DR SEAN R WILLIAMSON (Orcid ID : 00060002-3898-1460)

Article type,. : Original Article

Pseudosarcomatous Myofibroblastic Proliferations of the Genitourinary Tract are
Genetically Different from Nodular Fasciitisand Lack USP6, ROS1, and ETV6 Gene

Rearrangements

Judith AS.Jebastin Mb

Steven C Smith MD PhD

Kyle D Perry MO}

Nilesh S-Glpta MB

Shaheen Alanee MD MPH MBA FAGS
Shannon"Carskadon MS

Dhananjay=A Chitale MD Pht
Nallasivam Palanisamy PRD

Sean R Williamson Mb*

This is the author manuscript accepted for publication and has undergone full peer review
but has not been through the copyediting, typesetting, pagination and proofreading process,
which may lead to differences between this version and the Version of Record. Please cite this
article as doi: 10.1111 /his.13526

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/his.13526�
https://doi.org/10.1111/his.13526�

Jebastin et al USP6 in bladder myofibroblastic proliferations

'Departmendf Pathology and Laboratory Medicine, @rdnryFord Cancer Institute,
Henry Ford Health Systenbetroit, MIl, USA;

’Department of Pathology, Virginia Commonwealth University, Richmond, Virginia,
USA,

Svattikutti=Urolegy Institute, Henry Ford Health SysteDetroit, MI, USA
“*Department.of Pathology, Wayne State University School of Medicine, Detroit, Mi; US

°Michigan.Center for Translational Pathology, University of Michigan, Ann Arbor, MI,
USA.

*This work was presented, in part, at the United States and Canadian Academy of
Patholog(USCAP)Annual Meeting, 2017.

Address correspondence and reprint requests to:
Sean R, Williamson, MD

Henry Ford Hospital, Department of Patholod¢6-
2799 WesGrand Blvd

Detroit, Ml 48202

Email:swilli25@hfhs.org

Phone: 313-916-3986

Fax: 3139162385

This article is protected by copyright. All rights reserved


mailto:swilli25@hfhs.org�

Jebastin et al USP6 in bladder myofibroblastic proliferations

Conflicts of Interest and Sour ce of Funding: Nonedeclared
Running head: USP6 in bladder myofibroblastic proliferations

Keywords. pseudosarcomatous myofibroblastic proliferation; inflammatory

myofibroblastic tumoursoft tissugumours urinary bladder; USP6

Abstract

Aims. Pseudosarcomatous myofibroblastic proliferations of the genitoutirzatyhave a
debatable relationship toflammatory myofibroblastitcumour (generally lackingLK
rearrangement); however, they sheegeralbverlapping features with nodular fasciitis of
soft tissue."Since rearrangement of ti##6 gene has been recently renagpd as a
recurrent.alteration in soft tissue nodular fascidisd several othelternativegene
fusionsshave been recently recognized in inflammatory myofibroblastic tumounavedst
whetherUSP6, ROSL, or ETV6 gene rearrangemenigere present ithese lesion§l2

cases)

M ethods and Results: Fluorescence wsitu hybridization (FISH) analysis was performed
using baecterial artificial chromosome (BAC) derived braplrt probes againstSP6,
ROSkyrandETV6. Two cases with adequate genetic material from rexaaffin tissue
blocks were also testday using a solid tumour gene fusion detection assay via next-
generation sequencingrgetingover 50 known genes involved in recurrent fusions. None
of the gertiourinarypseudosarcomatous mylmioblastic proliferationsvas detected to
harbourUSP6 (0/12), ROSL (0/8), or ETV6 (0/7) rearangement and ngene fusions were

detected in Zases studied by sequencing

Conclusions: Despite overlap in histologic and immunohistochemical features between

pseudosarcomatous myofibroblastic proliferation and nodular fasttigsgtumourslack
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the recently recognizddSP6 gene rearrangements that occur in nodular fasciitis, as well
as aternative fusions found iALK-negative inflammatory myofibroblastic tumouss.
present, this diagnosis remains based primarily on clinical, histologic, and

immunohistochemical features

I ntroduction:

PseudaSarcomatous myofibroblastimours otthe genitourinary tragtwhether
procedurerelated orspontaneoussanpose diagnostichallengefor pathologistsdue to

one or moravorrisome featuresuch as high mitotic ratenfiltrative growth pattern,
recurrenceand overlapping morphological and immunophenotypic features with other
spindle“celltumours, such as low-grade leiomyosarcomasamdomatoid carcinoma
Thesetumoursarealso knowrby a variety of names, including fibromyxoid pseudotumor
and postoperative spindle cell nodule, &rémains controversial whether this and
inflammatery myofibroblastitumour * are the same or different entititsRegardless of
the terminology used, both pseudosarcomatous myofibroblastic proliferation and
inflammatery myofibroblastitumours of the urinary tragenerallyexhibit nonaggressive
behaviour without metastasis, although some cases have persisted or reayuieag re
multiple surgical procedure$herefore, recognition is importamis the differential
diagnosis.for spindle cell tumouo$ the urinary tracshouldalmost always include

consderation ofsarcomatoid carcinoma and sarcomaluding leiomyosarcoma.

Since parrangement of the ubiquitgpecific protease 8JSP6) gene has been recently
recognized.as a recurrent alteration in soft tissue nodular fa¥aiitis since
pseudosarcomatous myofibroblastic proliferation of the genitourinary hactsa
number-ofsSimilarities with nodular fasciitis, including labellfng myofibroblastic
marker'smooth muscle actin, we aimed to evaluate)896 rearrangement in
pseudosarcomatous myofibrobladtimoursof the urinary tract, in order to determine
whether this may be a confirmatory diagnostic test for this uncommon diagnosis, rhaking
the genitourinary tract equivalent of nodular fasciitis. Additionally,als0 studie@ROSL

andETV6 genes for rearrangement, as these have been recently implicated in a subset of
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ALK rearrangementegative inflammatory myofibroblastiomours.® *° Two
representativeaseswith the most optimadjenetic materialvere also testedith a gene
fusion detection panel targeting over 50 genes involved in recurrent gene fusions using
next-generation sequencing.

Material.and methods:

After obtaining institutional review boapproval from the Henry Foidealth System

we retrieved T cases of pseudosarcomatous myofibroblgstitiferationof the

genitourinary. tract fronour pahology databases fro2002 to 2017, none of which were
included'in"a prior study of inflammatory myofibroblastic tunidref the 17cases, 4

were eclassified upon histologic review. One occurred in the inguinal canal, which being a
non-viseerallocation, was excluded/e studied the remaining tases of
pseudosareomatousyofibroblastic proliferations, 106f which occurred in the urinary
bladder ad 2in renal pelvisHistopathology and immunohistochemical staining results
were reviewed by two of the authors (JASJ and SRMé)included pseudosarcomatous
myofibroblastic proliferations with the following histological and immunohistochemical
featuresiesions were required to be composed of spistiEped cells arranged in
compact fascicles or loose tissue cullike appearancerlhe spindleshaped cellsvere
requiredto be bipolar with eosinophilic cytoplasm, uniform ovoid or spindle-shaped nuclei
with smooth nuclear contours. Stromal changes included myxoid change, areas of
collagenization, haemorrhage, and scattered inflammatory cells. Analogous to nodular
fasciitis, a specificut-off of mitotic activity was not employed; however, absence of overt
cytologie-atypia, atypical mitosis, and necrosis was required. The expected
immunohistechemical phenotype included positivity for smooth muscle actin or muscle
specific actin, and negative staining for p63, GATA3, high molecular weight cytokeratin.
Variablestaining for desmin and broad spectrum cytokeratin was allowed, in light of
previous reports showing these findirg&® If not already performed at the time of

original diagnosis, ALK immunohistochemical staining was performed using\aKti-
antibody (monoclonal mousengi-human CD246, ALK protein, clone ALK-1, Dako,
Carpinteria, CA. SinceALK rearrangement is rare in cases with negative

immunohistochemical stainirig™ ** we did not perforrALK FISH.
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Fluorescence in sithybridization (FISH)

FISH analysis fotJSP6, ROSL, andETV6 genes wer@erformed using bacterial artificial
chromosome (BAC) derived brealpart probes. FISkbr USP6 was validated to be

positive infour wellcharacterized cases of nodular fascifigggre 1 A-B), one

aneurysmal bone cyst, and negative in eight histologic mimics of nodular faBs.
andETV6 wasperformed on all 12ases bulacked adequate hybridization signals in 5
casegachfor ROSL andETV6, even after repeatdyybridization.One case that was
noninformative folROSL by FISH, was informative using the next generation sequencing

assay, bringing the total 80S1 andETV6 analysedases t@/12 and 712, respectively

Next generation sequencing

A multiplex"RNA fusion panel (Archer® FusionPlex® Solid Tumour Kit) was run on

RNA extracted from representative formalired, paraffirembedded tissue tumour block

of 2 of the mest recent caseegarded as having the most adequate genetic material for
assessment (less than 2 years since tissue collection). Briefly, this assay is a targeted
sequencingassay that useshorednultiplex polymerase chain reaction to prepare target
enriched.eDNA libraries from RNA to detect fusions and other mutations in over 50 genes
linked to carcinomas, other solid tumours, known sarcoméaechatological
malignancyassociated fusionas well as promine@BRAF andPDGFRA mutations using

next generation sequencing. This technology allows the detection of not only known
recurrent fusions, but also previously unidentified fusions, so long as one of the fusion
partnersrisiincluded in the panel. Anchonmedltiplex polymerase chain reaction creates
target'enriched libraries by using a combination of unidirectional geeefic primers and
universal adapters to enrich for both known and unknown mutations. Adapters that contain
both molecular barcode adapters and sample indices permit guixtitaltiplex data

analysis, read deduplication and accurate mutation calobpcular barcode adapters aid

in errorcorrection, sample identification, deduplication, and duplicatebieaing for

confident mutation detectio&enes targeted in thissas/ include AKT3, ALK,

ARHGAP26, AXL, BRAF (fusion and V600E mutationldRD3, BRD4, EGFR (fusion and
mutation),ERG, ESR1, ETV1, ETV4, ETV5, ETV6, EWSR1, FGFR1, FGFR2, FGFR3,
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FGR, INSR, MAML2, MAST1, MAST2, MET (fusion and mutationMSMB, MUK, MYB,
NOTCH1, NOTCH2, NRG1, NTRK1, NTRK2, NTRK3, NUMBL, NUTM1, PDGFRA
(fusion and mutationPDGFRB, PIK3CA, PKN1, PPARG, PRKCA, PRKCB, RAF1,
RELA, RET, ROS1, RSP0O2, RSPO3, TERT, TFES3, TFE3, TFEB, THADA, andTMPRS2.

Results:

The age distribution of the 12 cases studied ranged from 26 to 87 (median 62.5), including
5 men and women. Three of the 12 cases had recurrent or perdigteatir in more than
one transurethral resectiddnehad multiple recurrences, ultimately managed with
cystectomy. Three of 10 patients had known history of previous instrumentation in the
bladder, and 1 had prior uterine surgery. The histological findings were similacases,
irrespective of the age, site, and the recurrence status, as described in thekdteria
discussien=ALK immunohistochemical staining was negative in all cases. FISH analysis
(Figure1.C-D) for USP6 was negative in all 12 cases (0Oib2luding 10 large tumours
(making up multiple tissue cassettes of lesional tissagu e 2) and 2 smallesions

(entirely examined in 1 or 2 tissue cassettEEJH analysis for ROS1 and ETV6 was
negativerin,7 out of the 12 cases J0/he remaining cases lacked hybridization signals
evenaafter repeating. The next generation sequencing revealed no identifiable gerse fusi
from the studied panel of over 50 genes in 2 cases with adequate genetic material for
evaluatiepwhich includedROSL in one of the cases that failed FISH (total 0/8ROSL).

Discussion:

Pseudosarcomatous myofibroblastic proliferation is a descriptive term that encompasses
the mucoesallesionmstoperativespindle cell nodule, visceral fasciitis,
pseudosarcomatous fibromyxoid tumour, pseudomalignant spindle cell proliferation, and
inflamm&ory pseudotumor: In general, the term post-operative spindle cell nogule
principally used in the setting pfevious injury or biopsy, in contrast to other temtgen

the mass oceuidiopathically These spindle-shapedlls show ultrastructural features
myofibroblastintermediate between a fibroblast and smooth muscle'télAlthough

this hasbeen reported in multipleucosal sits, the urinary tract is among the most

comnon locations. In addition to theseveral names, it also remains a subject of debate
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whether this entitys part of the spectrum of inflammatory myofibroblastic tunféuBoth

of these entities share a very similar morphology, with perhaps exception of a lesser
inflammatory component in pseudosarcomatous myofibroblastic proliferation, and both
share a myofibroblastic immunohistochemical phenotype. Although inflammatory
myofibroblastic tumouof soft tissue is classified as a neoplasm of intermediate
malignancy,both of these entitiesthe urinary tracére characteristically nonaggressive
(witheutmetastasis, although persistence or recurrence, requiring multiple surgeries, can
occur).In"general, our practice is to reserve the term inflammatory myofibrobfastaur

(in thegenitourinarytrac) predominantly for tumounsith ALK immunohistochemical
positivity orALK generearrangement; however, even this is a subject of debate, as some
studies have found thaases with positivALK immunohistochemical staining do not

necessarilalwaysharbour rearrangement, making this distinctioite blurry. * %>t

Histologically, pseudosarcomatous myofibroblastic proliferations are composed of
proliferations. ofspindleshapedells with loose myxoid stroma or tight fascicl&sey

havea variable degree of miio activity and inflammatory cell infiltrate-However,
marked-pleemorphism, atypical mitosas\d necrosis are absent. Immunohistochemically
thesetypically stain formuscle specific actirsmooth muscle actirr{gure 2C),
sometimesiesmin, and often cykeratin(Figure 2D). Overall, these could be argued to
resemble soft tissue nodular fasciitidoth histology and reactivity for smooth muscle
actin; howeverlabellingfor keratin istypically a point of distinction that is frequently
present in bladder myofibroblastic tumours but lackingadutar fasciitis” *® Despite

that nodular-fasciitis has long been consideredftensel-limiting exuberanteactive
lesions-Clonal rearrangementd8P6 locus at 17p13 resulting MYH9-USP6 gene fusion

has beemecentlyidentified, suggesting that rather than a purely reactive process, this may
in fact represera transienform of neoplasiaOf note, nodular fasciitis also shares with
pseudosarcomatous myofibroblastic proliferations of the urinary trantamplete
association with preceding trauma. Therefore, in soft tissue tumour pathology,iewaluat
for USP6 rearrangement mdye a potentially helpful technique to resolve challenging
diagnostic case$® Interestingly, rearrangement of th&P6 locus is also shared by
aneurysmal bone cy<t which is histologically quite different, although perhaps less so if
one considers the bland spindle-shaped cell component of aneurysmal bone cyst to be the
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true neoplastic cell population. Despite the histological, immunophenotypic and
ultrastructural®?"# similarity between pseudosarcomatous myofibroblastic
proliferations of genitourinary traeind nodular fasciitisye found these lesioto lack
USP6 rearrangemenFigure 1D), which refutes our hypothesis that this maytbe

visceral equivalent

The staining for cytokeratin that is often presemisaudosarcomatous myofibroblastic
proliferation mayalsoraise consideration of sarcomatoid urothelial carcinoma; however,
features'than can be helpful in distinguishing these entities include reactiit§3 or
GATA3 in"sarcomatoid carcinoma, and uskaak of reactivity for desmiand limited

extent oflabellingfor smooth muscle actin sarcomatoid carcinonfa Although
cytokeratinsstaining is often present in pseudosarcomatous myofibroblastiergatiain,
stainingsfoershigh molecular weight cytokeraitincharacteristicalljabsent, contrasting to

urothelial carcinom#*

A limitation of this study is that the FISH and sequencing testing employed was only
targeted at known gene fusions and therefore was not designed to identify entirely novel
gene fusiens. Further study, such as with R§éfuencing (RNAeq)or other techniques
may determine whether these pseudosarcomatous myofibroblastic prolifecdtioas

urinary tract represent a benign neoplasm, like nodular fasciitis, yet witraawakhown
gene fusion,0r whether they represent an exuberant reactive process, asfaediitis

with originally postulated to béased on our current dathis diagnosis remains
principally*based on morphologic and immunohistochemical features, without a known
confirmatory molecular featur#f.these rearrangements ever occur in pseudosarcomatous
myofibroblastic proliferations of the urinary tract, their rate is likely sufficiently low that

testingis=net-a robust diagnostic tool.
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Figure Legends:

Figure 1: A: Histologic appearance of a casdt8P6 rearranged nodular fasciitis
demonstrates fusiform cells with areas of myxoid oedematooiha. B: Brealapart
fluorescence in situ hybridization (FISH) shows rearrangemdugieé, with separation

of one pair of green and red signals. C: Pseudosarcosnatyofibroblastic proliferation

of the urinary bladder exhibits a very similar morphologic appearance. D: Howeaagk; br

apartiFISH:-negative is negative td8P6 rearrangement.

Figure2: A: Gross appearance of a partial cystectomy specimen from a case of
pseudosarcomatous myofibroblastic proliferatwdthe urinary bladdedtemonstrates a
solid, white mass in the wall of the urinary bladd8r.The sam@éumourdemonstrates a
nodular fasciitidike histology.C: Immunohistochemical staining for smoattuscle actin

demonstrates diffuse, strong staining, consistent witly@fibroblastic patterrD: Keratin
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(broad spectrum cocktaibpnmunohistochemical staimg demonstrates substantial
labelling, in contrast to classic soft tissue nodular fasciitis.
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