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Preface

This atlas attempts to bring together in a simple and clear
fashion the wealth of in-

formation presently available concerning neoplasia in the young.
The purpose is to

present a concise account, which will serve as the basis for a
useful teaching aid,of the clinical and pathological features of
neoplastic disease and tumorlike condi-

tions in the fetus and infant.

Throughout I have used my own material as fully as possible and
have introduced

accounts of personally studied cases supplemented by ones from
other colleagues

illustrative of the subjects under discussion. For the same
reason, I make frequent

reference to my own published articles and to earlier
publications, Tumors of the

Fetus and Newborn, and the chapter entitled Tumors in Potter’s
Pathology of the

Fetus and Infant (Refs. 1 and 2 of Chapter 1), the contents
of which in many ways

supplement the present work. Most photographs and tables have
been produced from

personally studied material, while others were taken, by
permission, from various

articles appearing in the literature.

The atlas is addressed primarily to pathologists, but I hope
that clinicians, resi-dents, and medical students in pathology and
other medical specialties may find it

useful and beneficial as a concise, easy-to-use, quick ready
reference source.

HART ISAACS, JR., MD
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Although tumors and tumorlike conditions of the fetus and

infant occur infrequently, they present challenging
diagnostic

and treatment problems. There is considerable drama and ter-

rible parental apprehension when dealing with a tumor in an

infant or unborn child. Unfamiliarity with these conditions

may lead to an erroneous diagnosis and unnecessarily ag-

gressive therapy. Neoplasms and tumorlike conditions occur-

ring during the first year of life are not entirely the same
as

those observed in the adolescent or adult—the types, inci-

dence, and clinical features differ, as do behavior and
response

to treatment [1–14] (Tables 1.1–1.3).

No tumor of the adult grows as rapidly as does the normal

embryo. In the early stages of development, normal embry-

onic cells may have some of the characteristics of
neoplastic

cells. Generally it is accepted by pathologists that the
diag-

nosis of malignancy depends on certain microscopic criteria,

but these are not always helpful or valid in a young child.

Normal developing organs and tissues display significant mi-

totic activity and contain immature or embryonic-appearing

structures that may simulate malignancy. It is often only
from

knowledge of the postnatal course of a tumor that definite

proof can be obtained of its malignancy [2].

Tumors that are not histologically malignant may cause

death in utero or shortly after birth because of their
location—

for example, a large lymphangioma, mature teratoma, or fi-

bromatosis involving vital structures in the neck or medi-

astinum [2].

Tumors occurring in the perinatal period differ markedly

in their presenting clinical signs and symptoms from those

found in older individuals (Tables 1.3 and 1.4) [1,10,11].

Maternal dystocia may be the first sign of a large-space-

occupying congenital tumor such as a giant intracranial or

sacrococcygeal teratoma. Fetal hydrops is another unique

manifestation [15]. Rupture during delivery of a large
tumor,

such as a neuroblastoma or a hepatoblastoma, with fatal

exsanguination of the fetus, is a dramatic illustration of
an-

other unusual presentation.

The antenatal diagnosis of fetal neoplasms is one aspect
of 

fetal disease that only recently has been implemented,
allow-

ing an understanding of the prenatal natural history and
patho-

physiology of these tumors [12,16,17]. Advances in imaging

techniques, particularly ultrasonography and rapid magnetic

resonance imaging, are responsible for making an early di-

agnosis possible. Tumors most often diagnosed by antenatal

ultrasonography are teratomas, mesoblastic nephroma, liver

tumors, and neuroblastoma [16,17].

Tumors Occurring in Patients

with Congenital Malformations

and Syndromes

An important relationship exists between certain congenital

malformations and syndromes and the development of neo-plasms
[1,10,11,18–24] (Table 1.4). In this setting the tumor

occurs after birth or later in life in individuals with
specific

inherited diseases, or congenital anomalies or malformation

syndromes, many of whom probably have an underlying

chromosomal defect (Table 1.5).

Hereditary conditions such as the neurocutaneous syn-

dromes, also known as “ phakomatoses,” are characterized
by

a high incidence of neoplasia. For example, tuberous sclero-

sis and neurofibromatosis, which are autosomal dominant,
pre-

dispose the individual to the development of gliomas and ma-

lignant peripheral nerve tumors [20,21] (Tables 1.4 and
1.5).

Incidence

Tumors of the newborn are uncommon, with an incidence
of 

7.2 in 100,000 live births in the United Kingdom [3]. Most

fetal and newborn tumors are benign rather than malignant,

with cancer estimated to occur in 3.65 of 100,000 live
births

in the United States [13]. Malignant tumors, although rare,

are an important cause of perinatal mortality.

Several series indicate that the most common malignancies

noted at birth are neuroblastoma, leukemia, brain tumors,
and

sarcomas in that order [3,4,7,8,11,13] (Table 1.1). Almost
all

1

1General Survey
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2 1. General Survey

TABLE 1.1. Comparison of five surveys consisting of 607
perinatal tumors.

Institutionsa,b

CCRG HSC CHB CHLA CHSD Total

Tumor [10] [4] [3] [1] (work in 1983–2000) tumorsb

Neuroblastoma 27 (26.7) 48 (47.0) 31 (18) 36 (21.6) 16 (19.3)
158 (26.0)

Teratoma 16 (15.8) 49 (29) 62 (37.1)c 25 (30.1)d  152
(25.0)

Leukemia 17 (16.8) 8 (7.8) 21 (12) 18 (10.8) 10 (12.1) 74
(12.2)Brain tumors 12 (11.9) 9 (8.8) 14 (8) 15 (9.0) 13 (15.7) 63
(10.4)

Sarcoma 13 (12.9) 12 (11.8) 17 (10) 8 (4.8) 8 (9.6) 58 (9.6)

Renal tumors 8 (7.9) 4 (3.9) 8 (5) 6 (3.6) 4 (4.8) 30 (4.9)

Liver tumors 3 (3.0) 1 (1) 8 (5) 18 (10.8) 7 (8.4) 37 (6.1)

Retinoblastoma 17 (6.7) 14 (8) 4 (2.4) 35 (5.8)

Totale 101 102 170 167 126 607 (100)

a CCRG, Childhood Cancer Research Group, Oxford; HSC, The
Hospital for Sick Children, Toronto; CHB, Children’s Hospital,
Birmingham, U.K.; CHLA,

Children’s Hospital of Los Angeles; CHSD, Children’s Hospital of
San Diego.b Numbers in parentheses are percentage of total cases in
study for the respective institution or category.c Two of 62 with
yolk sac tumor.d Two of 25 with yolk sac tumor.e Total for
cases recorded in the respective study, not the total of the
columns in the table.

TABLE 1.2. Differential diagnosis and distribution of abdominal
masses in the newborn.

Gastrointestinal (15%) Urinary (55%) Genital (15%)

Intestinal atresia Megacystis Hydrometrocolpos

Imperforate anus Hydronephrosis Ovarian cyst(s)

Meconium plug Hydroureter Granulosa cell tumor

Meconium ileus (cystic fibrosis) Urachal cyst Ovarian
torsion

Meconium cyst Urachal diverticulum

Intestinal duplication Multicystic kidney

Mesenteric cyst Polycystic kidneys

Lymphangioma Renomegaly (renal vein thrombosis)

Intussusception Mesoblastic nephromaPyloric stenosis Wilms’
tumor

Gastric teratoma Rhabdoid tumor

Liver and bile ducts (5%) Adrenal (5%)

Hemangioma Neuroblastoma

Mesenchymal hamartoma Hematoma

Hepatoblastoma Cyst Miscellaneous (5%)

Polycystic disease Sacrococcygeal or retroperitoneal
teratoma

Choledochal cyst Fetus-in-fetu

Simple cyst Anterior meningomyelocele

Subcapsular hematoma Splenic hematoma

Metastatic neuroblastoma, leukemia Splenic cyst

Subdiaphragmatic extralobar pulmonary sequestration

Source: Koop, CE [25]; Kirks DR, et al [26]; Schwartz MZ, Shaul
DB [27]; Isaacs H Jr [1].
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Incidence 3

TABLE 1.3. Examples of unusual clinical presentations of
perinatal

tumors.

Maternal dystocia Rupture of tumor during delivery

Teratoma with fatal exsanguination

Neuroblastoma Teratoma

Congenital mesoblastic Neuroblastoma

nephroma Hepatoblastoma

Astrocytoma Hepatic hemangioma

Ependymoma Congestive heart failure shortly

Sialoblastoma after birth

Fetal hydrops Arteriovenous malformation

Teratoma Cavernous hemangioma

Neuroblastoma Teratoma

Congenital mesoblastic Congenital mesoblastic

nephroma nephroma

Wilms tumor Astrocytoma (glioblastoma

Hepatoblastoma multiforme)

Cardiac rhabdomyoma Cardiac rhabdomyoma

Astrocytoma (glioblastoma Cardiac myxoma

multiforme) Cardiac fibroma

Primitive neuroectodermal Polyhydramnios

tumor TeratomaLymphangioma (cystic Hemangioma

hygroma) Congenital mesoblastic

Hemangioma nephroma

Neurofibroma Wilms tumor

Astrocytoma

Bronchopulmonary

myofibroblastic tumor

Source: Arceci RJ, Weinstein HJ [10]; Isaacs H Jr [1].

TABLE 1.4. Examples of syndromes and congenital
malformationsassociated with childhood tumors.

Malformation or syndrome Neoplasm

Beckwith-Wiedemann Wilms tumor

syndrome and Adrenocortical adenoma

hemihypertrophy Adenocortical carcinoma

Hepatoblastoma

Pancreatoblastoma

Aniridia Wilms tumor

Genitourinary system anomalies Nephroblastomatosis

and Perlman syndrome Wilms tumor

Hirschsprung disease Neuroblastoma

Poland syndrome Leukemia

Drash syndrome Wilms tumorTuberous sclerosis Cardiac
rhabdomyoma

Angiomyolipoma

Astrocytoma

Multiple endocrine Thyroid medullary carcinoma

neoplasia (MEN-2) Pheochromocytoma

Submucosal neuromas

Nevoid basal cell carcinoma Basal cell carcinoma

(Gorlin) syndrome Medulloblastoma

Ovarian fibroma

Cardiac fibroma

Wiskott-Aldrich syndrome Lymphoma

Bloom syndrome Leukemia

Down syndrome Leukemia

Source: Bolande RP [28]; Mulvihill JJ [20]; Isaacs H Jr [1].

TABLE 1.5. Examples of chromosomal anomalies associated with

childhood tumors.

Chromosomal defect Childhood tumor

1p del, p32p36del, double minutes Neuroblastoma

11p13 del , trisomy 18 Wilms tumor13q14 del Retinoblastoma

Osteosarcoma

Trisomy 21 (Down syndrome), Leukemia

monosomy 7, t(11q23), t(1;22), Gonadoblastoma

t(9;11)

Gonadal dysgenesis (46,XY; Germinoma

45X/46,XY)

Klinefelter syndrome (XXY) Teratoma

t(11;22)(q24;q12), t(21;22) Ewing sarcoma and primitive

t (1;13) t(2;13) neuroectodermal tumor (PNET)

del 1q Alveolar rhabdomyosarcoma

Astrocytoma

Source: Mulvihill JJ [20]; Isaacs H Jr [1].
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tumors occurring during the first year of life are
essentially

the same histologically as those found later on, but the
order

of frequency of the neoplasms in the two age groups is dif-

ferent. Leukemia-lymphoma, brain tumors, neuroblastoma,

and soft tissue sarcomas, in decreasing order of occurrence,

are the more common neoplasms found in older children and

adolescents less than 15 years of age [14].
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Germ cell tumors are a varied group of benign and malignant

neoplasms derived from primordial germ cells [1–6] (Figure

2.1). They occur in several different sites, both gonadal
and

extragonadal, the latter in midline locations such as the
sacro-

coccygeal, retroperitoneal, mediastinal, cervical, and
pineal

regions. Most germ cell tumors of the fetus and infant are
his-

tologically benign and are diagnosed as either mature or im-

mature teratomas (Table 2.1). Yolk sac tumor (endodermal

sinus tumor) occurs alone or in association with infant ter-

atomas. Yolk sac tumors of the sacrococcygeal area and
testis

are far more prevalent than those arising from the cervix or

vagina [1,2,5–8]. Neither germinoma nor choriocarcinoma

has been described in association with infant teratomas
[5,8].

Primary or metastatic choriocarcinoma may present in the

newborn or infant with widespread metastases, elevated
chori-

onic gonadotropin levels, and severe bleeding tendencies

[6,9,10] (Table 2.1).

The classification of germ cell tumors by The World Health

Organization (WHO) is the foundation for most contempo-

rary classifications [4] (Table 2.2). According to this
classifi-

cation, germ cell neoplasms are divided into seven
histologi-

cal types: dysgerminoma (or seminoma), yolk sac tumor,

embryonal carcinoma, polyembryoma, choriocarcinoma, ter-

atoma, and mixed germ cell tumors [4]. Sometimes the all-

inclusive term “germinoma” is applied to seminoma, dysger-

minoma, and pineal germinoma, since all three are similar in

microscopic appearance. Gonadoblastoma, a neoplasm typi-

cally found in dysgenetic gonads, is listed as a separate
cat-

egory of ovarian tumors, although germ cells are present in

addition to Sertoli cells [1,4,11].

Teratomas

Teratoma is defined as a true tumor composed of multiple
tis-

sues foreign to, and capable of growth in excess of, those
char-

acteristic of the part from which it is derived [5]. However
it

is sometimes difficult to make a distinction between
teratomas

and structures that result from abortive attempts at
twinning.

An even progression can be traced from normal twins to con-

 joined twins, parasitic twins, and fetus-in-fetu [5].
Careful

studies reveal a break in the progression from an oriented,

longitudinal, partially symmetrical structure of a twin to
the

 jumbled, disordered, irregular growth of a teratoma in
which

one, two, or three tissues predominate [5]. Despite the ap-

parent progression from twins to fetus-in-fetu to teratomas,

some investigators deny a relationship. The distinction is

based primarily on the fact that teratomas are capable of
in-

dependent growth, whereas structures included under malfor-

mations are limited in their potentiality for growth to a
rate

similar to the part of the body they resemble [5].

Teratomas are observed in several locations at birth, but
the

most common sites are the sacrococcygeal area and neck 

[2,5–7,12–14] (Figures 2.2–2.4). Other locations are the
brain,

pineal gland, retroperitoneum, anterior mediastinum, stom-

ach, heart and pleura, pharynx, base of the skull, upper
jaw,

gonads, pelvis, liver, and subcutaneous tissue [5,12–19]
(Fig-

ures 2.5–2.11). The types of tissues found in fetal and
infant

teratomas are practically the same regardless of the site of

origin.

Teratomas may be discovered as unexpected or incidental

findings on routine prenatal or neonatal imaging studies, in
a

5

2Germ Cell Tumors
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Germ cell

Embryonal carcinoma

Yolk sac tumor Choriocarcinoma Teratoma

Extraembryonictissues

Embryonic ectoderm,mesoderm, endoderm

Germinoma†,polyembryoma,sex cord stromal
tumor,gonadoblastoma

Tumors of totipotential cells

FIGURE 2.1. Origin of germ cell tumors; † indicates inclusion of
dysgerminoma and seminoma. (From Teilum G [3], with
permission.)

TABLE 2.1. Clinicopathological features of fetal and infant germ
cell tumors.

Tumor Clinical findings Pathological findingsa

Teratoma Mass at site of origin (e.g., sacrococcygeal, Tissues
derived from all three germ layers

cervical areas) Immature teratoma: immature neuroglial and
neuroepithelial

tissues

Fetus-in-fetu Fetiform mass found most often in Mature tissues
and vertebral axis present

retroperitoneal area

Yolk sac tumor Gonadal or sacrococcygeal mass; associated Six
histological patterns; reticular and papillary most common

with sacrococcgeal or other teratomas ones in infants;
perivascular Schiller-Duval bodies; PAS

hyaline droplets; FP cytoplasms

Embryonal carcinoma Mass alone or associated with a teratoma
Embryonal epithelial cells with large vesicular nuclei and big

nucleoli; solid, papillary, and glandular patterns; tumor cells
for placental alkaline phosphatase and cytokeratin; FP;

syncytiotrophoblastic hCG giant cells

Polyembryoma Gonadal or sacrococcgeal mass; found in Tiny
embryoid bodies with two vesicles resembling amniotic

combination with yolk sac tumor and yolk sac cavities separated
by a two- to three-cell-layer

embryonic disk; FP and hCG

Choriocarcinoma Abdominal mass, widespread metastases Soft,
hemorrhagic, necrotic mass; cytotrophoblasts and giant

on imaging studies; severe bleeding syncytiotrophoblasts with
cells intermediate between the two;

tendencies; increased serum and urinary hCG,b cytokeratin, and
placental lactogen

hCG

Gonadoblastoma Gonadal dysgenesis, 46,XY or 45,X0/46,XY
Malformed gonad(s) (e.g., streak ovary, with small, tan

karyotype calcified nodules; large germ cells encircled by
smaller,

round, darkly staining Sertoli cells forming microfollicles

with hyaline bodies and foci of calcification)

a FP, -fetoprotein; hCG, human chorionic gonadotropin; PAS,
periodic acid–Schiff reaction.b See text for exact details of
immunohistochemical findings.

Source: Isaacs H Jr [6]; Scully RE, Young RH, Clement PB
[4].
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FIGURE 2.2. Solid sacrococcygeal teratoma.

Sonography at 30 weeks gestation revealed an

abnormality in the sacral region. Shortly beforedelivery fetal
distress was noted and a cesarean

section was performed. (A) The 4.4 kg female

was born at 37 weeks gestation with a large

sacrococcygeal tumor. (B) The tumor excised at

1 day of age weighed 1.5 kg (one third the

baby’s birth weight) and measured 15 13

10 cm3. The bisected tumor reveals a cut surface

with a variegated solid and cystic appearance.

Skin partially covers the periphery of the spec-

imen. Microscopically the tumor consists of im-

mature neuroglial elements in addition to a va-

riety of mature tissues characteristically found

in these teratomas (see Figures 2.12–2.19).

TABLE 2.2. WHO histological classification of germ cell
tumors.

1. Dysgerminoma 5. Choriocarcinoma 3. Monodermal

Variant with syncytiotrophoblast cells 6. Teratomas Struma
ovarii

2. Yolk sac tumor (endodermal sinus tumor) 1. Immature
Carcinoid

Variants Polyvesicular vitelline tumor 2. Mature Mucinous
carcinoid

Hepatoid Solid Neuroectodermal tumors (specify type)

Glandular (“endometrioid”) Cystic (dermoid cyst) Sebaceous
tumors

3. Embryonal carcinoma With secondary tumor (specify type)
Others4. Polyembryoma Fetiform (homunculus) 4. Mixed germ cell
tumors (specify types)a

a For example, immature teratoma yolk sac tumor.

Source: Scully RE, Young RH, Clement PB [4].
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FIGURE 2.3. Cystic sacrococcygeal teratoma. (A) In this
12-day-old,

4.5 kg female, product of a full-term gestation, delivered by
cesar-ian section because of dystocia, the external genitalia and
anus are

displaced anteriorly by the mass. (B) Gross specimen, 1090 g,
18.5

12.4 9.8 cm3, consisted mostly of a large cyst partially
covered

by skin. The cyst was filled with 900 mL of clear fluid, which
was

drained prior to removal. Microscopically the teratoma
consistedof both mature and immature tissues. (From Isaacs H Jr
[7], with

permission.)
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FIGURE 2.4. Thyrocervical teratoma. (A) Two-week-old male with
a

gigantic teratoma arising from the neck producing maternal
dystocia.

(B) The specimen weighed 1184 g and measured 24 15 8 cm3,

consisting both of mature and immature neural tissue in addition
to

cartilage, respiratory, and gastrointestinal epithelium. (From
Isaacs

H Jr [7], with permission.)
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FIGURE 2.5. Epignathus. (A) A 4-day-old, full-term male infant
with

a solid teratoma attached to the right side of the hard palate.
(B) The

specimen consists mostly of fat. There is an appendage-like
protru-

sion sticking out on the left side. The central nodular area is
com-

posed of mature tissues consisting of brain, gastrointestinal
tract, and

bone. Although the tumor is suggestive of “fetus-in-fetu”
micro-

scopically, neither a well-defined vertebra nor structural
organiza-

tion of the tissue components was found. (From Isaacs H Jr
[35],

with permission.)
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FIGURE 2.6. Pharyngeal teratoma with great distortion of the
facial region. (A) Lateral view of the body surface. (B) Sagittal
section throught

the midline showing the extent of the tumor. (From Isaacs H Jr
[5], with permission.)
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FIGURE 2.7. Nasopharyngeal dermoid (“hairy” polyp).
Intermittentrespiratory distress related to positioning of the baby
was noted

shortly after birth. Laryngoscopy revealed a fingerlike
projection pro-

truding from and obstructing the nasopharynx. (A) Radiograph

shows a bright white mass within the nasopharynx and
oropharynx

with signal characteristics of fat. (B) Gross photograph showing
the

polypoid mass covered by skin with smaller, lateral projections.
(C)

Histologically the polyp consists only of skin with hair
follicles,

fat, and cartilage, not shown in this field. Hematoxylin and
eosin

(H&E); 63.

A

C

B
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FIGURE 2.8. Mediastinal teratoma. A 4-month-old male was
evalu-

ated for an upper respiratory infection and a mediastinal mass
was

discovered on a chest radiograph. (A) Chest radiograph showing
the

mass. (B) The teratoma was attached to the thymus and consisted
of 

both mature and immature tissues. (From Ablin A, Isaacs HI Jr
[36],

with permission.)

A
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FIGURE 2.9. Gastric teratoma. A 4-month-old male with
vomiting,

feeding problems, and an abdominal mass. (A) Intravenous
pyelogram

depicts a tumor arising from the lesser curvature of the body of
the

stomach. (B) The cystic and solid tumor measured 16 14 cm2
and

contained immature neuroglial tissue, skin, choroid plexus,
gastro-

intestinal and respiratory epithelium, and cartilage.

A
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FIGURE 2.10. Retroperitoneal teratoma. The pa-

tient was a 2-month-old male with a history of 

constipation, progressive abdominal distension,

and an enlarging abdominal mass since birth.

(A) The infant’s protuberant abdomen and tu-

mor are outlined. (B) The abdominal imaging

study reveals compression of the intestine by a

large retroperitoneal mass. (C) The specimen,

799 g, 15 15 6 cm3, consists of solid and

cystic areas. Both mature and immature tissue

elements are present histologically.


	
8/16/2019 Tumors of the Fetus and Infant-An Atlas.pdf

26/434

stillborn, during a newborn physical examination, or later
on

during a routine follow-up visit or for some other unrelated

clinical problem. Internal teratomas arising from the medi-

astinum, pericardium, and retroperitoneum are examples [6].

HistopathologyTeratomas are composed of tissues representing
each of the

three layers derived from the embryonic disk [1,2,4,20]
(Fig-

ures 2.12–2.19). Endodermal components are the least com-

mon, but at times intestinal or gastric mucosa is remarkably

well developed and may be surrounded by muscle layers. Ec-

todermal components, especially brain tissue, make up a
large

portion of most teratomas that are present at birth and are

more prominent in these than in such tumors discovered later

in life. This is particularly true of the sacral and
coccygeal

groups. The tissue of these tumors for the most part resem-bles
neuroglia, although ganglion cells and cavities lined by

cells simulating ependyma and choroid plexus are not un-

common [5] (Figures 2.12 and 2.13).

16 2. Germ Cell Tumors

FIGURE 2.11. Teratoma of the testis. A testicular mass, 7.5 5
cm2,

was found in an infant during a routine bilateral inguinal
hernia re-

pair. The gross photograph shows a tumor composed of skin,
white

sebaceous material, and a variety of tissues. In addition to
skin, bone,

and gastrointestinal tract epithelium, immature neuroglial
elements

were present histologically.

FIGURE 2.12. Teratoma with skin, neuroglial tissue, and choroid
plexus. H&E; 50. Most teratomas contain these three tissues,
which werefound in the tumors described in Figures 2.2 through 2.6
and 2.8 through 2.11.
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FIGURE 2.13. Neuroglial tissue, which is frequently noted in
both mature and immature teratomas. Section was taken from a mature
ter-

atoma of the testis. H&E; 150.

FIGURE 2.14. Photomicrograph of a mediastinal teratoma composed
of mature neuroglial tissue with cysts lined by a variety of
epithelia,

in addition to cartilage and salivary gland. H&E; 50.
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FIGURE 2.15. Mature sacrococcygeal teratoma with small bowel and
cartilage components. H&E; 50.

FIGURE 2.16. Trabeculae of bone from a testicular teratoma. Bone
is often present in mature teratomas. H&E; 120.
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FIGURE 2.17. Mature sacrococcygeal teratoma with pancreas
containing both acini and islets of Langerhans. H&E; 120.

FIGURE 2.18. Mature sacrococcygeal teratoma with liver and
primitive gut. H&E; 50.
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The immature teratoma consists primarily of embryonic-

appearing neuroglial or neuroepithelial components, which

may coexist with mature tissues. They may display a worri-

some histological appearance because of their hypercellular-

ity, nuclear atypia, and increased mitotic activity
(Figures2.20–2.24). In most instances immature teratomas, high
grade

or otherwise, occurring in the fetus and infant are
associated

with a favorable prognosis [7,12,21]. The presence of micro-

scopic foci of yolk sac tumor rather than the grade of imma-

ture teratoma per se is the only valid predictor of
recurrence

in pediatric immature teratomas at any site [21] (Figure
2.25).

Therefore, grading of immature teratomas in the young is un-

necessary at any site [6,21].

The neuroectodermal components of a teratoma are vari-

ably immunoreactive for one or more neural markers includ-

ing glial fibrillary acidic protein (GFAP), neuron-specific
eno-

lase (NSE), S-100, neurofilament protein, synaptophysin,nerve
growth factor receptor, glial filament protein, myelin

basic protein, and polysialic acid [4]. -Fetoprotein immuno-

reactivity in immature teratomas is usually confined to he-

patic tissue, intestinal type epithelium, and yolk sac tumor,
if 

present [4]. DNA ploidy, p53, and ret expression in
teratomas

are discussed by Herrmann et al. [20]. Occasionally tissues

other than neural in origin, such as nodular renal blastema,

are found in the immature teratoma [2,5].

Epidermis and dermal structures including hairs and seba-

ceous and sweat glands and fairly well developed teeth are

generally present. Varieties of epithelium include columnar,

pseudostratified, stratified, ciliated and nonciliated,
secretory

and nonsecretory. Glands in addition to those derived from
the

skin include salivary, thyroid, pancreas, and adrenal.
Tissues

resembling kidney, liver, and lung are rare. Mesodermal com-

ponents such as fat, cartilage, bone, and muscle are present
in

almost all congenital teratomas [5] (Figures 2.12–2.19).

Fetus-in-Fetu

Fetus-in-fetu is defined as a pedunculated mass with verte-

brae or notochord and structural organization exceeding that

of a teratoma (but less than that of a twin) [2,5,12,22,23].
The

retroperitoneum is the most common site (Figure 2.26). Both

fetus-in-fetu and teratoma may occur together in the same
in-

dividual, although this rarely happens, and a family history

of twining is noted in some patients with teratomas [5,12].

Fetus-in-fetu has been detected by prenatal ultrasonography

[23,24]. An abdominal retroperitoneal mass is the most com-mon
radiological and clinical finding [24] (Figure 2.26).

Moreover, it is reported in association with an undescended

testis, presenting as an abdominal mass and also within the

liver [22].

Fetiform teratoma (homunculus) is a rare variant of ter-

atoma resembling a malformed human fetus [4,5]. The cau-

dal end of the homunculus including the lower extremities is

typically more highly developed than in the cephalic
portion.

This tumor is distinguished from the more highly developed

fetus-in-fetu [4]. Most cases of fetus-in-fetu are found in
in-

fants. In contrast to a homunculus, the fetus-in-fetu
typically

contains a highly developed, segmented vertebral column [4].

20 2. Germ Cell Tumors

FIGURE 2.19. Nephrogenic tissue is an uncommon component of
teratomas; section taken from an immature mediastinal teratoma.
There

is a small cluster of ganglion cells along the left lower
margin. H&E; 50.
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FIGURE 2.20. Immature cerebellar teratoma with ependymal
rosette–

like neuroglial elements. The main component of immature
ter-

atomas regardless of location are neuroglia elements, which may
be

derived from brain germinal matrix, ependyma, choroid plexus,
or

eye. In most instances the presence of immature neuroglial
elements

in a fetal or newborn teratoma is not associated with an
unfavorable

prognosis. H&E; 50.

FIGURE 2.21. Higher power view of an ependymal rosette with foot
processes. H&E; 150.
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FIGURE 2.22. Immature cervical teratoma with neuroepithelial
elements forming primitive ependymal-like canals. Similar
structures are pre-

sent in the immature mediastinal and gastric teratomas depicted
in Figures 2.8 and 2.9, respectively. H&E; 50.

FIGURE 2.23. Immature cerebellar teratoma with germinal
matrix–

like cells having the appearance of a primitive neuroectodermal
tu-

mor. Note the numerous small dark round and spindle-shaped
cells

separated by fibrillar material (neuropil), which are
histological fea-

tures similar to those observed in both neuroblastoma and
medul-

loblastoma. Foci of these immature elements blend in with more
ma-

ture, recognizable neuroglial tissue, which is helpful in
establishing

the diagnosis of an immature teratoma. H&E; 150.
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FIGURE 2.24. Immature cerebellar teratoma with pigmented optic
cup–like structures. Heavily pigmented epithelium, consistent with
reti-

nal epithelium, is present along the right margin of the
vesicle. H&E; 150.

FIGURE 2.25. Subtle yolk sac tumor elements in a teratoma.
Photo-

micrograph taken from an immature sacrococcygeal teratoma
re-

moved from a 6-day-old male. Small clusters of yolk sac tumor
cells

are sprinkled throughout the tumor mesenchyme. If not
dilligently

searched for, these tiny foci of malignant cells can easily be
missed.

The malignant tumor cells stain positively for -fetoprotein,
which

is an aid in confirming the diagnosis. H&E; 150.
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FIGURE 2.26. Fetus-in-fetu. Radiographs of a retroperitoneal
mass re-

sembling a fetus in a 1-year-old child. (A) Before removal from
the

abdomen. (B) After removal. (C) External surface of the mass
shown

in (A). (C) Before removal of the outer covering. (D) After
removal

of outer covering. (E) Sagittal section shows well-developed
verte-

bra, spinal nerves, base of skull, and cystic brain. The large
black 

convoluted structure is intestine filled with blood. (F) Cross
section

of intestine showing the presence of all muscle layers.
Auerbach

plexus appears identical to that of normal intestines. (From
Isaacs H

Jr [5], with permission.)

FE
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Yolk Sac Tumor

The yolk sac tumor (endodermal sinus tumor) is a malignant

germ cell neoplasm characterized by a variety of distinctive

morphological patterns, some recapitulating phases in the
em-

bryonic development of the normal yolk sac [3,4]. Enteric
and

hepatic differentiation suggests origin of the primitive gut
andits derivatives from the yolk sac during embryogenesis [4].
It

is the dominant malignant germ cell tumor of infants and
chil-

dren [5,8]. More arise from the sacrococcygeal area than
from

any other location during the first year of life. Less
common

primary sites in this age group are the testis, pelvic
retroperi-

toneum, and vagina, but practically never the ovary.

Yolk sac tumors have a slimy, pale tan-yellow gross ap-

pearance with grayish-red foci of necrosis and small cyst
for-

mations. Generally they are very soft and mushy, falling
apart

upon removal. When the testis is involved, most of it is re-

placed by tumor, leaving a barely recognizable thin rim
of 

light tan parenchyma (Figure 2.27).Six or more histological
patterns of yolk sac tumor have

been described: papillary, reticular, solid, polyvesicular

vitelline, hepatoid, and glandular including the
endometrioid-

like pattern [1,3,4,8]. The most common one is the reticular

pattern, which consists of tumor cells with clear cytoplasms

arranged in a network, as the name implies, distributed
about

spaces containing vacuolated pink-staining material (Figure

2.27B–E). The papillary form is composed of papillary pro-

 jections with or without the classical perivascular
endoder-

mal sinus structures (Schiller-Duval body) (Figure 2.27C).

Embryoid bodies are found in some yolk sac tumors
(Figure2.28).

Immunohistochemistry is helpful in establishing the diag-

nosis of yolk sac tumor [4]. Generally the tumor cell cyto-

plasms are immunoreactive, either focally or diffuse, with

-fetoprotein, -1-antitrypsin and cytokeratin but not with

epithelial membrane antigen (Figure 2.27E). Most hyaline

droplets, which are periodic acid–Schiff (PAS) positive and

diastase resistant, stain variably with either -fetoprotein
or

-1-antitrypsin. -Fetoprotein, a useful biological marker

present in the serum of these patients, can be used to moni-

tor for the presence of recurrence and/or metastases and the

effect of chemotherapy [1,4,25]. The lungs and liver are
thesites of metastases (Figure 2.29). It is important to
remember

that normally the serum -fetoprotein level is markedly ele-

vated in the newborn, attaining normal levels at about 4

months of age [26] (Table 2.3).

Yolk Sac Tumor 25
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FIGURE 2.27. Yolk sac tumor of the testis: 11-month-old male
with

a scrotal mass. (A) The bisected testicular tumor and attached
sper-

matic cord. (B) Photomicrograph reveals the characteristic
papillary

pattern of yolk sac tumor with perivascular endodermal sinus
struc-

tures (Schiller-Duval body) (arrow). H&E; 120. (C) Higher
mag-

nification of the papillary and endodermal sinus structures.
Droplets

of hyaline staining material (H&E) representing -fetoprotein
are

present (arrows). 380. (D) Histological section showing the
retic-

ular (networklike) pattern. Two small, immature testicular
tubules

are present near the lower magin of the photograph. H&E;
120.

(E) Tumor cells react with -fetoprotein immunoperoxidase.
300.

26 2. Germ Cell Tumors
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FIGURE 2.27. (Continued )
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FIGURE 2.29. Sacrococcygeal teratoma with yolk sac tumor
metastases. Yolk sac tumor is the most common malignant component
of sacro-coccygeal teratomas; the malignancy occurs in about 10% of
these tumors at this location. (A) Lung metastases. (B) Liver
metastases.

FIGURE 2.28. Embryoid bodies associated with yolk sac tumor:

1-year-old male with a yolk sac tumor of the testis. The
embryoid

body, upper right corner, resembles a tiny embryo consisting of
two

vesicles suggestive of yolk sac and amniotic cavity separated by
a

two- to three-cell-layer embryonic disk. H&E; 300.

A
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Gonadoblastoma

Although gonadoblastoma typically arises from within a dys-

genetic gonad, there are a few case reports of this tumor
oc-

curring in apparently normal testes [4,27,28]. The affected
go-

nad may be of an indeterminate nature, a streak ovary, or a

dysgenetic undescended testis [4,11,27]. Most patients withthis
tumor have a 46,XY or a 45,X0/46,XY mosaic karyotype.

Grossly the tumor consists of one or more small, firm, tan

nodules characteristically containing flecks of
calcification

that can be appreciated on imaging studies. The distinctive

histological features of gonadoblastoma are large germ cells

surrounded by smaller, round, darkly staining Sertoli cells

forming microfollicles with hyaline bodies and calcium de-

posits [3,4,6,11,27] (Figures 2.30 and 2.31).

TABLE 2.3. Average normal serum -fetoprotein levels

in the newborn and infant.

Age Mean SD (ng/mL)

Premature 134,734 41,444

Newborn 48,406 37,718

Newborn–2 weeks 33,113 32,503

Newborn–1 month 9,452

12,6102 weeks–1 month 2,654 3,080

2 months 323 278

3 months 88 87

4 months 74 56

Source: Wu JT, Book L, Sudar K [26]. Used with permission.

FIGURE 2.30. Gonadoblastoma arising from a dysgenetic gonad.
The

patient was a 7-year-old, 45,X0/46,XY child with ambiguous
geni-

talia. (A) The left side of the field depicts the morphological
fea-

tures of a “streak gonad.” H&E; 75. Several microfollicles,
some

with calcification, are present. (B) Higher magnification
reveals that

the microfollicles are composed of nests of large germ cells
andsmaller, dark round to oval Sertoli cells. Some cell nests
contain

round spaces filled with hyaline-staining material. H&E;
150. Ac-

cording to Teilum, gonadoblastoma recapitulates the structure of
the

fetal gonad [3]. Multiple foci of calcification form in the
microfol-

licles, which can be appreciated grossly by a gritty sensation
on sec-

tion and also on imaging studies. (Courtesy of Rob Newbury,
M.D.,

Department of Pathology, Children’s Hospital, San Diego.)
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FIGURE 2.31. Gonadoblastoma arising from a dysgenetic gonad.
The

patient was a dysmorphic 4-month-old child with tetralogy of
Fal-

lot, ambiguous genitalia, and a karyotype of 45,XO/46,XY.
During

a bilateral herniorrhaphy, an undescended “streak” gonad,
measur-

ing 2 1.3 cm2, was found on the right side and an
undescended

immature testis, 1.5 1.5 cm2, was noted on the left. Tumor
was

present only in the streak gonad. The photomicrograph shows
an

early stage of gonadoblastoma consisting of nests of large germ
cells

and smaller, dark round to oval Sertoli cells situated in
lobules sur-

rounded by fibrous ovarian stroma. A focus of calcification is
pre-

sent. H&E; 75.

30 2. Germ Cell Tumors
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FIGURE 2.32. Presacral teratoma with embryonal carcinoma and
yolk 

sac tumor. The patient was a 1-year-old female with a large
presacral

mass. Microscopically the tumor contains neuroglial tissue,
cysts

lined by squamous and respiratory epithelium, and nodules of
carti-

lage. In addition there is a malignant germ cell tumor
component

composed of both yolk sac tumor (mostly) and focal embryonal
car-

cinoma. The latter consists of sheets of large, pleomorphic,
anaplas-

tic epithelial cells with vesicular nuclei and prominent
nucleoli.

H&E; 300.

Embryonal Carcinoma

Embryonal carcinoma is a malignant germ cell tumor char-

acterized by large primitive epithelial cells resembling
those

of the embryonic germ disk [4,8]. It is far less common than

yolk sac tumor and is seldom described in the first year
of 

life. It occurs alone or in combination with a teratoma.
Pa-tients with this malignancy may have elevated serum human

chorionic gonadotropin (hCG) and -fetoprotein levels, which

are useful in detecting recurrent tumor and/or metastases
and

in monitoring the effects of chemotherapy.

Grossly embryonal carcinoma has a variegated cut surface

with light tan-gray to yellow soft areas with extensive hem-

orrhage and necrosis. Microscopically the tumor consists
of 

embryonal-appearing epithelial cells with large vesicular
nu-

clei, characteristic big nucleoli-forming solids, and
papillary

and glandular patterns [4,8] (Figure 2.32). Frequent
mitoses,

hyaline droplets similar to those found in yolk sac tumors,

and syncytiotrophoblastic giant cells are variably present
[4].

The tumor cells are immunoreactive with cytokeratin
andplacenta-like alkaline phosphatase and unreactive with ep-

ithelial membrane antigen [4]. Immunoreactivity with -

fetoprotein is variable and is present in less than half the
cases.

When present, the syncytiotrophoblastic cells are immunore-

active with hCG [4].
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Polyembryoma

Polyembryoma is a very uncommon, unusual germ cell tumor

of the gonads characterized by the presence of embryoid bod-

ies, which resemble presomite embryos [3,4]. Polyembryoma

occurs alone or in combination with infant yolk sac tumor

[4,6]. Patients may present with a sacrococcygeal or gonadalmass
and elevated serum levels of hCG and/or -fetoprotein

[4]. Microscopically the embryoid bodies are similar to tiny

embryos composed of two vesicles resembling yolk sac and

amniotic cavity separated by a two- to three-cell-layer em-

bryonic disk (Figure. 2.28). The polyembryoma stains posi-

tively for hCG and -fetoprotein, suggesting both embryonic

and extraembryonic differentiation [4].

Dysgerminoma and Choriocarcinoma

To my knowledge primary dysgerminoma (germinoma) hasnot been
described in the first year of life, either alone or in

combination with a teratoma [1,5]. Choriocarcinoma presents

in the newborn or infant as either metastases secondary to a

placental choriocarcinoma [9,29] or as a primary tumor aris-

ing from a variety of locations as the liver, lung, brain,
kid-

ney, and maxilla [4]. The most common site is the liver,
fol-

lowed by the brain and lung [10] (Figure 2.33).
Approximately

25% of infants have symptoms at birth [10].

Grossly choriocarcinoma consists of friable, pale tan-gray

hemorrhagic tissue (Figure 2.33). Histologically, it is com-

posed of two main components, cytotrophoblasts and syncy-

tiotrophoblasts, with cells intermediate between the two
[4,8]

(Figure 2.34). Cytotrophoblasts consist of large, round

cuboidal cells with variable vesicular central nuclei and
clear

cytoplasm. Syncytiotrophoblasts form syncytia or knots sim-ilar
to those of the placental villi; they are much larger cells,

with abundant pink, vacuolated cytoplasm and large, hyper-

chromatic irregular nuclei. Cytotrophoblasts and
syncytiotro-

phoblasts are found adjacent to one another and situated
next

to dilated vascular sinusoids (Figure 2.34C). Extensive ne-

crosis and hemorrhage are characteristic both grossly and

microscopically. Vascular invasion is a prominent feature

[4,8,9,29] (Figure 2.34C). The syncytiotrophoblastic cells
are

immunoreactive for cytokeratin, hCG, human placental lac-

togen, and pregnancy-specific  -1-glycoprotein; the
cytotro-

phoblast is reactive with cytokeratin; and the intermediate

trophoblast with cytokeratin, human placental lactogen,
andpregnancy-specific  -1-glycoprotein [4].

The diagnosis of choriocarcinoma should be considered in

a young infant manifesting bleeding tendencies (e.g., he-

matemesis, hemoptysis, and anemia) accompanied by hepato-

megaly, lung metastases, and elevated urinary and plasma

chorionic gonadotropin levels. Infantile choriocarcinoma is
an

invariably rapidly progressive disease. There are only a few

reports of successful treatment [10].

FIGURE 2.33. Choriocarcinoma in the brain of a newborn
(metastases from a placental choriocarcinoma). A large hemorrhagic
mass occu-

pies the cerebral cortex. (From Isaacs H Jr [5], with
permission.)
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FIGURE 2.34. Choriocarcinoma. (A) Cytotro-

phoblasts occupy the right half of the field; giant

multinucleated syncytial trophoblasts are noted

on the left. H&E; 300. (B) Cytotrophoblasts

with large vesicular nuclei, prominent nucleoli

and vacuolated to granular cytoplasms are

shown. Larger cells intermediate between cyto-

tophoblasts and syncytial trophoblasts are pre-

sent. Featured prominently are foci of necrosis.

H&E; 300. (C) Vascular invasion is charac-

teristic of this tumor. Tumor cells tend to line up

along vascular channels. H&E; 120.
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Non–Germ Cell Gonadal Tumors

Tumors of the ovary and testes are rare in the fetus and
infant

[12,30]. Approximately 6% of childhood testicular tumors
have

been reported in the neonate [30]. Most primary tumors of
the

testis in older infants children are of germ cell origin,
namely,

teratoma and yolk sac tumor, and occasionally gonadoblastoma

[6,30]. On the other hand, juvenile granulosa cell tumor has

about the same incidence as germ cell tumors in the newborn

testis [30] (Table 2.4). Ovarian cysts are far more common
than

ovarian tumors in the fetus and infant (Figure 2.35).

TABLE 2.4. Twenty-two neonatal testis tumors recorded in the

prepubertal testis tumor registry.

Number of 

Tumor Cases   24 h 1–30 days

Yolk sac tumor 6 1 5

Teratoma 1 1

Gonadal stromal tumor 6 4 2Juvenile granulosa tumor 6 2 4

Gonadoblastoma 2 2

Hamartoma 1 1

Totals 22 7 15

Source: Levy DA, Kay R, Elder JS [30]. Used with permission.

Presentation

FIGURE 2.35. Follicular cyst of the ovary: 3-week-old female
with an

abdominal mass. (A) The left ovary was replaced by a 6 4.5
cm2,

40 g cystic structure containing brown cloudy fluid and old
blood

clot. (B) Atrophic ovary and cyst wall containing foci of
necrosis,

calcification, old hemorrhage, and fibrosis. The histological
findings

are consistent with an old torsion (probably in utero) of a
large fol-

licular cyst followed by infarction. H&E; 60.
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Juvenile Granulosa Cell Tumor

Although the gonadal stromal tumors (juvenile granulosa
cell,

Sertoli cell, theca, and Leydig cell tumors) occur more fre-

quently in adults than in infants and children, juvenile
gran-

ulosa cell tumor is not only the foremost stromal tumor but

also the leading gonadal tumor overall in the perinatal
period[30–32].

The juvenile granulosa cell tumor of the testis is histolog-

ically analogous to its ovarian counterpart and similarly
be-

haves clinically in a benign fashion. A favorable outcome
for

the infant can be anticipated with orchiectomy or oophorec-

tomy alone as the sole treatment [32]. Testicular
enlargement,

which is the most frequent sign, abdominal swelling, torsion

of the testis, an incidental finding in a hernia sac or at
necropsy

are the various presenting findings in the infant with this
tu-

mor [31,32].

Granulosa cell tumors of the ovary occur in the newborn

as well [33,34]. Bilateral tumors are reported in this age
group

and may be associated with such endocrinological manifes-tations
of sexual precocity as pigmented external genitalia and

endometrial hemorrhage [6,33].

Grossly the juvenile granulosa cell tumor is composed
of 

both solid and multiple cystic areas; some of the cysts are
very

large. Occasionally the involved gonad is replaced by numer-

ous multilocular cysts filled with clear fluid [31,32,34].
His-

FIGURE 2.36. Juvenile granulosa cell tumor of the testis
removed

from a 5-month-old male. (A) Diffuse infiltrates of granulosa
cells

containing large cystic follicles filled with pale-staining
secretiongiving the tumor a “Swiss Cheese”–like appearance.
H&E; 60.

(B) Higher magnification ( 400) showing a bubbly microcystic
ap-

pearance and tumor cells with mild nuclear atypia and nuclear
in-

folding. Some mitotic figures are present. H&E.
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tologically the neoplasm shows diffuse sheets of granulosa

cells and cystic follicles of various sizes with pale-staining
se-

cretion. The large cystic areas in some fields resemble
“Swiss

cheese” under low magnification (Figure 2.36A). The septa

contain spindle cells resembling ovarian stroma, and the
cysts

are lined by granulosa cells with clear cytoplasm. The
nuclei

are round and slightly hyperchromatic, without the
groovedappearance characteristic of the adult granulosa cell
tumor

(Figure 2.36B). Marked nuclear atypia is seen in some tumors

accompanied by 5 to 7 mitoses per 10 high-power fields

[31,32,34]. The tumor cells and normal Sertoli and granulosa

cells stain positively for cytokeratin and vimentin. The
spin-

dle cells and normal peritubular myoid and theca externa
cells

react with vimentin, actin, and focally with desmin [31].
Ley-

dig cells and theca interna cells from normal infant ovaries
and

testes express only vimentin [31]. These studies appear to
con-

firm the concept that the granulosa tumor cells are related
to

ovarian and testicular stromal cells.
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Soft tissue tumors are relatively common in the first year
of 

life [1–17]. They are the source of a wide variety of
neoplasms

and tumorlike conditions often presenting as a palpable mass

(Table 3.1). Soft tissue tumors in the fetus and infant are
dif-

ferent in many respects from those of adults as far as their
in-

cidence, anatomical location, histopathology, and prognosis

are concerned [3,8,12,13,16]. Excluding hemangiomas and

lymphangiomas, they are the dominant group of tumors in in-

fants overall and are second in frequency following teratoma

in the newborn [11]. Neoplasms of fibrous connective tissue

(myofibroblastic) origin are the most prevalent ones [7,9,

13,14]. Approximately a third of all neonatal and infant
soft

tissue tumors are classified histologically as malignant.
The

major malignancies are rhabdomyosarcoma, fibrosarcoma,

primitive neuroectodermal tumor (PNET) and rhabdoid tumor

[3,5,7–10,13].

In the normal developing fetus and newborn, cells appear

immature to begin with, making the distinction between some

benign and malignant tumors difficult, as exemplified
partic-

ularly in the interpretation of soft tissue tumors, where the
di-

agnosis of sarcoma must be made with caution [9,10,13,14,

17,18]. Congenital mesenchymal tumors are seldom malig-

nant in spite of their large size or microscopic resemblance

to soft tissue sarcomas in adults [8,14]. Although a soft
tis-

sue lesion such as a hemangioma or fibromatosis is called
be-

nign microscopically, it may cause death as the result of
in-

volvement of a vital structure in the neck or thorax, for

example. In spite of this, most soft tissue neoplasms diag-

nosed in the first year of life, including some of the
sarco-

mas, deserve a conservative therapeutic approach and gener-

ally have a favorable outcome [8–10,14,17].

Vascular Tumors

Hemangioma

Vascular lesions are responsible for over two thirds of all
cases

of soft tissue tumors and tumorlike conditions in infants
and

children [12,19,20]. Of the vascular lesions, hemangioma,

lymphangioma and hemangiopericytoma comprise the ma-

 jority, in that order, during the first year of life [13]
(Figures

3.1–3.13).

Hemangiomas can proliferate in utero and present as fully

developed tumors at birth. These congenital lesions can

regress rapidly [21]. Hemangiomas in the newborn may be

single or multiple and are extremely variable in extent
(Fig-

ure 3.1). After birth they may remain the original size,
grow

with the body, or exhibit a more rapid growth. Many of those

in the skin are not noticed until the child is a few weeks
old

and are typically located on the head and neck (60%),
trunk 

(25%), or extremities (15%) [22]. Most regress after a lim-

ited period of growth and disappear by the end of the second

year. Although at times they are very cellular (e.g., the
solid,

cellular capillary hemangioma) and show little elaboration

into recognizable vascular structures, those present at
birth

have a favorable prognosis [14]. The skin is the most com-

mon site of hemangiomas, although they may be found in mu-

cous membranes, deep connective tissue, or internal organs

such as the liver, heart, and brain [13]. Cutaneous heman-

giomas are occasionally associated with similar lesions in
the

brain, liver, and other organs, and the term “diffuse heman-

giomatosis” is applied to this often fatal condition
[13,23].

Hemangiomas in the region of the distribution of the trigem-

inal nerve may be associated with vascular anomalies of the

choroid of the eye, the pia covering of the brain, and the
brain

itself in the area directly beneath the involved skin. Known

as the Sturge-Weber syndrome, this condition is associated

with other findings such as congenital glaucoma and buph-

thalmus, local thickening of the skull, atrophy of the body
on

the side opposite the cutaneous hemangioma, paralysis, apha-

sia, epilepsy, and mental retardation [14].

The hemangiomas associated with von Hippel-Lindau dis-

ease (cerebellar-retinal hemangiomatosis) may be present in

early life, but symptoms are rarely recognizable until the
sec-

ond decade [14]. The vascular lesions may be single or mul-

tiple, cavernous, or composed of masses of solid capillary
he-

mangiomata. They may involve the skin, cerebellum, retina,

spinal cord, and liver. Adenomas or cystic disease of the

37
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TABLE 3.1. Soft tissue tumors and tumorlike conditions of the
fetus and infant: distinguishing features.

Tumor Gross findings Histological findingsa

Fibromatosis Firm, light tan-gray to white, whorled cut Regular,
spindle-shaped fibroblastic cells with herringbone

surface; no necrosis or hemorrhage and storiform growth
patterns; no nuclear atypia; few

or no mitoses; vim

Digital fibromatosis Firm, light tan-gray nodule(s) on fingers
Regular, spindle-shaped fibroblastic cells with herringbone

or toes and storiform growth patterns; no nuclear atypia;
rare

mitoses; red paranuclear inclusions

Torticollis Firm, fibrous lump in sternocleidomastoid Time
dependent; early lesion resembles fibromatosis; late:

muscle; wry neck hypocellular interstitial fibrosis with muscle
fiber

atrophy and loss

Myofibromatosis Rubbery tan nodule with central congestion,
Regular spindle cells resembling smooth muscle cells

necrosis; single or multiple lesions and fibroblasts; central
blood vessels, necrosis and

calcification; vim , des , actin

Fibrous hamartoma Firm, light tan-gray mass; blends in with
Myxoid areas with with small spindle cells; fibrous areas;

of infancy surrounding fat tendonlike fibrous trabeculae; fat;
vim , des

Calcifying aponeurotic Poorly circumscribed, rubbery, gray-white
Bands of fibrous tissue with fibroblasts; hyalinized

fibroma nodule; gritty calcification collagen; vacuolated
chondrocytes calcification

Infantile fibrosarcoma Firm to gelatinous tan-gray cut surface;
foci Variable-sized, spindle-shaped cells with nuclear atypia;

of necrosis; larger than fibromatosis many mitoses; herringbone
and storiform patterns;

myxoid stroma; vim ; trisomy 11; EM: fibroblastic

cellsFibrous histiocytoma Firm yellow-tan encapsulated
Spindle-shaped fibroblasts; round to oval histiocytes;

herringbone and storiform patterns; nuclear atypia and

mitotic rate variable; EM: immature histiocytes and

fiboblasts; vim ; histiocyte markers

Juvenile xanthogranuloma Firm tan-gray to tan-yellow nodule
Well-differentiated histiocytes with eosinophilic or foamy

cytoplasms and vesicular nuclei; eosinophiles

prominent; multinucleated Touton giant cells; EM:

mature fibroblasts and histiocytes; vim , actin ;

CD68 ; CD1a ; factor VIIIa

Angiomatoid fibrous Red-brown mass with vascular, hemorrhagic
Vascular channels bordered by atypical histiocytes and

histiocytoma center fibroblasts; mitoses; peripheral lymphoid
nodules;

vim ; des ; calponin ; actin

Capillary hemangioma Tan-red nodules resembling lymph nodes;
Lobules of proliferating capillaries

skin most common siteCavernous hemangioma Large blood-filled
vascular channels in soft Vascular channels lined by regular
endothelial cells

tissue and filled with blood; thrombi common

Lymphangioma Hygroma: large cyst filled with lymph; Single large
cyst lined focally by endothelium or many

cavernous: collections of dilated cystically dilated
lymphatics

lymphatic channels filled with lymph

Infantile hemangiopericytoma Circumscribed, gray-tan to yellow,
bulging; Lobular vascular pattern with peripheral slitlike
vascular

foci of necrosis and calcification spaces; cells with round,
regular open nuclei; capillary

and pericyte reticulin patterns

Botryoid rhabdomyosarcoma Grapelike masses protruding from a
mucosal Polypoid projection covered by mucosa of site of
origin;

lined surface submucosal mantle layer of tiny
rhabdomyoblasts;

pale myxoid stroma; vim ; des

Embryonal rhabdomyosarcoma Soft, pale tan-gray, gelatinous; foci
of necrosis Spindle- and tadpole-shaped cells with cytoplasmic

and hemorrhage cross-striations; cellular areas alternating with
pale

myxoid areas; muscle markers ; EM: myofilaments;

11p del

Alveolar rhabdomyosarcoma Soft, pale tan-gray, gelatinous; foci
of necrosis Small-cell malignant tumor with an alveolar
pattern;

and hemorrhage muscle markers ; EM: myofilaments; [t(2;13)

(q35;q14)]

Spindle cell rhabdomyosarcoma Soft, pale tan-gray, gelatinous;
necrosis and Uniform spindle-shaped rhabdomyoblasts;
interdigitating

hemorrhage growth pattern; muscle markers ; EM: myofilaments

Lipoma Soft, light yellow circumscribed lobules of fat; Lobules
of mature fat cells surrounded by delicate

single or multiple sites fibrous septa

Lipoblastoma Light gray to yellow lobules of fat firmer than
Lobules of immature fat cells; vacuolated lipoblasts in

lipoma; single or multiple sites gray myxoid areas; S-100 ; EM:
developing white

fat cells (lipoblasts)

(continued )
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pancreas, liver, and kidney may also be present. The disease

is familial in approximately 20% of cases.

Patients with the Maffucci-Hast syndrome have enchondro-mas at
birth; capillary, cavernous, or solid hemangiomas in the

skin and subcutaneous tissue develop before puberty [14].

Capillary Hemangioma

A capillary hemangioma consists of anastomosing capillaries

with lumina lined by a single layer of endothelial cells. A
thin

sheet of such anastomosing vessels lying in the dermis pro-

duces a pink to purple, noncompressible area on the skin
sur-

face and forms no tumor mass. Such is the nevus flammeus

or port wine stain (nevus venosus) often seen on the face or

nape of the neck (see Chapter 4: Figure 4.1). When such a

proliferation involves a solid organ, the organ does not
change

its shape, although it may be enlarged. Characteristically
cap-illary hemangiomas consist of lobules and masses of imma-

ture endothelial cells, some lining patent blood-containing

spaces and some forming solid sheets (Figure 3.2), with lit-

tle variation among the cells, although mitoses may be
found.

The cells and constituent vessels are distributed closely
among

normal muscle, subcutaneous tissue or parenchymal elements

of the part involved. Most of the endothelial cells are
inti-

mately associated with reticulum fibers, although little or
no

connective tissue is present in most cellular portions of
the

tumor [14].

During the proliferative and early involuting phases, the

capillary hemangioma becomes more lobular, with large

Vascular Tumors 39

TABLE 3.1. (Continued )

Tumor Gross findings Histological findingsa

Neurofibroma Firm, pale, homogeneous, light gray-white Small
round to oval Schwann cells, wavy neurites, pale

tissue myxoid stroma; S-100 , Leu-7 , myelin basic

protein

Plexiform neurofibroma Shiny, pale, gray-white wormlike nodules
Tortuous, pale myxoid, enlarged nerve fibers with

proliferation of nerve fibers and Schwann cells

S-100 , Leu-7 , myelin basic protein

Primitive neuroectodermal Soft, friable, pale tan-gray tissue
fragments; Small blue-cell tumor with indistinct cytoplasm,
round

tumor (PNET) foci of necrosis and hemorrhage or oval nuclei,
fine or clumped chromatin, small

nucleoli; many mitoses; rosettes; vim ,

HBA7 , S-100 , NSE ; EM: small primitive

cells neurosecretory granules and neurofilaments;

t(11;22) (q24; q11-12)

Melanotic neuroectodermal Tumor in craniofacial bones or soft
tissues; Irregular cystic spaces with small, round, dark
neuroblasts

tumor tan, firm with black streaks or irregular and larger
pigmented melanocytes; NSE ;

pigmented areas synaptophysin ; HMB45 ;
dopamine- -hydroxylase

; EM: neuroblasts with neurosecretory granules

and melanocytes with melanosomes

Ectomesenchymoma Light tan-gray to white, bulging cut surface;
Embryonal rhabdomyosarcoma cells; ganglioneuroma

(gangliorhabdomyosarcoma) gelatinous areas and/or neuroblastoma
cells; Schwann cells; rhabdomyo-

sarcoma cells: muscle markers ; Schwann cellsS-100 ; ganglion
cells and neuroblasts NSE ; EM:

rhabdomyosarcoma: myofilaments; neuroblastoma:

neurofilaments and neurosecretory granules

Polyphenotypic Soft, friable, pale gray, gelatinous Nests and
cords of small epithelial-like cells; neural,

small-cell tumor rhabdoid, skeletal muscle and PNET
components;

vim ; cytokeratin ; NSE ; actin ; EM:

neurosecretory granules, intermediate filaments

Gingival granular Mucosal covered tan-gray nodule(s) Polygonal
cells with prominent PAS granules, regular,

cell tumor (epulis) round, basophilic nuclei; vim ; S-100 –;
muscle

markers –; EM: membrane-bound pleomorphic

cytoplasmic granules; cell membranes; intermediate

filaments

Proliferative myositis Soft to firm gray-white nodule
Fibroblasts; giant cells resembling ganglion cells; many

and fasciitis mitoses; pale myxoid stroma; inflammatory
cells;ganglion-like cells; vim ; actin ; CD68 ; EM:

cells with fibroblastic, myofibroblastic and histiocytic

differentiation

a Reactivity (, –, or ) with the following immunoperoxidoses is
described: des, desmin; vim, vimentin; NSE, neuron-specific
enolase; PAS, periodic

acid–Schiff reagent. Electron microscopic studies indicated by
EM.

Source: Isaacs H Jr [13]; Enzinger FM, Weiss SW [15 ]; Coffin CM
[46].
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FIGURE 3.1. Hemangioma. (A) Raised hemangioma with multiple
small excrescences involving the anterior chest wall. (B) Multiple
he-mangiomas having smooth, cushionlike surfaces. (From Isaacs H Jr
[14], with permission.)

FIGURE 3.2. Capillary hemangioma. (A) A 2.5 1.5 cm2 mass re-

moved from the neck of a 3-month-old male. The lesion was

brownish-red and nodular, resembling a mat of lymph nodes.

(B) Low-power view ( 32) displaying the lobular architecture
cor-

responding to the gross appearance. Hematoxylin and eosin
(H&E).

(C) The “open-and-closed hemangioma pattern” consisting of
dense

clusters of endothelial cells with a few capillary lumina.
H&E;

150. (D) An involuting capillary hemangioma taken from a 6-

month-old female, showing abundant fat in the lobule separating
re-

sidual nests of capillaries. Large “feeding” vessels situated
along the

left side of the picture are noted at the periphery of the
lobules. H&E;

32.
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FIGURE 3.2. (Continued )
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feeding and draining vessels located within fibrous septa
ad-

 jacent to the lobules. The involuting phase, defined
clinically

as ages 1 to 7 years, is manifested histologically by
decreas-

ing cellular proliferation and a progressive increase in
perivas-

cular and interlobular fibrous tissue [19,21] (Figure 3.2D).

Apoptosis is characteristic of the involuting phase, which
be-

gins before age 1 year, reaching its peak at 2 years, and
grad-ually diminishing from then on [19,21]. With continued in-

volution the endothelial cells flatten, the vascular
channels

become more dilated, and fibrofatty tissue increases in
amount

both within and between the lobules. At the end of the invo-

luting phase, histological findings consist only of a few
tiny

vessels that are lined by flattened endothelial cells
surrounded

by fibrofatty tissue [14].

The clinical complications that arise from hemangiomas

are the result of their size, location, and physiology [14].

They may impair vision by encroaching upon the eye; pro-

duce respiratory distress by tracheal compression; produce

high-output congestive cardiac failure associated with
non-immune hydrops fetalis and polyhydramnios; cause central

nervous system or gastrointestinal hemorrhage; or be re-

sponsible for a consumptive coagulopathy from platelet and

fibrinogen trapping as in the Kasabach-Merritt syndrome

[21,24,25].

Cavernous Hemangiomas

Cavernous hemangiomas have larger vascular spaces than the

capillary hemangiomas and are compressible because of the

large amounts of blood
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