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Case 1
Presenter: Bonnie Choy, MD
Attending: Peter Pytel, MD


Clinical History: This 13-year-old male presented with a 4-month history of recurrent headaches and emesis, as well as a 1-month history of diplopia and intermittent vision loss. MR images of the brain showed a 3.4 cm enhancing intracranial mass, which was located in the interhemispheric fissure and elicited mass effect on the surrounding frontal cortex as well as the corpus callosum. The imaging studies did not clearly resolve whether the lesion was intraaxial or extraaxial in location. He underwent craniotomy and resection of this mass.
Diagnosis: Myoepithelial neoplasm
Differential Diagnosis:
Based on the clinical setting (a) primary neuroglial tumor and (b) meningioma variant
Based on the staining for desmin also angiomatoid fibrous histiocytoma
Key Features:
· Multinodular or lobular architecture often evident at lower power
· Variable patterns include reticular or trabecular pattern with myxoid stroma and more nested or solid growth with more hyalinized stroma
· Often contain more than one morphologic type of myoepithelial cells (i.e., epithelioid, spindle cell, clear cell, or plasmacytoid)
Discussion:
Historical Background
· Originally described in salivary glands in 1940s
· First described in soft tissue by Kilpatrick et al in 1997 (19 cases), Michal and Miettinen in 1999 (12 cases)
· Largest case series by Hornick and Fletcher in 2003 (101 cases)
· 29 cases in pediatric population reported by Gleason and Fletcher in 2007
Clinical Findings
· Wide age range, with a peak in young to middle age adults
· Approximately equal distribution between males and females
· Most common site, in decreasing order, extremities and limb girdles, head and neck, trunk, bone, and visceral organs
Histologic Features
· Wide morphological spectrum of architecture, pattern, and cell type
· Diagnosis challenging especially in unusual anatomic locations, which can mimic other more common tumors in that location
Immunophenotype
· Most commonly positive markers include: keratins (93%), EMA (63%), calponin (86%), SMA (36%), S100 (87%), GFAP (46%), p63 (23%), desmin (14%)
· No single markers 100% specific or 100% sensitive for myoepithelial neoplasms 
· Myoepithelial carcinoma should express markers of different lineages
Molecular Findings
· Recently EWSR1 gene rearrangement (22q12) EWSR1 rearrangement identified in 45% of case
· Fusion partners include POU5F1 (6p21), PBX1 (1q23), and rarely ZNF444 (19q13)
· EWSR1 is a rather promiscuous gene
· Other tumors with EWSR1 rearrangement include angiomatoid fibrous histiocytoma, clear cell sarcoma, desmoplastic small round cell tumor, extraskeletal myxoid chondrosarcoma, Ewing sarcoma/PNET, myxoid liposarcoma
· EWSR1 rearrangement is not pathognomonic, but can be a helpful finding
Prognosis (based on the 29 case series in pediatric population)
· Local recurrence in 53% of patients who underwent complete excisions
· Metastases in 52% of patients
· Site of metastases include lung, lymph node, bone, and soft tissue
· Death in 43% of patients
· 13% of patients are free of disease after excision
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Case 2
Presenter: Daniel Johnson, MD
Attending: Nicole Cipriani, MD
Clinical History: This 64-year-old female had bilateral thyroid nodules. Ultrasonography showed a dominant 2.9 cm nodule in the right lobe with both solid and cystic features. She underwent total thyroidectomy. A representative section from the right-sided thyroid nodule (measuring 3.3 cm at gross examination) is provided for your review. 
Diagnosis: Papillary thyroid carcinoma, follicular variant (PTC-FV)
Differential Diagnosis:
· Benign thyroid nodule
· Papillary thyroid carcinoma 
· Classical type
· Follicular variant
· Follicular carcinoma
Key Features:
· Circumscribed nodule with an undulating border, likely broad-based invasion
· No obvious sclerosing invasion or papillae
· Predominantly follicular pattern of growth with some trabeculae
· No definitive vascular invasion
· Variable nuclear atypia with enlargement, clearing, wrinkling, grooves, and overlapping
Discussion:
· The term PTC-FV was first used to describe lesions comprised predominantly of follicles, demonstrating a sclerosing pattern of invasion and lymph node metastases, similar to classic PTC
· Since then, nuclear atypia has superceded architectural features and behavior, and PTC-FV has become a heterogenous and confusing entity 
· Recently there has been an effort to clarify and sub-classify PTC-FV:
1) Infiltrative type with extensive follicular growth and sclerotic invasion. Often has papillae, even if focally. Identical to Rosai's description of PTC-FV in 1977. Behaves (and looks) like classical PTC with frequent extrathyroidal extension and lymph node metastases.
2) Well-circumscribed type that may be partially or completely encapsulated, is composed entirely of follicles (with occasional trabecular growth). Only shares nuclear features with classical PTC. Behaves similarly to the follicular adenoma-carcinoma spectrum of lesions with capacity for hematogenous metastases in the presence of capsular, vascular, or intrathyroidal invasion.
· In addition to histologic and clinical differences, recent studies show molecular genetic differences between these 2 subtypes:
· Infiltrative type frequently harbors BRAF mutations 
· Well-circumscribed type more often has RAS mutations (NRAS & HRAS > KRAS)
· These findings are parallel to those seen in classical PTC (BRAF mutations, RET/PTC translocations) and follicular adenomas and carcinomas (RAS mutations, PAX8-PPARγ translocations), respectively
· The case presented harbors an NRAS mutation at codon 61, a hotspot for mutations in follicular thyroid tumors, in the primary as well as the lung and adrenal metastases
	
	PTC classic
	Infiltrative/Invasive PTC-FV
	Encapsulated/Well-Circumscribed PTC-FV
	FA/FTC

	BRAF
	45 to 75%
	26%
	0%
	0 to 10%

	RAS
	0 to 10%
	11%
	40 to 73%
	40 to 50%

	LN mets
	Frequent
	Frequent
	Rare
	Rare

	Distant mets
	Rare
	Rare 
	Seen with capsular/vascular invasion
	Frequent with capsular/vascular invasion


· Given the additional evidence that the 2 subtypes of PTC-FV are not homogenous and bear resemblance to known papillary or follicular carcinomas, it may be time to reconceptualize these tumors:
· Infiltrative PTC-FVs often contain some papillae and are, arguably, classical PTCs with extensive follicular growth
· Circumscribed PTC-FVs are clinically and genetically similar to follicular neoplasms, and may be conceptualized on an adenoma-carcinoma spectrum
· Our case illustrates a PTC-FV with broad-based intrathyroidal invasion, an NRAS mutation, and hematogenous metastasis to the lung and adrenal gland, as might be seen with a follicular carcinoma
· Molecular testing, in conjunction with morphology, may play a crucial role in the future in order to better classify these lesions and to more accurately predict clinical behavior and guide treatment
References:
1. Adeniran AJ, Zhu Z, Gandhi M, Steward DL, Fidler JP, Giordano TJ, Biddinger PW, Nikiforov YE. Correlation Between Genetic Alterations and Microscopic Features, Clinical Manifestations, and Prognostic Characteristics of Thyroid Papillary Carcinomas. Am J Surg Pathol 2006;30:216–222. 
2. Chen KTK, Rosai J. Follicular variant of thyroid papillary carcinoma: A clinicopathologic study of six cases. The American Journal of Surgical Pathology, Vol 1, Number 2, June 1977.
3. Daniels, GH. What if many Follicular Variant Papillary Thyroid Carcinomas are not malignant? A review of Follicular Variant Papillary Thyroid Carcinoma and a proposal for a new classification. Endocr Pract. 2011;17(No. 5), 2011.
4. Ghossein R. Problems and Controversies in the Histopathology of Thyroid Carcinomas of Follicular Cell Origin. Arch Pathol Lab Med. Vol. 133, 2009.
5. Ghossein R. Encapsulated Malignant Follicular Cell-Derived Thyroid Tumors. Endocr Pathol (2010) 21:212–218. 
6. Howitt BE, Yonghui J, Sholl LM, Barletta JA. Molecular Alterations in Partially-Encapsulated or Well-Circumscribed Follicular Variant of Papillary Thyroid Carcinoma. Thyroid Volume 23, Number 10, 2013.
7. Omur O, Baran Y. An update on molecular biology of thyroid cancers. Critical Reviews in Oncology/Hematology 90 (2014) 233–252, 2014. 
8. Rivera M, Tuttle RM, Patel S, Shaha A, Shah JP, Ghossein RA. Encapsulated Papillary Thyroid Carcinoma: A Clinico-Pathologic Study of 106 Cases with Emphasis on Its Morphologic Subtypes (Histologic Growth Pattern). Thyroid Volume 19, Number 2, 2009.
9. Rivera M, Ricarte-Filho J, Patel S, Tuttle M, Shaha A, Shah JP, Fagin JA, Ghossein RA. Encapsulated thyroid tumors of follicular cell origin with high grade features (high mitotic rate/tumor necrosis): a clinicopathologic and molecular study. Human Pathology (2010) 41, 172–180.
10. Rivera M, Ricarte-Filho J, Knauf J, Shaha A, Tuttle M, Fagin JA, Ghossein RA. Molecular genotyping of papillary thyroid carcinoma follicular variant according to its histological subtypes (encapsulated vs infiltrative) reveals distinct BRAF and RAS mutation patterns. Modern Pathology (2010) 23, 1191–1200.
11. Wreesmann VB, Ghossein RA, Hezel M, Banerjee D, Shaha AR, Tuttle RM, Shah JP, Rao PH, Sing B. Genes, Chromosomes & Cancer 40:355–364 (2004). 
12. Zhu Z, Gandhi M, Nikiforova MN, Fischer AH, Nikiforov YE. Molecular Profile and Clinical-Pathologic Features of the Follicular Variant of Papillary Thyroid Carcinoma. Am J Clin Pathol 2003;120:71-77
Case 3
Presenter: Maximo J. Marin Jr., MD
Attendings: Peter Pytel, MD
Clinical History: This 68-year-old male was diagnosed with melanoma of the scalp in the summer of 2013 and is status post resection with skin graft placement at an outside hospital. As part of the metastatic workup, he underwent PET/CT imaging which revealed an ill-defined hypermetabolic lesion in the right iliac bone measuring approximately 1 cm. An initial biopsy of the lesion was found to be negative for malignancy. A follow up MRI in April 2014 showed that the right iliac lesion had increased in size to approximately 2.5 cm. A repeat biopsy of the lesion was determined to be malignant. The patient then received neoadjuvant chemotherapy and underwent a radical resection of the right ilium at The University of Chicago Medical Center September 2014.  A representative section of the lesion from the post-treatment specimen is submitted for your review. The post treatment specimen showed similar morphologic features as the diagnostic biopsy.
Diagnosis on biopsy: Rhabdomyosarcoma 

Final Diagnosis: Epithelioid rhabdomyosarcoma
Differential Diagnosis:

· Melanoma
· Carcinoma
· Sarcoma (epithelioid)
Key Features:

· Diffuse sheet like growth of malignant epithelioid cells
· Eosinophilic cytoplasm, distinct cellular membranes, relatively uniform monomorphic cells
· Large vesicular nuclei with irregular nuclear contours
· Nucleoli were large and prominent
· Negative for wide spectrum of keratins, melanocytic markers and SMA
· Positive for myogenin, desmin and retained INI-1 nuclear positivity
Discussion:

· Distinction between melanoma with rhabdomyoblastic differentiation and epithelioid rhabdomyosarcoma
· Melanoma with rhabdomyoblastic differentiation
· 6 reported cases
· All cases, tumor cells maintained mixed morphology (melanoma with rhabdoid features)

· Melanocytic marker variation

· All cases were positive for desmin, myogenin and S-100 
· Epithelioid rhabdomyosarcoma
· 23 reported cases
· Diffuse sheet like growth of morphologically malignant epithelioid cells, abdudant eosinophilic cytoplasm, large vesicular nuclei with irregular nuclear contours, variably distinct cellular membranes and cytomorphologic features and cells size are relatively uniform

· Negative for S-100

· Positive for desmin and myogenin

· Could be difficult to distinguish between melanoma and epithelioid rhabdomyosarcoma
· Key distinguishing features favoring epithelioid rhabdomyosarcoma over melanoma are monomorphic cells and S-100 negative staining

· Survival for older population of patients with epithelioid rhabdomyosarcoma ~ 2-60 months

· Pediatric population with epithelioid rhabdomyosarcoma are alive with no evidence of disease

· Interesting aspects unique to our case

· Intraosseus lesion

· Our patient had a history of melanoma

· All epitheliod rhabdomyosarcoma cases in the literature emphasized the importance of distinguishing it from melanoma. However, none of patient’s in the literature had melanoma in their history. 
· Molecular features
· No translocation detected for FOX1 rearrangement (8 of 8 cases tested), this rearrangement is common in the alveolar type of rhabdomyosarcoma
· TP53 point mutation (1 of 5 cases tested)
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Case 4

Presenter: Lindsay Yassan, MD

Attendings: John Hart, M.D., Larissa Furtado, M.D. and Girish Venkataraman, M.D.
Clinical History: This 16-month-old male was transferred from an outside hospital for management of acute liver failure. He had ureteropelvic junction obstruction and is status-post pyeloplasty. Four days prior to transfer, he presented to an outside hospital with a one-week history of URI symptoms, lethargy, a rash involving the skin folds and scalp, and a one-day history of jaundice. He was found to have hyperbilirubinemia, transaminitis, hypoalbuminemia, hyponatremia, anemia, thrombocytopenia, and coagulopathy. Physical exam was remarkable for hepatosplenomegaly and ascites. A liver needle biopsy was performed at the outside hospital; representative images are available at the Chicago Pathology website. The patient's disease was treated but he died of sepsis seven days after admission. A representative section of the liver from autopsy is provided. 

Diagnosis: Langerhans cell histiocytosis 

Differential Diagnosis:

· Langerhans cell histiocytosis (LCH)

· EBV infection

· Systemic mastocytosis

· Primary sclerosing cholangitis

Key Features of LCH:

· Morphology: 

· Oval, ~10-15 μm in size, with grooved, folded, indented or lobulated nuclei
· Additional milieu: Variable eosinophils, histiocytes, neutrophils and small lymphocytes

· Unique immunophenotype:
· Surface CD1a

· Cytoplasmic and surface langerin (CD207)

· Nuclear and cytoplasmic S-100

· EM: Ultrastructural Birbeck granule (tennis racquet shaped with zipper-like appearance) 
· LCH Hepatic Involvement 

· Rare but usually found in systemic disease

· LCH has a peculiar tropism for bile ducts
· Features of sclerosing cholangitis 

· Intrahepatic involvement is usually portal and associated with bile duct involvement

· In advanced disease may see lobular infiltration 

· Patterns of LCH Hepatic Involvement
1. Small bile duct infiltration and destruction ( clinicopathologic features of primary sclerosing cholangitis

2. Destructive cholangitis of larger bile ducts ( imaging findings of cystic dilatation and bile extravasation

3. Masses of LCH cells

· Bone Marrow Findings in LCH

· Presentation: Anemia or pancytopenia; cytopenias are not typically due to massive LCH infiltration

· Well-recognized association between LCH and hemophagocytosis

· Presence of significant hemophagocytic activity confers a worse prognosis in patients with LCH
Discussion: 

· There has been debate in the literature about whether LCH represents a benign, immune-mediated disorder or a true neoplasm.

· The first published evidence of a recurrent genetic abnormality in LCH was reported by Badalian-Very et al. in 2010 when they reported recurrent BRAFV6000E mutations in 35 of 61 LCH specimens (57%).

· BRAF in an oncogene, and the V600E mutation results in the constitutive activation of the mitogen-activated protein kinase (MAPK) pathway, leading to unchecked cell proliferation.

· Several studies since then have also reported recurrent BRAF V600E mutations in LCH (Satoh et al., Sahm et al., Yousem et al., Haroche et al. and Brown, N.A. et al.). 

· Additionally, in LCH cases without a BRAF V600E mutation, there is a high frequency of MAP2K1 mutations (see figure below; from Brown, N.A. et al.).

· MAP2K1 encodes the MEK1 protein that is normally activated by BRAF within the MAPK pathway. 

· [image: image1.wmf]MAP2K1 mutations are mutually exclusive with BRAF V600E mutations.

· Only Badalian-Very et al. showed that young age was associated with positive mutation status (P=0.3). The remaining studies showed no link between mutation status, including either BRAFV6000E and MAP2K1, and disease site or stage.

· Significance: BRAF and MEK inhibitor therapy may be for a potential therapy for LCH in the future.
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Case 5
Presenter:
Adam Cloe, MD, PhD

Attending:
Aliya Husain, MD

Clinical History: This 20 year-old male with a history of cardiomyopathy, Wolff-Parkinson White syndrome and myopathy had an episode of cardiopulmonary arrest. Left and right ventricular assist devices were placed. The cores of both ventricles were submitted to pathology and showed the same changes. A representative section of the left ventricular core is provided. 

Diagnosis: Danon disease
Differential Diagnosis:

· Adult-onset Pompe disease 
· Danon disease

· Familial hypertrophic cardiomyopathy

· Glycogen storage disease of the heart

· Fabry disease
Key Features

· Hypertrophic cardiomyopathy with extensive interstitial fibrosis
· Areas of myocyte disarray and extensive vacuolization
· Electron microscopy demonstrates autophagic vacuoles filled with lamellar aggregates
· Skeletal muscle biopsy shows irregular inclusions suggestive of lysosomal storage problem
Discussion:

Pompe disease
· First described by JC Pompe in 1932
· Affects approximately 1 in 40,000 Americans

· Inherited in autosomal recessive fashion

· Caused by a mutation in acid maltase, responsible for the lysosomal breakdown of glycogen

· Late-onset form often manifests during light childhood or adolescence
· Histology: 

· Cardiac muscle notable for myocyte disarray and vacuolization

· Skeletal muscle with lysosomal inclusions
· Late-onset form associated with greater skeletal muscle involvement and progressive respiratory trouble

· Diagnosed by measuring acid maltase activity in dried blood spot, lymphocytes or fibroblasts
Danon disease
· First described by Danon et al in 1981

· Incidence unknown

· Inherited in X-linked dominant fashion

· Caused by a mutation in LAMP2 protein, thought to be responsible for fusion of autophagosome with lysosome

· LAMP2b expressed in skeletal and cardiac muscle and central nervous system

· Isolated LAMP2b mutations also lead to Danon disease

· Danon disease results in hypertrophic cardiomyopathy, skeletal myopathy and mild intellectual disability

· Histology similar to Pompe disease

· Cardiac muscle with myocyte disarray and vacuolization

· Skeletal muscle with lysosomal inclusions

· Distinguishable from Pompe disease based on normal acid maltase activity, X-linked dominant inheritance and intellectual disability

· Females typically have later onset of symptoms and less severe myopathy

· Diagnosed based on histological findings and genetic testing
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Case 6

Presenter: Alexander Gallan

Attendings: Nicole Cipriani and Tatjana Antic

Clinical History: This 79-year-old male had prostate adenocarcinoma (Gleason 3+3=6), status post brachytherapy in 2007. He presents in 2013 with urinary retention and dysuria. Cystoscopy reveals a urethral mass, and transurethral resection of the prostate is performed. Subsequent imaging shows a 7.4 cm heterogeneous mass involving the prostate and bladder, and the patient undergoes cystoprostatectomy. 

Differential Diagnosis:

· Carcinoma
· Sarcomatoid prostate carcinoma

· Sarcomatoid urothelial carcinoma

· Sarcoma
· Stromal sarcoma of prostate

· Rhabdomyosarcoma

· Dedifferentiated liposarcoma

· Malignant peripheral nerve sheath tumor with skeletal muscle differentiation (Triton tumor)

· Undifferentiated pleomorphic sarcoma

Final Diagnosis: Dedifferentiated liposarcoma with heterologous rhabdomyoblastic

differentiation, possibly secondary to brachytherapy

Key Features:

· Haphazardly-arranged pleomorphic spindle cells with abundant mitoses and occasional rhabdoid cells, representing high grade sarcoma

· Positive for desmin, myogenin, MDM2, and focal CDK4 by immunohistochemistry

· Perivesicular fat demonstrates adipocyte and stromal cell atypia, suggestive of well-differentiated liposarcoma component

· Positive for MDM2 by immunohistochemistry

· MDM2 amplification is confirmed by Fluorescence In-Situ Hybridization (FISH)

Discussion:

Radiation-induced sarcoma – based on history of brachytherapy
· Occurs in <0.2% of prostate carcinoma patients who have undergone radiation

· Usually 3-17 years post-radiation

· Almost exclusively after external beam radiation; rare cases of brachytherapy-related sarcoma

Dedifferentiated liposarcoma (DDLPS)

· Epidemiology:

· 10% of well-differentiated liposarcomas progress to DDLPS

· 80% retroperitoneal, also in spermatic cord and soft tissue of extremities

· Thorough sampling is crucial to identify well-differentiated component

· Heterologous Differentiation:

· Present in 5-10% DDLPS 

· Most commonly myosarcomatous (leiomyo >> rhabdomyo)

· Thought to behave similarly to conventional DDLPS, although recent study suggests rhabdomyosarcomatous differentiation portends worse prognosis

· Molecular:

· 100% have 12q14-15 amplification resulting in MDM2 and CDK4 amplification (by FISH) and expression (by IHC); Karyotype demonstrates marker or giant ring chromosomes

· Rare cases of MDM2 amplification in rhabdomyosarcoma and Triton tumor have been reported, but never in the context of atypical fat (well-differentiated component)

· In our case, MDM2 amplification in presence of atypical fat confirms DDLPS

· Behavior: 

· Frequent recurrence

· Relatively low metastases compared to undifferentiated pleomorphic sarcoma

· Treatment: 

· Resection with negative margins on dedifferentiated component

· Important to distinguish from rhabdomyosarcoma

· DDLPS is chemotherapy resistant

· Rhabdomyosarcoma responds to chemotherapy

· MDM2 inhibitors currently in development/testing
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