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Abstract
Biphasic squamoid alveolar papillary renal cell carcinoma (BSA-PRCC) is a recently studied lesion considered a
morphologic variant of papillary renal cell carcinoma (RCC), more closely related to type 1. Considering the role of proto-
oncogene MET in both sporadic type 1 papillary RCC and hereditary papillary RCC, we aimed to explore the role of MET
activation in the oncogenesis of BSA-PRCC. We identified 17 patients with either unique (n= 14) or multiple (n= 3) BSA-
PRCC, all localized, and performed an integrative analysis of MET status in 18 formalin-fixed paraffin-embedded tumors
combining next-generation sequencing analysis, fluorescent in situ hybridization and immunohistochemistry. Trisomy 7 was
found in 86% of tumors (14/16) without MET amplification at 7q31 (15/15). A pathogenic MET genetic variant was
identified in 60% (9/15) of cases, at the germline level in 57% (4/7) of tested patients or at the somatic level (5/11). MET
expression was observed in all tumors with a higher value of combined score in large cells (mean 97%, range 80–100%) than
in small cells (mean 74%, range 10–100%) and was lower in two cases without MET copy number gain. In conclusion, our
study provides additional evidence to consider biphasic squamoid alveolar papillary RCC as a morphological variant of type
1 papillary renal RCC. Our data strongly suggest that MET represents a major oncogenic driver gene in BSA-PRCC,
harboring a higher frequency ofMET mutation that encourages to further explore the benefice of anti-MET targeted therapies
for aggressive BSA-PRCC.

Introduction

Biphasic squamoid alveolar papillary renal cell carcinoma
(BSA-PRCC), also named biphasic papillary renal cell
carcinoma (RCC), has been mainly described as a mor-
phological variant of RCC after the 2016 WHO classifi-
cation [1]. Based on the first morphological description
published in 2012 [2], a total of 57 patients harboring
BSA-PRCC have been reported, including two large

cohorts of 21 and 28 patients, respectively [3–8]. Many
features are shared with papillary RCC, suggesting
that BSA-PRCC is a variant of papillary RCC,
more closely related to type 1 papillary RCC [5–7]. Its
incidence has been estimated at less than 1% of papillary
RCC [3, 5, 6]. As highlighted by Trpkov et al. [6],
the peculiar dual morphology characterizing this
variant has been previously mentioned in some solid
papillary RCC with a “micronodular” or “glomeruloid”
architecture or illustrated in some textbook [9–11]. BSA-
PRCC is composed of an admixture of two cell popula-
tions: a population of unistratified low-grade small cells
with scant cytoplasm arranged in solid tubulo-papillary
and alveolar-like structures reminiscent of type 1 papillary
RCC, and a remarkable population of large eosinophilic
squamoid-like cells with large nuclei and prominent
nucleoli. The latter cell population forms nests in the
center of alveolar-like structures and exhibits frequent
emperipolesis.
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While keratin 7 and alpha-methyl-CoA-racemase
(AMACR) are expressed in both populations, expression
of cyclin D1 and CD57 are strikingly restricted to the larger
central cells [3–8].

Chromosomal imbalance analyses have identified gains
of chromosomes 7 and 17 in all (16/16) tested cases
[3, 5, 6], and the loss of Y in 80% (4/5) of tumors developed
in male patients [5]. Those gains and losses are commonly
found in type 1 papillary RCC rather than in type 2 [12, 13],
which represents an additional argument to consider BSA-
PRCC as a variant of type 1 papillary RCC. Multifocal
BSA-PRCC or association with other tumors occurred in
7% (4/57) and 18% (10/57) of cases, respectively [6–8].
Metastatic potential, reported in 3.5% (1/28) [6] to 24%
(5/21) [5] of patients, is the most clinically relevant feature.
Hereditary BSA-PRCC has been described, including one
patient with Birt–Hogg–Dubé syndrome [6] and one family
with hereditary papillary RCC [7]. In contrast to
Birt–Hogg–Dubé syndrome, hereditary papillary RCC is
not associated with extra-renal manifestations and presents
an increased risk to develop type 1 papillary RCCs only,
with frequently multiple and bilateral tumors [14–16]. This
rare autosomal dominant disorder is due to germline acti-
vating MET mutation. MET is a proto-oncogene located at
7q31, encoding the transmembrane tyrosine-kinase receptor
MET [17]. Interestingly, alterations in MET have been
identified in 81% of cases of type 1 papillary RCC in The
Cancer Genome Atlas (TCGA) study [18]. Copy number
gain of MET due to gain of chromosome 7 is the main
genetic alteration encountered in type 1 papillary RCC,
while MET mutations have been identified in 17–21.6% of
cases, mostly located in the tyrosine-kinase domain (82%)
[17–20]. Few cases with MET amplification have been
identified in advanced stage with metastasis [21]. Moreover,
in inherited papillary RCC, allelic duplication on 7q
occurred nonrandomly in alleles harboring MET mutation
[22, 23].

In order to evaluate the role of MET alterations in BSA-
PRCC, we performed a comprehensive study of MET status
in BSA-PRCC combining analyses of MET copy number
variation, mutational status, and protein expression in a
cohort of 17 patients.

Materials and methods

Patient cohort

A total of 17 patients were retrieved from 3 institutional
pathological departments of Assistance Publique-Hôpitaux
Paris-Centre/Université de Paris, including Necker-Enfants
Malades Hospital (n= 4), Georges Pompidou European
Hospital (n= 11) and Cochin Hospital (n= 2). These

patients suffered from at least one BSA-PRCC diagnosed
according to the criteria previously described [5, 6],
including positive AMACR and CK7 in both cell popula-
tions and a restricted expression of BCL1 in large central
cells (Supplementary Fig. 1). A total of 18 tumors were
collected, including 13 cases diagnosed after the first
description of the entity, and 5 identified retrospectively.
Clinical and pathological data were collected from local
electronic medical patient records including age, sex, type
of surgery, tumor size, number of tumors, stage, familial
history of renal carcinoma, presence of chronic kidney
disease, other renal tumors, time of follow-up, and clinical
outcome. When multiple tumors were present, the stage of
the more aggressive tumor was documented for each
surgery.

Seven patients, who benefited from genetic counseling
and signed an informed consent, were tested for germline
mutations. Among them were two related patients (mother
and son, cases #5 and #6, respectively) with hereditary
papillary RCC, who have been previously reported [7].

This study was approved by the French national ethic
committee (Comité de Protection des Personnes Number
19.05.27.61541; national identification 2018-A03147-48).

Immunohistochemical and pathological features

All slides routinely stained by hematoxylin, eosin, and
saffron have been reviewed by three pathologists (TD, MS,
and VV). Five to 29 slides have been reviewed per case.
The following microscopic features were determined: sur-
face occupied by the squamoid large cell component, per-
centage of necrosis, WHO/ISUP nucleolar grade of both
cell populations, presence of foamy macrophages and/or
calcifications. Routine immunohistochemistries (IHCs)
performed at the time of diagnosis on full slide were also
reviewed, including staining with BCL1 CCND1/cyclin D1
(SP4; 1/100; Thermo Fisher Scientific, Waltham, MA,
USA), CK7 (OV-TL 12/30 [1] Isotype IgG1 kappa; 1/50;
Dako, Carpinteria, CA, USA), AMACR (BC4A4; 1/200;
Dako, Carpinteria, CA, USA), and FH (1/2000; Santa Cruz
Biotechnologies Inc., Dallas, TX, USA). Standard immu-
nohistochemical staining was completed when necessary.

Tumor sample selection for in situ analysis of MET

Representative areas of tumor containing both cellular
populations were selected from FFPE blocks to perform
MET IHC and FISH analysis. A total of 18 tumors were
studied. Four manual tissue microarray (TMA) blocks (one
spot of 5 mm width/patient) were prepared, including 17
FFPE tumors from 16 patients. For patients #5 and #6 with
multiple BSA-PRCC, the most representative tumor was
selected. For one patient (#12) with two tumors, one spot

648 T. Denize et al.



from each tumor was selected for the TMA. Tumor from
one patient (#17) was analyzed on whole slide.

MET and chromosome 7 copy number analysis by
fluorescent in situ hybridization (FISH)

Copy number analysis of centromere 7 was performed by
FISH analyses on 4 μm FFPE tissue sections from the four
TMAs. Hybridization was performed using the ZytoLight
FISH-Tissue Implementation Kit (Zytovision GmbH, Bre-
merhaven, Germany) and either the ZytoLight SPEC MET/
CEN 7 Dual Color Probe (Zytovision GmbH) or the
ZytoLight SPEC CDKN2A/CEN 3/7/17 Quadruple Color
Probe (Zytovision GmbH), according to the manufacturer’s
instructions.

Slides were read by one expert pathologist (PAJ) on an
epifluorescence microscope (BX51, Olympus, Tokyo,
Japan) armed with appropriate fluorescent cubes. Images
were analyzed using the Soft Imaging System (Cell,
Olympus) software. One hundred nonoverlapping nuclei
were counted for each case. Gains were defined by the
presence of three or more copies of the studied locus in
more than 20% of nuclei and losses by the presence of only
one copy of the studied locus in more than 30% of nuclei.
MET amplification was defined by the presence of more
than six copies of MET on average [24].

MET genotyping using next-generation sequencing
(NGS) and data analysis

For five patients, germline DNA was extracted from leu-
kocytes using standard protocols by Chemagic DNA Blood
kit in combination with a Chemagic 360 equipment (Perkin
Elmer). Germline genetic testing was then performed using
an in-house targeted NGS panel. The NGS panel was used
to genotype the main kidney cancer-predisposing genes
including MET, VHL, FH, TSC1, TSC2, FLCN, BAP1,
PBRM1, MITF, PTEN, HNF1B, SMARCB1, SDHA, SDHB,
SDHC, and SDHB (TruSeq Custom Amplicon Low Input,
Illumina® or SeqCap EZ HyperCap, Roche®). DNA librar-
ies were prepared according to the manufacturer’s recom-
mendations and 2 × 150 bp paired-end sequenced on MiSeq
platform (Illumina, CA, USA) using v2 chemistry according
to the standard protocol. Demultiplexing was performed
using MiSeq Reporter (Illumina, CA, USA). Alignment to
the human genome hg19 (GRch37) and variant calling was
performed using SeqNext (JSI Medical Systems) and
PolyDiag (Paris Descartes University, France) software.

Seventeen tumors from 16 patients were tested for
somatic mutations in MET tyrosine-kinase domain. Areas of
pure tumor containing both cell populations were selected
in order to realize five, 20 μm sections for DNA extraction
from each FFPE sample. FFPE DNA was extracted on a

Maxwell® 16 Forensic Instrument (Promega, France) using
Maxwell® 16 FFPE Plus LEV DNA Purification Kit (Pro-
mega, France). DNA quantification was done by Qubit™
Fluorometric Quantitation using the Qubit dsDNA BR
Assay Kit (Life Technologies–Thermo Fisher Scientific,
Saint Aubin, France). Libraries were prepared from 30 ng of
tumor DNA using the ROSMETALK Designed.bed panel
covering MET tyrosine-kinase site (exons 16–20) and Ion
AmpliSeq™ library preparation kit v2 (Ion AmpliSeq
library kit v2, Ion library equalizer kit, Life Technolo-
gies™). Libraries were normalized using the Ion Library
Equalizer™ Kit, pooled, processed on an Ion Chef™ Sys-
tem for template preparation and chip loading (Ion PI™ Hi-
Q™ Chef Kit, Ion PI™ Chip Kit v3, Thermo Fisher Sci-
entific), and sequenced using an Ion Proton™ System. The
FASTQs sequencing data were aligned to the human gen-
ome (hg19) and processed using IonTorrent Suite V5.0.4.0.
This package included the Torrent Variant Caller V5.0.4.0
provided by Life Technology, which was used along with
the built-in “Somatic—low stringency” parameters to
automatically call variants with AF > 2%. Annotation
pipeline used a pipeline developed internally on a galaxy
platform using SAFIR.

The NM_0011207500.2 transcript was used for annota-
tions. The variant analysis was mainly performed using
Alamut Visual 2.7 (Interactive Biosoftware) as an interface.
To assess the frequency and the impact of MET variants
identified by NGS, the following databases were consulted:
MET Leiden Open Variation Database (LOVD) (https://da
tabases.lovd.nl/shared/genes/MET), ClinVar (https://www.
ncbi.nlm.nih.gov/clinvar/), COSMIC (https://cancer.sanger.
ac.uk/cosmic/gene/analysis?ln=MET), and genome aggre-
gation database gnomAD (https://gnomad.broadinstitute.
org/gene/ENSG00000105976?dataset=gnomad_r2_1).
MET variants were considered pathogenic if they had been
reported like this in the MET-LOVD and ClinVar, or var-
iant of uncertain significance (VUS) if they had never been
reported in the LOVD-MET, ClinVar and gnomAD
databases.

MET expression by immunohistochemistry

Evaluation of MET expression was performed by IHC using
prediluted anti-Total MET (SP44, Rabbit Monoclonal Pri-
mary Antibody ready-diluted, Ventana Medical System,
Tucson, AZ, USA) on FFPE samples. Staining was assessed
on autostainers (Benchmark Ultra Ventana; Ventana Med-
ical System, Tucson, AZ, USA) according to manu-
facturer’s instructions. The reactivity of the antibodies was
revealed with UltraView Universal Dab (Ventana Medical
System, Tucson, AZ, USA) proprietary detection kit.
Staining was performed on 4 TMAs from FFPE samples
for 17 tumors (16 patients) and 1 whole slide for 1 tumor
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(1 patient). MET expression was evaluated separately on
small and central large cells using the previously published
combined score CS (CS, 0–300) as follows: staining
intensity (range 0–3; 0: absent, 1: weak, 2: medium, 3:
strong) multiplied by the percentage of positive cells
(0–100) [25]. Analysis was assessed blinded of genetic
status by one junior pathologist (TD) and two experts in
uropathology (VV, MS).

Results

Clinicopathological data

Clinicopathological data are summarized in Table 1. Male
to female ratio was 1.4:1. Mean age at diagnosis of the first
renal tumor was 51.6 years (26–84 years). Eight patients out
of 17 (47%) were diagnosed before the age of 50. Two
patients had chronic renal failure. For one patient with a
renal transplant (#3), the tumor arose on his native kidney.
The specimens were composed of 5 radical nephrectomies
(1 right, 2 left, 1 bilateral) and of 17 partial nephrectomies
(8 right, 9 left). BSA-PRCC tumor size ranged from 1.5 to
15 centimeters. Six patients (35%) had multiple tumors.
Among them, three patients (17%) had synchronous mul-
tiple and bilateral BSA-PRCC. Three patients had one BSA-
PRCC and other tumors: one patient had multiple and
bilateral type 1 papillary RCCs, one patient had an onco-
cytoma, and a papillary RCC (1.6 cm each), and another
one had a contralateral tumor without histological doc-
umentation. In addition, six patients (33%) also presented
either single or multiple papillary adenomas. In addition to
patients #5 and #6, two patients had a familial history of
renal carcinoma. Patient #17’s father died of advanced
unclassified RCC. Reviewing of his lymph node biopsy
demonstrated the same immunohistochemical phenotype as
BSA-PRCC including positive PAX8, AMACR, CK7, and
BCL1, without evocative morphology. Patient #7 had a
cousin diagnosed with a history of clear cell RCC. No
patient had metastasis at diagnosis. Follow-up data were
available for 14 out of 17 patients with a mean follow-up of
32.6 months (from 1 to 151 months). One of the patients
was lost to follow-up after developing a contralateral tumor.
Only one patient developed metastases, occurring
13 months after surgery, with mediastinal lymph node
involvement and pulmonary carcinomatous lymphangitis.
After a first line of treatment with sunitinib for 5 months,
followed by four of nivolumab, the patient died of disease.

Main microscopic features and immunohistochemical
studies are detailed in Table 1 and Supplementary Table 1
and illustrated in Fig. 1 and Supplementary Figs. 1 and 2.
On gross examination, tumors were predominantly whitish
or pale yellow and well-delimited (Fig. 1a). Eleven cases

were pT1a, 5 pT1b, 2 pT2b, and two were pT3a due either
to renal sinus fat infiltration (Fig. 1b) or perirenal fat
invasion. No lymph node was detected on five radical
nephrectomies. On microscopy, the dual component was
either focal or diffuse, representing between 5 and 100% of
the tumor surface (mean 20%). Generally, large squamoid-
like cells were arranged in cohesive clusters of variable
sizes localized in small spaces lined by small cells, giving
them an alveolar or glomerular-like structure (Fig. 1c–h).
The large cells had a vast eosinophilic cytoplasm and a big,
sometimes angular nucleus with anisokaryosis. Emperipol-
esis was visible in all cases in various proportions, restricted
to some clusters of large squamoid-like cells in some tumors
(Fig. 1f–h). Rare mitotic figures were observed, restricted to
the large cells. The nucleolar WHO/ISUP grade evaluated
in large cells at 3 (in 17/18) or 2 (in 1/18), was higher than
in small cells (grade 1 (in 2/18), 2 (in 14/18), or 3 (in 2/18)).
Interestingly, a small component of grade 4 with sarcoma-
toid features was found in the tumor of patient #1, who
subsequently developed metastasis. Neither sarcomatoid nor
biphasic components were identified in his nodal mediast-
inal biopsy (Supplementary Fig. 2). Foamy macrophage
clusters were found in 12 cases. Necrosis was observed in
seven cases on 5–20% of the tumor surface, mostly at the
center of the eosinophilic cell clusters. Upon routine IHC,
the large eosinophilic cells of the biphasic component were
always stained by the BCL1 (cyclin D1) antibody, unlike
the conventional papillary component (Supplementary
Fig. 1). FH expression was retained in all (8/8) tested cases
(Supplementary Table 1).

Chromosome 7 and 17 gains

Centromere 7 enumeration using FISH was performed for
17/18 tumors and interpretable for 16/17 cases. Chromo-
some 7 trisomy was found in 14/16 cases (87.5%) (Table 2)
in both small cells and large cells at the center of alveolar-
like structure. The two remaining cases were disomic for
chromosome 7. No MET amplification was found in 15
evaluated tumors (Fig. 2). For the 6 cases evaluated for
centromeres 17 and 3, a trisomy 17, co-occurring with
trisomy 7, was observed in all cases, while centromere 3
was found to be diploid.

MET mutational status

The results of germline and somatic analyses are summar-
ized in Table 2. Patients #5 and #6, who are relatives
affected by hereditary papillary RCC, carried a previously
reported c.3335A>G, p.(His1112Arg) pathogenic MET
variant [7]. The same MET germline mutation was also
identified in an unrelated 46-year-old woman (#17) pre-
senting multiple papillary adenomas, synchronous bilateral,

650 T. Denize et al.



Ta
bl
e
1
C
lin

ic
op

at
ho

lo
gi
ca
l
da
ta

of
th
e
17

pa
tie
nt
s
in
cl
ud

ed
in

th
e
st
ud

y.

P
at
ie
nt

#
A
ge

at
su
rg
er
y

(y
ea
rs
)

S
ex

S
ur
ge
ry

N
um

be
r
of

B
S
A
-P
R
C
C

B
ila
te
ra
l

B
S
A
-P
R
C
C

T
um

or
si
ze

(c
m
)
if

m
ul
tip

le
:

m
in
–
m
ax

(m
ea
n)

pT
O
th
er

tu
m
or
/

su
bt
yp

e
F
am

ili
al

hi
st
or
y
of

R
C
C

C
K
D

at
di
ag
no

si
s
(Y

/N
)

F
ol
lo
w
-u
p

(m
on

th
s)

O
ut
co
m
e

#1
84

M
R
R
N

1
N
o

10
.5

pT
2b

N
o

N
o

Y
es

22
M
et
as
ta
si
s
D
O
D

#2
56

F
L
P
N

1
N
o

3.
2

pT
1a

N
o

U
K

N
o

11
N
E
D

#3
60

M
nL

R
N

1
N
o

5.
8

pT
1b

A
de
no

m
a

U
K

Y
es

1
N
E
D

#4
42

M
R
P
N

1
N
o

3.
1

pT
1a

N
o

U
K

N
o

16
N
E
D

#5
a

52
F

R
P
N

×
3

9
Y
es

1.
5–
4.
5
(2
.2
)

pT
1b

A
de
no

m
as

Y
es

N
o

L
R
N

4
1.
5–
15

(7
.5
)

pT
2b

A
de
no

m
as

15
1

N
E
D

#6
39

M
L
R
N

5
Y
es

1.
5–
3.
2
(2
.1
)

pT
1a

A
de
no

m
as

Y
es

N
o

44
R
R
N

4
1.
5–
4
(2
.9
)

pT
1a

A
de
no

m
as

97
N
E
D

#7
41

F
L
P
N

1
N
o

3
pT

3a
N
o

Y
es

N
o

35
N
E
D

#8
26

F
R
P
N

1
N
o

3
pT

1a
N
o

N
o

U
K

N
A

N
A

#9
76

M
L
P
N

1
N
o

6.
9

pT
1b

P
R
C
C

on
co
cy
to
m
a

ad
en
om

as

N
o

N
o

49
N
E
D

#1
0

45
M

R
P
N

1
N
o

1.
7

pT
1a

N
o

N
o

N
o

45
N
E
D

#1
1

65
M

L
P
N

1
N
o

3
pT

1a
N
o

N
o

N
o

9
N
E
D

#1
2

57
F

L
P
N

1
Y
es

5
pT

1b
N
o

N
o

N
o

2
N
E
D

R
P
N

1
1.
5

pT
1a

#1
3

32
M

L
P
N

1
N
o

3.
2

pT
3a

A
de
no

m
as

N
o

N
o

9
N
E
D

#1
4

54
M

R
P
N

1
N
o

2.
7

pT
1a

N
o

N
o

U
K

6
N
E
D

#1
5

49
F

L
P
N

1
N
o

5
pT

1b
Y
es

(U
K
)

N
o

U
K

N
A

N
A

#1
6

54
M

L
P
N

1
N
o

3.
1

pT
1a

N
o

N
o

U
K

N
A

N
A

#1
7

46
F

L
P
N

1
N
o

2.
9

pT
1a

A
de
no

m
as
,

m
ul
tip

le
ty
pe

I
P
R
C
C

Y
es

N
o

4
N
E
D

a F
am

ili
al

ca
se

pr
ev
io
us
ly

re
po

rt
ed

in
[7
]
(#
5
m
ot
he
r
of

#6
).

B
SA

-P
R
C
C

bi
ph

as
ic

sq
ua
m
oi
d
al
ve
ol
ar

pa
pi
lla
ry

re
na
l
ce
ll
ca
rc
in
om

a,
cC

K
D

ch
ro
ni
c
ki
dn

ey
di
se
as
e,

F
fe
m
al
e,

M
m
al
e,

R
R
N

ri
gh

t
ra
di
ca
l
ne
ph

re
ct
om

y,
L
P
N

le
ft
pa
rt
ia
l
ne
ph

re
ct
om

y,
nL

R
N

na
tiv

e
le
ft
ra
di
ca
ln

ep
hr
ec
to
m
y,
R
P
N
ri
gh

tp
ar
tia
ln

ep
hr
ec
to
m
y,
L
R
N
le
ft
ra
di
ca
ln

ep
hr
ec
to
m
y,
R
C
C
re
na
lc
el
lc
ar
ci
no

m
a,
P
R
C
C
pa
pi
lla
ry

re
na
lc
el
lc
ar
ci
no

m
a,
U
K
un

kn
ow

n,
N
E
D
no

ev
id
en
ce

of
di
se
as
e,

D
O
D

di
ed

of
di
se
as
e,

N
A
no

t
av
ai
la
bl
e.

MET alterations in biphasic squamoid alveolar papillary renal cell carcinomas and clinicopathological. . . 651



and multiple type I papillary RCC as well as one BSA-
PRCC. No genetic analysis could be performed on her
father. Patient #12, a 57-year-old woman with two bilateral

synchronous BSA-PRCC and without familial history of
renal carcinoma, was found to carry the c.3712G>A,
p.(Val1238Ile) pathogenic variant at the germline level. In
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the three other patients who benefited from germline genetic
testing, no variant of interest was identified either inMET or
other predisposing genes included in the NGS panel.
Somatic genotyping of the MET tyrosine-kinase domain
was interpretable for 14 tumor DNAs (Table 2). Among
them, three tumors originated from patients carrying a
germline MET mutation. In all cases, the germline MET
mutation was found in the corresponding tumor DNA with
an allelic ratio > 0.5. In the 11 remaining analyzed tumors, a
MET variant was identified in 54% of cases (6/11). All but
one was classified as pathogenic according to reports in
ClinVar and LOVD-MET databases. They included
c.3736G>A p.(Asp1246Asn), c.3334C>T p.(His1112Tyr),
c.3803C>T p.(Met1268Thr), c.3389T>C p.(Leu1130Ser),
and c.3328G>A p.(Val1110Ile) variants. The last variant
was found in two different cases. All identified variants,
except c.3389T>C p.(Leu1130Ser), were listed as “onco-
genic validated mutations” in the Cancer Genome Inter-
preter (https://www.cancergenomeinterpreter.org/muta
tions) and have been previously reported in COSMIC
database, mainly in RCC and interestingly at least once in
papillary RCC.

Immunohistochemical evaluation of MET expression

MET was expressed in all tumors (18/18), as shown in
Table 3 and illustrated in Fig. 3. Detailed combined score
for each tumor on both small and large cells are available in
Supplementary Table 2. In all cases, staining was observed
on large cells, involving 80–100% of cells (mean 97%) with
variable intensity: weak in two cases (11%), moderate in six
(33%), and strong in ten (56%). In small cells, the staining
was positive in all tumors (from 10–100%, mean 74%) and
was weak in seven (37%), moderate in seven (37%), and
strong in four (21%). The mean percentage of stained large
cells was higher than that of small cells (97% versus 74%,
respectively). Larger cells exhibited a higher CS score
(mean ratio small/large= 0.59). Staining on large cells

often exhibited combined cytoplasmic and membranous
staining, whereas the staining was mostly membranous and
cup shaped on small cells. In one patient with two tumors
(case #12), a higher MET expression level in large cells
compared with small cells (CS 160 and 300 versus 100 and
180, respectively) was observed on both tumors.

Integrative analysis

A correlation between MET expression and MET genetic
alterations was performed (Table 3). The two cases without
trisomy 7 (#8 and #13) had lower CS scores on both small
cells (CS < 50) (respectively 30 and 10) and large cells
(CS ≤ 100) (respectively 80 and 100) compared with CS of
tumors with trisomy 7. In cases without trisomy 7, the lower
CS observed in large cells was mostly due to a lower
intensity of staining (intensity 1) compared with those with
trisomy 7 (intensity 2 or 3) (Supplementary Table 2).
However, no difference was observed in MET expression
on both large and small cells when compared to the muta-
tional status of MET.

Discussion

This study reports a large cohort of BSA-PRCC allowing to
enrich the knowledge about this rare and recently studied
lesion considered a morphological variant of RCC, pro-
viding more clinicopathological data from 17 patients and
additional evidence to consider BSA-PRCC as a variant of
type 1 papillary RCC. Main features of BSA-PRCC and
type 1 papillary RCC are summarized in Table 4. In our
cohort, we confirmed the presence of trisomy 7 leading to
MET copy number gain and highlighted for the first time the
high incidence of MET mutation suggesting that MET plays
a major role in the oncogenesis of this peculiar morpholo-
gical variant. Pathological features were comparable to
previous descriptions [3–8] with the same immunopheno-
type CK7 and AMACR positivity on both cellular type and
BCL1 restricted to larger cells. The surface represented by
the biphasic component was variable, ranging from 5 to
100% with a lower mean compared to previous cohorts
(20% rather than 58%) [6]. The repartition of biphasic
appearance was heterogeneous among cases as well as the
size of clusters of large eosinophilic cells that could vary
from small to larger ones. Emperipolesis was constantly
observed in each case but not in each cluster of large
eosinophilic cells. Emperipolesis is a peculiar biological
event morphologically described as penetration of intact
hematopoietic cells into another intact cell [26]. In contrast
to BSA-PRCC, the occurrence of emperipolesis is rare in
other RCC and has been recently described in 46% of clear
cell RCC with a syncytial-type multinucleated giant tumor

Fig. 1 Main BSA-PRCC pathological features. a Gross picture of
one of the two tumors (LPN) of patient #12 showing a well circum-
scribed white tumor with mastic and solid aspect. On hematoxylin,
eosin saffron we illustrate: at low magnification ((b) ×2.5 magnifica-
tion) pT3a tumor with sinus infiltration from patient #7 (yellow arrow
surrounding large squamoid cells); at higher magnification the char-
acteristic biphasic alveolo squamoid morphology showing: example of
abrupt transition between areas with biphasic morphology and large
cluster of squamoid-like cells (above the blue line) and classical
papillary RCC type 1 (below the blue line) ((c) ×10 magnification) and
different sizes of clusters of large eosinophilic cells nested arranged in
alveolar-like spaces surrounded by small cells with either small clus-
ters ((d) ×5 magnification; (f) ×2 magnification; (g) ×40 magnifica-
tion), or larger clusters ((c) and (e) ×20 magnification; (h) ×40
magnification); (g–h) illustrate emperipolesis on large squamoid-like
cells (green arrow in (f–h)).
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cell component [27] and in rare high-grade RCC [28]. In a
recent case report of BSA-PRCC, this particular image has
been interpreted as cytophagocytosis of apoptotic neu-
trophils rather than emperipolesis [29].

Clinical features were characterized by a slight male
predominance and a mean age inferior to that reported in
prior series (51.6 versus 58.6 years), together with a higher
proportion of patients diagnosed before 50 years old (47%
versus 10.9%) [3, 4, 6]. As previously underlined, most
cases were localized tumors. However, we also have iden-
tified three patients (17.6%) presented with aggressive
tumors, including two locally advanced tumors and one
with grade 4 due to sarcomatoid areas. This patient subse-
quently developed metastases and failed to respond to anti-
VEGFR and anti-PD1 therapy. Combined with cases pre-
viously described in the literature [5, 6], metastases occur-
red in 9.4% (7/74) of all BSA-PRCC, which is comparable
to the incidence observed in type 1 papillary RCC (7%) but
lower than in type 2 papillary RCC (30%) [30]. This
metastatic potential underlines the need for finding bio-
markers predicting response to targeted therapy. Our results
also confirmed the high incidence of multifocal tumors
(28%), including either patients with multiple BSA-PRCC
(3/18) or patients with BSA-PRCC associated with papillary
RCC (2/18) or other tumors (1/18).

While the role of MET alterations in type 1 papillary
RCC is well-known, our study is the first one to decipher
MET status in a large cohort of BSA-PRCC. Trisomy 7,
including MET locus, leads to an increase of MET copy

Table 3 Integrative analysis
combining results of MET
expression, presence of trisomy
7, and MET genotyping.

Patient MET expression CS on
small cells

MET expression CS on
large cells

Trisomy 7 MET variant found by next-
generation sequencing

#1 200 200 Yes No MET variant

#2 70 300 Yes Somatic MET variant

#3 300 300 Yes No MET variant

#4 190 300 Yes Somatic MET variant

#5a 70 300 Yes Germline MET variantb

#6c 50 180 Yes Germline MET variantb

#7 70 180 Yes Somatic MET variant

#8 30 80 No ND

#9 80 300 Yes ND

#10 300 300 Yes No MET variant

#11 160 300 Yes Somatic MET variant

#12 (LT) 100 160 Yes Germline MET variant

#12 (RT) 180 300 Yes

#13 10 100 No Somatic MET variant

#14 300 300 Yes No MET variant

#15 140 200 ND Somatic VUS MET variant

#16 270 300 Yes No MET variant

#17 140 200 ND Germline MET variant

LT: left tumor of 5 cm; RT: right tumor of 2 cm.

ND not determined.
aRight tumor of 2.2 cm.
bCase previously reported in [7].
cLeft tumor of 4 cm.

Fig. 2 Copy number analysis of MET by FISH. FISH with a MET
probe (green) showing three copies of MET in large squamoid cells
(arrows) and small cells (arrow heads). Insert: FISH with a MET probe
(green) and a chromosome 7 centromeric probe (red) showing chro-
mosome 7 trisomy without specific MET gain (original objective: ×40
magnification).
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number [5]. In our series, no MET amplification was iden-
tified, but chromosome 7 trisomy was found by FISH
analysis in 87.5% (14/16) of cases, showing that this is a
frequent, but not constant, hallmark in BSA-PRCC. As
reported in papillary RCC, MET gains in BSA-PRCC are
most likely due to chromosome 7 copy number gain, rather
than a gene amplification mechanism [31].

The association with trisomy 7 and 17 supports the view
that BSA-PRCC is a distinct morphological variant of
papillary RCC [5, 6]. Even if the frequency of trisomy 7 is
variable among series of papillary RCC (ranged from 31 to
81%) [13, 20], the incidence of trisomy 7 in BSA-PRCC is
closer to the one reported in type 1 papillary RCC (81%)
than in type 2 papillary RCC (46%) [20, 32].

Germline MET pathogenic variants were identified in
57% (4/7) of tested patients. This high germline mutation
rate could be overestimated due to the limited number of
cases with a sporadic presentation benefiting from a germ-
line genotyping in our cohort. These results should be
confirmed in a larger cohort, especially in patients with
sporadic presentation of BSA-PRCC. Interestingly, we
reviewed the figure available in a recent case report of
hereditary type 1 papillary RCC and identified morpholo-
gical features consistent with the diagnosis of BSA-PRCC
[33]. The incidence of MET germline mutation justifies that
a germline MET analysis should be offered to patients with
BSA-PRCC, especially in the context of associated papil-
lary RCC, multiple tumors and/or family history of RCC.

Table 4 Main clinicopathological and genetic features of biphasic papillary renal cell carcinoma (BSA-PRCC) and “classic” papillary renal cell
carcinoma type 1 (PRCC).

PRCC type 1 BSA-PRCC

Mean age (years) 50–63 51–58

Sex 1.5M:1F 1.4M:1F

Hereditary setting Hereditary PRCC, Birt–Hogg–Dubé Hereditary PRCC, Birt–Hogg–Dubé

Multiple and/or bilateral tumors
including papillary adenoma(s)

Yes Yes

Metastatic potential 7–10% 9.4%

Macroscopic Well-limited beige to whitish Well-limited beige to whitish

Architecture Tubulo-papillary with single layer of cells
with scant cytoplasms and basal nuclei

Tubulo-papillary and alveolar-like spaces lined by a single
layer of cells with scant cytoplasms and basal nuclei, filled
with large eosinophilic squamoid-like cells with exhibiting
frequent emperipolesis and rare mitosis

Nucleoli grade Mostly low grade (1–2) Mostly low grade in small cell (1–2) and higher grade (3) in
large squamoid-like central cells

Trisomy 7 75–100% 87.5%

MET mutations 17–21% 54% (our study)

Ref. [1, 12–18, 20, 30] [2–8, 16]

Fig. 3 Evaluation of MET expression by immunohistochemistry. a
example of the three intensity scoring system (score 1—score 2—score
3) (×20 magnification); b representative spots of three cases with MET
copy number gain without MET mutation (patient #1, #3, #10), three

cases with bothMET copy number gain andMET mutation (patient #2,
#4, #11), and two cases with unknown mutation status: one with MET
copy number gain (patient #9) and one without MET copy number
gain (patient #8) (×2.5 magnification).
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Indeed, the four patients had either multiple BSA-PRCC (3/
4) or multiple papillary RCC type 1 (1/4). Two of them had
a familial history of RCC and occurred before the age of 50.
The germline mutational status is essential for guiding
genetic counseling, which indicates or exempts specific
management and follow-up as well as predictive genetic
testing in relatives. Unfortunately, in the patient who
developed BSA-PRCC, papillary RCC, and oncocytomas,
suggesting a possible Birt–Hogg–Dubé syndrome as pre-
viously identified [6], the germline analysis could not be
performed.

The tumor DNA analysis allowed finding a somatic MET
variant in 6 out of 11 cases (54%), including 5 pathogenic
variants (45%) and 1 variant of unknown significance. The
somatic origin of the mutation was confirmed in three cases
(absent in the corresponding germline DNA) and supposed
in two cases, due to an allelic ratio <0.5. The c.3389T>C
p.(Leu1130Ser) variant was not previously reported,
explaining why it was classified as variation of unknown
significance. Its allelic ratio in tumor DNA was >0.5, sug-
gesting its presence in the germline DNA, but the analysis
was not performed in the leukocyte DNA.

It is noteworthy that finding the same MET somatic
mutation in multiple tumors of one patient, together with an
allelic ratio of >0.5, suggests that the mutation’s origin is
germline and that patient should seek genetic counseling.

Altogether, the mutation rate in the MET tyrosine-kinase
catalytic domain was 60% (9/15) in our cohort of BSA-
PRCC. This frequency is higher than in the TCGA cohort of
papillary RCC, in which a MET mutation was found in 17%
of type 1 papillary RCC, 2% of type 2, and 12% of
unclassified papillary RCC [18]. Similarly, smaller cohorts
of type 1 papillary RCC have identified MET mutations
from 17% (4/23) [34] to 21.6% (11/51) [20]. Interestingly,
we reviewed the available digital slides for all patients from
the KIRP cohort with MET mutation, and three had mor-
phologic features compatible with BSA-PRCC (TCGA-A4-
7734/AL-3472/ MH-A561) [35]. In contrast to BSA-PRCC,
no MET mutation has been identified in oncocytic papillary
RCC, another rare morphological variant of papillary RCC
with inconstant trisomy 7 but high expression of MET on
IHC [36].

The high incidence of chromosome 7 gains and MET
mutations in BSA-PRCC cases strongly support the idea
that MET activation plays an essential role in the onco-
genesis of BSA-PRCC.

MET expression has been poorly investigated in papil-
lary RCC. It has been shown that increased expression of
MET can be due to different mechanisms involving muta-
tion, translocation, or copy number gain of chromosome 7
[18]. RNAseq analysis showed that MET expression was
higher in type 1 papillary RCC than type 2, and was
overexpressed in papillary RCC compared to normal

kidneys or clear cell RCC [20]. Using IHC, a large study of
MET expression performed in 145 sporadic RCC including
20 papillary RCC showed that MET expression was strong
and diffuse (2+) in 90% of papillary RCC and expressed in
92 and 86% in type 1 and type 2 papillary RCC, respec-
tively [37]. In our study, MET was expressed in all cases of
BSA-PRCC, in both large and small cells with a stronger
expression on large cells. The expression of MET failed to
predict MET mutation in BSA-PRCC. However, we inter-
estingly noted that in the two cases displaying the lower
MET expression on both small cells (CS < 50) and large
cells (CS ≤ 100), trisomy 7 was absent.

Finally, the main interest of the analysis of MET status in
tumors is its implication for therapy. Indeed, the MET
pathway is now being targeted by multiple novel agents in
clinical development in various cancers [38]. In nonclear
cell RCC patients, savolitinib (a highly selective MET TKI),
crizotinib (TKI targeting c-MET, ROS1, and ALK), and
cabozantinib (TKI targeting Vascular Endothelial Growth
Factor Receptor-2, AXL, and MET) showed a clinically
meaningful benefit in phase II/III trials or retrospective
studies [34, 39–41]. It has been shown that MET alterations
influence sensitivity to MET inhibition; thus, detection of
MET alterations could be used as a predictive biomarker
and improve the accurate selection of eligible patients for
anti-MET drugs. For example, in the phase II trial evalu-
ating savolitinib in papillary RCC patients, MET-driven
tumors were predictive of partial response compared to
MET-independent tumors (18% versus 0%), and were
associated with a significantly better median progression-
free survival (PFS) (6.2 months versus 1.4 months) [39]. In
the CREATE trial (EORTC 90101), the 4 MET-driven type
1 papillary RCC patients reported better overall response
rate (ORR) and 1-year PFS rate than the 16 MET-
independent type 1 papillary RCC patients (ORR of 50%
versus 6.3% and 1-year PFS rate of 75% versus 27%,
respectively) [34]. Considering the high incidence of MET
alterations in BSA-PRCC found in this study, it suggests
that patients with aggressive BSA-PRCCs should be tested
for MET mutation in order to evaluate their predictive value
in response to anti-MET therapies.

In conclusion, our study provides more evidence to
classify BSA-PRCC as a variant of type 1 papillary renal
RCC and expands the subtype of RCC that could be
encountered in hereditary papillary RCC disease. Our data
strongly suggest that MET represents a major oncogenic
driver gene in BSA-PRCC. This finding paves the way to
explore the benefice of anti-MET targeted therapies for
aggressive BSA-PRCC.
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