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Biphasic Hyalinizing Psammomatous
Renal Cell Carcinoma (BHP RCC)

A Distinctive Neoplasm Associated With Somatic NF2 Mutations
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« Perhaps more than any other cancer, distinctive morphologic features of renal cell
carcinomas (RCCs) correlate with specific genetic alterations.

v fumarate hydratase deficiency: prominent nucleoli with a perinucleolar halo
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Perhaps more than any other cancer, distinctive morphologic features of renal cell
carcinomas (RCCs) correlate with specific genetic alterations.
v' succinate dehydrogenase deficiency:solid or focally cystic growth, uniform
cytology with eosinophilic flocculent cytoplasm, intracytoplasmic vacuolations

and inclusions, and round to oval low-grade nuclei.
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« Perhaps more than any other cancer, distinctive morphologic features of renal cell
carcinomas (RCCs) correlate with specific genetic alterations.
v" tuberous sclerosis complex (TSC) gene mutations: These neoplasms
typically demonstrate solid and cystic architecture, and the neoplastic cells

contain voluminous eosinophilic cytoplasm with granular cytoplasmic stippling .




Perhaps more than any other cancer, distinctive morphologic features of renal cell
carcinomas (RCCs) correlate with specific genetic alterations.
v’ translocations involving chromosome Xp11 resulting in gene fusions

iInvolving the TFE3 transcription factor gene: the constellation of clear cells

with papillary architecture, voluminous cytoplasm.




MATERIALS AND METHODS

eCases

The 8 cases reported herein were retrieved from the files of 3 authors (P.A.,

V.E.R., J.N.E.) during a review of unclassified primary renal carcinomas.

Immunohistochemistry

HMB45 , cathepsin K , AE1/3 , Cam5.2 ,EMA , PAXS, S100, melan A,
desmin, SF-1, GATA3, SMA , TFE3

*DNA and RNA Sequencing

*Photomicrographs



RESULTS

TABLE 1. Clinical, Pathologic, and Genetic Features of Cases

Case Tumor
= AgelSex Size/Stage IHC" IHC™ Comment NF2 Variant Other Molecular Findings
1 78/male 4.2cm; pTIbNX HNF1-beta, WT-1, Melan A, FE3/B FISH™; p. Tyr66* Chr loss: 1p, 6, 22q; Chr gain:
PAXSE, CK7, cathepsin k™, died of 16, 20
EMA (focal) GATA3, SF-1, complications XPOI p.Asn735Lys; POLQ p.
mhibin; FH, 1 mo after Phe944Val; SPTBNI p.
SDHB intact operation Trpl893*; EXT2 p. Tyrd21%,
NPMI p.Aspl65_Glul69del;
NCOAI p.MetdT6lle; AUTS2
p.Gly216Arg; ARID? p.
ArgildSer; LMO7 p.
Pro7158er; CYLD p.
Pro78Thr; MIBI p.
Serd08 Asn; CSNKIG2 c.187
+1G>T
2 60/U 7em; pT2NX PAXS, EMA, WT-1, TFE3, TFE3/B FISH™: p-Asn293fs Chr loss: 1p, 6, 22q;
CK7 cathepsin k, ESRD:; tumor Chr gain: 16, 20
TFEB. HMBA45, In native WNT4 p.Val97lle; RAD54L p.
Melan A kidney 21 y Arg202Cys; MREIIA p.
chromogranin, after Asp495His; ERBB? p.
synaptophysin, transplant Asp880Tyr; PI4KA p.
GATAZJ, SF-1, Pro514Leu
inhibin
3 69/male 4cm; pTIcNXM1  CK7, racemase, TFE3, HMB45, Lung p.GInlll* Chr loss: 9; Chr gain: 20
(bone metastasis) HNF1-beta Melan A, metastasis: GLII p.Glyl097fs; RBI p.
cathepsin K, AR, died of Glu539 Thr543del;: TERT
ER, CA-IX, disease 2 mo promoter variant
GATA3 later £.1295228C>T




RESULTS

TABLE 1. Clinical, Pathologic, and Genetic Features of Cases

Case Tumor
# AgefSex SizefStage IHCT IHC Comment NF2 Variant

Other Molecular Findiugs

4 53/female 2.5cm; pTINX GATA3, WT-1, TFE3/B FISH™; c.600-1G> A
cathepsin K, h/o bilateral
inhibin, SF-1 ovarian
cystectomy

5 73/male 3 cm; pTlaNX CK7 CA-IX, cathepsin K, TFE3/B FISH™ p.Lys364*
GATA3, WT-1,
inhibin, SF-1";
FH. SDHB intact

6 7l/male 1.5cm; pT3INX PAXSE, Cathepsin k, Concurrent p.Leu316fs
(perirenal fat and CK7 GATA3, WT-I, clear cell
vascular invasion) inhibin, SF-1"; RCC: TFE3/
FH intact B FISH™

Chr loss: 1p, 4, 6, 21q, 22q; Chr
gain: 1, 7, 20

ARIDIA p.Prol619fs; CDK6 p.
Thrl98fs; RADS0 p.
GInd79Arg: MLLT6 p.
Ser608Tyr; SUGP2 p.
Ala758er; THBSI p.
Argd58Gly; LRIGS3 p.
Asp56Glu; PLCG2 p.
Glu567Lys; KMT2B p.
Glyl00Asp

Chr loss: 1, 6, 9q, 15q., 19q; Chr
gain: 9p, 16

CHDG6 p.Asn2]528er; NUPYS p.
Serl03*; SAMDY p.Phe801fs;
MIBI ¢2211+1G > A; CIITA
p.Glyl74Arg: MECOM p.
Glu81Gln; FLTY p.
Trpl233Cys; ABL2 p.
Asnl52fs; ASPSCRI p.
Asp217fs; HISTIH2AG p.
Pro8lArg; FEXW7 p.
Arg505His; KDMIA p.
Vald00Ile; SOSTM1 p.
Cys278er

Chr loss: 1p, 6, 9, 15q; Chr gain:
16,17q,20

SMARCA4 c.3546+3A>T;
FANCD?2 p.Ser352Leu; BCL2
p-Leul&5Met; PAKS p.
Alal20Val; PPP2RIB p.
His661Leu; NOTCH? p.
Phe20918er; PICALM p.
Vall83Gly; HIPI c.2891-
2A>G; AKAPY p.
Glu2697Gln; STATI p.
Ala531Thr; DLECI p.
GInl1740Arg; PRICKLEI p.
Pro786Thr; LAMAS p.
Asnd79Ser



RESULTS

Case Tumor

# AgelSex Size/Stage IHC" IHC™ Comment NF2 Variant Other Molecular Findings

7 52/male 1cm; pTINX PAXS Chromogranin, Renal-adrenal p. Chr loss: 14q, 19q, 22q; Chr
synaptophysin, fusion: Arg516_Lys523-  gain: 2p, 5, 13q, 20
cathepsin K, concurrent delinsGln PPP2R2B p.Argl29fs; RPL22 p.
Melan A, WT-1, renal cyst Lysl3fs; BICCI p.Val254Leu;
inhibin, SF-1, WDFY3 c.1591+4A > C;
calretinin, TFEB p.ArgdPro; FZD3 p.
GATAS3 Gly595Ala; TNC p.

Phel196Tyr
8 5l/male 1.5cm; pTINX Concurrent p-Lys130fs Chr loss: 1p, 3, 6, 11, 14q, 19,
renal cyst 22q; Chr gain: 20

ERCCS p.Leudd*; CLTC p.
Asp662fs; WHSCI c.1674
+6dupT; SNX29 p.Lys513Ile;
CNTNI c21854T > A; SGK1
p.Lys338Glu; ITGA7 p.
Glul20Val; GNAII p.
Argl42lle; TPR p.
Glul594Asp; RASGRFI p.
Asnl075Tyr; LIFR p.
Met773Leu

*Stop codon.
Chr indicates chromosome; FH, fumarate hydratase; FISH, fluorescence in situ hybridization; SDHB, succinate dehydrogenase subunit B; U, unknown sex.

age: 51-78y 5 underwent partial nephrectomy
F:M=6:1 2 underwent radical nephrectomy
size:1-7cm:; solid



RESULTS

FIGURE 1. BHP RCC case #3. The 4 cm neoplasm has a white, fibrous
appearance, which contrasts with the yellow perinephric fat lobules to the left
and the maroon-red native renal parenchyma to the upper right.
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FIGURE 2. BHP RCC case #1. The neoplasm is unencapsulated and has a rounded,
nodular border with the native kidney at the top of the figure (A). The biphasic pattern
is evident, as smaller cells with condensed chromatin cluster around hyalinized
material while larger cells with vesicular chromatin form tubules and larger acini (B).

case 1



RESULTS

The smaller cells
also form solid
spindle cell foci
unassociated with
basement
membrane material
(C). The small cells
on papillae
associated with the
basement
membrane branch
within larger acini,
resulting in a

glomeruloid pattern
(D-F).

case 1
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The hyalinized material labels with type IV collagen, consistent with basement
membrane material (G). The neoplasm has a low proliferative index as measured by
Ki-67 IHC, particularly in the smaller cells (H).

case 1



RESULTS

Cytokeratm 7 preferentlally labels the larger cells formmg the larger acini (E) EMA
preferentially labels the smaller cells 1n the glomeruloid bodies (F).
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RESULTS

FIGURE 4. BHP RCC case #3. The
neoplasm 1s unencapsulated; note the
native renal parenchyma at the upper
left. The neoplasm has a striking
biphasic appearance, with solid
clusters of larger epithelioid clear cells
and smaller cells forming branching
papillae(A).

case 3



RESULTS

At higher power, one can appreciate the smaller cells with condensed chromatin
clustered around basement membrane material, the larger cells with vesicular
chromatin, as well as extensive psammomatous calcification (B, C).

case 3



RESULTS
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In other areas, the neoplasm has more fibrotic stroma and the architecture 1s more
solid with epithelioid cells surrounding smaller cells around hyalinized material and
psammomatous calcifications (D).

case 3



FIGURE 5. BHP RCC case #4. At lower power, one can appreciate the unencapsulated nature
of the neoplasm that borders the native kidney at the right (A). At intermediate power, one

can appreciate both the tubulopapillary pattern at the right and the solid tubular pattern at the
left (B).

case 4
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The tubulopapillary pattern demonstrates smaller cells clustered around basement membrane
material in larger acini, yielding a glomeruloid pattern (C). The more solid areas feature
sclerotic stroma in which there are tubules, more cribriform structures clustered around
basement membrane material, and psammomatous calcification (D).

case 4
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FIGURE 6. BHP RCC ¢

unclassifiable RCC. At low power, the neoplasm demonstrates hyalinization with
prominent psammomatous calcifications to the right, and a clear cell appearance to the left
(A). A higher power view of the clear cell area reveals a nondescript solid clear cell

proliferation that would be difficult to distinguish from high-grade conventional clear cell
RCC (B).
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RESULTS
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Other areas of the neoplasm demonstrate an anastomosing tubular pattern in the

myxoid stroma that is reminiscent of MTSC (note the psammomatous calcification
to the right of both figures) (C, D).
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case 5



In other areas, one can appreciate tubular architecture and biphasic cytology (E). Higher
power view of these areas reveals larger epithelioid cells with open chromatin and
cosinophilic cytoplasm and smaller cells with condensed chromatin and minimal

basophilic cytoplasm (F).

case 5
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FIGURE 7. BHP RCC case #6. The neoplasm demonstrated an unencapsulated border with
the native kidney to the right (A). The majority of the neoplasm demonstrates the typical
biphasic appearance with small cells forming glomeruloid bodies within larger acini lined

by larger cells (B).

case 6



RESULTS

Centrally, the neoplasm demonstrates extensive sclerosis (C). Neoplastic epithelium within
this sclerotic and desmoplastic stroma has a cord-like and tubular appearance that raises the
differential diagnosis of collecting duct carcinoma (D).

case 6



RESULTS

The more typical biphasic areas (left bottom) merge with areas having a more prominent
cosinophilic cytoplasm (upper right) (E). The neoplastic cells in the latter areas have
abundant eosinophilic cytoplasm, vesicular chromatin, and prominent nucleoli and are
associated with necrosis (F).

case 6



RESULTS

FIGURE &. ase #
kidney. The dominant appearance 1s that of a solid tubular lesion with extensive
psammomatous calcifications (A). The neoplasm intermingles among native renal elements

at 1ts border to the left (B).

case 7/



RESULTS

i L i
- - P - | } N

At higher power, one can appreciate solid nests of neoplastic cells with vesicular chromatin,
prominent nucleoli and abundant eosinophilic cytoplasm forming solid nests, frequently
associated with psammomatous calcification (C, D).

case 7/



RESULTS

architecture and has an unencapsulated border with the native kidney to the right (A). The
neoplasm has a biphasic appearance, with solid, tubular, and papillary areas to the right and a
nested clear cell area to the left (B).

case &



RESULTS

clustered on basement membrane material and larger cells at the periphery (C). The solid
clear cell areas are indistinguishable from clear cell RCC (D).

case &



RESULTS

Other areas of this neoplasm demonstrated sclerotic and desmoplastic stroma, as cords and
tubules of neoplastic cells permeate among renal native tubules and glomeruli (E). In other

areas, the neoplastic cells form linear cords in a desmoplastic and sclerotic stroma (F).

case &



RESULTS

TABLE 2. Morphologic Features of Cases

Basement

Case Vaguely Membrane Small Cell Glomeruloid Sclerotic Psammoma

# Slides Capsule Nodular Biphasic Nodules Spindling Papillary Bodies Stroma Bodies Other

I 3 ~/+ + + + + i+ + + +

5 3 _ + + + + + + + + Necrosis

3 1 NA + + + + + + + +

4 2 —* + + + + + + + +++ Necrosis

5 3 + + + Minimal + + - + +++ Clear cells, pink
cells, MTSC-like

6 2 —[+* + Minimal + Minimal + + + + Pink cells, entraps

tubules
7 4 -+ + + ++ - - - + +++ All tubular
8 2 - + + ++ - + + + + Clear cells, entraps

tubules

*—prominent peritumoral chronic inflammation.

+ indicates present; ++, well-developed; +++, prominent; NA, not available.
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FIGURE 10. Recurrent molecular findings in BHP RCC. A, Lollipop plot of the NF2 gene
(ENST00000338641, NM 000268) showing the distribution of alterations 1dentified. Each
mutation 1s plotted with the corresponding case number. In-frame deletion—green; splice
acceptor variant—nblack; frameshift or nonsense mutation—magenta. B, CNV scatter plot
of case #2 showing broad copy number alterations in chromosomes 1p, 6, 16, 20, and 22q.
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DISCUSSION

- NF2EI[XK|:

v" Inactivation of NF2 has been described in many tumor types.
v' Patients with neurofibromatosis type 2 syndrome are not known

to develop RCCs at an increased frequency.

v Five of our 8 NF2 mutant RCC demonstrated loss of
chromosome 22q where NF2 resides, consistent with biallelic

inactivation of this tumor suppressor gene.



DISCUSSION

TABLE 3. NF2 Mutated Clear Cell RCC in TCGA PanCancer Atlas Database

NF2 Tumor Size/

Case Variant AgelSex Stage Morphology Outcome Other Notable Genetic Anomalies

TCGA-CJ-4901-01 R341* 47/male 14 cm/pT3b Clear cell Alive 47 VHL, MLHI, BAPI deletions; loss of 3p: partial
mo gain of 5q

TCGA-CJ-4638-01 X172_splice 46/male 15 cm/ Clear cell DOD 14 VHL, BAPI mutations; CDKN2A deletion;

pT3aNIMI mo partial loss of 3p: partial gain of 5q

TCGA-B8-4153-01 D494N T4/male 5cm/pT3a Clear cell Alive 25 VHL, ARIDIB mutations: PBRM]1 deletion;
mo partial loss of 3p

TCGA-BB-5098-01 X200_splice 53/female 4 cm/pTl1 Unclassified, Died 52mo CDKI2, NFI, TP53, MLHI, APC, EP400,

rhabdoid features (ESRD) SMARCA4 mutations: partial loss of 3p
TCGA-B0-5084-01 X121_splice 33/male 8cm/pT3NIMI Unclassified, DOD 7Tmo NSDI, NOTCHI mutations

TCGA-B0-4698-01  X81_splice  75/male 10.5 cm/pT4

possibly clear cell
Unclassified with
rhabdoid features

DOD 1 mo KRAS,TP53, ARID3A, EP300 mutations

*Stop codon.
ESRD indicates end-stage renal disease.




DISCUSSION

TABLE 4. NF2 Mutated Papillary RCC in TCGA PanCancer Atlas Database

Tumor Size/

Case NF2 Variant  Age/Sex Morphology Outcome Other Notable Genetic Anomalies
TCGA-BQ-5875 Y132* 68/female 13 cm/pT3a Oncocytic, reverse  Alive 36 mo  SETD2, STAG2 mutations; probable 16q
larity and 17q gain: 220 loss
TCGA-EV-5902  R359Kfs*11  58/male  3cm/pTINO  Biphasic, hyaline  Alive 19mo Probable 5, 16, 20 gain
nodules
TCGA-SX-ATSL  GI51VIs*23 7/male 4 cm/pTl1 Biphasic hyaline Alive 27Tmo  Probable 16,17g,20 gain; 6 loss
nodules
TCGA-Y8-AR96 D277Gfs*20 62/male 6 cm/pT3aNX Unclassified but Alive 18 mo Probable 7 gain; 6, 9, 15q, 22q loss
suggestive of
biphasic
morphology
TCGA-G/-6/9] A200_sphce 46/male Solid papillary NOS  Alive 25mo  B5API, MSHZ, FANCDZ, BCLIIE
(multifocal)/ mutations; probable 16, 20 gain and 1, 6p,
22q loss
TCGA-BQ-5877 KI71* 60/male 3 cm/pT3aNIMI Papillary NOS DOD 8§mo SETD2, BAPI mutation; CDKN2AIB
deletion; probable 12 gain and
1p.3p, 11,18, 22q loss
TCGA-GL-7966 L295Rfs*14  28/female  6.5cm/pT3NI Tubulopapillary Alive 3mo  FH and B2 M nonsense mutations; probable
NOS partial 6p gain and lp, 4, partial 5p, 10,
13qg, 15q, 18,229 loss
TCGA-P4-ASEA  X270_splice  54/female 8 cm/pT3NI Papillary NOS DOD 6 mo CREBBP, MAP3KI, RASAI, BCOR
nonsense or frameshift mutations
TCGA-BI1-A47TM P134H 79/male 4.5 cm/pT3a Papillary NOS Alive 2lmo SMARCBI, NIFE2L2, ERRFII, TETI]

mutations; probable 7 gain

*Stop codon.

DOD indicates dead of disease; NOS, not otherwise specified.




Differential Diagnosis

v' Papillary RCC
v" Collecting Duct Carcinoma
v' MiTF Family Translocation Renal Cell Carcinoma

v" Gonadal Sex Cord-Stromal Tumors

v Wilms Tumor



SUMMARY

We report a novel, morphologically distinctive subtype of RCC
associated with NF2 mutations. The latter suggests the potential for

targeted therapy.
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