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CONTRIBUTOR: Carola Zalles, M.D. CASE NO. 1- BECKWITH SEMI-ANNUAL 
Kansas City, MO 

TISSUE FROM:. Left Kidney ACCESSION NO. 27225 

CLINICAL ABSTRACT: 

History: This 5I year-old female presented with~ a three-day history of abdominal pain and 
intermittent vomiting. The child had been seen by an outside pediatrician who diagnosed constipation 
after an abdominal X-ray reportedly was read as "a large amount of stool". Due to the persistence of 
symptoms, she was admitted to the hospital for invasive techniques to remove stool. Her past medical 
history was significant for aortic coarctation repaired three years previously. She had a normal 
developmental history. 

Physical Examination : The cardiac exam was: significant for the presence of a 3/4 systolic 
ejection murmur. On abdominal exam, a 5.0 em mass was palpated in the left upper quadrant. There was 
extreme tenderness on palpation, but no rebound tenderness or guarding were noted. 

Hospital Work-up: An ultrasound revealed a complex mass in the left upper quadrant which 
appeared to arise from the inferior pole of the left kidney. An abdominal X-ray revealed diffuse gas-fluid 
levels in the small bower suggesting an ileitis. Findings were suggestive of a malignancy, and the patient 
was taken to surgery. 

SURGERY: 

A left radical nephrectomy was performed. 

GROSS PATHOLOGY: 

The 15.0 x 8.5 x 8.0 em left kidney weighed 471 grams. The lower pole. of the kidney was 
distorted and expanded by a friable, grayish-white tumor with extensive hemorrhage measuring 9.5 x 9 .0 
x 8.0 em. It was associated with a large subcapsular hematoma. Tumor was present in the renal vein and 
extended beyond the hiJar plane. Numerous enlarged lymph nodes were identified in the hilum which 
were subsequently shown to be free of tumor. 



CONTRIBUTOR: J. N. Eble, M.D. CASE NO. 2 • BECKWITH SEMI-ANNUAL 
Indianapolis, IN 

TISSUE FROM: Left Kidney ACCESSION NO. 27262 

CLINICAL ABSTRACT: 

lfu.tm:y: A large cystic lesion was discovered incidentally in the left kidney of a male aged 5 
years. 

Physical Examination: The boy had been asymptomatic, and had no abnormal findings on 
physical or laboratory examination. Family history was negative for significant renal disease. Imaging 
studies revealed a localized multilocular cystic mass in the lower pole of the left kidney. with no 
abnormality elsewhere in the renal parenchyma. 

SURGERY: 

A left radical nephrectomy was performed. 

GROSS PATHOLOGY: 

The specimen was a 215 gram, multicystic process which replaced approximately 60% of the 
kidney parenchyma. The margins were not sharply defined. Individual cysts measured up to 1.5 em, 
imparting a honeycombed appearance with delicate septa. There was no significant solid component 
other than the septa between cysts. 
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CONTRIDUTOR: Fred Askin, M.D. CASE NO.3- BECKWITH SEMI-ANNUAL 
Chapel Hill, NC 

TISSUE FROM: Left Kidney ACCESSION NO. 27283 

CLINICAL ABSTRACT: 

History: This 7-1/2 month male had been noted to have a palpable left flank mass that had been 
gradually increasing in size over the previous month. 

Physical Examination: There were no symptoms or other abnormal findings. Imaging studies 
revealed a multicystic mass sharply demarcated from the renal parenchyma. 

SURGERY; 

A left radical nephrectomy was performed. 

GROSS PATHOLOGY: 

Gross examination revealed a 1295 gram kidney with an encapsulated multilocular cystic lesion 
clearly demarcated from a thin rim of compressed renal tissue. The mass protruded into the renal sinus 
where it compressed the pelvi-calyceal system. Septa between cysts measured up to a few millimeters in 
tllickness and were somewhat fleshy, but no solid nodules were found. 



CONTRIBUTOR: Robert Farnham, M.D. CASE NO.4- BECKWITH SEMI-ANNUAL 
Charlotte, NC 

TISSUE FROM: Left Kidney ACCESSION NO. 27261 

CLINICAL ABSTRACT: 

History: This six-month old male was taken to his pediatrician for evaluation of stuffy nose. On 
routine abdominal exam the pediatrician found an abdominal mass. The patient had no history of gross 
hematuria or other symptomatology. 

Hosuital Work-up: An ultrasound revealed a solid renal mass which was also evident on IVP. 
His Chest X-ray was negative. 

SURGERY: (January 30, 1986) 

A left nephrectomy was performed. The right kidney was entirely normal on direct visualization. 

GROSS PATHOLOGY: 

The specimen was a 190 gram kidney, 11.0 em in largest diameter, with what was thought to be 
multicentric tumor involving much of the superficial cortex, especially in the upper pole. A peculiar 
feature observed was apparent sparing of the medullary pyramids. 



CONTRIBUTOR: Lizardo Cerezo, M.D. CASE NO.5- BECKWITH SEMI-ANNUAL 
Orlando, FL 

TISSUE FROM: Kidney ACCESSION NO. 27271 

CLINICAL ABSTRACT: 

.!::fu.tQiy: This 2 years and 11 month old female presented with an enlarged kidney, side not 
stated. Additional details not available. 

SURGERY: 

Unilateral nephrectomy with removal of multiple regional nodes was performed. The other 
kidney was explored, and appeared normal to the surgeon. 

GROSS PATHOLOGY: 

This 440 gram, 12.0 x 9.0 x 8.0 em kidney was markedly distorted by multinodular, irregular, 
cystic and hemorrhagic tumor. Most of the renal parenchyma was replaced by pale, abnormal-appearing 
tissue. Four small nodes were negative for tumor, and there was no evidence of tumor extension beyond 
the renal capsule or renal sinus. 



CONTRIBUTOR: John A. Minielly, M.D. CASE NO.6- BECKWITH SEMI-ANNUAL 
Tulsa, OK 

TISSUE FROM: Right Kidney ACCESSION NO. 27251 

CLINICAL ABSTRACT: 

History: This white male infant was found to have a large right renal mass during routine 
antenatal sonography. He was born by cesarean section at 38 weeks. The mother was aged 39, G5/P4. 
with a seizure disorder of unknown nature, llild recurrence of seizures was the main reason for the section. 

Physical Examination: An examination revealed a large, easily palpable abdominal mass. B/P 
was 89/53, and a grade II pansystolic murmur was heard. Workup revealed a small ventricular septal 
defect, and a large mass largely replacing the right kidney. The child had moderate hyperbilirubinemia, 
mainly unconjugated, treated by phototherapy. 

Sl!RGERY: 

A right nephrectomy was performed on day 6 of life. There was no evidence of involvement of 
other organs. The kidney and tumor were resected without complications. 

GROSS PATHOLOGY: 

The resected kidney and mass weighed 98 grams, measuring 7.0 x 5.5 x 5.5 em. On sectioning, 
arising from the medial aspect of the lower pole was a firm, yellow, whorled, trabeculated solid mass 
about 6.0 em in diameter, confined by the renal capsule laterally but extending a considerable distance 
median y, past the hilar plane of the kidney. 



CONTRIBUTOR: Eunice Larson, M.D. CASE NO.7- BECKWITH SEMI-ANNUAL 
Long Beach, CA 

TISSUE FROM: Right Kidney ACCESSION NO. 27285 

CLINICAL ABSTRACT: 

History: This baby girl presented with a right abdominal mass at three weeks of age. CT-scan 
revealed a mass that was apparently renal in origin, though there was some disagreement among 
radiologists about this point. MRI-scan was also unhelpful, with disagreement whether the lesion arose in 
kidney or adrenal. 

SURGERY: 

At surgery it was noted that the mass apparently arose from the right kidney, which was removed 
without complication. 

GROSS PATHOLOGY: 

The specimen weighed 448 grams, and measured 15.0 x 10.0 x 6.0 em. A small remnant of 
kidney was present at one pole of the tumor. Soft, tan tumor contained numerous foci of hemorrhage and 
cystic change. The margin between kidney and tumor was vaguely defined. 



CONTRIBUTOR: A. H. Dao, M.D. CASE NO.8- BECKWITH SEMI-ANNUAL 
Nashville; TN 

TISSUE FROM: Left Kidney ACCESSION NO. 27277 

CLINICAL ABSTRACT: 

Historv: This 19 year-old male presented with a large mass in the left flank, known to have been 
present for about three months. Needle biopsy revealed a high grade sarcoma of undetermined type. 

SURGERY: 

A large mass was found to arise from the lower pole of the left kidney. A nephrectomy with 
resection of the mass was carried out 

GROSS PATHOLOGY: 

The mass was a variegated fleshy one, 17 em in greatest diameter, apparently arising from renal 
parenchyma, but with a well-demarcated capsule separating it from adjacent renal structures. 



CONTRIBUTOR: Dieter M. Schapfel, M.D. 
Phillip B. Kane, M.D. 
Stony Brook, NY 

TISSUE FROM: Left Kidney 

CLINICAL ABSTRACT: 

CASE NO. 9 - BECKWITH SEMI-ANNUAL 

ACCESSION NO. 27232 

History: This 20-month maie was taken to his family physician because of fever. On physical 
examination, he was noted to have a left abdominal mass. He was immediately admitted to the hospital, 

Hospital Work-up; An ultrasound revealed a large heterogeneous mass involving the left hemi
abdomen. An abdominal CT-scan revealed a 10.0 x ]1.0 em mass arising from the left kidney. This was 
confumed on MRI scan of the kidney. There was no evidence of left renal vein involvement CT-scan of 
the chest was clear. 

SlJRGERY: 

A left nephro-ureterectomy with end-block resection of the tumor was: performed. 

GROSS PATHOLOGY: 

The 780 gram specimen consisted of a left kidney, adrenal and ureter. The kidney was massively 
dilated and largely replaced by a pale,. yellow-white, glassy tumor measuring 13.5 x 11.5 x 6.0 em. 
Another spherical,. gelatinQus, red-brown portion of the tumor was noted toward the superior pole, and 
measured 8.0 x 7.3 x 5.0 em. The capsule appeared intact There was prominent hemorrhage, and 
severai cysts containing clear fluid involved a portion of the lesion. There was no gross invasion of the 
renal vein. 



CONTRIBUTOR: James D. Mueller, M.D. CASE NO. 10- BECKWITH SEMI-ANNUAL 
Boston, MA 

TISSUE FROM: Kidney ACCESSION NO. 27272 

CLINICAL ABSTRACT: 

History: This 16-month male infant presented with a history of gross hematuria. Imaging 
studies revealed a small, unilateral renal mass. 

SURGERY: 

Unilateral nephrectomy was performed. 

GROSS PATHOLOGY: 

The kidney and tumor weighed 94 grams, and measured 7.0 x 5.0 x 4.0 em. A 4.0 em spherical. 
well-demarcated, pink-tan mass occupied the lower half of the renal parenchyma, without obvious 
extrarenal extensions. The renal pelvis and vessels were free of tumor. 



CONTRIBUTOR: W. M. Talbert, M.D. CASE NO. 11 • BECKWITH SEMI-ANNUAL 
Long Beach, CA 

TISSUE FROM: Left Lung ACCESSION NO. 27244 

CLINICAL ABSTRACT: 

Historv: This 4 year-old Brazilian girl developed left upper quadrant pain and fever. She was 
treated for pneumonia. but the symptoms persisted. Following a pleural biopsy which revealed 
malignancy, she was treated with multi-agent chemotherapy. However, she continued to suffer from 
progressive fatigue, weight loss, clubbing of the fingers and toes, low grade temperature, and dyspnea on 
mild exertion. 

Physical Examination: T 100, P 144, R 48. She was pale with distended superficial neck veins. 
The left hemi-thorax was Iarger than the right. Breath sounds were markedly diminished on the left, and 
no rales or wheezes were appreciated on the right. The liver appeared enlarged. Admission Laboratory 
findings revealed WBC 18.2, LDH 597, total protein 6.3 grams, and prothrombin time 71%. Chest X
rays and a CAT-scan of the chest revealed "white-out" of the left lung field. 

SURGERY: 

An exploratory left thoracotomy with left pneumonectomy was performed. At surgery,, the tumor 
appeared to have a pseudocapsule,, except for a 3.0 em attachment to the anterior-lateral chest wall. It did 
not appear to involve pericardium, mediastinum, or diaphragm. 

GROSS PATHOI,OGY: 

The left lung weighed 1660 grams·, and measured 25 .0 x 19.0 x 8.0 em. It was almost completely 
replaced by a circumscribed tumor which had a fish-flesh appearance with variegated areas of necrosis. 
The lymph nodes were free of tumor, as was the bronchial margin of resection. A plaque or patch of 
tumor was excised from the chest wall and was submitted separately. When this: was "reconstructed", it 
was possible to see that all of the tumor was excised,. although in two pieces. In other words, no true 
definite pleural metastases were seen. Extensive electron microscopic evaluation failed to show 
myogenous differentiation at the ultrastructural level. 



CONTRIBUTOR: Sherrie Caldwell, M.D. 
Gary Mierau, M.D., Ph.D. 
Denver, CO 

TISSUE FROM: Chest Wall 

CLINICAl, ABSTRACT: 

CASE NO. 12- BECKWITH SEMI-ANNUAL 

ACCESSION NO. 27254 

Hillm:y: This ten year-old male presented with a tumor of the chest wall. 

SURGERY : 

An en bloc resection of the chest wall tumor, induding the left costal margin with portions of 
five ribs, was performed. 

GROSS PATHOLOGY: 

The entire specimen weighed 220 grams. The tumor mass meaSured 6.5 x 5.5 x 4.5 em. It was 
centered within the diaphragm and invaded between the cartilaginous portions of the ribs. The tumor was 
pink-tan and multilobulated with a bumpy surface on both the pleural and peritoneal sides. A 1.5 em to 
2.0 em rim of diaphragm comprised the surgical margin with a piece of pericardium attached medially. 
The attached pericardium measured 3.0 x 2.0 em in area, and was very close to but movable over the 
tumor. A small amounl of fat was lying on top of the pericardium. The anterior margin of the tumor 
consisted of abdominal and chest wall musculature with an ellipse of skin and a longitudinal scar. 
Sectioning of the area beneath the skin scar showed a layer of muscle and/or scar between the tumor and 
the skin in all areas. The tumor was lying adjacent to but did not appear to invade the costal cartilage 
inferior to it. 



CONTRIBUTOR: George D. Amromin, M.D. CASE NO. 13- BECKWITH SEMI-ANNUAL 
Duarte, CA 

TISSUE FROM: Right Neck ACCESSION NO. 9780 

CLINICAL ABSTRACT: 

lfu!Ny~ This 12 year-old girl was first seen on April 1, 1956, when she developed swollen right 
cervical nodes. These were treated with antiobiotics at first and later, after the glands were biopsied and a 
diagnosis of malignancy was made, with X-ray. Initially, response to X-ray therapy was excellent. Later, 
however, there was recurrence and progression of the tumor to involve the right supraclavicular area and 
the right axilla, with accompanying edema of the right arm. She was subsequently placed on 
chlorambucil and nitrogen-mustard but showed little response. The tumor further progressed to involve 
the submandibular area, and metastasized to the mediastinum and right lung. She expired on January 12, 
1957. 

(Due to the age of this case, no additional information is available.) 



CONTRIBUTOR: David Parham, M.D. CASE NO. 14 - BECKWITH SEMI-ANNUAL 
Memphis, TN 

TISSUE FROM: Proximal Tibia ACCESSION NO. 27284 

CLINICAL ABSTRACT: 

History: An 18 year-old male complained of recent onset of pain and swelling in the right 
proximal tibial region. Initial radiographs were said to be non-contributory, and the initial diagnosis was 
considered to be an inflammatory sequela of a football injury. One year later, persistent pain in the same 
region led to repeat studies, revealing a tumor in the tibia. An open biopsy was performed, and the patient 
was referred to St Jude Hospital, where therapy with actinomycin, vincristine, cyclophosphamide, 
doxorubicin, and irradiation produced no reduction in tumor size. 

SURGERY: 

An above-the-knee amputation was performed following a poor response to chemotherapy. Your 
slide is from the latter procedure. 

GROSS PATHOLOGY: 

A large, relatively soft, irregular tumor occupied the proximal tibia, with local soft tissue 
extension. 



CONTRIBUTOR: Craig Zuppan1 M.D. CASE NO. 15- BECKWITH SEMI-ANNUAL 
Lorna Linda, CA 

TISSUE FROM: Sacrococcygeal Region ACCESSION NO. 27227 

CLINICAL ABSTRACT~ 

History: This one year-old female presented with a history of chronic constipation since birth. 
Her pediatric rectal exams had revealed only retained stool until recently, when an :lviRI study was 
obtained because of an anal dimple. This revealed a pre-sacral mass approximately 6.0 x 5.0 x 4.5 em. 

Physical Examination: The abdomen was somewhat protuberant with palpable stool. Inspection 
of the anus revealed a normal anus with a dimple posteriorly. No perineal mass could be appreciated. On 
rectal exam. the pre-sacral mass was appreciated posterior to the rectum. This appeared smooth, firm, 
and somewhat fixed. 

SURGERY: 

An abdominal perineal resection of the pre-sacral tumor was performed. 

GROSS PATHOLOGY: 

The specimen weighed 54 grams, and consisted of two portions of firm, pink-tan tissue, 8.0 x 6.5 
x 3.0 em and 2.5 x 1.5 x 0.6 em. 



CONTRIBUTOR: Harry Wilson, M.D. CASE NO. 16- BECKWITH SEMI-ANNUAL 
Denver, CO 

TISSUE FROM: Right Orbit and Right Cheek ACCESSION NO. 27258 

CLINICAL ABSTRACT: 

History: This one month-old male infant presented with a right orbital and right cheek tumor. 

SURGERY: 

A biopsy of the right orbit and right cheek was performed. 

GROSS PATHOLOGY: 

The right orbital tumor was received as a 1.5 x 1.5 x 0.8 em aggregate of multiple tan-pink, 
irregular, soft tissue fragments. The tissue from the right cheek was received as two tan-pink, irregular, 
plate-like, soft tissue fragments measuring 2.5 x 2.5 x 1.0 em in aggregate. Sectioning revealed both 
fragments to have a somewhat lobular architecture. 
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CONTRffiUTOR: J. L. Hanson, M.D. CASE NO. 17- BECKWITH SEMI-ANNUAL 
Los Angeles, CA 

TISSUE FROM: Left Abdomen ACCESSION NO. 10328 

CLINICAL ABSTRACT: 

lfu!Qry: This 1 year-old male had a physical examination two weeks prior to admission which 
revealed an asymptomatic mass in the left abdomen. 

SURGERY: 

Resection of the mass was performed. It was found lying just below the left kidney, and was 
apparently attached to the aorta or the sympathetic chain. 

GROSS PATHOLOGY: 

The 8.0 em bossolated mass of yellow tissue appeared to be surrounded by an intact capsule. The 
tissue was firm and rubbery, and showed areas of hemorrhage on the external surface. The cut surface 
bulged, and was yellow except for the hemorrhagic areas. There was diffusely scattered, chalky white 
material that had a gritty consistency. The surface imparted a fatty or greasy sensation to the palpating 
hand. 
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CONTRIBUTOR: E. F. Ducey, M.D. CASE NO. 18- BECKWITH SEMI-ANNUAL 
Ventura, CA 

TISSUE FROM: Left Kidney and Surrounding Area ACCESSION NO. 12936 

CLINICAL ABSTRACT: 

Historv: A previously healthy, 5 year-old Caucasian female developed acute onset left-sided pain 
and gross hematuria. Soon after this, she developed nausea and vomiting. Her family physician removed 
a rather marked fecal impaction which was followed by some relief of her abdominal pain. Due to 
persistence of the hematuria she was admitted to the hospital for observation and a GU work~up. 

Physical Examination: Admission examination was completely negative with no palpable 
masses. The urine was grossly bloody and contained 2+ albumin but no glucose. Her hemoglobin was 
10.1 grams, and the WBC count was normal. A retrograde pyelography disclosed an enlarged and 
deformed left kidney with an apparent extra-renal mass. A chest film was normal. 

SURGERY: 

An exploration disclosed a large mass involving the left kidney, which was removed along, with 
the kidney. There were dense adhesions at the posterior aspect of the mass. Some necrotic tumor was 
spilled into the wound cavity during resection . No gross tumor was left in-situ. Abdominal organs could 
not be visualized due to the retroperitoneal approach. 

GROSS PATHOLOGY: 

The 430 gram specimen consisted of the left kidney. Its upper pole was buried in a 16 x 13 em, 
irregularly bossolated, multi-lobular, ovoid, 16 x 13 em mass. The mass extended over the upper and 
medial aspect of the kidney,, and appeared well-encapsulated with no apparent capsular lacerations. The 
cut sections revealed uniform gray tissue resembling brain with solid foci of hemorrhage. The 
demarcation between the tumor and adjacent kidney parenchyma was distinct. No yellow tissue 
resembling adrenal gland could be found. 



CONTRIBUTOR: Gene F. Pawlick, M.D. CASE NO. 19 ·BECKWITH SEMI-ANNUAL 
San Francisco, CA 

TISSUE FROM: Right Cervical Region ACCESSION NO. 21883 

CLINICAL ABSTRACT: 

History: This 12 month-old Hispanic female was frrst seen in April 1975 for an enlarged lymph 
node in the right cervical region. Clinical impression at that time was enlargement secondary to a recent 
viral infection. However, the lymph node continued to enlarge. 

SURGERY: 

Excision of the neck mass was performed. Pre-op clinical impression at that time was probable 
cystic hygroma At surgery, a chain of enlarged lymph nodes extended from the right cervical region over 
the apex of the right lung and along the medial aspect of the right upper lobe into the mediastinum. 

GROSS PATHOLOGY: 

The specimen consisted of a group of enlarged, tan , flnn lymph nodes fanning a mass 10 x 3.5 x 
2.0 em. Sectioning revealed focal intense hemorrhagic congestion. 



CONTRIDUTOR: Carter M. Alexander, M.D. CASE NO. 20- BECKWITH SEMI-ANNUAL 
Joyce Kilmer, M.D. 
Covina, CA 

TISSUE FROM: Left Maxilla ACCESSION NO. 12174 

CLINICAL ABSTRACT: 

History: This 6 month-old male had a six week history of swelling of the left anterior upper gum. 
The swelling was. visible on the face in the region of the nasolabial fold. Prior to his definitive surgery, he 
underwent two procedures. During the first, the surgeon chiseled into the maxilla and found a cavity of 
the anterior maxilla from which he removed bits of tissue. The child was presented at the local tumor 
board and,, based on the original diagnosis, observation was suggested. The lesion continued to enlarge 
and was visible at the edge of the lower eyelid. Another re-excision through the mouth wast attempted, but 
the tumor was found to be too large for oral extraction. 

SURGERY: 

A flap was made through the left upper lip' into the face, exposing the outer maxilla. The maxilla 
was entered and excessively curetted. The curette was passed into the lateral nasal wall, and tumor
bearing nasal mucosa was removed. 

GROSS PATHQLOGY: 

The dome-shaped specimen measured 2.9 x 2.6 x 1.7 em, and had a smooth, gray-pink, 
membranous. surface. Projecting from this was a malformed conical tooth. The tissue parenchyma was 
sticky and distinctly dark gray with punctate mottling reminiscent of an anthracotic lymph node. The 
lesion appeared to extend to the undersurface and sides of the specimen. 



CONTRIDUTOR: Harry Wilson, M.D. CASE NO. 21 - BECKWITH SEMI-ANNUAL 
Gary Mierau, M.D., Ph.D. 
Denver, CO 

TISSUE FROM: Left Lower Lid ACCESSION NO. 27257 

CLINICAL ABSTRACT: 

Historv: This three year-old female had enucleation of the eye in July 1985 . In January 1986 she 
presented with a tumor of the left lower lid. 

SURGERY: 

A left lower lid biopsy was performed. 

GROSS PATHOLOGY: 

The specimen consisted of a 3.0 x 2.5 x 2.0 em irregular, purple-tan to tan-pink, hemorrhagic 
single tumor mass, on which frozen sections were performed. A separate 3.0 x 2.5 x 1.0 em aggregate of 
multiple irregular hemorrhagic tan and red soft tissue fragments was also received. 
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Neoplastic diseases in early life are nearly as diverse as those of adults, and present a 
number of special challenges for the diagnostic pathologist. Some of the general! characteristics 
of neoplasms in children are listed below. Cases in the slide set that were selected to illustrate, 
some of these general! principles will be discussed in this part of the seminar. Tnis syllabus is 
not designed as a complete compendium of information on the entities discussed. Primary 
emphasis is on key concepts, new information, and sources ot frequent contusion or 
misunderstandinQ'. References are selective, and should be consulted for more comprehensive, 
lists of primary sources. 

1. Tumors in Childhood are Uncommon. 

As shown in the table below, the total number of childhood cancers diagnosed annually in 
the USA is extremely small. The individual! patholog,ist, even in a large pediatric cancer referral 
center, is not likely to see many cases in a year of the most common neoplastic entities, and 
some of them may not be seen more than once in a lifetime, if at all, by the general pathologist 
The fact that few pathologists have the opportunity to become familiar with these lesions 
through persona l! experience increases the chances for significant problems in accurate 
diagnosis, and increases the need for seminars such as this one. 
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Despite their rarity, pediatric tumors have contributed a great deal to knowledge 
concerning both the fundamental principles of carcinogenesis, and to advances in therapy . The 
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first cancer-specific chromosomal deletion anomalies were discovered in retinoblastomas and 
Wilms tumors. Much of our current knowledge concerning the molecular biology of cancer has 
come from work with these and other pediatric tumors. The development of multicenter 
collaborative· therapeutic trials has led to remarkable improvements in cum rates for most 
malignancies of children. 

2. Childhood cancers are often embryonal~ undifferentiated lesions,. 

The difficulties inherent in accurate phenotypic characterization of "Small blue-cell" 
neoplasms are notorious, but with the development of powerful immunohistochemical, 
molecular,, chromosomal, and ultrastructural markers, a precise diagnosis and prognostic 
categorization of virtually every such tumor is now possible. lihe nondescript diagnoses we all 
were forced to render in past years have become virtually obsolete, and exciting advances in 
this field are continuing at a rapid pace. 

3. Prognostic features of many childhood tumors are age-dependent. 

A histological or cytological feature. in a lesion of a young infant may have a very 
different significance than when that same feature is observed in a child of five or ten years. 
Some of the neoplasms where prognosis differs with age are listed below: 

LESIONS OFTENI MORE FAVORABLE IN INFANTS 

Neuroblastoma 
Teratoma 
Yolk sac tumor of testis 
Mesoblastic Nephroma 
Wilms Tumor 
"Fibrosarcomas" 

LESIONS OFTEN LESS FAVORABLE IN INFANTS 
Langerhans Cell Histiocytosis 
Leukemia 

4. Histological appearances can1 be very deceptive. 

The tissues of young individuals often reflect the biological exuberance of this period of 
rapid growth, and their lesions may present appearances that are deceptively malignant or 
deceptively benign. Criteria that are reliable prognostic indicators in adult neoplasms may be 
extremely unreliable for lesions of children. 

LESIONS OR STRUCTURES THAT APPEAR DECEPTIVELY MALIGNANT IN CHILDREN 

INFANTIILE HEMANGIOMAS 
INFANTILE FIBROSARCOMA 
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"IMMATURE TERATOMAS.'~ IN INFANTS 
JLNENILE XANTHOGRANULOMA 
HISllOCYTOID ANGIOENDOTHEI!.IOMA 
AGGRESSIVE OSTEOBL.ASl"'tv1A 
OSTEOCHONDROMA (IN RAPIDLY GROWING CHILD) 
JUVENILE RHABDOMYOMA 
ENDOCRINE TUMORS WITH KARYOMEGALY 
CYTOtv1EGAL Y OF ADRENAL FETAL CORTEX 
REED-STERNBERG CELLS IN REACTIVE NODES 
RAPIDLY GROWING OR REPARATIVE BONE 
GRANULATION TISSUE (MAY MIMIC "CAMBIUM LAYER" 
INFLAMMATORY PSEUDOTUMORS 
MESOTHELIAL HYPERPLASIA 

5. Precursor Lesions can mimic Cancers. 

EXAMPLES: 
HYPERPLASllC NEPHROGENIC RESTS 
"IN SITU NEUROBLASTOMA" 
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6. Normally Immature or Developing Tissues can resemble Cancers. 

EXAMPLES: 
DEVELOPING BREAST TISSUE 
IMMATURE NEUROGLIAL CELLS IN DEVELOPING BRAIN 
NORMALLY PROMINENT PARAGANGLIA INIINfANTS 

As mentioned in the Jist under Item 4 above, osteochondromas or other benign 
cartilaginous lesions can appear deceptively worrisome during periods of active growth,. notably 
during the pubertal growth spurt. During1 this period, be careful not to overdiagnose 
chondrosarcoma because of enlarged or somewhat atypical appearing chondrocytes. 

7. Genetic and Constitutionall Disorders are Relatively Common in Childhood 
Tumor Cases, and Multicentric Primary Tumors are Common in these 
Patients. 

Constitutional disorders predisposing to cancer are numerous in childhood. 
EXAMPLES: 

HEMIHYPERTROPHY (Wilms tumor, Adrenal carcinoma, Hepatoblastoma, 
Neuroblastoma, Rhabdomyosarcoma. etc.) 

BECKWITH-WIEDEMANN SYNDROME (Same tumor list as above). 
SPORADIC ANIRIDIA (Wilms tumor) 
LI-FR'AUMENI Syndrome: (Breast cancer, sarcomas, Bone tumors, Gliomas, 

Laryngeal cancer, etc_) 
RETINOBLASTOMA GENE DEl ETION (Retinoblastoma, Osteosarcoma. etc.) 
NEUROFIBROMATOSIS (Neuroflbrosarcoma, Pheochromocytoma, etc.) 
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fAMILIAL ADENOMATOUS POLYPOSIS (Colon cancer) 
TURCOT SYNDROME (Intestinal polyps, Gliomas) 
OTHER G-1 POLYPOSIS SYNDROMES 
MULTIPLE OSTEOCHONDROMAS (Chondrosarcoma) 
TRISOMY 18: (Wilms tumor) 
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MUL liiPLE ENDOCRINE NEOPLASIA SYNDROMES (Medullary Thyroid 
Cancer, Pheochromocytomas, Schwannomas, Carcinoids, etc.) 

Innumerable other examples could be cited. Good recent reviews of this topic are in the 
following sources: 

Mulvihill, JJ: Childhood cancer, the Environment, and Heredity. In: Pizzo PA, Poplack, DG: 
Principles and Practice1 of Pediatric Oncology 2nd Ed. pp. 11-27, 1993. J . 
B. Lippincott. 

Kirsch IR: Genetics of Pediatric Tumors: The Causes andi Consequences of Chromosomal 
Aberrations. Pp.29-56 in above text. 

INFANTILE HEMANGIOMA {HEMANGIOENDOTHELIOMA) 

CASE 16 .. CTTR 27258. Contributor: H. Wilson, M.D., Denver, CO 

This 1 month male presented with a rapidly growing mass in right cheek, extending~ to 
the orbit. 

This lesion illustrates one of the more common sources of diagnostic concern in pediatric 
neoplasia, and is a good example of a benign pediatric tumor that may appear deceptively 
malignant. Infantile hemangiomas are notoriously aggressive in appearance, with a high mitotic 
rate, active infiltration, and rapid clinical enlargement, usually in a young infant. Many fields 
appear solid, and a small biopsy may not reveal the vascular nature of the lesion. Some lesions 
are present at birth but most are first noticed in the early weeks or months of life. 

DESPITE THEIR AGGRESSIVE APPEARANCE CLINICALLY AND M!CROSCOPICALl Y, 
INFANTILE HEMANGIOMAS !JSUALL Y REGRESS SPONTANEOUSLY, AND AGGRESSIVE EFFORTS Ali 
SURGICAL REMOVAL OR OTHER RADICAL THERAPY ARE USUAU. Y NOT REQUIRED, EXCEPT FOR 
LESIONS THAT ARE ENDANGERING VITAL STRUCTURES (such as the eye in this case), OR 
PRODUCING LIFE-THREATENING SYMPTOMS (e.g. hemorrhage from pulmonary or intestinal 
lesions, or cardiac failure with large lesions of the liver or other organs. Facial lesions are 
sometimes treated for cosmetic reasons, though the scars from therapeutic procedures are 
sometimes more disfiguring than those foll'owing spontaneous regression. 

Infantile hemangiomas can occur in many organs or tissues. Common sites include skin 
and subcutis. parotid gland (this is by far the most common parotid tumor of infancy or early 
childhood) , andl liver. Multicentric primary lesions in one or more organs or tissue are not 
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uncommonly encountered. 
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Early age at onset, and' rapid early growth are generally predictive of rapid spontaneous 
resolution, and these are the l'esions most likely to fare well. 

Characteristic features of infantile hemangiomas under the microscope: 

(1) A tendency to respect preexistin9 architecture of the i'nvolved organ or tissue. For 
example, subcutaneous lesions replace fatty lobules, but invariably preserve the lobular 
outlines originally present. In the parotid or liver, the lobular architecture is retained, as are 
most of the ducts. This lobule-respecting, duct-preserving nature is virtually unique to this 
group of tumors. 

(2) These lesions can have a .high_gei[_Q_ens_itL._~i}~-n~l.Jmerous mitotic fi gures. Cellular 
proliferation often obscures or obliterates vessel lumens, mimicking a solidly cellular 
sarcoma. In this case, ulex or factor 8 stains may be useful in demonstrating the vascular 
nature of the lesion, often best seem near the periphery of tumor lobules. 

(3) Irregular. infiltrative borders are usua l (except at the edges of pre-existing 
lobules, where the native tissue septa can produce a sharp border for a given tumor lobule). 

Regressive changes are usually preceded by maturation, with flattening of the, originally 
plump endothelial cells of the lesion, and cessation of mitotic activity. This is followed by 
interstitial fibrosis and eventual replacement by collagen. Inflammation or thrombosis can lead 
to focal or general infarction. 

THERAPY. As indicated above, surgical resection or adjuvant therapy is not usually' 
necessary for infantile, hemangiomas. Radiotherapy can be useful for some deep-seated lesions, 
but carries a significant risk of serious side effects including induction of' malignant tumors. 
Steroids have been used successfully in some cases. Cryotherapy for superficially placed 
lesions, ligation of feeder vessels , and embolization are effective in some cases. Recent reports 
suggest that alta interferon may be effective, especially when mast cells are numerous in the 
lesion (heparin binds alta interferon, and apparently facilitates its effectiveness .. We have seen 
dramatic regression of diffuse intestinal hemangiomatosis in an infant who had life~threatening] 

and uncontrollable hemorrhage with the use of this procedure. 

SELECTED REFERENCES 

Gonzalez~Crussi F, Reyes-Mugica M: Cellular hemangiomas ("hemangioendotheliomas") in 
infants., Li'ght microscopic, immunohistochemical, and ultrastructural observations. Am 
J Su rg Pathol 15:769-78, 1991. 

White CW, Sondheimer HM, Crouch EC et al.: Treatment of pulmonary hemangiomatosis' with 
recombinant interferon alfa-2a . NEJM 320:1197-11200, 1989 . 
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CASE 20. CTTR '12174. Contributors: Carter M. Alexander, M.D. and Joyce Kilmer, M.D., 
Covina, CA 

This lesion was from a 6 month male with a left maxillary mass which was growing 
rapidly following incomplete original resection. Following1 wide excision through a large facial 
flap, the lesion was successfully resected without further recurrence. 

An excellent, comprehensive review of this lesion has just appeared from the AFIP, 
making a detailed discussion unnecessary. This lesion is presented as a good example of a rare 
infantile neoplasm that can appear deceptively malignant, and exemplifies the adage that many 
of the neoplasms of early life are distinctive and largely limited to that age period. The maxilla 
is the most common site of this neoplasm, and the mean age at diagnosis in the AFIP series was 5 
months. Five of 12 lesions with follow-up information recurred locally, but none metastasized. 
The local aggressiveness of this lesion is notable, however, justifying aggressive efforts at 
complete surgical removal. 

Other sites of MNETI include grain and dura, often from the region of the anterior 
fontanelle, mandible, and epididyl"!lis. The admixture of small undifferentiated blue cells and 
larger melanin positive cells is distinctive. In this case both HMB-45 and Fontana-Masson 
stains for melanin were strongly positive in the pigmented cells. 

REFERENCE 

Kapadi'a SB, Frisman OM, Hitchcock CL et al.: Melanotic neuroectodermal tumor of infancy. 
Clinicopathological, immunohistochemical, and flow cytometric study. AM J SURG 
PATHOL 17:566-73, 1993. 

RETINOBLASTOMA 

CASE 21. CTIR 27257. Contributor: H. Wilson, M.D. and Gary Mierau, Ph.D., Denver,, CO 

Your slide is from a recurrent lesionr from a lesion treated 6 months earlier by 
enucleation. It is a good example of how difficult the diagnosis of small undifferentiated blue cell 
neoplasms of childhood can be when one has only an H&E slide and no clinical information. This 
lesion lacks the distinctive Flexner-Wintersteiner rosettes seen in more differentiated 
retinoblastomas. It is included in your slide set to illustrate a rare childhood neoplasm that has 
contributed enormously to knowledge about the genetics and molecular biology of neoplasia, and 
has led to the discovery of the retinoblastoma (Rb) gene. This gene is now known to be a highly 
conserved and widely distributed developmental gene that acts as a tumor suppressor gene. 
Abnormal Rb genes or their products are implicated in the pathogenesis or progression of many 
human neoplasms, including osteosarcoma, rhabdomyosarcoma,breast carcinoma, renal cell 
carcinoma, bladder carcinomas, and small cell carcinomas of many sites. Immunohistochemical 
stains for Rb protein expression are now available and are applicable to archiva l paraffin 



Pediatric Tumors 
Page 9. 

embedded material (see JNCII 84:1256-61, 1993 for a recent paper using this method to 
investigate the, progression of bladder carcinoma). 

GENERAL REFERENCE 

Donaldson SS, Egbert PR, Lee W-H: Retinoblastoma. In: Pizzo I?A, Poplack DG: Principles and 
Practice of Pediatric Oncology, 2nd Ed .. lippincott, 1992, pp. 683 -96. 

Renal neoplasms in children pose many challenges. Since only about 500 cases of 

pediafric renal neoplasia occur annually in the USA, few pathologists, even those working in 
major pediatric tumor referral and treatment centers, will see more than a handful of cases in a 
year. About 85% of these will be Wilms tumors (WT) of "favorable histology",, so the other, 
prognostically important variants are not likely to be seen more than a few times in a lifetime 
by busy pediatric pathologists, and many willl never encounter one. However,, the important 
prognostic implications of these neoplasms makes it imperative that a correct diagnosis be made 
for each case. 

This syllabus cannot serve as a complete symposium on this topic, and the reader is 
referred to the following! reference list for more encyclopedic coverage. Here we will touch only 
on some of the problem areas that are most often sources of confusion, and those topics where 
important new information (some of it unpublished) is available. 

GENERAL REFERENCES 

Beckwith JB: Wilms' tumor and other renal tumors of childhood . In: Finegold M, ed. Pathology 
ot neoplasia in children and adolescents . Philadelphia, W. B. Saunders, 
1986:313-32'. 

Bennington Jl, Beckwith JB: Tumors of the kidney, renal pelvis, and ureter . Atlas of 
Tumor Pathology, 2nd series, Fascicle 12. Washington, D.C ., Armed Forces Institute of 
Pathology, '1 975, 31-78. (NOTE: 3rd series Fascicle due 1994) 

Gonzalez-Crussi F: Wilms' tumor (nephroblastoma} and related renal neoplasms 
of childhood. Boca Raton: CRC Press, '1984. 

Pochedly C, Baum ES, eds.: Wilms' tumor. Clinical and biological manifestations. 
New York, Amsterdam, Oxford, Elsevier, 1984. 

Schmidt D: Nephrobl'astome (Wilms-tumoren) und Nephroblastom. 
Sondervarianten. Pathologie, KlassUikation, Differentialdiagnose. 
Stuttgart; New York, Gustav Fischer Verlag, '1989. 

Sotelo-Avila C: Nephroblastoma and other pediatric renal cancers. In: Eble JN, ed. Tumors and 
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tumor-like conditions of the kidneys and ureters. New York, Churchill 
Livingstone, 1990: 71-121 (Roth LM, ed. Contemporary issues in surgical pathology, 
vall 16) . 

Webber B, Parham DM, Drake LG, Wilimas JA: Renal tumors in childhood. Pathol Annu 27 
(Pt. 1): 191-232, 1992. 

CASE 18. CTTR 12936. Contributor: E.F. Ducey, M.D., Ventura CA 
DIAGNOSIS: BLASTEMAL WILMS TUMOR, FAVORABLE HISTOLOGY. 

CASE 1. CTTR 27225. Contributor: Carola Zalles, M.D., Kansas City, MO 
DIAGNOSIS: WILMS TUMOR WITH SUBTlE BUli DIFFUSE ANAPLASIA. 

Case 18 exemplifies the problem of the small bl'ue celll tumor of childhood. In this 
specimen, the lesion is composed of relatively monotonous sheets of blastema! cells, with scanty 
stroma. The only substantial clue to the diagnosis, other than the age and site , is the presence of 
early stages of tubufogenesis in many fields of the tumor. Note the small and relatively uniform 
nuclei1 of this lesion, to contrast with the scattered very large nuclei in Case 1 . 

Case 1 is a very difficult one, with unusually subtle expression of anaplasia. Most study 
slides contain at least a few monstrous nuclei and multipolar mitotic figures, but it is possible 
these are not present on every slide sent out. These nuclear changes were, however, present to 
some degree in nearly every block from this lesion. As will be seen below. th is lesion would 
have been termed "focally'' anaplastic until recently, but a new and important revision ot the 
definition of focallty versus diffuseness o~ anaplasia has been developed, and by the new 
definition, th is is clearly an example of "diffuse" anaplasia. Fortunately, anaplasia is rarely so 
subtl'e as that in this case! 

ANAPLASIA IS THE ONLY PROVEN INDICATOR OF "UNFAVORABLE 
HISTOLOGY" IN A WILMS TUMOR. THIS FINDING, PRESENT IN ABOUT 5% OF WILMS 
TUMORS, IS THE SINGLE MOST POWERFUL DETERMINANT OF PROGNOSIS, WITH STAGE OF 
DISEASE BEING THE SECOND MOST IMPORTANT FACTOR. IN THE ABSENCE OF ANAPLASIA, LONG 
TERM SURVIVAL FIGURES ON THE NWTS ARE APPROXIMAliELY 90 PERCENT FOR ALL STAGES 
TAKEN TOGETHER. WITH DIFFUSE ANAPLASIA. RELAPSE-FREE SURVIVAL FIGURES ARE LESS 
THAN 50% ON THE MOST RECENT NWTS STUDIES (Excluding stage I anaplastic tumors, which 
are known to be associated with a good prognosis). 

ANAPLASIA APPEARS TO BE A MARKER OF RESISTANCE TO THERAPY, RATHER THAN 
BIOLOGICAL AGGRESSIVENESS, IN WILMS TUMORS.1HIS IS REFLECTED INI THE GENERALLY GOOD 
OUTCOME FOR LOW STAGE ANAPLASTIC TUMORS. 
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In our 1978 paper, Palmer and I defined anaplasia as being characterized by three 
features, all of which had to be present: 

1. Threefold increase in nuclear diameter 
2. Hyperchromasia of enlarged' nuclei 
3. Multi'polar mitotic figures 

These criteria obviously reflected marked increases in ploidy of at least some tumor cell 
nuclei, and in more recent years, we have emphasized more specifically the presence of 
extreme polyploidy as the feature of concern. 

Interestingly, flow cytometric studies carried out to date have yielded inconsistent and 
generally disappointing results in terms of predicting prognosis, as compared to the histological 
identification of anaplasia. The probable reason for this is that anaplasia is not always 
distributed evenly throughout the lesion, so sampling error is a significant problem. 

The three criteria for anaplasia noted above have each led to confusion, and a few points 
of clarification are in order: 

11. The increase in nuclear diameter should reflect a dramatic· increase in nuclear volume. 
Therefore all dimensions of the nucleus should be increased. Occasionally pathologists attempt to 
apply our original criteria too strictly, and nuclei that are merely elongated in one diameter in 
a spindled tumor cell are suspected to be- reflect anaplasia. 

2. Hyperchromasia should reflect an increase in chromatin content. not necessarily an 
increased nuclear density. A nucleus that has a 10 fold increase in volume, and normal density, 
presumably has a tenfold increase in chromatin content. 

3. Multipolar mitotic figures are the most important criterion for anaplasia. The term 
"atypical mitotic figures" is far too nonspecific to be applied here. The only exception to our 
insistence on truly multipolar mitoses is when we encounter a prophase whose diameters are 
several times those of surrounding more. normal-appearing mitoses. These seem obviously to 
reflect extreme polyploidy, and can be1 assumed to represent future multipolar mitotic figures 
that have not yet formed their mitotic spindles. 

Beware of "X" or "Y"- shaped mitoses that result from uneven separation of a normal 
diploid metaphase plate. Such figures can be recognized' by their shortness. A truly multipolar X 
or Y will have each limb at least as large as that of an entire diploid metaphase plate. 

Since anaplasia is apparently a marker of resistance rather than aggressiveness,, the 
significance of anaplastic nuclear changes, is determined by the distribution of' anaplasia in the 
patient. If no anaplastic cells remain in the patient, then their resistance to therapy has no 
significance. This is the reason stage I anaplastic Wilms tumors generally fare well. 
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The foregoing consideration has led recently to a revision of our 1978 criteria for Focal 
vs. Diffuse Anaplasia .. With Dr. Paulo Faria, we have recently developed and tested a new scheme 
for defining Focal! Anaplasia (FA). 

I FOCAL vs .. DIFFUSE ANAPLASIA I 
1978 Definition of FA: ANAPLASIA INI FEWER THAN 10% OF MICROSCOPIC FIELDS EXAMINED. 

This. QUANTITATIVE definition had the disadvantages of permitting inclusion of several 
rather different types of anap lastic distribution: 

1. Truly localized! anaplasia within an otherwise non-anaplastic WT. 
2. Widespread, albeit singly scattered anaplastic cells, present throughout the tumor, 

and therefore equally likely to be present in its extrarenal extensions (e.g . Case 
1 ) . 

3. Tumors with anaplasia present in one or more extrarenal sites, but either absent or 
scanty in the primary lesion. 

We therefore developed the fo llowing TOPOGRAPHIC definition tor FA: 

Using this definition, the outcome for cases with FA is comparable to that for non
anaplastic WT. Even cases with stage IV disease, who have FA in their primary tumor, have 
almost always done well . The NWTS is currently considering the use of conventional rather than 
intensified therapy for FA WT. 

The f'olfowing situations qualify a lesion as having DIFFUSE ANAPLA SIA : 

(1) Any· WT with anaplastic nuclear changes that are not restricted to discrete regions of 
the tumor. 

(2) Any WT with anaplasia in extrarenal extensions of the tumor. 

(3) Any WT with definite anaplasia in limited foci, but with marked nuclear atypia in the 
surrounding tumor that a/most but not quite, meets the criteria for anaplasia . 



Pediatric Tumors 
Page 13. 

THIS NEW DEFINITION HAS SEVERAL IMPORTANT IMPLICATIONS FOR PATHOLOGIISTS. 

1. THE SITE FROM WHICH EVERY TUMOR SECTION IS OBTAINED MUST BE 
CLEARlY SPECIFIED ON A SPECIMEN PHOTOGRAPH, DRAWING, OR 
CAREFULLY DETAILED VERBAL DESCRIPTION. 

Terms such as "representative sections of tumor are embedded" make it impossible to know 
whether two or three slides showing anaplasia came from a single nodule of the tumor, or from 
several widely separated regions of the lesion. When we are faced with this situation, we· are 
forced to assume the anaplasia is diffusely distributed, which in the future would expose a child 
to needlessly harsh and dangerous therapy, if in fact the slides all came from a single nodule. 

2. COMPULSIVE SAMPliNG OF EVERY PORTION OF A TUMOR TO DETECT A 
LOCALIZED SITE OF ANAPLASIA IS PROBABLY NOT AS IMPORTANT' AS 
BEFORE. 

The formerly recommended sampling of one generous section for every em. of major tumor 
diameter is still appropriate, but neither clinicians nor pathologists need be as worried about 
missing a small locus of anaplasia deep within the primary tumor. On the other hand, it is more 
·mportant than ever to carefully sample the periphery, and any extrarenal tumoF sites. 

3. SEPARATE. STAGING OF THE ANAPLASTIC AND NON-ANAPLASTIC PORTIONS OF 
THE TUMOR IS AN IMPORTANT CONSIDERATION. 

he concept of FA suggests that the favorable and unfavorable elements of a tumor deserve 
separate consideration. If a tumor with FA in the primary has only favorable Histology in 
metastatic sites, for example. then the prognosis should be excellent. 

ACCORDING TO OUR NEW DEANITION, THE LOCATION OF ANAPLASIA IS MORE IMPORTANT 
THAN THE AMOUNT OF ANAPLASIA. The topographic definition of FA is no longer based on any 
arbitrary quantitative factor-the, focus can occupy substantially more than 10% of the tumor, 
so long at it is surrounded by non-anaplastic tumor cells. 

Most cases now termed FA have a single focus of anaplasia. However, we have accepted 
severall cases with two separate discrete foci, and one with three foci of anaplasia. Each of these 
latter lesions had small, well-demarcated focil of anaplasia that were far smaller than the 
microscopic section in which they were found, so that each nodule was clearly surrounded by 
non-anaplastic tumor. 

REFERENCES 

Beckwith JB, Palmer NF: Histopathology and prognosis of Wilms' tumor: Results of the 
National! Wilms' Tumor Study. Cancer 41:1937-48, 1978. 

Zuppan CW, Beckwith JB, Luckey OW: Anaplasia in unilateral Wilms' tumor: A report from the 
National Wilms' Tumor Study Pathology Center. Hum Pathol 19:1199-1209, 1988. 

Faria, P, Beckwith JB: A new definition of focal anaplasia in Wilms tumor identifies cases with 
good outcome. (Abstract) Mod Pathol. 6:3P, Jan 1993. 



CASE 2. CTIR 27262. Contributor: J.NI. Eble, M.D., Indianapolis, IN 
DIAGNOSIS: SEGMENTAL POLYCYSTIC DISEASE OF KIDNEY. 

CASE 3. CTIR 27283. Contributor: Fred Askin, M.D. , Chapel Hill , NC 
DIAGNOSIS: CYSTIC NEPHROMA (CN). 
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These two cases serve to illustrate two seemingly similar, but pathogenetically disparate 
entities that can easily be confused with one another. Segmental PCD is an extremely rare 
disorder, ot which onl'y a few reported cases exist in the literature. 

The essential feature distinguishing these two lesions is the nature of the tumor-kidney 
junction. Compare the sharply demarcated, smooth border of the lesl'on in Case 2 with the 
irregular border of the lesion in case 2. In the latter, renal cortical structures are present 
between cystic spaces, within the lesion, whereas no renal elements are present within the CN , 

Segmental PCD of the kidney is presumed to represent a localized variant of Adult PCD. 
In contrast to conventional adul t PCD, which is dominantly transmitted and always bilateral , 
segmental PCD is by definition limited to part of one kidney. The most likely interpretation of 
segmental! PCD is that it represents a somatic mutation, possibly involvinQI the same gene as in 
adult PCD, but with the mutation occurring during somatic nephrogenesis, and hence not present 
in the germline. In contrast to conventional PCD, this lesion has no genetic implications. 

CYSTIC NEPHROMA, CPDN, AND RELATED l.ESIONS 

Since Edmunds' report in 1892 of a "cyst-adenoma" o1 the kidney, a plethora of terms, 
classifications, and pathogenetic concepts have appeared m the literature concerning solitary, 
multicystic, well demarcated masses of otherwise normal renal parenchyma. 

The concept that fully differentiated cystic tumors of the kidney represent mature 
variants of nephroblastoma is now widely accepted. The most commonly used terms for these 
lesions are multilocular cyst (MLC} and CN. The latter is preferred, as it most clearly 
expresses the neoplastic nature of the lesion , and is less likely to engendei confusion with other 
cystic disorders of the kidney. 

The term "cystic,, partially differentiated nephroblastoma" (CPDN) has been proposed 
for specimens that seem to represent a transition between classical nephroblastoma and fully 
mature CN. The typical CPDN has gross appearances indistinguishable from those of CN. Both 
lesions are usually unicentric, though bilateral CN has been reported. Most are ovoid to 
spherical!, and seem to have arisen deep within the kidney, which is compressed and distorted by 
the lesion. They are sharply demarcated by a capsule of compressed fibrous tissue from the 
adjacent non-cystic renal tissue. The majority of the lesion consists of unconnected cystic 
spaces tilled with serous fluid. The septa separating these spaces are no more than a few 
millimeters thick, and generally conform to the shape of the cyst spaces. Solid expansile masses 
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that distort the septa1 and protrude into cystiC' lumens identify the lesion as a WT with cysts, 
rather than CPDN. Lesions termed MLC in adults, andl their relationship to renal cell 
carcinoma, are unresolved controversies, discussed well by Taxy and Marshall. 

CPDN differs from CN only i'n that some of the septa are found to contain immature tissue 
elements resembling those of WT, while in CN only mature ce/1 types are seen. These lesions 
seem to form a spectrum which is entirely comparable to the neuroblastoma series. 

CPDN represents a relatively benign expression of nephroblastoma that probably does 
not require adJuvant therapy if cleanly resected. While a substantial number of cases have been 
reported to have done well after nephrectomy alone, further experience is required before the 
safety of this approach can be firmly established. Many of the instances ot CPDN reported in the 
literature received adjuvant therapy either before or after nephrectomy. A diagnosis of CPDN or 
CN in a previously treated specimen is suspect, as one cannot be sure whether or not solid 
regions of WT were present prior to therapy. 

Partial nephrectomy for CN ot the renal poles has been proposed as a potentially safe and 
efficacious approach by some. The effectiveness of modern imaging techniques in establishing a 
diagnosis preoperatively adds to the attractiveness of this approach.However, some lesions 
resembling CN or CPDN on gross and imaging appearances prove microscopically to be Clear 
Cell Sarcomas or Mesoblastic Nephromas, neither of which can safely be managed by partial 
nephrectomy. 

REFERENCES 

Segmental PC D 

Bergman H, Nehme DA: Unilateral! polycystic renal disease . NY State J Med 64:2465-9, 
1964. 

Hutchins KR, Mulholland SG, Medson M: Segmental polycystic disease. NY State J Meet. 
72:1850-2, 1972. 

Kutcher r., et al.: The sonographic appearance of segmental polycystic kidney. J Ultrasound 
Med 2:425-9, 1983. 

Cho KJ1
, et al.: Localized cystic disease of the kidney: Angiographic-pathologic correlation. AJR 
132:89,1~5, 1979. 

CN and CPDN 

"faxy JB, Marshall FF: Multilocular renal cysts in adults. Possible etiological relationship to 
renal adenocarcinoma. Arch Pathol Lab Med 107:633-637, 1983. 

Joshi VV, Beckwith JB: Multilocular cyst of the kidney (cystic nephroma) and cystic, partially 
differentiated nephroblastoma: Terminology and criteria for diagnosis. Cancer 64:466-
479 , 1989. 
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CASE 4. CTTR 27261 . Contributor: Robert Farnham, M.D. " Charlotte, NC 
DIAGNOSIS: HYPERPLASTIC PERILOBAR NEPHROBLASTOMATOSIS. 

CASE 5. CTTR 27271 . Contributor: Lizardo Cerezo, M.D., Orlando Fl 
DIAGNOSIS: WILMS TUMOR ARISING IN HYPERPLASTIC INTRALOBAR 
N EPH ROBlASTOMATOSIS. 

These two unusual specimens introduce an important topic where important conceptual! 
advances have been made in the past few years. The two references cited below should be 
consulted for details. 

The formerly complex and indigestible terminology surrounding the precursor lesions of 
WT, and the various fates o1 those precursor lesions, has been simplified and conceptualized into 
a dynamic classification as presented below. 

NEPHROGENIC REST (NR) is the term applied to any precursor lesion of WT NR are 
abnormally persistent foci of embryonal cells that failed to complete maturation during fetal 
nephrogenesis. NR are present in at least 1% of newborn kidneys, and in 30-40% of kidneys 
with WT. They are almost always present with bi lateral or multicentric WT. 
N EPHROBLASTOMA TOSIS is the term now applied to DIFFUSELY or MUL Tl FOCALLY present 
NR. 

Two major categories of NR' are recognized: 
PERILOBAR NR: (PLNR) 
INTRALOBAR NR (ILNR) 

As implied by their names,, PLNR are characteristically situated at the periphery of the 
renal lobe, and ILNR are situated! at any site in the1 lobe, including cortex, medulla, walls of 
pelvicalyceal system, or renal sinus. A number of structural and other distinctions between 
PLNR and ILNR are detailed in the two references at the end of this section. 

A FUNCTIONAL SUBCLASS/FICA TION OF PLNR ANO ILNR is based on a dynamic concept of 
the life history of a NR. NR can be observed to be in the, following four dynamic states: 

DORMANT rests are of microscopic size, showing no evidence of significant growth since 
fetal or neonatal life. They are composed of blastema! cells without significant evidence of 
maturation . (When present in a newborn infant, the term INCIPIENT rest is more appropriate 
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INVOLUTING, or SCLEROSING rests are the most commonly encountered rests. These show 
various combinations of epithelial and stromal maturation, and the stroma usually becomes 
sclerotic and! hyalinized. The epithelial elements usually assume the form of tubules lined by a 
single layer of basophilic, low cuboidal epithelium with few or no mitoses. Obsolescent rests 
ultimately consist of inconspicuous fibrous scars that may be difficult to distinguish from other 
focal renal scars. 

HYPERPLASTIC rests are the result of overgrowth ot the rest as a whole, (or of all cells 
of the rest capable of hyperplastic proliferation). HYPERPLASTIC OVERGROWTH REFLECTS 
SYNCHRONOUS GROwrH PROMOTION OF MANY, OR All, CELLS OF A REST, WHILE NEOPLASTJC 
GROWTI-1 REFLECTS ALTERATION BEGINNING IN A SINGLE CEU. OF THE REST., 

THE MOST RELIABLE INDICATOR OF HYPERPLASTIC GROWTH IS THE SHAPE OF THE 
NEPHROGENIC REST. IF NEARLY EVERY CELIL OF AN INCIPIENT REST UNDERGOES 
PROLIFERATION, THE TENDENCY WI ILL BE FOR THE ENLARGED REST TO REFLECT THE SHAPE OF 
THE ORIGINAL REST. 

NEOPLASTIC FOCI ARISING AS A RESULT OF CLONAL, SINGLE-CELL EVENTS, WILL TEND 
TO fORM SPHERICAL. COMPRE~I~E NODULES WITHIN THE REST OF ORIGIN. Usually there will 
be a sharp, curved border between the edge of the tumor and the remnants of the original rest. 
The rest becomes progressively effaced as the tumor enlarges, and finally will be no longer 
recognizable. 

Cases 4 and 5 illustrate the most clinically important and potentially confusing of the 
various rest states described above. Both formed clinically apparent masses. In case 4 the mass 
formed a nearly continuous "rind" about 4 em. in maximum thickness, surrounding the kidney, 
arising from the peripheral! renal cortex, This lesion obviously represents hyperplastic 
overgrowth of a more or less continuous zone of blastema! cells that persisted into postnatal 
life. The microscopic structure of this abnormal zone is identical to that of a Wilms tumor, 
being composed of actively proliferating blastema! cells. Note, however, the non·spherical 
shape of the lesion, apparent even on a' small section, and the lack of compression at the junction 
between lesion and subjacent renal cortex. This non·compressive growth and sharp but mostly 
unencapsulated junction between rest and kidney is characteristic of most hyperplastic NR. 

In Case 5, the hyperplastic ILNR has a rather indistinct,, interdigitating border with the 
adjacent renal parenchyma, but at its deep margin, there is a sharp junction with the kidney. 
ILNR characteristically has an interstitia/location and suffounds normal renal elements, 
whereas PLNR tends to be sharply demarcated from adjacent kidney tissue. This interstitial, 
interdigitating appearance is an important clue to the presence of ILNR. 

The, following generalizations concerning nephroblastomatosis are offered . These are 
personal opinions of the author, and do not necessarily reflect views ot the NWTS Committee or 
other individuals; 
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CASE 6. CTTR 2725"1 . Contributor: J.A.Minielly, M.D., Tulsa, OK 
DIAGNOSIS: MESOBLASTIC NEPHROMA, CLASSICAL PATTERN. 

CASE 7. CTTR 27285. Contributor: E. J . Larson, M.D., Long Beach, CA 
DIAGNOSIS: MESOBLASTIC NEPHROMA, CELLULAR PATTERN. 
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These two examples of Mesoblastrc Nephroma (MN) illustrate to two most common 
appearances of this distinctive neoplasm of the infant kidney. Most cases of MN are diagnosed in 
the first month of life, and are clearly congenital. In recent years , a substantial proportion of 
cases in our fil'es have been diagnosed by antenatal sonography, as was done with Case 6. 

In infants under one month of age, MN comprises 70% of renal neoplasms. 25% are 
Wilms tumors of favorable histology, and 5% are Rhabdoid tumors. These are the only serious 
possibilities with a solid renal neoplasm in a newborn. In our series. 65% were diagnosed in 
the first 3 months of life. and 90% in the first year. Most of the remainder were in the second 
year. A diagnosis of MN beyond that age is distinctly uncommon, and should be viewed with a 
skeptical attitude. 

MN was first distinguished clearly from WT by Bolande and colleagues in 1967. They 
described the appearances seen in Case 6. which are now termed the "classical pattem" because 
it was the first one to be described. Interestingly, only one-third of MN in: our files are 
composed solely of the classical pattern, so the term "classical", though1 true in the historical 
sense, should not be confused with "usual"', since two-thirds of cases are partly or exclusively 
cellular in nature. The most important feature noted by Bolande was the fact that MN is 
associated with an extremely good prognosis, and usually proves curable by nephrectomy alone. 

FEATURES OF CLASSICAL MN 

USUALLY FOUND ONLY IN NEONATES. Most MN of older infants are of the cellular 
pattern, though remnants of the classical pattern may be found at the periphery of the lesion. 
However, THE CELLULAR PATTERN IS OFiEN ALSO SEEN IN NEWBORNS, SO ONE CANNOT 
ASSUME THE LESION WILL BE OF THE CLASSICAL SUBTYPE IF THE BABY IS VERY YOUNG. 

FIBROMATOSIS-LIKE APPEARANCE, with relatively mature spindled cells forming a 
lesion of moderate cellularity. Mitotic rate is usually on ly moderate. 

INTERDIGITATING MARGIN WITH RENAL PARENCHYMA AND ADJACENT SOFT TISSUES. 
This feature is of great importance in MN. The lesion may have Jon91 extensions into the 
perirenal soft tissues, into the renal sinus,, or down the ureter. BECAUSE OF THIS GROWTH 
PATTERN AND EXTENSIVE INVOl VEMENT OF PERIRENAL llSSUES, A MORE RADICAL 
NEPHRECTOMY IS REQUIRED THAN FOR WILMS TUMOR OR OTHER RENAL NEOPLASMS. 

Usually MN in the newborn kidney is associated with little evidence of compression of 
renall parenchyma. This NON-COMPRESSIVE GROWTH PATTERN is thought to reflect the fact that 



lesion and kidney are developing together during fetal life. 
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MOST MN SEEM TO ORIGINATE MEDIALlY IN THE KIDNEY, AND EARLY EXTENSIVE 
INVOLVEMENT OF THE RENAL SINUS IS USUAL. Case 6, shows tumor in the renal sinus. 
SURGEONS AND PAIHOLOGISTS SHOULD THEREFORE PAY PARTICULAR ATTENTION TO THE 
MEDIAL BORDER OF THE SPECIMEN,, ATTEMPTING TO SECURE A WIDE MARGIN OF UNINVOLVED 
TISSUE. 

THE ADVANCING EDGE IN "THE PERIRENAL FAT OFTEN HAS AN ANGIOMATOUS 
APPEARANCE. Remnants of the rich vascularity of this region are discernible as prominent 
branching vascular clefts, well shown in your slide of Case 6, and discernible but more subtle 
in Case 7. Case 6 also shows nicely the angiomatous leading edge of the infiltrating MN. 
THE STAGHORN-LIKE VASCULAR STRUCTURES,, WHEN PROMINENT, ARE A HELPFUL CLUE TO 
THE DIAGNOSIS OF MN. 

EXTRAMEDULLARY HEMATOPOIESIS and CARliiLAGE often are seen in association with 
MN. They are usually found near the tumor-kidney junction, and the cartilage is thought to 
represent a dysplastic change in the renal parenchyma induced by the tumor during fetal life. 

Classical MN usually have a DIPLOID DNA content. 

FEATURES OF CELLULAR MN 

HIGH CELL DENSilY, NUMEROUS MITOSES, LARGER CELLS WITH LARGER NUCLEI THAN 
IN CLASSICAL MN. These features are often alarming, yet if completely resected, most cellulali 
MN are associated with a good outcome, without the need for adjuvant therapy. Cellular MN is 
the renal equivalent of "infantil'e fibrosarcoma", which is far Jess ominous prognostically than 
conventional fibrosarcomas . 

OFTEN HAVE A SHARPER, COMPRESSIVE MARGIN. Case 7 shows some evidence of 
interdigitating margin, but witht continuing growth , a sharper margin more like those of Wilms 
tumors will often be seen. 

USUALLY HYPERDIPLOID, WITH MULTIPLE TUMOR CLONES SHOWING TRISOMY OR 
TETRASOMY, ESPECIALLY FOR CHROMOSOME 11. Interestingly, trisomy 11, commonly seen in 
cellular MN, can also be seen in infantile fibrosarcoma (see references}. 

CLINICALlY AGGRESSIVE MN 

Amongr the 312 cases of MN currently on file in the NWTS Pathology Center, 24 have 
been associated with local recurrence (17) or metastatic disease (8). One case had both lung 
metastasis and abdominal spread. The other metastatic cases of which we are aware have gone to 
the following sites: · 

Lung-4 
Brain-3 
Bone -1 
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This 7.7% relapse rate is higher than would be expected in a randomly selected 
population of MN, since we have specifical!y sought material from reported cases of relapse. A 
better estimate of the true relapse risk in MN is obtained from the NWTS cases in our file, 
which were entered on study in random prior to development of any recurrent disease, andl 
presumably refl'ect better the random relapse risk. In this population, the relapse rate was 
6/128 (4.7%). 

ALL BUT ONE OF THE FIRST RELAPSES WAS DIAGNOSED WITHIN 11 MONTHS OF 
NEPHRECTOMY. WE lHEREFORE VIEWlHE ARSTYEAR AFTER NEPHRECTOMY AS THE PERIOD OF 
RISK FOR RELAPSE, AND ADVISE FREQUENT EXAMINATIONS (e.g. monthly sonograms) DURING 
THIS PERIOD. 

INITIAL CHEMOTHERAPY IS PROBABL '\i' NOT HELPFUL IN PREVENTING RELAPSE. 9 of our 
24 relapsed cases were treated initially by chemotherapy, and 3 also received radiotherapy. 

Retrieval chemotherapy is sometimes useful,, but many cases have developed extreme 
resistance to chemotherapy, and have experienced progressive disease with 6 deaths. All 
patients who died of progressive. disease had tumor limited to the original relapse site. We are 
therefore suggesting that AGGRESSIVE EFFORTS TO REMOVE RELAPSED MN BY SURGERY OR 
RADIOTHERAPY BE UNDERTAKEN WHENEVER POSSIBLE. Cases managed in this way have 
consistently done well. Those with residual relapsed disease usually experience inexorable 
progression of disease. 

YOUNG AGE AT DIAGNOSIS DOES NOT GUARANTEE A GOOD OUTCOME. 6 of our relapsed 
cases were first operated during the first week of life. The rate of relapse is higher in older 
infants and children, but each patient should! be considered at some risk. Again, careful follow
up for the first year is the key to management of most cases. 
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CASE 8. CTTR 27277. Contributor: A_H. Dao, M.D., Nashville, TN 

CASE 9. CTTR 27232. Contributor: D.M. Schapfel , M.D. and P.B. Kane, M.D., Stony Brook ., NY 

The two cases illustrate very well some of the misleading appearances that can be adopted 
by Clear Cell Sarcoma of Kidney (CCSK). Case 8 is an anaplastic spindle cell tumor that suggests 
a differential diagnosis of MF!rl, pleomorphic rhabdomyosarcoma, or other anaplastic 
sarcomatous lesion. The lesion in case 9 has a striking trabecular or epithelioid appearance in 
some regions, with hyalinized, sclerotic regions in which a "chickenwire" vascular pattern is 
found. Both tumors represent some of the varying patterns that can be seen with CCSK. THIS IS 
POTENTIALLY THE MOST ELUSIVE DI'AGNOSIS AMONG niE PEDIATRIC RENAL NEOPLASMS, AND 
SHOULD BE CONSIDERED IN ANY RENAl TUMOR FROM A CHILD. 

CCSK comprises 4-5% oi pediatric renal tumors, so only 20-25 cases occur annually 
in the USA. It is rare in the first 6 months of life (a feature that is helpful in the differential 
diagnosis between MN and CCSK), and its incidence peaks in the 2nd year. However, some 
examples occur throughout childhood and adolescence, and we have a few specimens from young 
adults as well. It has a propensity for widespread metastases to bone, brain, soft tissue, or 
almost any other organ or tissue of the body. Unlike Rhabdoid tumor, however, CCSK tends to 
grow and metastasize rather slowly, and first recurrences sometimes appear 4-6 years after 
diagnosis. Conventional Wilms tumor therapy is ineffective, with death rates of about 70%, for 
all stages of disease, unless adriamycin is used. This agent has reduced the death rate to the 20-
30% range. THE IMPROVEMENT IN CURE RATE ASSOCIATED WITH ADRIAMYCIN PLACES A 
SPECIAL SIGNIFICANCE ON THE ESTABLISHMENT OF AN ACCURATE DIAGNOSIS. 

The CLASSIC PATTERN of CCSK is characterized by the following features: 

·- -A uniform appearance with less densely packed cells than in blastema! Wilms tumor. The 
stained slide, when examined with the naked eye, usually appears less blue than do most WT 
(Note, however, that your case 9 has a distinctly nodular appearance). 

A dtstinctive pattern of cell cords separated by delicate fibrovascular septa. The cells 
within the cords are usually pale, with indistinct pale cytoplasm, frequent vacuoles , and finely 
granular nuclear chromatin with frequent empty-appearing "Orphan Annie Eye" nuclei. · (This 
feature is well seen in Case 8, where it was a significant clue to the correct diagnosis) . It is 
important to emphasize that the cells of CCSK do not always have pale, or clear cytoplasm , and 
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acidophilic cytoplasm in the presence of the classical pattern of CCSK should not be used as a 
criterion for excluding this diagnosis. 

Entrapped single nephrons are often seen in the peripheral region of the tumor. These 
may have basophilic cuboidal epithelium, representing a metaplastic change that can be 
mistaken for tubulogenesis of tumor cells,leading to an erroneous diagnosis of Wilms tumor. 

VARIANT PATTERNS are seen to some degree in many CCSK, thought the classical! pattern 
should usually be present at least focally. 

EPITHELIOID patterns are the most frequent, and Case 9 is a beautiful example ot this 
phenomenon. It results from condensation of the cord cells of the· classical pattern of CCSK. 
A characteristic feature ·of epithelioid CCSK is the presence of undulating, filigree structures as 
are well shown in the slide from case 9. These often remind me of cooked spaghetti. 

SPINDLED variants can lead to mimicry of MN, or other sarcomas, as in case 8. SOme of 
these result from hyperplasia of the spindle cells in the septa of the classical pattern, while 
others result from spindling of cord cells. Again, the nuclear chromatin pattern of CCSK can be 
helpful. 

HYALINIZING patterns are commonly seen. Hyalinization of stroma is focally present in 
many CCSK and in many Rhabdoid tumors, and is rare in untreated Wilms tumor. rts presence 
should lead to serious consideration of the diagnosis of CCSK or Rhabdoid tumor. The hyalinized 
regions of CCSK often have remnants of vessels. giving the tlchfckenwire." appearance seen well 
in your slide from case 9. 

PLEOMORPHIC nuclear changes are an uncommon feature, but can be extremely 
prominent in some specimens. as in case· 8. In a small biopsy we, recently diagnosed as having 
anaplastic Wilms tumor, the subsequent nephrectomy specimen revealed the classical pattern of 
CCSK in other regions. 

PALISADING patterns, mimicking neurilemoma. are seen in about 15-20% of CCSK 
specimens. 

These and other variant patterns of CCSK are especially elusive when one has only a 
limited sample of tumor. This is the major reason I discourage the use of intraoperative frozen 
sections for pediatric renal tumors, and is a factor that can enhance the chance of diagnostic 
error in other limited biopsies as well. Fortunately, most renal tumors of children are 
triphasic Wilms tumors, where the correct diagnosis can often be made on FNA or needle bfopsy 
specimens. -- ~ 

IMMUNOHISTOCHEMISTRY has a limited role in diagnosis of CCSK, except in a negative 
sense. Of the commonly used stains, only vimentin is usually positive. Keratins may be found in 
entrapped tubules, but should never be seen in the tumor cells themselves. 

ELECTRON MICROSCOPY can be helpful by demonstrating~ features of other neoplasms. 
Usually EM of CCSK reveals a paucity of cytoplasmic organelles and filaments, and abundant 
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intercellular mucin. The flocculent extracellular material cloaking cytoplasmic surfaces in 
many WT cells is not a feature of CCSK. Other details are discussed in the article by Mierau et 
al. 

DIFFERENTIAL DIAGNOSIS OF CCSK 

CCSK versus WILMS TUM 0 R 

Features Favoring Wilms Tumor 
Wilms tumor syndromes 
Nephrogenic rests 
Bilateral or multifocal tumors (no bilateral CCSK case reported to date) 
Heterologous cell types (e.g. skeletal1 muscle, which is never seen in CCSK) 
Blastema! cells with nephrogenic differentiation 
Blastema! aggregation patterns, especially serpentine blastema! pattern. 
Coarsely granular chromatin 
Invasive margin entrapping nephrons ( some blastema! Wilms tumors are extremely 

invasive, but their cell density is far greater than in CCSK). Other WT 
have a pushing border that does not surround and isolate nephrons 

Botryoid intrapelvic growth pattern 
Features Favoring CCSK 

Uniform appearance. low to moderate celll density 
Hyaline sclerosis 
Pale, "orphan Annie eye" nuclei 
Metastases to bone, brain, or any site other than liver, lung, or node 

CCSK versus CELLULAR MESOBLASTIC NEPHROMA 

Features Favoring M N 

Age less than 6 months 
Hypercalcemia, hypertension 
Coarse chromatin 
"staghorn" vessels 
Remnants of classical MN pattern at periphery 
Hyperdiploidy 
Renal dysplastic changes 

Features favoring C C S K 

Age over 12 months 
Fine chromatin 
Classical and variant CCSK patterns 
Metastases 

-- -
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CASE 10. ClTR 27272 . Contributor: J .D. Mueller, M.D., Boston, MA 

This tumor was clinically detected despite its small diameter of 4 em . because of its 
central location and extreme invasiveness, leading to hematuria. 

Your slide shows well the extremely malignant cytological features, and the 
characteristic large, vesicular nucleus and prominent central nucleoli of RTK. Also present are 
foci of hyaline sclerosis, often surrounding single cells and mimicking an osteogenic sarcoma to 
some degree. Hyaline sclerosis is a feature not commonly encountered in untreated Wilms 
tumors, and should immediately suggest the possibility either of CCSK or RTK. The appearance 
is that of an extremely aggressive, high! grade neoplasm, in contrast to the usual Wilms tumor. 
Note that cytoplasmic detail is not well seen, and cytoplasmic inclusions are found only with -- -
difficulty . The appearances are somewhat reminiscent of an extremely high grade large cell 
lymphoid or epithelial neoplasm. and the same appearances in an adult would lead to 
considerably longer differential diagnosis than they do in the kidney of an infant. Most 
illustrations of RTK in the literature show more myogenous-appearing cytopl'asm and more 
prominent inclusions, but many of the slides used for those illustrations were optimally fixed 
in special solutions such as Zanker or BS. Your slide is more characteristic of the "real· 
world" , with some of the features less evident than in published photos. 
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RTK is perhaps the most aggressive and rapidly lethal neoplasm of infancy and early 
childhood. To date, no effective therapy for this neoplasm has been developed. The, major 
challenge for pathologists is to distinguish true RT from "pseudo~RT". Many neoplasms are 
capable of mimicking RTK. Most. but not all, lesions reported as extrarenal AT, and probably all 
lesions reported as "adult RT' are other neoplastic entities with phenotypic features mimicking 
those of RTK. In dubious, atypical. or controversial! cases, we prefer designating lesions that 
resemble, but may not be, true RT as "Malignant undifferentiated neoplasm with features, 
resembling Rhabdoid Tumor», as advocated by Gaffney and Breatnach. 
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CASE 15. CTIR 27227. Contributor: C. Zuppan, M.D., Lorna Linda, CA 
DIAGNOSIS: SACROCOCCYGEAL TERATOMA WITH MALIGNANT 
UNDIFFERENTIATED NEOPLASM OF' PRESUMED SOMATIC CEll 
NEUROEPITHELIAL PHENOTYPE (TERATOCARCINOMA}. 

6 em. presacral mass in a 1 yr. female with a lifelong, history of constipation . Lesion 
resected by abd'ominal perineal approach . 

Your slide shows a primitive . re latively monomorphous neoplasm composed ol cells that 

-- -



Pediatric Tumors 
Page 27. 

have a neuroepithelial appearance. The study slides had no other heterologous elements, but in 
the original sections, foci of other heterologous cell types were found in a few small foci. Stains 
for neuron specific enolase were positive in the tumor cells. 

This case was selected to bring out the following points for discussion: 

('1} THE DEFINITION OF TERATOMA. 
(2) THE CONFUSING NOMENCLATURE SURROUNDING MAUGNANT DERIVATIVES OF TERATOMA. 
(3} THE CRUCIAL DISTINCTION BElWEEN "IMMATURE TERATOMAH' IN INFANTS AND IN OLDER 
INDIVIDUALS. 

DEFINmONI OF TERATOMA 

For many years, it was traditional to define teratoma according to the germ layer 
concept, requiring that derivatives of each of the three primary germ layers of the embryo be 
present. This approach seemed needlessly restrictive to some, and has gradually fallen from 
grace because of the following considerations: 

(a) It excludes certain "monodermal" or "bidermaiH lesions with spectacular 
examples of heterologous differentiation (skin and/or brain in ovary, etc. that seem 
unquestionably to be of germ cell origin. 

(b) Erroneous assignment of germ layers origin for specific tumor elements in order to 
complete the list of germ layers represented in given lesion, is a common experience. A 
squamous epithelium may be assigned as ectodermal! or endodermall origin, depending upon which 
one is needed to provide the· third layer required by the classical definition. 

(c) By far the most important problem, however, is that the germ layer dogma has been 
rendered obsolete for more than 50 years, though this fact has taken a long time to penetrate 
into the medical literature, Oppenheimer's excellent review from '1940 (see reference list) 
provides a scholarly consideration of the non-sanctity of the germ layers. She shows how cells 
from one layer can be induced to form derivatives normally thought to derive from other layers. 
Many other' arguments are presented that make the tridermal definition one that is biologically 
untenable. 

Gonzalez-Crussi, and others, have more recently espoused a somewhat more liberal 
approach to the definition of teratoma, based upon the presence of heterologous ORGANOID 
differentiation. This requires tnat there be1 recognizable differentiation toward one or more 
organs other than the one in which the tumor is arising. This organoid differentiation can 
involve either SOMATIC structures or EXTRAEMBRYONIC structures. This concept provides a 
convenient conceptual framework for distinguishing the common mixed tumors of children and 
adults from teratomas, in that mixed tumors have random juxtapositions of various 
heterologous cell types, but lack recognizable organogenesis. For example, in a mixed Wilms 
tumor,, one may have cartilage andl mucinous or squamous epithelium in the same microscopic 
field, but only in a teratoma would these elements be organized into recognizable elements of the 
upper respiratory tract. 
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A nightmarish potpourri of confusing and variably applied terms has evolved to describe 
the various types of malignancy that may be seen in teratomas. The two that are most often 
applied! in inconsistent and confusing fashion are TERATOCARCINOMA andl EMBRYONAL 
CARCINOMA. Some authors use these two terms interchangeably, and others use only one of 
them. 

Teilum's seminal recognition that many lesions formerly termed embryonal carcinoma 
were in fact neoplastic efforts to replicate an extraembryonic structure, the, endodermal sinus 
(or yolk sac, depending on species), led to his clear discrimination of malignant lesions derived 
from teratoma as being derived from SOMATIC CELLS, EXTRAEMBRYONIC CELLS,, OR GERM 
CELLS. This concept provides a convenient framework for applying the formerly confusing 
terms in a consistent fashion. 

I follow the school that applies the terms as follows: 

EMBRYONAL CARCINOMA is applied to either: 
(1) lesions so primitive that they cannot be assigned to either a somatic cell or an 

extraembryonic cell type, or; 
(2) primitive undifferentiated neoplasms that are presumably of extraembryonic 

origin, but do not cleanly fit the! concept of choriocarcinoma or yolk sac tumor. 

TERATOCARCINOMA is applied to lesions that appear to be malignant undifferentiated 
neoplasms of SOMATIC cell type . By this use of the term, the lesion in Case 15 would be a 
variety of teratocarcinoma. 

When an alternative , more specific term is applicable, it should be used, and the two 
terms di'scussed above should be reserved only for the most primitive and undifferentiated 
lesion that does not fit neatly into a conventional term such as Yolk Sac Tumor, 
Choriocarcinoma, Germinoma, etc. 

A number of conventional somatic cell malignancies can arise in teratomas of children or 
adults, such as Wilms tumor, squamous cell carcinoma, melanoma, neuroblastoma,. 
astrocytoma, etc. When such lesions are encountered, they should be so designated, rather than 
the less specific term Teratocarcinoma. It has been our experience that Wilms tumors arising 
in Teratomas follow the same rules as do Wilms tumors arising in the kidney. 

,lMMA1URE TERATOMAS IN INFANTS DO N01:Jj~Y-!= . .JJ:I~)~8Mf: SI,{3NIFJ.CANq;~~S~lJ:lQ$E QE 
ADULTS. 

The recognition that immature neuroglia l! or other somatic cell elements in ovarian 
teratomas of adult women could have adverse prognostic significance led, to an extension of the 
concept of "immature teratoma" to sacrococcygeal and other teratomas of infants and young 
children. But many years ago, Landing and others recognized that the critical determinant of the 
significance of immaturity in a teratoma W.ftSJhe_d.egr~.e_Q.f histological dev_~J.QQmE?JJ.t~l. 
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discrepancy getween t!:11e host and the tum or. According to this biologically plausible concept, 
immature or embryonal! neuroepithelium in the teratoma of a newborn lags at the most only a 
few months behind the development of the baby's brain and spinal cord. The same degree of 
immaturity in a woman of 20 years would be two decades out of synchrony with the host, and 
would be correspondingly more abnormal. 

For this reason, most pediatric pathologists do not assign a high degree of concern to the 
neonatal! teratoma with immature elements, and most of us do not feel such lesions should be 
graded as would be done for the adult ovarian teratoma. THE CRITICAL PROGNOSTIC FEATURE IN 
A NEONATAL TERATOMA IS NOT ITS DEGREE OF IMMATURITY, BUT THE COMPLETENESS OF 
RESECTION, AND THE PRESENCE OR ABSENCE OF A CONVENTIONAL MALIGNANT COMPONENT, 
WHICH IN YOUNGSTERS IS USUALLY A YOLK SAC TUMOR. 

SElECTED REFERENCES 

Teilum G:· Special Tumors of the Ovary and Testis. 2nd Edition. Philadelphia, 
Lippincott, 1976. 

Gonzafez-Crussi F: Extragonadal teratomas. Atlas of tumor Pathology, Second Series, 
Fascicle i 8, i 982. 

Oppenheimer JM: The non-specificity of the germ layers. Quart Rev Bioi 15:1-27, 1940. 
Gonzalez-Crussi F: lhe human yolk sac and yolk sac tumors: a review. Perspect Pediatr 

Pathol 5:179'-2'15, '1979. 
Tapper 0, Lack EE: Teratomas in infancy and childhood. A 54 year experience at the Children's 

Hospital Medicall Center. Ann Surg 198:398-4 i 0, i 983. 
Mahour GH, Landing, BH, Woolley MM: Teratomas in children: Clinicopathologic studies in 133 

patients. Zeitschr f .. Kinderchirurg 23:365-80 , 1978. 

Some important recent developments related to Rhabdomyosarcoma (RMS) are of great 
importance to pathologists. A recently developed classification of childhood RMS proposed by 
1sokos et al. includes some important modifications at the traditional classification scheme, and 
if this so-called "NCI classification" stands the test ot time, it should soon supplant present 
criteria for distinguishing prognostically unfavorable andl favorable categories of RMS., 

Another significant advance has been the introduction of several useful immunostains to 
assist in the diagnosis of RMS, and the recognition that a characteristic 2:13 chromosomal 
translocation is a feature of most, if nofi all, alveolar RMS. 

CASE 11. CTTR 27244. Contributor: W.M. Talbert, M.D., Long Beach, CA 
DIAGNOSIS: PLEOMORPHIC RHABDOMYOSARCOMA. 

This slide is from a huge mass replacing! the left lung1 in a 4 year old girl. The specimen 
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is from a left pneumonectomy. There was a small! area ot attachment to the anterolateral chest 
wall. 

The lesion is composed of markedly pleomorphic spindled and strap cells with huge 
nuclei and multipolar mitotic figures. Cross striations can be found in some tumor cells. 

lmmunostains performed in our laboratory revealed the following~ results: 

DESMIN ++ 
ACTINI + 
MYOGLOBIN ++ 

Why aRMS in the lung? Skeletal muscle is an occasional component of maldeveloped 
lung, in the so-called Cystic Adenomatoid Malformation, suggesting] that the primitive 
pulmonary mesenchyme can form skeletal muscle. Many pulmonary RMS have been found to 
have arisen in other pulmonary lesions, notably Pleuropulmonary Blastomas or developmental 
lung cysts. In this case there was apparently no evidence ot another lesion in the background. 

CASE 12. CTIR 27254. Contributor: Sherrie Caldwell, M.D., Denver, CO 
DIAGNOSIS: RHABDOMYOSARCOMA, SOLID ALVEOLAR VS. EMBRYONAL 
SUBTYPE. 

This lesion was a circumscribed left chest wall mass, 6.5 em. in largest diameter, 
removed from a 1 0 year old male. It apparently arose from the diaphragm, and was removed 
with portions of five. ribs and costall cartilages. 

IMMUNQSTAIN RESULTS: 

DESMIN 
ACTIN 
MYOGLOBIN 
HBA-71 
NSE 

++ 
+ 

Negative 
Negative 
Weak + 

CASE 13. CTTR 9780. Contributor: George D. Amromin, M.D. , Duarte CA 
DIAGNOSIS: ALVEOLAR RHABDOMYOSARCOMA. 

lMMUNOSTAIN RESULTS; 

DESMIN 
ACTIN 
MYOGLOBIN 
HBA-71 
NSE 

++ 
+ 

Negative 
Negative 

Weak + 
(cytoplasmic but not membrane staining). 

These cases exemplify some of the important issues involved in the pathological 
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evaluation of RMS. Case 11 '1 illustrates that pleomorphi'c RMS does occur in childhood, and also 
that immunostains can help firm up the diagnosis when one is considering other pleomorphic 
sarcomas in the differential diagnosis. Kodet et al. have recently reviewed the topic of 
pleomorphic RMS in children, and confirmed the generally unfavorable prognosis associated 
with such tumors when the pleomorphic cells occurred, in aggregates or diffuse sheets 
throughout the tumor, but not when they were present only as focal, single cells. 

Kodet R, Newton WA, Hamoudi1 AB, et all.: Childhood rhabdomyosarcoma with anaplastic 
(pleomorphic) features. A report of the Intergroup Rhabdomyosarcoma Study. Am J 
Surg Pathol 17:443-53 , 1993. 

In thi's context, it is important to note that the NCI classification (Tsokos et al.) 
confirms the finding of earlier workers that anaplastic (pleomorphic) cells in a background of 
Embryonal RMS are not a marker of unfavorable outcome. 

Cases 12 and 13 introduce the problem of identifying Alveolar RMS, and serve to 
illustrate the importance of new concepts concerning~ this prognostically unfavorable category 
of RMS, drawn mainl'y from the work of Tsokos et al. 

RHABDOMYOSARCOMA 
N .C.I. CLASSIFICATION 

(Modified from Tsokos et alt. Arch Pathol Lab Med 116:847, 1992) 

PROGNOSTICALL Y EA,VORABLE CATEGORIES 

EMBRYONAL PATIERNS 
Classical 
Botryoid 

Aggressive Cytology ** 
Leiomyomatous** 
Pleomorphic Embryonar*"' 

PROGNOSTICALL Y UNFAVORABLE CATEGORIES 

ALVEOLAR PATTERNS 
Conventional 
Solid Alveolar** 

PLEOMORPHIC 

The terms designated by asterisks are newly recognized or newly designated, and are 
discussed below. 
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(11} THE DIAGNOSIS OF "ALVEOLAR" RMS IS NO LONGER PREDICATED ON THE PRESENCE OF 
Mi8b~!;p!AR ARRANGEMENT OF TIJMOR CELLS. BUT l)e.QN THE CYTOLOGICAL FEATURES OF THE 
LESION. llrlE CHARACTERISTIC CEil.LS OF AL VEOl.AA RMS ARE CLOSEt Y PACKED, POLYGONAL OR 
ROUNDED, OF MEDIUM SIZE, WITH LARGE VESICULAR NUCLEI WITH GRANULAR CHIFIOMA ilNI 
AND FREQUENTlY PROMINENT NUCLEOLI. SOME CELLS USUAtl Y HAVE ACIDOPHILIC 
CYTOPlASM THAT STAINS POSmVEL Y FOR lliE USUAL MUSCLE MARKERS. WHEN THESE CELLS 
FORM DIFFUSE SHEETS, THE TERM "SOILID ALVEOLAR" RMS IS SUGGESTED. 

(2) THE RELATIVE AMOUNT OF THE "ALVEOLAR" COMPONENT IS NOli IMPORTANli. EVEN A 
§ MALL FOCUS IS SUFFJCIB'JTTO QUALIFY Tl:::!!= (..E$JON FOR A DIAGNOSIS OF ALVEOLAR RMS. 

(3) A CHARACTERISTIC CHROMOSOMAL 2:13 TRANSlOCAl!ON SEEMS TO BE CHARACTERISTIC 
ORAL VEOLAR RMS, AND THIS MAY BE HELPFUL IN MAKING THE DIAGNOSIS OF THIS ADVERSE 
HISTOLOGICAL PATTERN IN DIFFICULT CASES. 

(4) THE ESSENTIAL FEATURE OF THE EMBRYONAL PATTERNS OF RMS IS A SPINDLED TO 
STELLATE BACKGROUND CELL TYPE, OF LOW OR MODERATE DENSITY. THE "AGGRESSIVE 
CYTOLOGY" VARIANT OF EMBRYONAL RMS IS A RATHER CONFUSING CONCEPT, DENOTING 
LESIONS THAT HAVE AN EMBRYONAL BACKGROUND WITH REGIONS OF HIGHER CELL DENSITY 
AND MORE ACTIVE APPEARANCE. TRANSmONS BElWEEN THESE REGIONS AND THE STELLATE 
BACKGROUND PA TIERN ARE GRADUAL, RATHER THAN ABRUPT AS IN EMBRYONAL RMS WITH 
ALVEOlAR FOCI. 

(5} NUCLEAR PLEOMORPHISM IN AN EMBRYONAL RMS IS NOT A MARKER OF ADVERSE 
PROGNOSIS. 

(6) THE SO-CALlED "LEIOMYOMATOUS", SPINDLE-CELLED VARIANT OF RMS, USUALLY 
SEEN IN PARA TESTICULAR SITES,, IS A PARTICULARLY FAVORABLE VARIANT OF EMBRYONAL 
RMS. (A good recent review of this variant of RMS is by Cavazzana AO, et al. Am Jl Surg 
Pathol 16:229, 1992) . 

REFERENCE 

Tsokos M , Webber BL, Parham OM, et al.: Rhabdomyosarcoma. A new classification scheme 
related to prognosis . Arch Pathol Lab Med 116:847-855, 1992. 

IMMUNOHISTOCHEMISTRY OF AMS 

Some RMS, especially the newly defined "solid alveolar" subtype, can lead to diagnostic 
confusion with other small round blue cell tumors of childhood. Myo 01, a recently developed 
polyclonall antibody against a major developmental determinant of normal skeletal muscle, has 
been suggested to be an extremely sensitive and specific marker for RMS (Dias P, et al. Am Jl 
Pathol 137:1283, 1990). To our knowledge, this is not yet commercially available, and in 
its present form it requires frozen sections. We have no personal experience with th is antibody, 
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but colleagues who have used it find it of extreme value in difficult cases, and it may soon 
become a defining characteristic for RMS. 

The value of Myo 01 is emphasized in the differential diagnosis of small blue cell 
tumors by recent reports of Desmin-positivi ty in some PN ET (Parham OM, et at Am J Surg 
Patholl 16:483, 1992), and by the relative frequency of NSE positivity in RMS. For example, 
Miettinen et al. noted NSE positivity in 16/30 RMS (Am J Pathol 130:205, 1988). 

Standard muscle markers (HHF 35 for Actin, Desmin, and Myoglobin) are generally 
useful. It is welll known that of the three standard markers, HHF 35 is the most sensitive and 
least specific, while myoglobin is relatively insensitive, being positive only ln cases with 
obviously myogenous cytoplasm. A positive resul1 for myoglobin is, however, useful in 
distinguishing RMS from leiomyosarcoma. 

A large number of other stains for various muscle markers have been touted in the 
literature, but none of these seems to have generated the degree of enthusiasm being expressed 
by those who have used Myo 011. 

CASE 14. CTTR 27284. Contributor: David Parham, M.D., Memphis, TN 
DIAGNOSIS: EWING TUMOR (with giant cells). 

Your slide is from a right tibial lesion in an 18 year old male, symptomatic for about 
one year .. Prior to AK amputation, the lesion had been treated with multiple chemotherapeutic 
agents, and irradiation, with no discernible response. 

The lesion shows considerable necrosis, possibly related in part to therapy, but in 
viable regions, it is composed primarily of sheets of primitive cells with round nuclei and 
generally indistinct cytoplasmic borders. In the best fixed portions of the slide, nuclear 
chromatin appears finely granular, An unexpectedly prominent finding in the block used for 
this seminar, not obvious in the pilot sections, was the, presence of ceJJs with monstrous nuclei 
and prominent cytoplasm. Their nature is not clear. Possibilities include megakaryocytes or a 
response to chemotherapy. The former is not considered likely, as the giant cells are negative 
for factor VIII in our hands. 

PNET has become a much more widely recognized neoplastic category in recent years, 
and a number of primitive undifferentiated tumors of childhood have been found to be of 
neuroepithelial origin. New immunostains and the discovery of a characterist ic 11:22 
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translocation in most PNET have facilitated a substantial revision of former views on the origin 
of Ewing tumor of bone and soft tissue, Askin tumor, and some lesions formerly termed 
neuroblastomas. The light microscope with routine histological stains has a very limited role in 
the diagnosis of Ewing tumor and many other undifferentiated small blue cell tumors of 
childhood, and EM, immunohistochemistry, cytogenetics, and molecular studies are often of 
extreme value in establishing a precise diagnosis. 

PNET vs. NEUROBLASliOMA 

The concept of PNET has been refined in recent years, with the recognition that classical 
neuroblastomas (NB) and PNET are very different biological entities. The following tabl'e lists 
the principal features distinguishing PNET from NB. 

NEUROBLASTOMA N EU ROEPITH ELIOMA 
AGE <S YRS > 10YRS. 

SITES OF ORIGIN Adrenals, Sympathetic Multiple organs and tissues 
ganglia 

NEUROTRANSMITTERS Adrenergic Cholinergic 
and cholinergic 

CHROMOSOMAL ABN. Del 1p, HSR's 111 :22 translocation 
ONCOGENES N-myc C-myc 

ULTRASTRUCTURE 
Neu r ites Long Short 
Granules Numerous Sparse 

MHC EXPRESSION Absent. Present 
HBA 71 (MIC 2 GENE Absent Present 

PRODUCT) EXPRESSION 

The following reference, though in a somewhat obscure publication, is strongly 
recommended for recent and scholarly discussion of this complex topic: 

Tsokos M: Peripheral primitive neuroepithelial tumors. Di'agnosis, classification, and 
prognosis . Perspect Pediatr Pathol 1:6:27-98, 1992. 

MIC 2 GENE PRODUCT AND THE IMMUNOHISTOCHEMICAL DIAGNOSIS OF PNET 

A powerful new tool has recently become available to facilitate the diagnosis of 
PNET. Monoclonal antibodies against a ce111 surface glycoprotein, known as p30/32 MIC2, have 
been shown to be very useful] in distinguishing PNET from other undifferentiated small blue cell 
tumors of children and adults. This glycoprotein is encoded by the MlC 2 gene, situated near the 
end of the short arm of both the X and Y chromosomes. As one of the few genes common to both 
sex chromosomes, this gene is transmitted by both sexes to both sexes, and hence is termed a 
"pseudo-autosomal" gene. The P30/32 glycoprotein was first recognized as a T cell activation 
molecule, and is expressed in normal thymocytes as we!f as in some lymphomas, mainly of T 
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origin. The first antibody against this product was termed 12E7. This was subsequently found 
to be very useful in the identification of PNET. The antibody to this glycoprotein for which the 
most literature exists, is termed HBA 71, developed by Dr. G. Hamilton, Vienna, Austria. This 
product is apparently not available commercially, though Dr. Hamilton has kindly provided us 
with a supply. A commercially available antibody is currently available, designated 013 
(Signet Labs}. This has yielded somewhat disappointing results in the hands of several of my 
acquaintances. 12E7 has yielded good results in the hands of several labs. 

When more generally avaHabfe, it appears that HBA 71, or 12E7, will provide an 
extremely usefull marker of Ewing sarcoma or other PNET. This antibody does not recognize 
conventional neuroblastoma, nor does it decorate central PNET such as medulloblastoma. It 
should be remembered that some lymphomas will react with this antibody, so LCA or other 
methods should be used to exclude that diagnosis whenever lymphoma is in the differential! 
diagnosis. 

Electron microscopy remains an extremely useful adjunct to the diagnosis of Ewing 
tumor. The abundance of glycogen, absence of cell junctions, and lack of REA',, extracellular 
matrix, or prominent cytoskeletal elements are very helpful in identifying Ewing tumors. 
PAS stains, though stilll popular, are of limited usefulness, since they can be negative in Ewing 
tumors and positiVe in neuroblastomas. 

REFERENCES 

Ambros JM, Ambros PF, Strehl SD, et al1
. : MIC2 is a specific marker for Ewing's sarcoma and 

peripheral primitive neuroectodermal tumors, Cancer 67:1886-93, 19911. 
Fellinger EJ, Garin-Chesa P, Triche TJ, ef al.: Immunohistochemical analysis of Ewing 's 

sarcoma cell surface antigen p30/32 MIC2. Am J Pathol 139:317-25, 1991. 

IS EWING TUMOR A PNET? 

The terminology and classification of the peripheral PNET has been the· topic of a lively 
and confusing literature in recent years. The review by lisokos, cited above, covers the topic in 
masterful fashion. The Askin tumor (thoracopulmonary small round cel l tumor) was one of the 
first entities to be recognized as a peripheral PNET, when it was found to be consistently 
positive for NSE. EM and karyotypic studies confirmed this impression. Then the so-called 
Ewing tumor of soft tissue was found to frequently be associated with the same 11 :22 
translocation, and to express other features of a PNET. Ewing tumor of bone was found to be less 
commonly positive for NSE, but many proved to have the same 11 :22 translocation, and when 
HBA 71 or 12E7 became available (see above), it was found that both osseous and extraosseous 
Ewing tumors were strongly positive with these antibodies. 

The most popular current view is that Askin tumors and extraosseous Ewing tumors are 
in fact peripheral PNET, and that osseous Ewing tumor is closely related but generally composed 
of more primitive cells with fewer evidences of differentiation to unveil their identity as 
peripheral PNET. 
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The group in Kiel (Schmidt eta!.} have suggested that the degree of neural! 
differentiation may be related to outcome. lihe more differentiated PNET, with distinct Homer 
Wright rosettes and immunohistochemical evfdence of neural differentiation (other than HBA 
71) are associated with a poorer survival than for the more undifferentiated Ewing tumors. 

REFERENCE 

Tsokos M: cited above in this section of syllabus. 
Schmidt D, Herrmann C, Jurgens H, Harms D: Malignant peripheral neuroectodermal tumor 

and its necessary distinction from Ewing's sarcoma, Cancer 68:2251-9, 1991 . 

CASE 17. CTTR 10328. Contributor: J.L. Hanson, M.D., Los Angeles, CA 
DIAGNOSIS: WELL-DIFFERENTIATED GANGLIONEUROBLASTOMA. 

CASE 19. CTTR' 21883. Contributor: G. F. Pawlick, M.D., San Francisco, CA 
DIAGNOSIS: NEUROBLASTOMA,1 FAVORABLE HISTOLOGY. 

These cases serve as a basis for discussion of the neuroblastoma series, which is the 
most commonly encountered solid tumor of children except for lymphomas and CNS tumors. Two 
major points will be emphasized in this presentation: 

(1) Discussion of terminology. When is a tumor a neuroblastoma, a 
ganglioneuroblastoma, or a ganglioneuroma? 

(2) Prognostic grading of the neuroblastoma series by histopathological and other 
methods. 

GANGLIONEUROMA,, NEUROBLASTOMA, OR GANGLIONEUROBLASTOMA? 

It has lon9 been known that the adrenergic neurogenic tumors of childhood comprise a 
spectrum in terms of differentiation, and that the· degree of differentiation bears a distinct 
relation to prognosis. At one end of the spectrum are benign tumors composed of differentiated 
neurons and supporting cells . termed Ganglioneuromas. The other extreme consists of neoplasms 
that are composed exclusively of primitive neuroblasts, wh ich often behave in extremely 
malignant fashion. Between these extremes are tumors in which various admixtures o ~ 

neuroblasts and mature elements are present. These "ganglioneuroblastomas" are perceived as 
having a prognosis intermediate between the two extremes. PATHOLOGISTS ARE EXTREMELY 
INCONSISTENT IN THEIR APPLICATION OF THESE THREE TERMS. THIS STATEMENT APPLIES 
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EQUALLY TO PATHOLOGISTS IN GENERAL PRACTICE, AND THOSE HAVING EXTENSIVE SPECIALIZED 
EXPERIENCE WITH PEDIATRIC TUMORS. 

The slide from case 17 is a g,ood exampl'e of this problem. This lesion is composed1 
predominantly of differentiated elements, many of which are mature ganglion cells. A few 
regions contain incompletely differentiated elements, though these have larger, more vesicular 
nuclei than undifferentiated neuroblasts, andl nearly all oii them possess well stained 
cytoplasmic borders (in contrast to undifferentiated neuroblasts, where the cytoplasm is rarely 
apparent in routine sections}. 

With tongue in cheek, I suggest that pathologists dealing with this problem can be 
classified into the following two categories: 

Dogmatic Nosological Purists refuse to use the term "ganglioneuroma"' if the lesion 
contains a single neuroblast. Similarly, they would refuse to term a lesion a "neuroblastoma" if 
it contains a single ganglion cell. For such pathologists, most tumors in this family are 
designated as ganglioneuroblastomas {GNB), and the GNB spectrum is extremely broad, from 
primitive tumors with a single ganglion cell at one extreme, to mature tumors with a single 
neuroblast at the other. 

Holistic Clinical Pragmatists, are more concerned with the patient than with the sanctity 
of language, and attempt to formulate terms that will reflect their opinion concerning the 
biology of the lesion. This school will include under the ganglioneuroma term those lesions that 
are almost completely differentiated, but where a few straggling, neuroblasts are scattered 
singly through the, specimen. On the other hand, a neuroblastoma that looks aggressive might be 
termed a neuroblastoma despite the presence of a small focus of differentiation. 

The critical factor in choosing a diagnostic term is how the clinicians caring for the 
patient will deal with that diagnosis. If the clinician will treat aggressively any 
ganglioneuroblastoma, however well differentiated, because "neuroblastoma" is part of the 
name, then I would tend to use the term ganglioneuroma for a lesion such as that in case 17. On 
the other hand, if the diagnosi's will not automatically lead to aggressive therapy, I would! favor a 
term such as "Ganglioneuroblastoma with extensive maturation" for this lesion. 

IN THE EVALUATION OFA NEUROBLASTIC LESION WITH BOTH DIFFERENTIATED AND 
UNDIFFERENTIAl"ED ELEMENTS, THE KEY FACTOR IS THE DISTRIBUTION OF NEUROBLASTS 
WITHIN THE LESION. IF THEY FIT COMFORTABLY INTO THE BACKGROUND, MINGLED AMONG 
MORE MATURE ELEMENTS, THE IMPRESSION IS THAT THE LESION AS A WHOLE IS UNDERGOING 
MATURATION, WITH SOME VARIATION IN THE RATE AT WHICH MATURATION IS PROGRESSING. 
THIS IS A VERY GOOD SIGN, AND LEADS ME TO USE LANGUAGE THAT WILL FAVOR A MORE 
CONSERVATIVE APPROACH CLINICALLY. ON THE OTHER HAND, IF EXPANDING FIELDS COMPOSED 
PURELY OF UNDIFFERENTIATED NEUROBLASTS ARE PRESENT, THIS IS KNOWN TO BE 
ASSOCIATED WITH AN ADVERSE PROGNOSIS. 

When the tumor has not been resected, and only a biopsy or partial excision has been 
carried out, one, should always make clear that tumor remaining in the child is not necessarily 
identical to that which was removed. 
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HISTOPATHOLOGICAL GRADING OF NEUROBLASTIC TUMORS 

A variety of histological grading schemes have been proposed over the years. some of 
them simple and others extremely complex. In recent years, the most popular of these is that 
proposed by Dr. Shimada. The Shimada grading system has proven to be a reliable one, and has 
been used for years as a major determinant of aggressrveness of therapy for these patients. It 
has recently been modified somewhat by Joshi et al., but the latter scheme has not been as 
extensively validated as the Shimada system. 

The Shimada grading system seems complex at first, but is actually based on rather 
straightforward principles. Tumors are placed in one of two categories, FAVORABLE histology or 
UNFAVORABLE histology, based upon a combination of patient age, degree of differentiation, and 
extent of cellular proliferation. The most significant advance over previous grading systems is 
its recognition that certain prognostic features have different significance in young infants than 
in older children. It is the AGE-RELATED aspect of the Shimada system that is its most 
important advance. 

My maJor problem with the Shimada system is that it uses the "Mitotic-Karyorrhexic 
lndexn (MKI) instead of simple mitotic index as a criterion of' proliferative activity. 
Karyorrhexic nuclei produce extreme. problems in my hands as to what should be counted. 
Recent advances in demonstrating proliferative indices by better methods (PCNA and MIB 2, for 
example) willl doubtless abolish this problem in the near future. 

The following table summarizes the essential features of the Shimada system . MKI 
figures relate to the number of MKI per 5000 tumor cells. Since few if any of us is willing to 
count 5000 cells, a shortcut suggested by Dr. Shimada for very cellular tumors is to count 
about 8 HPF .. BE SURE THE MKI COUNT AVOIDS REGIONS OF NECROSIS, WHICH WILL FALSELY 
ELEVATE THE KARYORRHEXIC INDEX. The counts should include regions of highest mitotic 
activity. 

The First Cut in the Shimada scheme is to categorize the lesion as "STROMA-RICH" or 
"STROMA-POOR", based on the prominence or absence of schwannian stromal cells. If dubious 
about what is schwannian in a given lesion, and S-1 00 stain is useful. Abundant s-1 00 
positivity identifies the Stroma-Rich tumor. 

FOR THE ONLY MARKER OF 

ADVERSE PROGNOSIS IS THE SO-CALLED' NODULAR PATTERN . THIS IS 
CHARACTERIZED' BY SHARPLY DEFINED, CLONAL EXPANSIONS OF NEUROBLASTS 
WITHIN THE STROMA-RICH TUMOR BACKGROUND. These nodules should not be confused 
with ill-defined scatterings of neuroblasts such as you will find in case 17. The true nodule 
will usually stand out in the gross specimen as a spherical nodule of purple hue 
against a pale gray background. 

THE SIMPLEST WAY TO PRESENT THE SHIMADA SYSTEM IS TO ll.IST THE 
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CRITERIA ASSOCIATED WITH POOR PROGNOSIS (UNFAVORABlE HISTOLOGY). 

STROMA-RICH {Any age) 

STROMA-POOR TUMORS 

> 5 YEARS 

18 mo. - 5 yrs. 

0 - 18 mo. 

NODULAR PATTERN (see above) 

AGE-DEPENDENT 

A II Stroma-Poor tumors, 
regardless of MKI or degree of 
differentiation 

All undilfferentiated tumors,, 
any MKI 
Differentiated neuroblastoma 
with MKII > 100 

MKI >, 200 

OTHER USEFUl PROGNOSTIC FEATURES IN NEUROBLASTOMA 

Several useful tools have emerged in the past few years that have begun to diminish 
clinicians' dependence upon histological grading. Several of these, notably N-myc oncogene 
expression, and DNA ploidy, have largely superseded histopathology as prognostic indicators. 
This makes life substantially easier for the surgical pathologist. 

The following prognostic indicators are most useful, or at least most exciting, at present: 

N-myc oncogene expression. Most neuroblastomas that fare well have only 1 copy. 
Tumors that fare well usually have more than 10 copies. 
(Note FISH technique now available in some labs, making 
this test a rapid and efficient one) 

Diploidy o r Near-Tetraplo idy. Associated with poor prognosis. Near triploidy is a goodl 
feature. 

Del1p, double, minutes, Karyotypic markers associated with poor prognosis. 
homogeneous staining regions. 
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TRK gene encodes for one of two nerve growth factor (NGF) 
receptors. Aggressive tumors lack NGF receptor activity, 
and have loss of TRK function . (NEJM 328:847 , 1993, 
JNCI 85:377, 1993). 

REFERENCES 

Shimada H, Chatten J, Newton WA, Jr. et at.: Histopathologic prognostic factors in neuroblastic 
tumors. JNCI 73:405, 1984. 

Taylor SR, Blatt J, Const?ntino JP, et at. : Flow cytometric DNA analysis of neuroblastoma and 
ganglioneuroma. A 10-year retrospective study. Cancer 62:749, 1988. 

Hayashi Y, Kanda NM, Maseki N, et al.: Cytogenetic findings and prognosis in neuroblastoma wlth 
emphasis on marker chromosome 1. Cancer 63:126, 1989. 

Oppedal BR, Storm-Mathisen L, Lie SO Brantzeig P: Prognostic factors in neuroblastoma. 
Clinical, histopathologic, and immunohistochemical features and DNA ploidy in relation 
to prognosis. Cancer 62:772, 1988. 

Ganster T: Applications of DNA cytometry to pediatric pathology. Perspect Pediatr Pathol 
15:83-105, 1991. 

Brodeur GM, Azar C, Brother M, et al.: Neuroblastoma. Effect of genetic factors on prognosis 
and treatment. Cancer 70:1685, 1992. 

Joshi VV, Cantor AB, Brodeur GM, et al. : Correlation between morphologic and other prognostic 
markers for neuroblastoma. Cancer 71 :3173, 1993. 


