lym-
phoma, one had adenocarcinoma, nine had infi ltrating ductal 
carcinoma, and one had an infi ltrating lobular carcinoma in 
addition to an infi ltrating ductal carcinoma. The treatment 
involved a combination of surgery, radiotherapy, and chemo-
therapy [ 75 ]. 

 Eighteen patients with breast cancer were treated over a 
25-year period including 16 females and two males. Primary 
malignancy presented in two of the patients, metastatic dis-
ease in 13, and secondary malignancy in three [ 76 ].  

    Diagnosis 
 Mammography in young patients is of limited value; ultraso-
nography, MRI, and PET-scan are more helpful. Fine needle 
aspiration cytology has a limited role in children because of 
pain and fear. Excisional biopsies in prepubertal children 
involves the risk of damage to the breast bud [ 77 ].  

    Treatment 
 Benign breast masses in adolescent girls are usually fi broadeno-
mas, which may resolve spontaneously. If not excised they 
should be followed carefully, as ultrasonography cannot 

   Table 28.2    An assessment of the expanded classifi cation of congenital adenomatoid malformations and their relationship to malignant 
transformation   

 0  1–3 %  Solid; the lungs are small 
throughout 

 Bronchial-type airways that have cartilage, 
smooth muscle, and glands are separated by 
abundant mesenchymal tissue 

 Neonates; other malformations; 
poor prognosis 

 1  60–70 %  Large cysts (up to 10 cm)  The cysts are lined by pseudostratifi ed ciliated 
cells that are often interspersed with rows of 
mucous cells 

 Presentation may be late; resectable; 
good prognosis; rare casesshow 
carcinomatous change 

 2  10–15 %  Sponge-like composed 
of multiple small cysts 
(up to 2 cm) and solid pale 
tumor-like tissue 

 The cysts resemble dilated bronchioles 
separated by normal alveoli; striated muscle 
in 5 % 

 Neonates; other malformations; 
poor prognosis 

 3  5 %  Solid  There is an excess of bronchiolar structures 
separated by air spaces that are small, have a 
cuboidal lining, and resemble late fetal lung 

 Neonates; poor prognosis 

 4  15 %  Large cysts (up to 10 cm)  The cysts are lined by a fl attened epithelium 
resting on loose mesenchymal tissue 

 Neonates and infants; good 
prognosis 

  From MacSweeney et al. [ 63 ]  
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distinguish between fi broadenoma and cystosarcoma phyllodes 
[ 77 ]. Phyllodes is malignant in 25 % of the cases and should be 
excised completely with a margin of normal tissue [ 77 ]. 

 Two young girls with rhabdomyosarcoma of the breast, 
one primary and one with metastatic, were treated with sur-
gery and chemotherapy respectively [ 78 ].    

    Rare Tumors of the Abdomen 

    Peritoneum, Omentum, and Mesentery 

 Primary tumors of these structures are oft en cystic, and 
benign, with lymphangioma being the most common [ 79 ]. 
Simple surgical excision is the treatment of choice. Peritoneal 
sarcomas often are very large and pretreatment with neoad-
juvant chemotherapy is oft en necessary to render these 
tumors operable. 

 Other extremely rare malignant tumors are discussed 
below. 

    Peritoneal Mesothelioma 
 These tumors, although sharing some common histologic 
features, can vary considerably in biological behavior. Three 
different types are described: (a) classic, asbestos-related 
mesothelioma of adults, mainly in the pleural cavity; (b) 
multicystic mesothelioma, predominantly affecting the pel-
vic peritoneum of young women and associated with good 
prognosis [ 80 ]; (c) mesothelioma in children, which has an 
unpredictable behavior [ 81 ]. Measuring DNA index by fl  ow 
cytometry can distinguish the cystic (aneuploid) form from 
the more malignant (diploid) tumors. In only one case, 
pathologically proven exposure to asbestos fi bers has been 
reported [ 82 ]. 

 The treatment of peritoneal mesothelioma depends on the 
behavior and appearance. Complete surgical removal is often 
not possible. There are reports that mesothelioma responds 
to adriamycin alone or in combination with cisplatinum. 
Intraperitoneal administration of cisplatinum has also been 
described [ 81 ]. Because of the rarity in children, the diagno-
sis of mesothelioma is rejected even by pathologists in up to 
40 % of the cases [ 83 ].  

    Desmoplastic Round Cell Tumors 
 The group of small, blue cell tumors include neuroblastoma, 
PNET/Ewing’s sarcoma and Desmoplastic Small Round 
Cell Tumor (DSRCT). 

 These arise from soft tissues with mesothelial linings, are 
characterized by male predominance, adolescent onset, and 
aggressive behavior. The tumors are often intraperitoneal, 
massive, and tend to metastasize early to lymph nodes, liver, 
and lungs. The immunohistochemical profi le of these 
tumors is oft en distinctive and reacts to a broad range of 

antigens. Clinical presentation is usually with a painful 
mass, but the tumor can also lead to urinary obstruction [ 84 , 
 85 ]. Intra- abdominal desmoplastic small round cell tumors 
may present with retroperitoneal or mesenteric primary with 
ascites and hepatic metastases. Urogenital involvement has 
been reported including paratesticular and ovarian localiza-
tions [ 85 – 87 ]. Complete surgical excision is usually impos-
sible. Aggressive multidrug chemotherapy can reduce the 
tumor mass impressively, but the patient remains with resid-
ual disease [ 88 ]. 

 Kretschmar et al. [ 89 ] reported three cases of desmoplas-
tic small cell tumors and reviewed the literature and found 
101 cases reported previously which indicated that this 
tumor is highly malignant and carries a grave prognosis. 
Only 50 % of cases respond to chemotherapy with a median 
survival of 17 months. 

 Molecular genetic studies revealed potential targets for 
the treatment of DRCT with the PDGF inhibitor SU101 
(lefl unomide) (Slater and Shipley,  BMJ  2007)  

    Lipoblastoma and Liposarcoma 
 Lipoblastoma is a benign tumor arising from embryonal fat 
and therefore only occurs in young children. So far, 85 cases 
have been described, 12 of them presenting with an abdomi-
nal mass. The name lipoblastoma may cause confusion with 
malignant embryonal tumors, and therefore the term infan-
tile lipoma has been proposed [ 90 ]. The treatment of choice 
is excision [ 91 – 93 ]. 

 Only fi ve cases of liposarcoma in childhood have been 
documented, with two of them arising from the porta hepa-
tis [ 94 – 96 ]. Three of these fi ve children died, one of them 
developing a recurrence 12 years after an initial favorable 
response to surgical excision combined with irradiation and 
chemotherapy.   

    Gastrointestinal Tract 

    General 
 In a recent review, Ladd and Grosfeld [ 97 ] presented 58 chil-
dren and adolescents with gastrointestinal tumors over a 
33-year time frame. The average age was 13.8 years; there 
were 39 malignant and 19 benign tumors. Over half of the 
children had lymphomas (Burkitt’s in 15, and non-Burkitt’s, 
non-Hodgkin’s lymphoma in 15). Six patients had colorectal 
carcinoma, six had neurogenic tumors, four had infl amma-
tory pseudotumors, three presented with Peutz-Jeghers syn-
drome; there were two children with carcinoid, two with 
juvenile colonic polyps, two with hemangioma and one each 
with leukemic infi ltrate and gastric leiomyosarcoma. 

 In a series of 35 patients reported from Turkey, carcino-
mas of the large bowel and rectum were the most common, 
comprising about half of this material [ 98 ]. 

28 Rare Tumors



560

 In this chapter, malignant and premalignant tumors of the 
G-I tract will be discussed.  

    Carcinoma of the Esophagus 
 Adenocarcinoma of the esophagus has been reported in an 
8-year-old boy from India [ 99 ]. There was a longstanding 
history of vomiting, probably due to gastroesphageal refl ux. 
The patient left the hospital without treatment. The authors 
quote several other case reports of adenocarcinoma in chil-
dren with Barrett’s esophagus.  

    Smooth Muscle Tumors 
 In recent years several cases of gastrointestinal smooth mus-
cle tumors, both benign and malignant, have been reported in 
human immunodefi ciency virus (HIV) infected children 
[ 100 ] Another report mentions similar tumors in the lung of 
a child with clinical HIV infection [ 101 ]. Also, abdominal 
leiomyosarcomas have been described in very long-term sur-
vivors of childhood cancer [ 102 ]. 

   Leiomyoma and Leiomyoblastoma 
 These are essentially benign tumors, often occurring at an 
early age. Symptoms are most commonly caused by compli-
cations, such as intestinal obstruction, intussusception, or 
bleeding. These tumors have been found to occur in the 
stomach, small intestine, and colon. Usually, excision at the 
time of treatment of the complication leads to cure [ 103 ].  

   Leiomyosarcoma 
 Soft tissue sarcoma account for 7 % of all childhood malig-
nancies. Sarcomas with intestinal involvement comprise 
only 2 % of this latter group. Leiomyoma often invole the 
stomach, whereas leiomyosarcoma (LMS) are more often 
found in the jejunum in children [ 97 ]. Over half of LMS 
occur in newborns. Other risk groups are patients with 
impaired immunity, e.g., after organ transplantation or due to 
HIV infection [ 97 ,  100 – 102 ,  104 ,  105 ]. 

 LMS is a highly malignant tumor. The Children’s 
Hospital in Boston reported ten; fi ve (50 %) of the children 
died with metastases. Wide surgical excision is the treat-
ment of choice [ 106 ]. 

 Apparently the histological distinction between leiomyo-
sarcoma and leiomyoblastoma is not always easy [ 107 ], 
which could explain why several neonates with “leiomyosar-
coma” survived [ 108 ,  109 ]. 

 In total, 27 cases of pediatric intestinal leiomyosarcoma 
have been reported in the literature. Complete excision and 
no recurrence after 5 years was achieved. Visceral metasta-
ses are atypical [ 110 ].   

    GIST 
 Gastro Intestinal Stroma Tumor has been recognized as a dis-
tinct entity by WHO since 1990. Although predominantly a 
tumor of adulthood, occurrence in children has been reported 

by several authors and over 50 pediatric cases can be found in 
the literature (Hoelwarth ME, personal communication, 
2009) [ 97 ,  104 ,  111 – 113 ]. Miettinen et al. [ 114 ] reported 44 
cases of gastric GIST occurring in patients younger than 21 
years from the Armed Forces Institute of Pathology. 

 GIST is a mesenchymal tumor consisting of cells that are 
very similar to Interstitial Cells of Cajal (ICC), which express 
the CD 117 antigen, an epitope of the receptor tyrosine 
kinase KIT, in contrast to smooth muscle tumors like leio-
myosarcomas. The great majority of pediatric GIST (88 %) 
is located in the stomach, but small bowel and colon localiza-
tions have been reported [ 104 ]. 

 The most common symptoms are pain, anemia due to gas-
trointestinal bleeding [ 115 ], and abdominal masses. The 
tumor metastasizes to peritoneum, liver, or lymph nodes. 
Prognostic factors are: mitotic activity, tumor size and tumor 
site: gastric and colonic tumors have a better outcome than 
small bowel or mesenteric primaries [ 110 ] (Fig.  28.6 ).

   The association of gastric epithelioid leiomyosarcoma 
(the older name for a GIST), extraadrenal paraganglioma, 
and pulmonary chondroma was described as Carney’s Triad. 
Two of the triad’s components are potentially lethal and it is 
very important that any patient with any of these tumors 
should be followed long-term. In 1993, Argos et al. [ 116 ] 
reported on 36 cases of Carney’s Triad including their own 
case of a 12 year-old girl. In Miettinen’s series [ 114 ] only 
one out of 44 cases had Carney’s triad, but Price found two 
patients with the triad in the fi ve described [ 112 ]. 

 Surgical resection is the mainstay of the treatment of 
GIST. Complete gross resection is recommended and lymph-
adenectomy is not warranted [ 104 ,  110 ]. Response to che-
motherapy is probably low, but imatinib mesylate, a tyrosine 
kinase inhibitor has been reported to achieve 50 % response 
rate [ 97 ,  104 ,  110 ].  

    Gastric Teratoma 
 One hundred and two cases of this usually benign tumor 
have been reported in the latest review [ 97 ]. The majority of 
the patients are boys, and malignant degeneration has been 
only rarely described. Abdominal mass, pain, gastric outlet 
obstruction, or bleeding are presenting symptoms and signs. 
After complete resection, no recurrences have been described 
[ 117 ] (Fig.  28.7 ).

       Gastric Carcinoma 
 Fewer than 25 cases of gastric carcinoma in children have 
been reported [ 97 ]. It appears, however, that childhood infec-
tion with Helicobacter pylori can play an important causative 
role in gastric cancer in the adult [ 118 ]. Gastric cancer in 
children has also been described as a secondary tumor aft er 
treatment for malignant lymphoma [ 119 ]. The most common 
complaints of stomach cancer in childhood are pain and 
vomiting, along with symptoms suggesting acid peptic dis-
ease. Delay in diagnosis is common and can be avoided by 
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early imaging and endoscopy. Long-term survival is uncom-
mon [ 120 ,  121 ]. 

 The role of chemotherapy and radiation in gastric cancer 
is still not well defi ned. Surgery alone may prolong survival. 
Studies in adults recommend the use of etoposide, doxorubi-
cin (Adriamycin), and cisplatin as primary therapy or com-
bined with surgery and radiation [ 121 ]. A 2-year-old boy 
with pernicious anemia caused by vitamin B12 and iron defi -
ciencies developed atrophic gastritis and gastric carcinoma. 

This has not been reported previously. Treatment included 
high subtotal gastrectomy with gastrojejunostomy and resec-
tion of associated lymph nodes and omentectomy and 6 
months of chemotherapy. Follow-up after 1 year showed no 
evidence of recurrent disease [ 122 ].  

    Intestinal Polyps and Polyposis Syndromes 

   Juvenile Polyps 
 Juvenile polyps are hamartomatous in nature and, although 
benign, considered by some as a premalignant condition 
[ 97 ]. They occur in about 1 % of children and are usually 
detected because of complications. Rectal bleeding is most 
oft en the presenting symptom; however, prolapse of the 
polyp during defecation or straining may also occur. The 
majority are single (80 %) and are located in the rectum, 
but they have also been reported in colon, stomach, duode-
num, and ileum [ 97 ]. Colonoscopy is recommended for 
children with unexplained rectal blood loss and normal 
proctoscopic examination [ 123 ,  124 ]. Solitary polyps 
should be excised endoscopically. The fi nding of a solitary 
rectal polyp is an indication for colonoscopy to exclude 
polyposis [ 125 ].  

   Generalized Juvenile Polyposis 
 This uncommon disease is characterized by the development 
of multiple (50 to more than 200) hamartomatous polyps 
throughout the intestinal tract, mostly in the large bowel; 
85 % of cases occur in children. In half of the cases, there is 

a

b

  Fig. 28.6    G.I.S.T. Gastrointestinal stromal tumors arising from the 
stomach (From Durham et al. [ 110 ]). ( a ) Upper gastrointestinal series. 
Distal aspect of stomach shows 2 irregular intragastric fi lling defects 
( arrrows ) in the regio of the antrum of the stomach. ( b ) Upper gastroin-
testinal endoscopy shows polypoid lesions in the antrum of the stomach 
with erosion of the surface from a previous episode ( arrows )       

  Fig. 28.7    Teratoma of the stomach       
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a positive family history of polyps or polyposis. The genes 
involved are SMAD4 on chromosome 18q21.1 or BMPR1A 
located on the long arm of chromosome 10. The infantile 
form of this condition is associated with protein-losing enter-
opathy, anemia, hypoproteinemia, and is often fatal [ 126 ]. 
Eighteen to thirty-fi ve percent of patients with juvenile 
polyposis develop malignant disease by the age of 35. The 
treatment of choice is colectomy and an anal sphincter-
saving procedure [ 127 ].  

   Peutz-Jeghers Syndrome 
 Peutz-Jeghers Syndrome (PJS) syndrome is autosomal dom-
inantly inherited with an incidence estimated at 1:120,000. It 
is characterized by abnormal melanin deposits in the skin, 
lips, and mucous membranes and the formation of multiple 
hamartomatous polyps throughout the gastrointestinal tract 
(Fig.  28.8 ).

   The small bowel is involved in 96 % of cases, the colon in 
27 %, the stomach in 24 %, and rectum in 24 %. Labial pig-
mentation is a reliable clinical marker in 94 % of patients 
with Peutz-Jeghers syndrome. The causative genetic muta-
tion involves STK11/LKB1 on chromosome 19 [ 128 ]. 
Polyps start to grow in the fi rst decade of life, and 50–60 % 
of patients will develop symptoms by the age of 20 years. 

 In a large overview of the material removed by polypec-
tomies in children, Peutz-Jeghers syndrome accounted for 
1.73 % of the cases [ 129 ]. The complications of bowel 
obstruction due to intussusception of a polyp and anemia 
caused by bleeding from these polyps are often noted, 
sometimes before the typical abnormal pigmentation has 
developed. 

 In younger children (below 16 years of age) the gastro-
duodenal region is frequently the site of the polyps. 
Apparently these children are at risk for the development 
of malignant tumors. Two of the 70 patients mentioned 
earlier developed gastrointestinal adenocarcinoma, per-
haps due to degeneration of a polyp, two an ovarian cancer 
and one a testicular tumor, possibly indicating a genetic 
disposition. A third case of adenocarcinoma of duodenum 
and jejunum occuring in an 8-year-old girl with Peutz-
Jeghers syndrome was reported later [ 130 ]. There is an 
increased risk of ovarian cancer in relatives of a patient 
with Peutz-Jeghers syndrome. Whether hamatomatous 
polyps degenerate into carcinomas (the hamartoma-carci-
noma sequence) has been debated. Some investigators 
consider the polyps as an epiphenomenon to a cancer 
prone condition [ 131 ].  

   Familial Adenomatous Polyposis (FAP) 
 This adenomatous autosomal dominant genetic disorder is 
due to a germline mutation of the APC-gene on chromo-
some 5q21-22. It is infamous because of its tendency to 
develop carcinoma of the large bowel, and may cause any 

signifi cant bowel symptoms during childhood. In families 
with FAP a colonoscopy is indicated in children before they 
are 10 years of age [ 132 ]. Total colectomy, rectal mucosec-
tomy, and ileoanal anastomosis eliminate the risk for malig-
nant degeneration. Numerous reports have been published 
on the technical aspects of the ileoanal sphincter-saving 
operation, which is also applied in patients with ulcerative 
colitis. Most surgeons prefer the construction of an ileoanal 
anastomosis, using a “J”-pouch. Early and late complica-
tions after these procedures are common and the complica-
tion rate can be as high as 41 %. Late complications include 
infl ammation (“pouchitis”), diarrhea, or stasis [ 133 ]. These 
complications occur more often in ulcerative colitis 
patients, whereas the FAP patients as a general rule fare 
much better [ 134 ]. 

 Children in FAP families also have a tendency towards 
developing liver tumors (hepatoblastoma) more often than 
in general population [ 135 ]. Another interesting link with 
familial polyposis is Gardner’s syndrome and the familial 
generalized juvenile polyposis, which by and large proba-
bly should be managed in a similar fashion as familal pol-
yposis [ 136 ]. 

 Although the risk of colon cancer in children under 
15 years of age is very low (6 %), the youngest patient 
reported was 9 years. Therefore, the timing of colectomy is 
under debate as dysplasia can be asymptomatic. Vasudevan 
et al. described a group of 11 children who underwent sur-
gery at a mean age of 13 years. Dysplasia was present in 
9 patients (82 %). The authors advocate early operation to 
prevent malignant degeneration [ 137 ].   

    Colorectal Carcinoma 
 Uncommon in childhood (less than 1 % of all colonic can-
cers), this tumor has an extremely poor prognosis. This is 
due to late detection because of ignoring initial symptoms, a 

  Fig. 28.8    Pigmentations of lips in Peutz Jeghers       
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high percentage of signet ring or anaplastic lesions present, 
and often regional lymph node metastases (75 % on presen-
tation in the largest published series). 

 Survival varies from 0 to 25 %. Even in the event of com-
plete resection it would be advisable to give adjuvant therapy 
with 5-fl uorouracil and leucovorinbased cytotoxics in 
instances of high-grade lesions or regional lymph node 
involvement [ 138 – 140 ]. 

 Urinary diversion into the sigmoid colon or use of bowel 
elsewhere in the urinary tract has also been identifi ed as a 
risk for the development of adenocarcinoma. Although there 
usually is a time lag of more than 20 years, and therefore the 
carcinoma will develop beyond childhood, it is a fact to be 
kept in mind when constructing urinary conduits in children 
[ 141 ]. Experimental evidence suggests that familial polypo-
sis, ulcerative colitis and ureterosigmoidostomies are condi-
tions with an unstable colonic epithelium, which may 
become dysplastic, and perhaps deteriorate into malignant 
degeneration [ 142 ]. 

 Brown et al. [ 139 ] described seven children aged 10–15 
years with carcinoma of the colon and rectum. Distant metas-
tases were present in fi ve, and there were no survivors in this 
series. The youngest patient described was 9 months [ 97 ].  

    Carcinoid Tumors 
 These tumors appear in the gastrointestinal tract, biliary tree, 
ovaries, bronchi, lungs, and pancreas. The most common 
sites are the appendix, followed by small intestine and rec-
tum. In one report a case is described of a carcinoid tumor 
occurring in a rectal duplication [ 143 ]. Appendiceal carci-
noid is uncommon in infancy but may occur in late child-
hood and adolescence. Girls are affected three times as often 
as boys. 

 In most patients carcinoid is an incidental fi nding in the 
appendix removed for acute or recurrent abdominal pain. 
Usually the tumor is less than 2 cm in diameter and in 
75 % of the cases it is located near the tip of the appendix. 
Simple appendectomy is curative in these patients. When 
the tumor is greater than 2 cm in diameter and occurs at the 
base, or if there is tumor growth beyond the appendix, a 
more extensive procedure like partial colectomy is indi-
cated [ 97 ]. In the largest reported series of 40 cases, no 
recurrences, metastases, or tumor related deaths were 
observed [ 144 ].   

    Bile Ducts 

    Introduction 
 Two types of tumors occurring in this region deserve men-
tioning, namely the biliary tract rhabdomyosarcoma and 
 carcinoma arising in the anatomically abnormal bile duct 
system (Fig.  28.9 ).

       Rhabdomyosarcoma 
 Fewer than 40 cases of rhabdomyosarcoma of the bile ducts 
have been reported in the literature. The presenting symptom 
is usually obstructive jaundice [ 145 ] (Fig.  28.8 ). 

 The diagnosis can be made using abdominal ultrasound, 
MRI or CT scan. The prognosis for this tumor has been 
rather poor; 40 % of the cases present with metastases, but 
local growth is a leading cause of death in most instances 
[ 146 ]. The fi rst large series of ten patients was reported in 
1985 [ 147 ]. At the time of publication there were four survi-
vors following extensive resection and adjuvant radiation 
and chemotherapy. An interesting development is a recent 
report in which after an exploratory operation the patient was 
treated with chemotherapy which caused a dramatic reduc-
tion in tumor size. At a second-look operation complete 
regression of the tumor was observed. The authors claim that 
with this approach of aggressive surgery can be prevented 
[ 148 ]. Similar experience was reported by Spunt et al. [ 149 ], 
but this has not been confi rmed by other authors [ 150 ]. 

 The role of preoperative imaging is uncertain. ERCP was 
not found to be helpful in the two cases where it was per-
formed [ 149 ]. It is not clear whether MRCP is more accurate 
than CT-scan [ 150 ]. Preoperative (PTC) or intraoperative 
cholangiography can be useful [ 150 ].  

     Carcinoma 
 The risk of adenocarcinoma developing in a choledochal 
cyst has been known for many years. A survey of 645 cases 
of choledochal cyst in Japan treated between 1972 and 1982 
disclosed 54 cases (8.4 %) of biliary carcinoma. The inci-
dence varied from 0.3 % in the pediatric population to 15.6 % 
in the adult cases, indicating that the risk of developing this 
cancer increases with age [ 151 ]. With time, approximately 

  Fig. 28.9    Tumor of CBD. Embryonal rhabdomyosarcoma of the com-
mon bile duct mimicking choledochal cyst (From Tireli et al. [ 145 ])       
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20–25 % of cases will develop malignancy, which carries a 
poor prognosis since less than 10 % are resectable [ 152 ]. 
Patients with an anomalous arrangement of the pancreatico-
biliary duct system have an increased cellular proliferative 
activity in the gallbladder mucosa starting in early childhood 
[ 153 ]. It is presumed that complete cyst excision eliminates 
the risk of malignant degeneration [ 152 ]. 

 Pancreaticobiliary maljunction without dilatation of 
the common duct is very rare, but nevertheless may be 
associated with carcinoma in later life. Based on experi-
ence in a recent series of seven Japanese children with this 
anomaly, complete excision of common bile duct and 
gallbladder followed by hepaticojejunostomy is recom-
mended [ 154 ].   

     Pancreas 

    Introduction 
 Malignant pancreatic tumors are rare in children. Vossen 
et al. quote from a Japanese autopsy statistic, that 0.2 % of 
infant deaths caused by malignant disease are due to pancre-
atic tumors [ 155 ]. A report from Memorial Sloan Kettering 
describing 17 patients below 21 years in the time period of 
33 years between 1967 and 2000, illustrates the spectrum of 
malignant pancreatic tumors in children. Pancreatoblastoma 
(5 cases) and solid pseudopapillary or Frantz’ tumor (7 cases) 
were the most frequent. Other tumors were: acinar cell carci-
noma (1), nonfunctioning pancreatic endocrine neoplasm 
(1), malignant VIPoma (1), and PNET (2). The clinical pre-
sentation varied: abdominal pain (11), mass (4), anorexia (3). 
Only three patients were jaundiced [ 156 ]. The pancreas may 
also be the seat of malignant lymphoma, which may be dif-
fi cult to diagnose [ 157 ]. 

 In this section a more detailed description will be given of 
four types of pancreatic tumors in children: 

 (a) pancreatoblastoma, (b) solid pseudopapillary or 
Frantz’ tumor, (c) pancreatic ductal Adenocarcinoma, (d) 
malignant endocrine tumors.  

    Pancreatoblastoma 
 Pancreatoblastoma (PB) is a malignant epithelial tumor 
showing mainly acinar differentiation, but occasionally 
also containing endocrine and ductal cells. These differ-
ent cellular elements may derive from a pluripotent “bla-
stomatous” cell. This may also explain the fact that a 
considerable  number of PB express alfafoetoprotein 
(AFP), and that serum levels are increased in patients with 
PB. Dhebri et al. have reviewed the literature on 153 cases 
[ 158 ]. Most of the PB occur in early childhood, but 10 % 
occur in adults. Antenatal diagnosis and successful neo-
natal management have been reported [ 159 ,  160 ]. The lat-
ter patient, and several others in the literature, had the 

Beckwith-Wiedeman Syndrome (BWS), which is associ-
ated with loss of heterozygosity (LOH) on chromosome 
11p [ 161 ]. The same genetic characteristic has been 
described in six out of seven patients with PB. Another 
genetic activation reported in PB is a mutation of the beta-
catenin gene [ 158 ]. Others have reported multiple chro-
mosomal abnormalities in PB-cells, including 
MYC- oncogene [ 162 ] (Fig.  28.10 ).

   The tumor may arise in any part of the pancreas. The 
typical mode of presentation is with an abdominal mass, 
weight loss and pain; jaundice is present in about 10 %. 
Metastases are present at fi rst diagnosis in 17–35 % of the 
patients. The diagnosis should be considered on the basis 
of imaging studies and can be confi rmed by fi ne needle 
aspiration cytology [ 163 ]. The treatment consists of 
complete resection. If this is not possible, neoadjuvant 
chemotherapy should be given. Various cytotoxic regimes 
have been advocated: most contain vincristin and cyclo-
phosphamide or ifosfamide, in combination with either 
actinomycin-D, cisplatinum, doxorubicin, or bleomycin. 
Postoperative radiotherapy has been advocated for irre-
sectable or incompletely resected cases. See algorithm in 
Dhebri et al. [ 158 ]. 

 The prognosis in children after complete resection is 
fairly good, with a reported 5-year survival rate between 50 
and 80 % [ 164 ].  

  Fig. 28.10    MRI of rhabdomyosarcoma of the common bile duct: 
 black arrow  points to mass,  white arrow  to CBD (from Tireli [ 145 ])       
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    Solid Pseudopapillary Tumor; Papillary Cystic 
Tumor of the Pancreas; Frantz’s Tumor 
 Solid pseudopapillary tumor of the pancreas (SPTP) is 
known by several names, including the eponym of the author 
who fi rst described this tumor in 1959 as a separate entity, 
V.K. Frantz. Since then, more than 700 cases have been 
reported in the English literature, their ages ranging between 
2 and 85 years, with a mean of 22 years. One hundred sixty- 
fi ve SPTPs have been reported in children below the age of 
18 years. Over 90 % of the tumors occur in females [ 165 , 
 166 ]. It has been suggested that SPTP occurs more often in 
Asians and Africans than in Caucasians [ 166 ]. 

 The cell of origin of SPTP is uncertain. Kosmahl et al. 
[ 167 ] performed a comprehensive immunocyto-chemical 
analysis of 59 tumors and concluded that it is diffi cult to 
relate the tumor to epithelial cells, even if a multipotent stem 
cell origin is considered. On the other hand, SPTP is not a 
purely endocrine tumor either, both on cytochemical and clin-
ical grounds. The authors postulate that there is a relationship 
with ovarian rete cells [ 167 ]. The tumor may occur in any part 
of the pancreas, but more often in the tail [ 167 ,  168 ]. 

 The majority of SPTP are localized tumors, particularly 
in children there are only a few case reports of metastases 
[ 169 ]. Intraperitoneal spread has been observed after abdom-
inal trauma [ 168 ]. SPTP is therefore considered as a low- 
grade malignant tumor. 

 Most patients present with gastro-intestinal symptoms and a 
palpable mass. The diagnosis is made by a combination of clini-
cal signs and imaging. Endoscopic ultrasound- guided fi ne nee-
dle aspiration cytology has been advocated, but found conclusive 
in only a minority of cases [ 166 ,  170 ]. The treatment is com-
plete excision with a margin, but without lymphnode dissection. 
Intraoperative frozen section is recommended. The prognosis 
is good in children after complete removal (Fig.  28.11 ).

       Pancreatic Ductal Adenocarcinoma 
 Pancreatic ductal adenocarcinoma (PDAC) is a tumor of the 
elderly that is exceedingly rare in children. Approximately 
37 cases have been reported, although some doubt exists 
whether these were all adenocarcinomas. In a series of 520 
pancreatic neoplasms, 404 were PDACs, two occurred in 
patients younger than 18 years [ 171 ]. The presence of an 
abdominal mass in the epigastrium, abdominal distension, 
or obstructive jaundice are the common presenting 
symptoms. 

 The diagnosis of a panceatic mass can be made with ultra-
sonography, MRI, or CT scan. Aggressive surgical proce-
dures are recommended when feasible. In the majority of 
cases pancreatoduodenectomy or distal pancreatectomy are 
necessary. Even in instances of anaplastic tumors, survival 
following extirpative resection has been reported. One author 
claims that all patients in whom a resection was undertaken 
were long-term survivors, but others found no better out-
come in young patients compared to the elderly [ 171 ].  

    Malignant Endocrine Pancreatic Tumors 
 Whereas in adults, the majority of endocrine pancreatic tumors 
are insulinomas, which are rarely malignant, in children there 
is an almost equal distribution of insulinomas and gastrinomas. 
Unfortunately, most of the insulinomas diagnosed as malignant 
have already metastasized at diagnosis [ 155 ]. Endocrine pan-
creatic tumors, which are associated with the MEN 1 syn-
drome, can also be malignant [ 172 ]. Malignant endocrine 
pancreatic tumors have furthermore been reported in children 
with Tuberous Sclerosis Complex (TSC), an autosomal domi-
nant condition, presenting with epilepsy and mental retardation 
and known to be associated with benign renal cysts and angio-
myolipoma (see also below). TSC1 and TSC2 genes are located 
on chromosme 9 and 16, respectively. Malignant nonfunction-
ing islet cell tumors expressing LOH of chromosome 16 
(TSC2) were found in two boys [ 173 ,  174 ].    

    Rare Tumors of the Genitourinary System 

    Renal Cell Carcinoma 

 A retrospective analysis of 22 cases of renal cell carcinoma 
was reported by Aronson et al. [ 175 ]. Age, tumor size, loca-
tion, and histology were found not to be predictors of out-
come; tumor stage and complete surgical resection were the 
only signifi cant prognostic determinants. The overall 5-year 
survival was 30 %. The survival rate for tumors that were 
completely resected was 60 % versus 10 % for those lesions 
incompletely resected. 

 Attempts to treat these tumors by nephron-sparing sur-
gery have also been reported in children. Cook et al. reported 
on 15 patients, with a mean age of 7.9 years. Presentation   Fig. 28.11    Ectomesenchymoma (From Hajivassiliou et al. [ 187 ])       
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with hematuria, pain, and polycythemia in 75 %, whereas 
25 % were asymptomatic. Treatment consisted of nephrec-
tomy in 10 patients, and partial nephrectomy in fi ve. Excision 
of metastases was done in 2 patients. Outcome: 13 are in 
complete remission, and of the three stage IV patients, 1 died 
and 1 survived with disease. All of the patients with partial 
nephrectomy are in complete remission. Two editorial com-
ments warn that the long-term outcome of partial nephrec-
tomy in children is unknown, and that the risk of recurrence 
has to be established in prospective studies. 

    Renal Cell Carcinoma in Association 
with Tuberous Sclerosis in Children 
 Tuberous sclerosis (TS) is an autosomal disorder with 
incomplete penetrance and variable phenotype (see also sec-
tion under “ Pancreas ”). Angiomyolipoma and multiple renal 
cysts are seen in patients with TS. Cases of renal cell carci-
noma in patients with TS are usually multiple and may be 
bilateral [ 177 ].   

    Transitional Cell Carcinoma of the Bladder 

 Five boys were reported to have transitional cell carcinoma 
of the bladder [ 178 ] Imaging and urine cytology correlated 
with cystoscopic and biopsy fi ndings. Ultrasound examina-
tion was the most sensitive. A special risk category for blad-
der tumors are patients with bladder augmentation. 
Transitional cell carcinoma has been reported in three adults 
who underwent this procedure for neuropathic bladder [ 179 ]. 
In the discussion of this paper, A.B. Retik states the risk 
starts to rise after a 10-year lag period, in analogy with the 
experience in the ureterosigmoidostomy patients.  

    Cystic Partially Differentiated Nephroblastoma 

 Cystic partially differentiated nephroblastoma (CPDN) is a rare 
neoplasm. The tumor consists of well-demarcated cystic lesions 
of the kidney. Blastemal and other embryonic cells are present 
in the septa of the cysts; MRI can detect the lesions which are 
highly suggestive of either CPDN or cystic nephroma [ 180 ]. 

 Experience in the NWTSG consists of 21 patients, 13 of 
whom received cytotoxic drugs whereas eight (all stage I) 
did not. The outcome was 100 % survival without recur-
rences. It is concluded that for stage I patients surgical treat-
ment alone is probably suffi cient [ 181 ].  

    B Cell Non-Hodgkin’s Lymphoma as a Primary 
Renal Tumor 

 Primary renal lymphoma is an extremely rare tumor; only 
about 35 cases are reported in literature. A 6 year-old boy 
had a unilateral renal tumor which was thought to be a 

Wilms’ tumor. On review of the histology this proved to be a 
B cell lymphoma [ 182 ].  

    Prostatic Non-Hodgkin’s Lymphoma 

 A T cell non-Hodgkin’s lymphoma of the prostate occurred 
in a child who presented with acute urinary retention and 
who responded well to treatment with chemotherapy [ 183 ].  

    Testicular Tumors Before Puberty 

 Twenty-two neonates less than 1 month of age were found to 
have testis tumors; seven were diagnosed at birth. Cell types 
included yolk sac tumors in six, and six had gonadal stromal 
tumors. Six had juvenile granulosa cell tumors, two gonado-
blastoma, one teratoma, and one harmartoma. Serum alpha- 
fetoprotein was normal in ten tested patients. There were no 
metastases. Seventeen boys were followed up and there was 
no evidence of disease. Neonatal tumors are rare but should 
be considered in the differential diagnosis of scrotal masses 
in the neonate [ 184 ]. 

 Testicular tumors are rare in prepubertal children, and the 
large majority are germ cell tumors. Serum tumor markers 
should be assessed before operation. If the markers are not 
elevated and salvageable testis tissue is present on ultra-
sound, an excisional biopsy with frozen section is advocated. 
If the tumor is a benign teratoma, the testis can be preserved 
[ 185 ]. Both reports originate from the Prepubertal Testis 
Tumor Registry (PTTR) created by the Section of Urology of 
the American Academy of Pediatrics in 1980. 

 A recent review on testicular and paratesticular tumors in 
prepubertal boys describes the full spectrum of benign and 
malignant tumors with recommendations for the manage-
ment. (Ahmed et al.,  The Lancet Oncol  2010;11:476–83). 
A more specifi c overview on sex-cord stromal tumors of tes-
tis and ovary in children presents important principles on the 
surgical management of these tumors (Schultz KAP et al., 
 J Pediatr Hematol Oncol  2012;34:S55–63)   

    Ectomesenchymoma 

 Ectomesenchymoma is a malignant nonepithelial tumor con-
taining two or more cell-types from ectodermal and mesen-
chymal origin (Fig.  28.12 ). Synonyms are: malignant Triton 
tumor (MTT) and primary osteochondrorhabdomyosarcoma. 
It is considered a variant of the Malignant Peripheral Nerve 
Sheath Tumor (MPNST) that contains rhabdomyoblasts 
[ 186 ]. This tumor is associated with Neurofi bromatosis type 
1 (NF1) and usually develops in these patients before the age 
of 35 years. It is rare in children, with only 24 cases reported, 
more than half of them in NF1 patients [ 186 ]. Predilection 
sites are: head and neck, trunk, and extremities.
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   Hajivassiliou et al. reported a case in a child (gangliorhab-
domyosarcoma) with cutaneous nevus syndrome. Review of 
the literature revealed 35 similar cases [ 187 ]. 

 The treatment of MTT consists of wide local excision, the 
role of chemotherapy is uncertain. The prognosis is grim, 
with a 5-year survival of 26 % [ 186 ]. 

 Malignant ectomesenchymoma of the bone is even more 
rare. Two children were reported: one 10-year old girl with 
a tumor of the fi bula, and a 15-year-old girl with a tumor of 
the proximal humerus. A combination therapy of intensive 
cytotoxics (osteosarcoma protocol) and wide local excision 
resulted in complete remission in both cases [ 188 – 190 ].  

    Malignant Melanoma in Children 

 Malignant melanoma is rare in children, representing 1–3 % 
of all pediatric malignancies. Two percent of malignant mel-
anomas occur in patients younger than 20 years. Most of 

pediatric melanomas are seen in adolescents with only 0.3 % 
in prepubertal children. The incidence is two per million 
children (below age 15 years), but is rising [ 191 – 193 ]. 

 Certain (skin) conditions predispose to malignant mela-
noma. Risk factors in addition to exposure to sunlight [ 193 ] are:

    1.     Giant congenital melanocytic nevi (CMN), 5–15 % risk   
   2.     Familial atypical mole/melanoma (FAMM), 100 % risk   
   3.     Treatment with chemotherapy for malignant disease   
   4.     Retinoblastoma   
   5.     Xeroderma pigmentosum, (2000 × increased risk)    

  Malignant melanoma does occur in prepubertal children. 
Mones and Ackerman [ 194 ] describe a group of 11 children 
between 1 and 10 years of age, (6 younger than 5 years) with 
melanoma arising de novo. The diagnosis was missed in all 
cases, both by the clinician and by the pathologist, and all 
metastasized. One child died. The melanomas were growing 
fast, and very thick at the time of diagnosis. Confusion with 
benign Spitz nevus may arise, and the authors point out that 
the histopathological criteria for melanoma in young chil-
dren are not different from those in adults. 

 Approximately half of melanomas in children arise in 
association with a pre-existing lesion: about 30 % within 
giant CMN and 20 % in association with other lesions, like 
acquired melanocytic nevi or small- or medium-sized CMN 
[ 192 ,  195 ,  196 ]. More than half of all melanomas that arise 
within giant CMNs do so before puberty, whereas melano-
mas that develop in smaller CMNs often occur after puberty 
[ 192 ]. Prophylactic excision of all giant CMNs, defi ned as 
covering 1 % body surface in head and neck and 2 % else-
where on the body, is therefore recommended [ 197 ]. If a 
nevus changes in size or aspect, starts bleeding or itching, 
suspicion should arise. In children where melanoma devel-
oped in association with a pre-existing nevus, only 7 % of the 
patients had no signs or symptoms. As the clinical diagnosis 
is erratic and benign Spitz nevus may be confused with mela-
noma, the next step is to perform an excisional biopsy of the 
lesion. If the lesion is smaller than 15 mm, a margin of 
1–2 mm is suffi cient. It is important to excise the full thick-
ness for adequate staging. Staging depends on the level of 
penetration (Clarke) or thickness of the lesion (Breslow), and 
the presence or absence of regional lymphnode and distant 
metastases. Children (<20 years) were found to have more 
frequent lymph node metastases than young adults (20–24 
years of age), even in non-ulcerated melanoma with <2 mm 
thickness (Mu et al.  Cancer  2012;118:2700–7). 

 The TNM classifi cation of the American Joint Committee 
on Cancer is shown in Table  28.3  [ 3 ]. For adequate staging of 
lymphnodes, sentinel node biopsy has been advocated [ 198 ].

   Treatment guidelines are based on the experience in 
adults. See American Association of Dermatology online 
guidelines; National Comprehensive Cancer Network 
Melanoma Panel. Treatment consists of radical excision, 
with adequate margins. For lesions less than 1 mm 

  Fig. 28.12    Ectomesenchymoma. Upper picture shows CT-scan with 
different components ( black and white arrows ), lower picture show cut 
surface with different differentiations (from Hajivailiou, Figs. 1 and 3)       
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thickness, 1-cm margin is considered adequate; if 1–4 mm 
thickness: 2-cm margins, and 3-cm margin for lesions with 
more than 4 mm depth [ 3 ]. Enlarged lymphnodes should 
be removed by formal regional dissection. Elective lym-
phnode dissection is of no advantage in lesions of <1 mm 
thickness nor in lesions of >4 mm depth. For those between 
1 and 4 mm, sentinel node biopsy with routine histopathol-
ogy and immunohistochemistry is advocated. If the senti-
nel node is positive, a complete regional node dissection is 
recommended [ 192 ]. 

 Although there is no evidence that chemotherapy is useful 
in adults, there are some encouraging experiences with a 
combination of vincristin, cyclophosphamide, and dactino-
mycin in children [ 192 ]. Immunotherapy with Interferon 
alpha 2b has been found effective. The prognosis is deter-
mined by the stage, and there is no evidence that children 
have a different outlook than adults [ 3 ,  192 ,  195 ,  196 ].     
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