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70s year-old man with bilateral stones and cysts, now with a 4.2 cm 
right kidney midpole nodule, protruding into and abutting the renal 
sinus without invasion of the main renal vein on the IVC, previously 
corresponding to a simple cyst. FNA was performed.
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DIAGNOSIS?



Renal Cell Carcinoma? 



Right Partial Nephrectomy Resection 





CAIX







Nephrogenic Adenoma (NA) 

ÅBenign lesion of the genitourinary tract thought to arise from 
exfoliated renal tubular cells often in the setting of prior injury

ÅMale adults are the most common demographic 

ÅCauses nonspecific symptoms with histopathology that can closely 
mimic multiple malignant lesions of the urinary tract

Venyo, A. K.-G. (2015). Nephrogenic adenoma of the urinary bladder: A review of the literature. International Scholarly Research Notices, 2015, 
1ς15. https://doi.org/10.1155/2015/704982 



Nephrogenic Adenoma Variants/Histologic 
Spectrum

ÅTubule 

ÅPapillary 

ÅSignet ring-like 

ÅVessel-like 
formations

ÅFlat 

ÅFibromyxoid

Venyo, A. K.-G. (2015). Nephrogenic adenoma of the urinary bladder: A review of the literature. International Scholarly Research Notices, 2015, 1ς15. 
https:// doi.org/10.1155/2015/704982 

Khedaoui, R., Encabo, B., & Tardío, J. C. (2016). Fibromyxoid nephrogenic adenoma protruding in a renal cortical cyst. A rare morphological variant in an outstanding 
location. Pathology - Research and Practice, 212(2), 135ς138. https://doi.org/10.1016/j.prp.2015.09.013 



Nephrogenic Adenoma: Fibromyxoid Variant 

ÅRare variant that had first been reported in 2007 by Hansel et al. and 
it has been described as spindle-shaped renal epithelial cells within a 
fibromxyoid background

ÅThe largest case series of fibromyxoid nephrogenic adenoma had 
been published by Li et al. who had identified 43 lesions 
predominately in the bladder, prostate, and upper urinary tract of 
elderly men

[ƛ [ΦΣ ²ƛƭƭƛŀƳǎƻƴ {ΦwΦΣ /ŀǎǘƛƭƭƻ wΦtΦΣ Ŝǘ ŀƭΦ άFibromyxoid Nephrogenic Adenoma: A Series of 43 Cases Reassessing Predisposing Conditions, Clinical Presentation, and 
aƻǊǇƘƻƭƻƎȅΦέ The American Journal of Surgical Pathology 47, no. 1 (2023): 37ς46. 

Hansel, D.E., Nadasdy ÑЮЯШċŰĬШEƓƚƣĲŔŰШsЮfЮШљFibromyxoid  ĲƓőƖŸŊĲŰŔĦШ ĬĲŰŸůċаШ Ш ĲƽũǃШÅĲĦŸŊŰŔǍĲĬШéċƖŔċŰƣШ~ŔůŔĦťŔŰŊШ~ƨĦŔŰŸƨƚШ ĬĲŰŸĦċƖĦŔŰŸůċЮњШThe American 
Journal of Surgical Pathology 31, no. 8 (2007): 1231т37. 



Differential Diagnosis
ÅPerinephric myxoid 

pseudotumor of fat

ÅProstatic adenocarcinoma 

ÅUrothelial Carcinoma
ÅTubular variant 

ÅNested variant 

ÅGlandular differentiation 

ÅPapillary urothelial carcinoma 

ÅAdenocarcinoma of bladder
ÅMucinous 

Dashti, N. K., Fritchie, K. J., & Folpe, A. L. (2019). Perinephric Myxoid Pseudotumor of fat: A distinctive pseudoneoplasm most often associated with non-neoplastic renal 
disease. Human Pathology, 87, 37ς43. https://doi.org/10.1016/j.humpath.2019.02.005 

Expertpath. (n.d.). http://expertpath.com 



Immunohistochemical Pitfalls/Overlap 
with Nephrogenic Adenoma

ÅCan see significant immunohistochemical overlap with other 
renal neoplasms, such as renal cell carcinoma as demonstrated 
by this case
ÅPAX 8 & CK7

ÅVariable alpha-methylacyl-CoA racemase (AMCR) expression

ÅNo current literature describing CA-IX immunoreactivity for 
nephrogenic adenoma 
ÅFor this current case, CA-IX staining was observed in the initial fine-

needle aspiration sample but not in the resection sample
ÅThis may be attributable to tissue hypoxia rather than neoplastic 

expression 
ÅGiven this information, however, one should try to avoid using CA-IX 

when considering pathologies outside of RCC as this stain can 
become a pitfall. 

Skinnider .ΦCΦΣ hƭƛǾŀ 9ΦΣ ¸ƻǳƴƎ wΦIΦΣ Ŝǘ ŀƭΦ ά9ȄǇǊŜǎǎƛƻƴ ƻŦ !ƭǇƘŀ-Methylacyl-CoA Racemase (P504S) in Nephrogenic Adenoma: A Significant Immunohistochemical Pitfall 
/ƻƳǇƻǳƴŘƛƴƎ ǘƘŜ 5ƛŦŦŜǊŜƴǘƛŀƭ 5ƛŀƎƴƻǎƛǎ ǿƛǘƘ tǊƻǎǘŀǘƛŎ !ŘŜƴƻŎŀǊŎƛƴƻƳŀΦέ The American Journal of Surgical Pathology 28, no. 6 (2004): 701ς5.

tƻǘǘŜǊ /ΦΣ ŀƴŘ IŀǊǊƛǎ !Φ[Φ άIȅǇƻȄƛŀ LƴŘǳŎƛōƭŜ /ŀǊōƻƴƛŎ !ƴƘȅŘǊŀǎŜ L·Σ aŀǊƪŜǊ ƻŦ Tumour IȅǇƻȄƛŀΣ {ǳǊǾƛǾŀƭ tŀǘƘǿŀȅ ŀƴŘ ¢ƘŜǊŀǇȅ ¢ŀǊƎŜǘΦέ Cell Cycle 3, no. 2 (2004): 164ς
67. 



Take Away Points 

ÅFibromyxoid nephrogenic adenoma is a rare benign entity that has the potential 
to mimic various malignant pathologies 

ÅSmall kidney biopsies/fine needle aspiration can be a very useful diagnostic tool 
when the sample is adequate, however, when the sample is very limited, one 
should keep benign mimics within their differential

ÅThere is significant immunohistochemical overlap between nephrogenic 
adenoma and other renal neoplasms, such as renal cell carcinoma. Thus, caution 
is advised regarding the interpretation of stains in limited preparations.
ÅIn particular, CA-IX should be avoided (if possible) when there are pathologies you are 

considering outside of RCC

ÅAwareness of the fibromyxoid variant of NA and its cytologic features is critical for 
pathologists to avoid misdiagnosis and ensure the appropriate management of 
this benign process.



68-year-old woman presenting with upper gastrointestinal bleeding. 
3.6 cm polypoid mass from the greater curvature of the stomach and 
three lung nodules identified on imaging. 
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Gastric mass biopsy



Gastric mass biopsy



FNA/core lung



FNA/core lung



FNA/core lung



DIAGNOSIS?



ALK immunostain

lungstomach



ÅALK rearrangement 
confirmed by FISH

ÅEML4:: ALK 
rearrangement by 
NGS

Molecular Studies



Final Diagnosis

Lung and stomach biopsies: 

ALK-positive epithelioid neoplasm (see comment)

ά¢ƘŜ ŦƛƴŘƛƴƎǎ ƛƴ ǘƘŜ ƎŀǎǘǊƛŎ Ƴŀǎǎ ŀƴŘ ƭǳƴƎ ōƛƻǇǎƛŜǎ ǊŀƛǎŜ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŦƻǊ ŀƴ 
epithelioid inflammatory myofibroblastic sarcoma (E-IMS)Φέ



Differential Diagnoses

ÅGastrointestinal stromal tumor (epithelioid variant)

ÅInflammatory leiomyosarcoma

ÅPoorly differentiated carcinoma (e.g. SMARCA4, SMARCB1-deficient)

ÅAnaplastic large cell lymphoma

ÅInflammatory myofibroblastic tumor/epithelioid inflammatory 
myofibroblastic sarcoma



Inflammatory Myofibroblastic Tumor (IMT)

Classic IMT Epithelioid IMS

Demographics ¸ƻǳƴƎŜǊΤ Ҕ ¸ƻǳƴƎ ǘƻ ƳƛŘŘƭŜ ŀƎŜΤ Ҕ

Anatomic site Lung, mesentery, GU, GYN, other Intraabdominal

Survival Indolent Aggressive

Cytomorphology Plump spindle cells in background of 
lymphoplasmacytic infiltrate

Large epithelioid cells in background 
of myxoid stroma, neutrophil-rich, 
vascular network

Histologic Features spindled fibroblastic-myofibroblastic 
cells and inflammatory cells in 
myxoid, hypercellular or 
hypocellular fibrous pattern; +/- 
dystrophic calcs and osseous 
metaplasia; necrosis uncommon

plump epithelioid or histiocytoid 
tumor cells with admixed with 
neutrophils in an abundant myxoid 
stroma

ALK immunostaining Present in 50-60% of cases; usually 
cytoplasmic

Nearly 100%; often nuclear 
membranous

ALK fusion partner ¢taоΣ ¢taпΣ /[¢/Σ /!w{Σ ΧRANBP2, RRBP1, EML4 

IHC variable SMA, MSA, calponin, desmin; 30% with focal keratin
Images: WHO Blue Books
Modified from Lee et. al. 2015



Epithelioid Inflammatory 
Myofibroblastic Sarcoma (EIMS)

Modified from Lee et. al. 2015

Classic IMT Epithelioid IMS

Demographics ¸ƻǳƴƎŜǊΤ Ҕ ¸ƻǳƴƎ ǘƻ ƳƛŘŘƭŜ ŀƎŜΤ Ҕ

Anatomic site Lung, mesentery, GU, GYN, other Intraabdominal

Survival Indolent Aggressive

Cytomorphology Plump spindle cells in background of 
lymphoplasmacytic infiltrate

Large epithelioid cells in background 
of myxoid stroma, neutrophil-rich, 
vascular network

Histologic Features spindled fibroblastic-myofibroblastic 
cells and inflammatory cells in 
myxoid, hypercellular or 
hypocellular fibrous pattern; +/- 
dystrophic calcs and osseous 
metaplasia; necrosis uncommon

plump epithelioid or histiocytoid 
tumor cells with admixed with 
neutrophils in an abundant myxoid 
stroma

ALK immunostaining Present in 50-60% of cases; usually 
cytoplasmic

Nearly 100%; often nuclear 
membranous

ALK fusion partner ¢taоΣ ¢taпΣ /[¢/Σ /!w{Σ ΧRANBP2, RRBP1, EML4 

IHC variable SMA, MSA, calponin, desmin; 30% with focal keratin



ALK Staining Pattern and Fusion Partners

diffuse 

cytoplasmic

TPM3, TPM4, NPM1, EML4, ATIC, TFG, LMNA, 

FN1, PPFIBP2, DCTN1, others; 

CLTC (granular)

perinuclear 

accentuated 

cytoplasmic

RRBP1, EML41

nuclear 

membranous
RANBP2

nuclear and 

cytoplasmic
NPM1

nuclear SP100 (dot-like)2

EIMS

Images: WHO Blue Books, Marino-Enriquez et al 2011, Pan et al 2016, Lee et al 2016; Ref 1. Jiang et al 2017; Ref 2. Agaimy 2025 

EIMS

IMT

ALCL

EFH



ALK Inhibitors

ÅTissue agnostic target -> Confers eligibility for ALK inhibitor 
treatment 

ïClassically associated with ALK rearrangements: ALCL, NSCLC, DLBCL, other 
ŎŀǊŎƛƴƻƳŀǎΣ ŀƭǾŜƻƭŀǊ ǊƘŀōŘƻƳȅƻǎŀǊŎƻƳŀΣ Χ

ÅEIMS/IMT: Crizotinib used as targeted treatment +/- radiation, 
chemotherapy1, 2

ïLong-term effectiveness of ALK inhibitors can be limited by resistance 
mutations

(1) Butrynski et al 2010; (2) Gros et al 2022



Patient Update

ÅOral crizotinibstarted 

ÅExcellent treatment response

ïresolution of the gastric mass 

ïpleural masses are stable in size, although without enhancement suggesting that 
this just may be scar tissue

ÅRepeat CT CAP every three months

ÅStable disease 2 years since diagnosis
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65F with hereditary hemochromatosis and right hip pain
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2016 MRI, T1 fat sat with contrast



2018 MRI, T1 fat sat with contrast



core biopsy



core biopsy

SMA Desmin CD34

B-Cat MUC4 S100 ERG



DIAGNOSIS?



Conflicts of interest disclosure ï Dave Twa

ÅRelationships with commercial interests:

ÅClinical practice committee member: Association for Molecular Pathology

ÅGrant and information sharing: Bristol Myers Squibb

ÅRegular shares: Apple, Bausch Health, Johnson & Johnson, Merck, 
Microsoft, Procter & Gamble, Telus, Google

ÅNo applicability here
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Self test

50

Myofibroblastic tumors:

A.  Generally express SMA, PAX11, and CD117, with rare desmin positivity 

B.  Molecular profiling has limited prognostic and theranostic utility 

C.  Are not associated with constitutional diseases 

D.  Are the second most diverse category of soft tissue tumors, per the WHO 

E.  Cannot be malignant in absence of an elevated mitotic index 

F.  None of the above

G.  Two of the above



Self test

51

Myofibroblastic tumors:

A.  Generally express SMA, PAX11, and CD117, with rare desmin positivity 

ÅPAX11 does not exist, CD117 is common to GISTs, PMID: 31100836

B.  Molecular profiling has limited prognostic and theranostic utility 

ÅGenomic underpinnings portend unfavorable prognosis, PMID:31538390

C.  Are not associated with constitutional diseases 

ÅGardner syndrome, PMID: 11342777

D.  Are the second most diverse category of soft tissue tumors, per the WHO 

ÅThey are the first, second are tumors of uncertain diff, WHO 5th ed

E.  Cannot be malignant in absence of an elevated mitotic index 

ÅMany malignant processes can lack mitotic activity, WHO 5th ed

F.  None of the above

G.  Two of the above



Clinical presentation

Å65F

ÅHemochromatosis

ÅRight sided hip pain dating to 2013

ÅLarge enhancing lesion (16 x 5 x 3 cm)

52



Initial core biopsy 2014 ï outside institution (no slides)

ÅBland spindle cell proliferation with a 
myxoid background

ÅPositive: MSA

ÅNegative: desmin, S100, CD34, 
caldesmon, MUC4, ALK1, keratin 

ÅEquivocal: B-cat

ÅFISH for FUS break apart: negative

ÅTargeted CTNNB1 exon 3 sequencing: 
negative

53



Features to exclude differential diagnoses

54

ÅClinical history:
ÅNodular fasciitis (large, deep, demographics)
ÅTrauma (histomorphology)

ÅHistomorphology:
ÅInflammatory myofibroblastic tumor (inflammatory constituents, ALK)
ÅLow grade myxofibrosarcoma (extracellular matrix, cytology)

ÅIHC:
ÅSolitary fibrous tumor (CD34)
ÅSpindle cell carcinoma (keratin)
ÅLow grade leiomyosarcoma (desmin, caldesmon)
ÅSpindle cell/sclerosing rhabdomyosarcoma (desmin, location)
ÅMelanoma (S100, clinical history, cytology)
ÅPeripheral nerve sheath tumor (S100, imaging features)

ÅFISH for structural rearrangements:
ÅLow grade fibromyxoid sarcoma (FUS break apart, MUC4 IHC)

ÅTargeted sequencing for SNV/INDELs:
ÅFibromatosis (CTNNB1 ex3 status, patient demographics for APC)



Disease progression

ÅFurther lesional growth with intralesional necrosis 

ÅFrank erosion into femoral neck and trochanter

ÅSatellite nodules within adjacent muscle groups

ÅMultiple biopsies redemonstrating same pathology

ÅPatient remains untreated but in considerable pain

ÅClinical course pointing away from a benign process

55



Rebiopsy 2022 ï 

ÅBland myofibroblastic proliferation with mild 
cytologic atypia

ÅMinimal mitoses and necrosis

ÅPositive: actin

ÅFocal positive: desmin

ÅNegative: MUC4, S100, CD34, B-cat, ERG

ÅFusion-STAMP ordered (UC500 
demonstrated signature compatible with 
USP6 rearrangement; exon imbalance?)

56



Fusion-STAMP findings

ÅComplex rearrangement involving chromosomes 11 and 17

ÅPromoter swap of PPP6R3; start codon of USP6 preserved with all domains

ÅHighly expressed USP6 compared to other cases on same run

57



PPP6R3::USP6 fusion

ÅPPP6R3 widely expressed across most tissue 
types, including soft tissues, analogous to MYH9

ÅUSP6 protein involved in de-ubiquitination and 
increased Wnt signaling (PMID: 27162353)

58

Genecards

Bachiller et al, IJMS, 2020



PPP6R3::USP6 fusion

ÅUSP6 rearrangements are present in ~90% nodular fasciitis cases (PMID: 
28752842)

ÅMYH9 is the most frequent partner, but many others have been described: 
CDH11, COL1A1, COL1A2, COL3A1, CTNNB1, EIF5A, OMD, TRAP150, 
SERPINH1, SPARC, and ZNF9 (PMID: 36828621)

ÅThe partner does matter; PPP6R3 rearrangements have an aggressive 
clinical course, though this is a rare rearrangement in the literature (n=3)

59



Take home points

ÅRare forms of malignant nodular fasciitis exist

ÅMolecular testing can be useful to confirm diagnosis and prognosticate 
clinical course

ÅReview of clinical history and imaging help solidify the aggressive nature 
of the disease process
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Questions

61
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A) 49-year-old woman with screen detected left breast 
invasive lobular carcinoma, grade 1, who underwent left 
mastectomy and axillary sentinel lymph node biopsy.

Left breast, mastectomy:  Multifocal invasive lobular 
carcinoma, 8.9 cm

Left axillary sentinel lymph node?





B)76-year-old woman with invasive ductal carcinoma of right 
breast, who underwent right partial mastectomy and sentinel 
lymph node biopsy.

Right breast, partial mastectomy: Invasive ductal carcinoma, 9 
mm, Nottingham grade 1

Right axillary sentinel lymph node, biopsy?


