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clinicopathological and
molecular genetic
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cases with expanding the
morphologic spectrum
and further support for a
novel entity
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Papillary renal neoplasm with reverse polarity (PRNRP) is a recently described,
rare renal tumor that differs clinically, morphologically, and molecularly from
papillary renal cell carcinoma (RCC). To further characterize the pathological
spectrum of this rare tumor, in this study, we retrospectively identified 16 cases
of PRNRP from three institutions to comprehensively investigate the
clinicopathological and molecular genetic features, using
immunohistochemistry (IHC), fluorescence in-situ hybridization (FISH), and
targeted next-generation sequencing (NGS). The patients included nine men
and seven women, with age ranging from 47 to 80 years (median = 67.5 years,
mean = 65 years). The tumor size ranged from 0.4 to 9.5 cm in the greatest
dimension (median = 1.8 cm, mean = 2.6 cm). Most tumors (12/16) were
incidentally identified by imaging studies. By AJCC stage, 15 were categorized
as pTl and 1 was pT2. Follow-up showed no recurrences, metastases, or
disease-related deaths in all the 16 patients. Grossly, 14 cases demonstrated at
least a partially cystic appearance. Microscopically, all PRNRPs except 1 (case
13) were composed predominantly of thin, branching papillary architecture
covered by a single layer of cuboidal cells with finely granular cytoplasm, and
low-grade nuclei typically located toward the apical surface away from the
basement. Case 13 consisted mostly of solid, densely packed tubules with only
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a minor papillary component (5%). Other commonly seen histological features
included hyalinized or edematous papillae (n = 11), lymphocyte aggregation in
fibrovascular cores (n = 10), mast cell infiltration (n = 8), and intralesional
hemorrhage (n = 7). Uncommonly seen histological features included
lymphoid cuff (n = 4), hemosiderin deposition (n = 5), foci of clear cell
change (n = 4), intracytoplasmic vacuoles (n = 4), eosinophilic hobnail cells
(n = 2), and infarct-type necrosis (n = 1). Two PRNRPs were concurrent with
ipsilateral clear cell papillary RCC and clear cell RCC, respectively. By IHC, the
tumors were consistently positive for GATA3, CK7, and PAX8. Fourteen out of
16 tumors showed a basolateral-membranous E-cadherin expression pattern,
and 12/16 cases were positive for 34BE12.The expression of AMACR, CD10, and
vimentin was either absent or only weak and focal. By targeted NGS, 13/14
evaluated PRNRPs harbored KRAS missense mutations involving ¢.35G>T
resulting in p.G12V (7/13), c.35G>A resulting in p.G12D (4/13), and ¢.34G>T
resulting in p.G12C (2/13). By FISH, 1/15 had gains of chromosomes 7 and 17,
and 2/8 male cases had deletion of chromosomes Y. In conclusion, our study
confirms that PRNRP is an indolent renal cell neoplasm with unique
morphology, consistent immunohistochemical profile, and recurrent KRAS
mutation. Our study expands the morphologic spectrum of PRNRP and
provides further evidence supporting it as a novel entity.

KEYWORDS

papillary renal neoplasm with reverse polarity, papillary renal cell carcinoma, GATA3,
KRAS mutation, next-generation sequencing

Introduction

Papillary renal cell carcinoma (PRCC), the second prevalent
subtype among RCCs, has been divided into types 1 and 2 for
more than two decades (1). Histologically, PRCC type 1 is
characterized by papillary architecture covered by a single layer
of cuboidal cells with scant pale or basophilic cytoplasm and low-
grade nuclei under the criterion made by the World Health
Organization/International Society of Urological Pathology
(WHO/ISUP), whereas PRCC type 2 usually exhibits large
pseudostratified cells with abundant eosinophilic cytoplasm and
high WHO/ISUP nuclear grade (1-3). PRCC type 2 has worse
prognosis than type 1 (2). The Cancer Genome Atlas (TCGA)
research group revealed that PRCC type 1 was associated with
MET mutations, while PRCC type 2 was a heterogeneous tumor at
the molecular level involving CDKN2A silencing, SETD2
mutations, and TFE3 fusions (4). Genetic differences further
explained the morphologic discrimination between these two
types (4). In practice, however, it may be challenging to
dichotomize PRCC as such, since well-sampled tumors
frequently harbor mixtures of type 1 and 2 areas (5). Currently,
the 2022 WHO classification eliminated the PRCC type 1/2
subcategorization, given the recognition of frequent mixed
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tumor phenotypes and the existence of entities with a different
molecular background within the PRCC type 2 category (6). A
subset of PRCCs that had granular eosinophilic cytoplasm but
favorable prognosis has been designated as oncocytoid-type or
oncocytic PRCC (7, 8). Subsequently, several studies that referred
to varied inclusion criteria were performed and proposed various
terminologies such as oncocytic PRCC with an inverted nuclear
pattern and oncocytic low-grade variant of PRCC (9, 10). In 2016,
WHO designated PRCC with voluminous granular eosinophilic
cytoplasm and a monotonous layer of cells with low WHO/ISUP
nuclear grade as oncocytic PRCC (3). However, emerging
evidence suggests that oncocytic PRCC may not be an
independent tumor entity, as oncocytic change can be noted in
otherwise typical type 1 or 2 PRCC (11). In 2017, Saleeb et al. (12)
subdivided PRCC into four types, of which PRCC type 4 showed
morphology similar to that of oncocytic PRCC and was
characterized by specific GATA3 immunoreactivity. In 2019,
Al-Obaidy et al. (13) used the term “papillary renal neoplasm
with reverse polarity” (PRNRP) for the first time and proposed
that it should be distinguished from both PRCC types 1 and 2.
Subsequently, the term “papillary renal neoplasm” not “papillary
RCC” was widely adopted based on its extremely
indolent behavior.
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PRNRPs are composed of papillary or rarely tubular
architectures with a single layer of uniform cuboidal cells with
finely granular cytoplasm and apically located, low WHO/ISUP
grade nuclei with inconspicuous nucleoli. Immunohistochemical
staining for GATA3 and L1CAM along with the lack of vimentin
expression is characteristic (13). The same group subsequently
discovered that recurrent KRAS missense mutations at codon 12
of exon 2 may be a molecular hallmark for PRNRP, verifying the
distinction from other renal cell neoplasms (14). More recently,
several studies have also been published on this entity,
reinforcing our understanding of its histologic and molecular
genetic characteristics (15-19). In 2021, in its update on existing
renal neoplasms, the Genitourinary Pathology Society (GUPS)
has considered PRNRP to represent a distinct pattern/variant
within the spectrum of PRCC (20). Most recently, type D
papillary adenoma (PA) has been suggested to represent an
analogue or a small-sized, clinically undetected PRNRP on the
basis of their identical morphology, immunophenotype, and
molecular genetics, broadening the concept of PRNRP (21-23).

In the current study, we identified 16 cases of PRNRP to
further analyze the clinicopathological, immunohistochemical,
and molecular features, expanding the morphologic spectrum of
PRNRP and providing further evidence to support it as a
novel entity.

Materials and methods
Case selection

Sixteen cases of PRNRP diagnosed between 2016 and 2021
from the files of three departments of pathology in China (The
First Affiliated Hospital of Zhejiang University School of
Medicine, Hangzhou; Ningbo Diagnostic Pathology Center,
Ningbo; and Zhejiang Provincial People’s Hospital, Hangzhou)
were retrieved. The clinical details and follow-up data were
obtained from a review of the patients’ electronic records and
from the physicians’ offices. For all cases, the hematoxylin-eosin
(HE)-stained and immunohistochemical slides were reviewed
and the diagnosis of PRNRP was further confirmed according to
the diagnostic criteria proposed by Al-Obaidy et al. (13) in 2019.
All tumors were graded according to the WHO/ISUP nuclear
grading system (10) and staged on the basis of the eighth edition
TNM staging system of renal neoplasms (24). This study was
approved by the institutional ethics committee of Zhejiang
Provincial People’s Hospital.

Immunohistochemistry

All specimens were formalin-fixed and paraffin-embedded
(FFPE). Tissues were sliced into 3-um sections.
Immunohistochemistry (IHC) was performed at a single
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laboratory (Zhejiang Provincial People’s Hospital, Hangzhou,
China) using a Ventana Benchmark autostainer (Ventana
Medical Systems, Tucson, USA). The following primary
antibodies were used: PAX8 (Clone EP298, ZSGB-BIO,
Beijing, China), GATA3 (Clone EP368, ZSGB-BIO, China),
cytokeratin 7 (CK7, Clone EP16, ZSGB-BIO, China), 34BE12
(Clone 34BE12, ZSGB-BIO, China), E-cadherin (Clone EP6,
ZSGB-BIO, China), alpha-methylacyl-CoA-racemase
(AMACR, Clone 13H4, ZSGB-BIO, China), CD10 (Clone
SP67, ZSGB-BIO, China), vimentin (Clone EP21, ZSGB-BIO,
China), and CD117 (Clone YR145, Roche, China). The staining
process was performed in accordance with the instructions and
established positive and negative controls. We regarded the
result as positive findings if the intensity was more than mild
and evaluated the proportional score as follows: 0 negative, focal
<50%; diffuse >50%.

Fluorescence in-situ hybridization

Fluorescence in-situ hybridization (FISH) analysis was
performed to identify the presence of chromosomal
abnormalities including gains of 7 and 17, or losses of Y, as
described previously (25, 26). The centromere-specific probe
(CEP) 7, CEP17, CEP X, and CEP Y were all from Anbiping' "
(Anbiping, Guangzhou, China). Only individual and well-
delineated cells were scored. Overlapping cells were excluded
from the analysis. Approximately 100 tumor cells were analyzed
in the targeted region. Using established criteria, chromosomal
gains were considered significant if present in greater than 20%
of tumor cells (25), and chromosomal losses were considered
significant if present in >45% of tumor cells (26). Gains or losses
were considered artifactual if seen in less than 20% of cells and
45% of tumors, respectively.

Targeted next-generation sequencing

For next-generation sequencing (NGS), 10 FFPE sections 5
um thin containing >20% tumor cells confirmed by HE staining
were used for genomic DNA and total RNA isolation. Genomic
DNA and total RNA were extracted using a QIAamp Mini Kit
(QIAGEN, Hilden, Germany). The DNA concentration was
measured using a Qubit 4.0 Fluorometer (Thermo Fisher,
Waltham, USA). A library was generated using RingCapTM
loop-mediated amplification technology for the 13-gene panel
(SpaceGen, Xiamen, China). This panel targeted the hotspot
regions of EGFR, KRAS, BRAF, PIK3CA, NRAS, HER2, MET,
AKTI1, KIT, and PDGFRA with more than 500 hotspot
mutations and 52 fusion variants of ALK, ROSI, and RET
genes. Reads were generated on a MiniSeq platform (Illumina,
San Diego, USA). Single-nucleotide variants (SNVs) and small
insertions and deletions (InDels) with variant allele frequency
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more than 5% and gene fusions were annotated using a
commercial mutation-reporting system (SpaceGen, Xiamen,
China) and identified manually by Integrative Genomics Viewer.

Results
Clinicopathological characteristics

The clinicopathological data of the 16 cases were tabulated in
Table 1. The patients included nine men and seven women, with
age ranging from 47 to 80 years (median = 67.5 years, mean = 65
years). Most tumors (12/16) were incidentally identified by
imaging studies while three presented with symptoms
including back pain and hematuria; the remaining one (case 4,
the smallest one) was incidentally identified in the radical
nephrectomy specimen for end-stage renal disease (ESRD).
Ten neoplasms affected the left kidney, and six the right.
Except for case 4, all neoplasms were treated by partial
nephrectomy. All tumors were confined to the kidney; hence,
15 were categorized as pT1 and 1 (case 3) was pT2, according to
the eighth edition TNM staging system (24). With a median
follow-up of 15 months (range, 1-62 months), no tumor
recurrences, metastases, or disease-related deaths were
identified for all the 16 patients.

Grossly, most tumors (13/16) were small tumors, less than
3 c¢m in size (median = 1.8 cm, mean = 2.6 cm; range, 0.4-9.5
cm). All tumors were well-demarcated or encapsulated and most
(14/16) demonstrated at least a partially cystic appearance. Five
cases with larger size were predominantly cystic, frequently with
intracystic polypoid or papillary masses protruding into the
cystic spaces (Figure 1); nine were predominantly solid with
minor areas of cystic change; and two were completely solid. The
tumors were typically soft and friable in texture and tan to light
brown in color. Microscopically, at low power, the tumors were
frequently mixed solid and cystic (Figure 2A). All tumors were
circumscribed, and seven had a thick fibrous capsule, four of
which had peri-capsule lymphoid cuff (Figure 2B). In all
PRNRPs, except in one (case 13), the solid areas were
composed predominantly of thin, branching papillary
architecture (Figures 2A-C), with variable amounts of
hyalinized or edematous papillae noted in 11 cases
(Figures 2D, E); in case 13, the tumor consisted mostly of
solid, densely packed tubules with only a minor papillary
component (5%) (Figure 2F). The papillae and tubules were
covered by a single layer of cuboidal cells with moderate,
eosinophilic, or finely granular/oncocytic cytoplasm, indistinct
cell membrane, and round, WHO/ISUP grade 1-2 nuclei
typically located toward the apical surface away from the
basement (Figures 2G, H). Foci of clear cell change and
intracytoplasmic vacuoles were each observed in four cases
(Figures 3A, B). In addition, eosinophilic hobnail cells were
focally present in two cases (cases 4 and 12) (Figure 3C).
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Lymphocyte aggregation and scattered mast cell infiltration in
the fibrovascular cores were notable in 10 and 8 PRNRP cases,
respectively (Figure 3D). The cystic areas when noted were
frequently filled with eosinophilic proteinaceous material or
blood clots (Figures 2A, 3E). Intralesional hemorrhage was
identified in seven cases, and hemosiderin deposition was
occasionally noted in five cases (intracellular in three and
extracellular in two) (Figure 3F). In case 12, areas of infarct-
type necrosis, due (putatively) to extensive intralesional
hemorrhage, were identified (Figure 3G). Pseudostratification,
psammoma bodies, foam cell clusters, coagulative-type tumor
necrosis, or mitotic figures were absent in all tumors. All PRNRP
cases were confined to the kidney, and none had microscopic
lymphovascular invasion, perinephric fat invasion, or
pelvicalyceal system involvement. A separate clear cell RCC
(4.8 cm, WHO/ISUP grade 2) was observed in case 15,
whereas a clear cell papillary RCC (1.4 cm) was present in
case 2 (Figure 3H).

Immunohistochemical results

The immunohistochemical results for PRNRPs are
summarized in Table 2. All PRNRPs showed strong and
diffuse immunoreactivity to GATA3 (Figure 4A), CK7, and
PAXS. Fourteen of the 16 tumors showed E-cadherin expression,
with a diffuse, basolateral-membranous/”cup-like” staining
pattern (Figure 4B), and 12/16 cases were strongly positive for
34BE12 (Figure 4C), with staining being diffusely in 11 and
focally in 1. AMACR was weakly positive in 11 cases and
negative in the remaining 5 cases (Figure 4D), and CD10 was
focally and weakly positive in 3 cases and negative in the
remaining 13 cases (Figure 4E). Vimentin was negative in 15
tumors and only focally positive in the remaining one
(Figure 4F). All PRNRPs were completely negative for CAIX
and CD117, while CD117 highlighted the mast cell infiltration in
the fibrovascular cores of the papillae. The concurrent clear cell
papillary RCC in case 2 showed a diffuse and strong expression
of GATA3, 34BE12, CK7, and “cup-like” CAIX (Figure 3H).

Targeted NGS and FISH findings

The targeted NGS and FISH findings are summarized in
Tables 3 and 4. The targeted NGS was performed in 14 out of 16
PRNRP cases. The targeted NGS was not performed in the
remaining two cases, because their quality was not suitable for
targeted sequencing. PRNRP tumors exhibited KRAS missense
mutations in 13 out of the 14 cases (93%) by targeted NGS.
These mutations were due to a ¢.35 G>T (7/13, 54%), c.35G>A
(4/13, 31%), and ¢.34G>T(2/13, 15%) substitution, resulting in
p.G12V, p.G12D, and p.G12C alterations, respectively
(Figure 5). The allele frequency (AF) ranged from 9.2% to
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TABLE 1 Clinicopathological characteristics of PRNRP.

Case
no.

10

11

12

13

14

15

16

Sex/
age

)
F/76

M/
80

M/
67

M/
79

M/
54

M/
67

M/
55

F/57

F/47

F/50

F/76

M/
70

M/
73

M/
70

F/68

F/51

Clinical man- Laterality Size Stage

ifestation

Incidentally
identified

Incidentally
identified

Incidentally
identified

Incidentally
identified

Incidentally
identified

Back pain

Hematuria

Incidentally
identified

Incidentally
identified

Incidentally
identified

Incidentally
identified
Back pain,
fever and

hematuria

Incidentally
identified

Incidentally
identified

Incidentally
identified

Incidentally
identified

Right

Right

Left

Right

Left

Right

Left

Right

Left

Right

Left

Left

Right

Right

Right

Right

(cm)

2.5

2.8

9.5

0.4

2.1

1.9

4.5

12

2.6

1.0

1.2

6.0

1.0

15

1.7

12

pTla

pTla

pT2a

pTla

pTla

pTla

pTIb

pTla

pTla

pTla

pTla

pTIb

pTla

pTla

pTla

pTla

Follow-
up
(months)

NED (3)

NED (3)

NED (9)

NED (1)

NED (4)

NED (8)

NED
(16)

NED
(39)

NED
(62)

NED
(15)
NED
(14)

NED (7)

NED
(42)

NED (4)

NED
(11)
NED (8)

Concurrent 'WHO/  Fibrous-

RCC 1SUpP capsule
grade
N 1 N
Y, CCPRCC 1 Y,
lymphoid
cuff
N 2 Y,
lymphoid
cuff
N 2 N
N 2 Y
N 1 N
N 2 N
N 2 N
N 1 Y,
lymphoid
cuff
N 1 N
N 1 N
N 2 Y,
lymphoid
cuff
N 2 Y
N 2 N
Y, CCRCC 2 N
N 2 Y

Cystic
change

Y,
prominent

Y,
prominent

Y,
prominent

Y

Y,
prominent

Y

Y,
prominent

N

Edematous/
hyalinized
papillae

N

Intracytoplasmic
vacuoles

Clear
cell
change

Y

Hobnail
cells

Hemosiderin

N

Y,
extracellular

N

N

Y,
extracellular

Y,
intracellular

Y,
intracellular

N

N

N

Y,
intracellular

N

Hemorrhage Lymphocytes

N

Y, with
infarct-type
necrosis

N

N

aggregation

Mast cells
infiltration

CCPRCC, clear cell papillary renal cell carcinoma; CCRCC, clear cell renal cell carcinoma; F, female; M, male; N, not; NED, no evidence of disease; WHO/ISUP, World Health Organization/International Society of Urological Pathology; Y, yes.
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FIGURE 1

Gross examination showing an encapsulated and cystic PRNRP with a soft and friable, intracystic polypoid mass.

33%. No mutations of other genes in the panel were identified in
any of the PRNRPs. No fusion genes were detected. No KRAS
mutations were found in either concurrent clear cell RCC or
clear cell papillary RCC. By FISH analysis, one of the 15 PRNRP
cases analyzed (case 1) demonstrated trisomy 7 and 17
(Figures 6A, B). Chromosome Y deletion was present in two
of eight male cases examined (case 13 and 14)(Figure 6C).

Discussion

RCC featuring papillary architecture and eosinophilic or
oncocytic cytoplasm represents a heterogeneous disease,
encompassing an increasing number of tumor variants, such
as PRNRP, PRCC type 2, MiT family translocation RCC,
biphasic hyalinizing psammomatous RCC, acquired cystic
disease-associated RCC, and fumarate hydratase (FH)-deficient
RCC. PRNRP was firstly designated as its current name in 2019
by Al-Obaidy and colleagues (13). It accounts for 1.3% to 9.1% of
all PRCCs according to the previous reports (13, 17, 18, 22, 27),
and to date there are a total of approximately 160 cases of
PRNRP that have been published in the English-language
literature. In the current study, we were able to identify 16
cases of PRNRP from three tertiary medical institutions between
5 years during which more than 350 PRCCs have been
diagnosed, further indicating the rarity of this tumor type.

In agreement with previous studies, the 16 PRNRPs in our
cohort presented mostly with an incidentally identified mass
during the imaging study and showed a slight male predilection,
and had small tumor size, low TNM stage, low WHO/ISUP
nuclear grade, and a favorable prognosis at follow-up, without
any recurrence, metastasis, or tumor-related death after surgical
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excision (13-19, 22, 23). Although most are solitary tumors,
previous studies have demonstrated that a subset of PRNRPs
may have multiple tumors as defined by presence of =2
unilateral or bilateral tumors, particularly for those with small
size which are usually clinically undetectable (13, 22, 23). A
recently published paper by Wei et al. (19) comprehensively
reviewed the 100 reported cases of PRNRP and emphasized that
this tumor was frequently a cystic tumor and at least a partially
cystic change can be noted in 62% cases. Additionally, Al-
Obaidy et al. (23) documented cystic expansion with
intracystic papillary proliferation in 7 of their 16 clinically
detected (=5 mm) neoplasms. In line with these results, in our
cohort, 14 cases displayed at least a partially cystic appearance
and 5 larger tumors were predominantly cystic, frequently with
intracystic polypoid or papillary masses protruding into the
cystic spaces. Chang et al. (22) demonstrated that PRNRP
showed a significantly higher association with ESRD compared
with PRCC type 2. Similarly, Al-Obaidy et al. (23) showed that
12 of 35 clinically undetected (<5 mm) neoplasms were
discovered on nephrectomy specimens performed for ESRD.
In the current study, the smallest one (case 4, 0.4 cm) was
clinically undetected and was incidentally identified in the
nephrectomy specimen for ESRD. Concurrent ipsilateral renal
tumor is not uncommon in PRNRP, and Lee et al. (28) reported
a PRNRP with a KRAS mutation and a co-occurring clear cell
RCC with a PIK3CA mutation in 2020. Most recently, Al-Obaidy
and colleagues (23) found that 26 of 50 PRNRPs had other
concurrent tumors of different histologic subtypes in the
ipsilateral kidney, particularly for those with diameters less
than 5 mm. In their study, the concurrent renal tumors
included PRCCs, clear cell RCCs, acquired cystic disease-
associated RCCs, chromophobe RCCs, and oncocytomas. In
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FIGURE 2

our cases, two PRNRPs coexisted with clear cell RCC and clear
cell papillary RCC, respectively. To our knowledge, the latter
tumor type was the first time to be reported to co-occur
with PRNRP.

Histologically, PRNRP was originally documented by Al-
Obaidy and colleagues (13) as a well-demarcated or
encapsulated neoplasm displaying delicate and thin, arborizing
papillary patterns or predominantly solid tubular growth in
occasional cases. In that study, a minority of tumors showed
thicker and hyalinized papillary cores or edematous papillae
with cystically dilated tips filled with clear to eosinophilic fluid
containing floating foamy macrophages. However, subsequent

Frontiers in Oncology

Histologic features of PRNRP. (A) Mixed solid and cystic tumor with eosinophilic proteinaceous material (HE, low magnification). (B) Thick fibrous
capsule with peri-capsule lymphoid cuff (arrows, HE, low magnification). (C) Branching papillary architecture with delicate fibrovascular cores (HE,
medium magnification). (D) Hyalinized papillae (HE, medium magnification). (E) Foci of edematous papillae (HE, medium magnification). (F) PRNRP
consisting mostly of solid, densely packed tubules with only a minor papillary component (HE, medium magnification). The papillae (G, HE, high
magnification) and tubules (H, HE, high magnification) are covered by oncocytic cells with inverted low-grade nuclei.

07

multiple studies reported that hyalinized or edematous papillae
could be observed in the majority of PRNRP cases (26/30 in Kim
et al. (15), 7/10 cases in Tong et al. (16), 9/14 in Kiyozawa et al.
(18), and 11/16 in our cohort). The lining epithelium typically
consisted of a monolayer of cuboidal to columnar cells with
moderate to abundant, finely granular eosinophilic cytoplasm
frequently with intracytoplasmic clear vacuoles or lumens, and
apically located round, bland-appearing nuclei with
inconspicuous nucleoli. Rare areas of nuclear clearing,
wrinkled nuclear contours, and mild nuclear enlargement were
also observed. Al-Obaidy et al. (13) did not identify psammoma
bodies, intracellular hemosiderin, tumor necrosis, tight clusters
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FIGURE 3

Uncommonly seen histologic features of PRNRP. (A) Clear cell change (HE, high magnification). (B) Intracytoplasmic vacuoles (arrows, HE, high
magnification). (C) Eosinophilic hobnail cells (HE, high magnification). (D) Lymphocyte aggregation and scattered mast cell infiltration in the
fibrovascular cores (HE, high magnification). (E) Cystic change with blood clots (HE, low magnification). (F) Intracellular hemosiderin deposition
(HE, high magnification). (G) Infarct-type necrosis (HE, medium magnification). (H) PRNRP coexisting with an adjacent clear cell papillary renal
cell carcinoma (arrow, HE, low magnification). Inserts showing clear cells with nuclei aligned circumferentially (right upper, HE, high
magnification) and “cup-like” CAIX expression (right middle, high magnification).

of foamy macrophages, and mitoses in all tumors. Subsequent
studies expanded the morphological spectrum of PRNRP to
include eosinophilic hobnail cells (16, 22, 23), clear cell change
on the tumor cells (18, 22, 23), peritumoral lymphoid cuff (15,
22), foamy histiocyte aggregation (15, 16, 18, 22), intracellular
hemosiderin (22, 23), and lymphocyte or mast cell infiltration in
the stroma (15, 16, 22, 23). These morphologies are typically
focal and only present in a small subset of cases. The cases in our
cohort had comparable findings except for foamy histiocyte
aggregation, which were not identified. Tong et al. (16)
reported that 8/10 cases had focal areas showing hobnail cells
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with abundant eosinophilic cytoplasm. Chang et al. (22)
demonstrated that 60% (6/10) of their cases had focal hobnail
features. In the most recently published to date study on the
largest series of PRNRPs, Al-Obaidy et al. (23) found that
hobnail conformation was present in only 3 out of the 50
cases. We found eosinophilic hobnail features in 2 of the 16
cases. Despite the presence of hobnail features, all of these
reported cases had non-overlapping and WHO/ISUP low-
grade nuclei. Although Kim et al. (15) reported 4/30 (13%) of
their cases with WHO/ISUP grade 3 nuclei, our cases and other
studies only found WHO/ISUP grade 1 or 2 nuclei in PRNRPs.
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TABLE 2 Immunohistochemistry staining features of PRNRP.

Case no. GATA3 34BE12 AMACR  E-cadherin*
1 + + + (weak) +
2 + + + (weak) +
3 + + + (weak) +
4 + + - -
5 + + + (weak) +
6 + + + (weak) +
7 + + - +
8 + + - -
9 + + + (weak) +
10 + + + (weak) +
11 + + (focal) + (weak) +
12 + - - +
13 + - + (weak) +
14 + + + (weak) +
15 + - + (weak) +
16 + - - +

*basolateral-membranous staining pattern.

Foamy histiocytes are uncommonly seen in PRNRPs; when
present, they typically appeared as loose, scattered
macrophages floating within the edematous cores (13),
contrasting sharply to the tight clusters in papillary RCC. We
identified foci of infarct-type necrosis in our case 12, which is
exceptional for PRNRP, as tumor necrosis was consistently
absent in previously documented cases. We speculate that
infarct formation in this case is related to intralesional
hemorrhage and cystic degeneration, which leads to the
increased pressure in the cystic cavity, further resulting in
ischemic infarction of the tumor. However, it should be
mentioned that the cysts are commonly filled with
proteinaceous fluid or blood clots and may contain floating
degenerated cell debris with hemosiderin deposition, which may
be confused with necrosis; however, true tumor type coagulative
necrosis is never present in PRNRPs (23).

In the current study, all PRNRP cases exhibited a diffuse and
strong expression of PAX8, CK7, and GATA3, whereas the
expression of AMACR, CD10, and vimentin was either absent
or only weak and focal, and the tumor cells were completely
negative for CD117 and CAIX. The immunohistochemical
profiles of PRNRP in our cohort are in line with the results in
a recent meta-analysis by Wei and colleagues (19). In three
previous reports, it was disclosed that PRNRP usually displayed
a diffuse LICAM expression typically in a basolateral and lateral
membrane pattern, leading to a “cup-like” staining appearance
(13, 15, 23). As L1ICAM is not available in our laboratory, we
performed immunostaining for E-cadherin and found that it was
expressed in 14/16 (87.5%) of our PRNRP cases and all the 14
cases showed a “cup-like” staining pattern identical to that of
L1CAM. Only one previous study has investigated the
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CK7 CD10 CD117 Vimentin CAIX

¥ - - - -
+ . - _ -
+ +(focal and weak) - - -
+ . -
¥ - - - -
+ + (focal and weak) - - -
¥ . - - -
+ - - - -
+ + (focal and weak) - - -
+ - - - -

+ - - - -

expression of E-cadherin in PRNRP. Kim et al. (15) found that
23/30 (77%) of their cases showed positive reactivity to E-
cadherin with the expression being significantly higher than
both PRCC types 1 and 2; however, they did not specify the
staining pattern in their study. In the present study, we found
that 12/16 (75%) PRNRPs were strongly positive for 34BE12,
with staining being diffusely in 11 and focally in 1, consistent
with the results reported by Zhou et al. (17), who found that all
the seven cases of PRNRP in their study strongly expressed
34BE12. These data suggest that 34BE12 may serve as a sensitive
marker for the diagnosis of PRNRP. Co-expression of GATA3
and 34BE12 is relatively rare in renal cell tumors and is often
seen in tumors of distal nephron or collecting duct origin, such
as collecting duct carcinoma (29, 30) and clear cell papillary
RCC (31, 32). For the latter, studies have demonstrated that both
GATA3 and 34BE12 can be used as sensitive and specific
markers for its diagnosis and differential diagnosis (31, 32).
With regard to the cell origin, the co-expression of GATA3 and
34BE12 in PRNRP may also point to its distal nephron origin.
Using public data sets, Tong et al. (16) found that PRNRP shared
similar gene expression profiles with cortical collecting duct,
suggesting that PRNRP may potentially originate from the distal
renal tubule. In addition, a negative or focal/weak expression of
proximal renal tubule markers, such as vimentin, CD10, CD15,
and AMACR (33), also supports this speculation. In a most
recently published abstract, using unsupervised clustering
analysis, Park and colleagues (34) found that PRNRPs formed
a tight group on tSNE and were distant from PRCCs while close
to clear cell papillary RCCs, further supporting this hypothesis.

At the molecular genetic level, NGS revealed in our cohort
that PRNRP contained KRAS mutation at a high frequency (13/
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FIGURE 4

Immunohistochemical profiles of PRNRP. (A) Diffusely and strongly positive for GATA3 (medium magnification). (B) Basolateral-membranous/
"cup-like” staining pattern of E-cadherin (high magnification). (C) Positive for 34BE12 (medium magnification). (D) Weakly positive for AMACR
(medium magnification). Negative for CD10 (E, low magnification) and vimentin (F, medium magnification).

14, 93%). The one without KRAS mutation (case 14) showed
typical morphological and immunohistochemical features
consistent with PRNRP. KRAS missense mutations clustered in
codon 12 in exon 2, with ¢.35G>T (p.G12V, 54%), ¢.35G>A
(p.G12D, 31%), and ¢.34G>T (p.G12C, 15%). The AF ranged
from 9.2% to 33%, supporting the somatic origin. There was no
correlation between histologic phenotype and KRAS mutant
genotype. Case 13 showed a predominantly tubular growth
pattern which had immunohistochemical features identical to
those with prominent papillary morphology. This case harbored
a KRAS mutation with ¢.35G>T (p.G12V). KRAS mutation was
identified in 57%-93% of PRNRPs in previous studies (14-16,
18, 19, 22, 23), with an overall frequency of 85% and the most
common KRAS mutation being p.G12V (54%), as documented
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by Wei et al. (19). One KRAS-mutated PRNRP was reported to
harbor a GI12A/V/D complex mutation (23). In the past
research, other somatic mutations detected by NGS in PRNRP
included mutations in BRCA2, BRIP1, RAD50, TP53, and BRAF
(14, 15, 18). Chang et al. (22) demonstrated recurrent activating
KRAS mutation in six of eight cases of type D PA, which shows
identical morphology and immunophenotype to PRNRP (21).
Additionally, Al-Obaidy et al. (23) found KRAS mutation in 44%
(15/34) of the microscopic (<5 mm) PRNRPs, and in 88% (14/
16) of the clinically detected (=5 mm) ones. These findings
indicate that KRAS mutation may be an early molecular event in
the tumorigenesis or progression of PRNRP, and type D PA may
represent an analogue or a small-sized PRNRP (22, 23). KRAS
missense mutation rarely appeared in other types of RCC, and
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TABLE 3 Targeted next-generation sequencing findings of PRNRP.

Case no. SNV
1 c.35G>T
2 ¢.35G>T
3 ¢.34G>T
4 ND

5 ND

6 ¢.35G>T
7 c.35G>A
8 ¢.35G>T
9 c.35G>A
10 ¢.34G>T
11 c.35G>A
12 c.35G>A
13 ¢.35G>T
14 Negative
15 ¢.35G>T
16 ¢.35G>T

AF, allele frequency; ND, not done; SNV, single-nucleotide variant.

only Raspollini et al. (35) reported a case of clear cell RCC
harboring KRAS mutation. Several previous studies have
documented that KRAS mutation was absent in clear cell RCC,
PRCC (both types 1 and 2), chromophobe RCC, and clear cell
papillary RCC (14, 15, 23). According to TCGA database,
mutation of KRAS occurred in 0.7% (2/279) of PRCCs and
0.2% (1/451) of clear cell RCCs (14-16). Five tumors harboring a
KRAS mutation have been registered as PRCC in the TCGA

TABLE 4 Fluorescence in-situ hybridization findings of PRNRP.

Chromosome 7

Case no. 1G(%) 2G(%) 3G(%) 1G(%)
1 6 71 23 4
2 4 91 5 4
3 15 83 14
4 ND ND ND ND
5 22 75 3 39
6 28 66 6 35
7 21 67 2 31
8 24 76 0 31
9 18 77 5 21
10 5 92 3 68
11 10 87 3 40
12 33 64 3 31
13 5 92 3 55
14 41 56 3 49
15 45 49 6 39
16 7 89 4 37
G, green; ND, not done; R, red.
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Amino acid changes AF (%)
p.GI12V 32.61%
p.G12V 32.98%
p.G12C 29.66%
p.G12V 9.17%
p.G12D 14.28%
p.G12V 13.29%
p.G12D 25.66%
p.G12C 30.97%
p.G12D 18.14%
p.GI12D 10.31%
p.G12V 9.72%
Negative Negative
p.G12V 20.39%
p.G12V 20.63%

database; however, different groups have reviewed these tumors
independently and concluded that three of these tumors in fact
represented PRNRP (14-16). These above findings suggest that
KRAS mutation is a consistent and unique finding in PRNRP
and can serve as a powerful molecular tool for the accurate
diagnosis of PRNRP when at challenging settings.
Bioinformatics analysis has shown that a prominent KRAS
signature is associated with activation of several important

Chromosome 17 Chromosome Y

2G(%) 3G(%) 1G(%) 1R1G(%)
76 20 — —_—
92 4 5 95
84 2 2 98
ND ND ND ND
58 3 3 99
63 2 2 98
63 5 1 99
65 4 — —_—
78 1 —_ —_
21 11 — —_—
58 2 —_ —_
66 3 25 75
34 11 68 32
47 4 76 24
54 7 — —
56 7 — —
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Case 8: KRAS (NM_004985:exon2): ¢.35 G>T (p.G12V)

Case 9: KRAS (NM_004985:exon2): ¢.35 G>A (p.G12D)

10.3389/fonc.2022.930296

Case 3: KRAS (NM_004985:exon2): ¢.34 G>T (p.G12C)

= - 1 e 12 S X ariz axlsl 133 azxl

N3 %340

FIGURE 5

KRAS mutations in PRNRP. Integrative Genomics Viewer screenshot of the representative KRAS mutation hotspot, including ¢.35 G>T (p.G12V)

(case 8), ¢.35G>A (p.G12D)(case 9), and c.34G>T(p.G12C)(case 3)

transcription factor networks, including GATA3 (36). In
addition, overexpression of GATA3 was found in KRAS-driven
lung cancer cells and further promoted the oncogenesis via
microRNAs (37). These aforementioned evidence may explain
the potential link between the genotype and immunophenotype
of PRNRP; however, the function of mutated KRAS in the
pathogenesis or progression of PRNRP requires further
investigations. Trisomy of chromosome 7 and/or 17 and/or
deletion of Y chromosome have been shown to be
chromosomal abnormalities characteristic of PRCC (38). Prior
studies using FISH analysis demonstrated that a subset of
PRNRPs shared these specific chromosomal abnormalities
with PRCCs (13, 17). However, Kiyozawa et al. (18) and Wei
et al. (19) found that no cases of PRNRP had gains of
chromosome 7 and/or 17, or loss of the Y chromosome, using
copy number alteration analysis and chromosomal microarray
analysis, respectively. In the present study, FISH study revealed
trisomy 7 and 17 in only one of the 15 PRNRP cases analyzed.
Chromosome Y deletion was identified in two of the eight male
cases examined. These above findings suggest that the presence
of trisomy 7 and/or 17 and loss of Y chromosome in PRNRP is
likely to represent a random rather than a recurrent event,
contrasting to those in PRCC.

A potential limitation of our study is the relatively short
follow-up time for these tumors, although the vast majority of
tumors were in the pTl stage with 1 in the pT2 stage. The
current data seem to be inadequate to make a conclusion about
the long-term outcomes of this emerging neoplasm entity.
Because PRNRP is overall a low-stage tumor with an indolent
biological behavior, it is important to differentiate PRNRP from
other renal tumors featuring papillary architecture and
oncocytic cytoplasm. Differentiation of PRNRP from PRCC
type 2 is sometimes difficult, as both of them may display
similar histologic appearances. Although reverse polarity of
nuclei is one of the characteristic features of PRNRP, it can be
focally observed in a subset cases of PRCC type 2 (15). In
addition, pseudostratification, a commonly seen feature in
PRCC type 2, has also been reported in a few PRNRPs (13,
22). In cases with overlapping histology, immunohistochemical
staining and KRAS mutation analysis can help for making a
correct diagnosis. Positivity for GATA3 and 34BE12 along with
negativity for CD10 and vimentin could be useful for supporting
PRNRP, while detection of KRAS mutation by molecular
genetics can further confirm the diagnosis. Since a few RCCs
with MiT family alterations may demonstrate oncocytic and
papillary RCC-like morphology with reverse polarity of nuclei, it

FIGURE 6

Fluorescence in-situ hybridization findings of PRNRP. (A) Trisomy 7 (case 1). Inset indicating the schematic diagram of the centromere-specific
probe of chromosome 7. (B) Trisomy 17 (case 1). Inset indicating the schematic diagram of the centromere-specific probe of chromosome 7.
(C) Deletion of chromosome Y (case 13). Insets indicating schematic diagrams of the centromere-specific probe of chromosome X (green) and

chromosome Y(red)
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is necessary to exclude these tumors by FISH assays (39). As
mentioned above, a diffuse and strong expression of both
GATA3 and 34BE12 can also be noted in clear cell papillary
RCC (31, 32), which may be confused with PRNRP with focal
clear cell change. However, clear cell papillary RCC is
characterized by a papillary growth of low-grade clear cells
with circumferentially aligned nuclei and lack of the oncocytic
cytoplasm and inverted nuclei characteristic of PRNRP. FH-
deficient RCC is a highly aggressive renal cancer and shows quite
variable morphology; it can have prominent papillary
architecture and oncocytic cytoplasm mimicking PRNRP.
However, FH-deficient RCC usually has nuclear features of
large reddish inclusion-like nucleoli surrounded by a clear
halo that can suggest the diagnosis. Loss of FH and 2 succinyl
cysteine positivity by IHC and/or detection of FH mutation
(either germline or somatic) can further confirm the diagnosis
(20, 40). Lastly, PRNRP with a prominent tubular pattern may
be confused with recently characterized low-grade oncocytic
tumor or eosinophilic vacuolated tumor; however, these
tumors are frequently associated with mutations involving
TSC/MTOR pathways and typically lack the inverted nuclei
and GATA3 positivity in PRNRP (41-43).

Conclusions

In summary, PRNRP is a rare renal tumor with an indolent
clinical course. We confirm the previous reports that PRNRP is
pathologically characterized by papillary or tubulopapillary
architecture with frequently cystic change, low-grade tumor
cells with oncocytic cytoplasm and inverted nuclear location,
diffuse and strong expression of GATA3 and 34BE12, and
recurrent KRAS mutation. We further expand the histologic
spectrum of PRNRP to include the presence of infarct-type
necrosis, concurrent with clear cell papillary PRCC, and
basolateral and lateral membrane expression of E-cadherin by
IHC. Our study further supports that PRNRP should be
considered as a novel renal cell tumor entity.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material. Further
inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Review Board Committee of

Frontiers in Oncology

13

10.3389/fonc.2022.930296

Zhejiang Provincial People’s Hospital, Affiliated People’s
Hospital, Hangzhou Medical College. Written informed
consent for participation was not required for this study in
accordance with the institutional requirements.

Author contributions

MS, XY, and MZ conceptualized the study concept and
design. MS, YB, and HZ provided the follow-up information and
analyzed the clinical data. MS, XY, YB, HZ, XH, XT, and MZ
were in charge of the histologic diagnosis and interpretation of
immunohistochemistry and analysis of the results of the targeted
next-generation sequencing. MS and XY drafted the manuscript.
GR, GC, and MZ revised the manuscript. All authors
contributed to the article and approved the submitted version.

Funding

This work was supported by Zhejiang Provincial Natural
Science Foundation (LY21H160052) and Zhejiang Provincial
Medicine and Health Research Foundation (2019KY020,
2019KY029, and WKJ-Z]J-1929). The funders did not have any
role in the design and conduct of the study, the analysis and
interpretation of the data, and preparation of the manuscript.

Acknowledgments

The authors are grateful to SpaceGen, Xiamen, China, for
the NGS service, and Anbiping Laboratory, Guangzhou, China,
for FISH analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fonc.2022.930296
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shen et al.

References

1. Delahunt B, Eble JN. Papillary renal cell carcinoma: a clinicopathologic and
immunohistochemical study of 105 tumors. Mod Pathol (1997) 10(6):537-44.

2. Delahunt B, Eble JN, McCredie MR, Bethwaite PB, Stewart JH, Bilous AM.
Morphologic typing of papillary renal cell carcinoma: comparison of growth
kinetics and patient survival in 66 cases. Hum Pathol (2001) 32(6):590-5.
doi: 10.1053/hupa.2001.24984

3. H Moch, PA Humphrey, TM Ulbright and VE Reuter eds. World health
organization classification of tumours of the urinary system and male genital organs.
4th ed. Lyon: IARC Press (2016).

4. Cancer Genome Atlas Research Network, Linehan WM, Spellman PT,
Ricketts CJ, Creighton CJ, Fei SS, et al. Comprehensive molecular
characterization of papillary renal-cell carcinoma. N Engl ] Med (2016) 374
(2):135-45. doi: 10.1056/NEJMoal505917

5. Chevarie-Davis M, Riazalhosseini Y, Arseneault M, Aprikian A, Kassouf W,
Tanguay S, et al. The morphologic and immunohistochemical spectrum of
papillary renal cell carcinoma: study including 132 cases with pure type 1 and
type 2 morphology as well as tumors with overlapping features. Am J Surg Pathol
(2014) 38(7):887-94. doi: 10.1097/PAS.0000000000000247

6. Lobo J, Ohashi R, Amin MB, Berney DM, Compérat EM, Cree IA, et al. WHO
2022 landscape of papillary and chromophobe renal cell carcinoma. Histopathology
(2022). doi: 10.1111/his.14700.

7. Allory Y, Ouazana D, Boucher E, Thiounn N, Vieillefond A. Papillary renal cell
carcinoma. prognostic value of morphological subtypes in a clinicopathologic study of
43 cases. Virchows Arch (2003) 442(4):336-42. doi: 10.1007/s00428-003-0787-1

8. Lefevre M, Couturier J, Sibony M, Bazille C, Boyer K, Callard P, et al. Adult
papillary renal tumor with oncocytic cells: clinicopathologic, immunohistochemical,
and cytogenetic features of 10 cases. Am ] Surg Pathol (2005) 29(12):1576-81.
doi: 10.1097/01.pas.0000184821.09871.ec

9. Kunju LP, Wojno K, Wolf JSJr, Cheng L, Shah RB. Papillary renal cell
carcinoma with oncocytic cells and nonoverlapping low grade nuclei: expanding
the morphologic spectrum with emphasis on clinicopathologic,
immunohistochemical and molecular features. Hum Pathol (2008) 39(1):96-101.
doi: 10.1016/j.humpath.2007.05.016

10. Xia QY, Rao Q, Shen Q, Shi SS, Li L, Liu B, et al. Oncocytic papillary renal
cell carcinoma: a clinicopathological study emphasizing distinct morphology,
extended immunohistochemical profile and cytogenetic features. Int J Clin Exp
Pathol (2013) 6(7):1392-9.

11. Angori S, Lobo J, Moch H. Papillary renal cell carcinoma: current and
controversial issues. Curr Opin Urol (2022) 32(4):344-51. doi: 10.1097/
MOU.0000000000001000

12. Saleeb RM, Brimo F, Farag M, Rompre-Brodeur A, Rotondo F, Beharry V,
et al. Toward biological subtyping of papillary renal cell carcinoma with clinical
implications through histologic, immunohistochemical, and molecular analysis.
Am ] Surg Pathol (2017) 41(12):1618-29. doi: 10.1097/PAS.0000000000000962

13. Al-Obaidy KI, Eble JN, Cheng L, Williamson SR, Sakr WA, Gupta N, et al.
Papillary renal neoplasm with reverse polarity: a morphologic, immunohistochemical,
and molecular study. Am ] Surg Pathol (2019) 43(8):1099-111. doi: 10.1097/
PAS.0000000000001288

14. Al-Obaidy KI, Eble JN, Nassiri M, Cheng L, Eldomery MK, Williamson SR,
et al. Recurrent KRAS mutations in papillary renal neoplasm with reverse polarity.
Mod Pathol (2020) 33(6):1157-64. doi: 10.1038/s41379-019-0362-1

15. Kim SS, Cho YM, Kim GH, Kee KH, Kim HS, Kim KM, et al. Recurrent
KRAS mutations identified in papillary renal neoplasm with reverse polarity-a
comparative study with papillary renal cell carcinoma. Mod Pathol (2020) 33
(4):690-9. doi: 10.1038/s41379-019-0420-8

16. Tong K, Zhu W, Fu H, Cao F, Wang S, Zhou W, et al. Frequent KRAS
mutations in oncocytic papillary renal neoplasm with inverted nuclei.
Histopathology (2020) 76(7):1070-83. doi: 10.1111/his.14084

17. Zhou L, Xu J, Wang S, Yang X, Li C, Zhou J, et al. Papillary renal neoplasm
with reverse polarity: a clinicopathologic study of 7 cases. Int ] Surg Pathol (2020)
28(7):728-34. doi: 10.1177/1066896920918289

18. Kiyozawa D, Kohashi K, Takamatsu D, Yamamoto T, Eto M, Iwasaki T,
et al. Morphological, immunohistochemical, and genomic analyses of papillary
renal neoplasm with reverse polarity. Hum Pathol (2021) 112:48-58. doi: 10.1016/
j-humpath.2021.03.009

19. Wei S, Kutikov A, Patchefsky AS, Flieder DB, Talarchek JN, Al-Saleem T,
et al. Papillary renal neoplasm with reverse polarity is often cystic: report of 7 cases
and review of 93 cases in the literature. Am ] Surg Pathol (2022) 46(3):336-43.
doi: 10.1097/PAS.0000000000001773

20. Trpkov K, Hes O, Williamson SR, Adeniran AJ, Agaimy A, Alaghehbandan
R, et al. New developments in existing WHO entities and evolving molecular

Frontiers in Oncology

14

10.3389/fonc.2022.930296

concepts: The genitourinary pathology society (GUPS) update on renal neoplasia.
Mod Pathol (2021) 34(7):1392-424. doi: 10.1038/s41379-021-00779-w

21. Calid A, Warfel KA, Eble JN. Papillary adenomas and other small epithelial
tumors in the kidney: an autopsy study. Am J Surg Pathol (2019) 43(2):277-87.
doi: 10.1097/PAS.0000000000001189

22. Chang HY, Hang JF, Wu CY, Lin TP, Chung HJ, Chang YH, et al.
Clinicopathological and molecular characterisation of papillary renal neoplasm
with reverse polarity and its renal papillary adenoma analogue. Histopathology
(2021) 78(7):1019-31. doi: 10.1111/his.14320

23. Al-Obaidy KI, Saleeb RM, Trpkov K, Williamson SR, Sangoi AR, Nassiri M,
et al. Recurrent KRAS mutations are early events in the development of papillary renal
neoplasm with reverse polarity. Mod Pathol (2022). doi: 10.1038/s41379-022-01018-6

24. Amin MB, Edge SB, Greene FL, Byrd DR, Brookland RK, Washington MK,
et al. AJCC cancer staging manual. 8th ed. Chicago, IL: Springer (2017).

25. Argani P, Netto GJ, Parwani AV. Papillary renal cell carcinoma with low-
grade spindle cell foci: a mimic of mucinous tubular and spindle cell carcinoma.
Am ] Surg Pathol (2008) 32(9):1353-9. doi: 10.1097/PAS.0b013e31816alc34

26. Wang G, Amin MB, Grossmann P, Ptakova N, Hayes M, Hartmann A, et al.
Renal cell tumor with sex-cord/gonadoblastoma-like features: analysis of 6 cases.
Virchows Arch (2022) 480(2):349-58. doi: 10.1007/s00428-021-03235-x

27. Lobo ], Ohashi R, Helmchen BM, Rupp NJ, Riischoff JH, Moch H. The
morphological spectrum of papillary renal cell carcinoma and prevalence of
Provisional/Emerging renal tumor entities with papillary growth. Biomedicines
(2021) 9(10):1418. doi: 10.3390/biomedicines9101418

28. Lee HJ, Shin DH, Park JY, Kim SY, Hwang CS, Lee JH, et al. Unilateral
synchronous papillary renal neoplasm with reverse polarity and clear cell renal cell
carcinoma: a case report with KRAS and PIK3CA mutations. Diagn Pathol (2020)
15(1):123. doi: 10.1186/s13000-020-01042-7

29. Gonzalez-Roibon N, Faraj SF, Munari E, Bezerra SM, Albadine R, Sharma R,
et al. Comprehensive profile of GATA binding protein 3 immunohistochemical
expression in primary and metastatic renal neoplasms. Hum Pathol (2014) 45
(2):244-8. doi: 10.1016/j.humpath.2013.08.020

30. Qian X, Wang Z, Zhang J, Wang Q, Zhou P, Wang S, et al. Clinical features
and prognostic outcome of renal collecting duct carcinoma: 12 cases from a single
institution. Cancer Manag Res (2020) 12:3589-95. doi: 10.2147/CMAR.S244094

31. Mantilla JG, Antic T, Tretiakova M. GATA3 as a valuable marker to
distinguish clear cell papillary renal cell carcinomas from morphologic mimics.
Hum Pathol (2017) 66:152-8. doi: 10.1016/j.humpath.2017.06.016

32. Martignoni G, Brunelli M, Segala D, Munari E, Gobbo S, Cima L, et al.
Validation of 34betaEl12 immunoexpression in clear cell papillary renal cell
carcinoma as a sensitive biomarker. Pathology (2017) 49(1):10-8. doi: 10.1016/
j.pathol.2016.05.014

33. Truong LD, Shen SS. Immunohistochemical diagnosis of renal neoplasms.
Arch Pathol Lab Med (2011) 135(1):92-109. doi: 10.5858/2010-0478-RAR.1

34. Park K, Serrano J, Tran I, Feng X, Chen F, Vasudevaraja V, et al.
Methylation profiling of papillary renal neoplasm with reverse polarity. Mod
Pathol (2022) 35(SUPPL 2):655-6.

35. Raspollini MR, Castiglione F, Martignoni G, Lapini A, Cheng L, Montironi
R, et al. Multiple and bilateral kidney tumors with clear cells of three different
histotypes: A case report with clinicopathologic and molecular study. APMIS
(2016) 124(7):619-23. doi: 10.1111/apm.12536

36. Peng D, Guo Y, Chen H, Zhao S, Washington K, Hu T, et al. Integrated
molecular analysis reveals complex interactions between genomic and epigenomic
alterations in esophageal adenocarcinomas. Sci Rep (2017) 7:40729. doi: 10.1038/
srep40729

37. Valencia K, Erice O, Kostyrko K, Hausmann S, Guruceaga E, Tathireddy A,
et al. The Mirl81labl cluster promotes KRAS-driven oncogenesis and progression
in lung and pancreas. J Clin Invest (2020) 130(4):1879-95. doi: 10.1172/JCI129012

38. Jiang F, Richter ], Schraml P, Bubendorf L, Gasser T, Sauter G, et al.
Chromosomal imbalances in papillary renal cell carcinoma: genetic differences
between histological subtypes. Am ] Pathol (1998) 153(5):1467-73. doi: 10.1016/
S0002-9440(10)65734-3

39. Skala SL, Xiao H, Udager AM, Dhanasekaran SM, Shukla S, Zhang Y, et al.
Detection of 6 TFEB-amplified renal cell carcinomas and 25 renal cell carcinomas
with MITF translocations: systematic morphologic analysis of 85 cases evaluated by
clinical TFE3 and TFEB FISH assays. Mod Pathol (2018) 31(1):179-97. doi: 10.1038/
modpathol.2017.99

40. Lau HD, Chan E, Fan AC, Kunder CA, Williamson SR, Zhou M, et al. A
clinicopathologic and molecular analysis of fumarate hydratase-deficient renal cell
carcinoma in 32 patients. Am ] Surg Pathol (2020) 44(1):98-110. doi: 10.1097/
PAS.0000000000001372

41. Argani P, Mehra R. Renal cell carcinoma associated with tuberous sclerosis
complex (TSC)/mammalian target of rapamycin (MTOR) genetic alterations. Mod
Pathol (2022) 35(3):296-7. doi: 10.1038/s41379-021-00971-y

frontiersin.org


https://doi.org/10.1053/hupa.2001.24984
https://doi.org/10.1056/NEJMoa1505917
https://doi.org/10.1097/PAS.0000000000000247
https://doi.org/10.1111/his.14700.
https://doi.org/10.1007/s00428-003-0787-1
https://doi.org/10.1097/01.pas.0000184821.09871.ec
https://doi.org/10.1016/j.humpath.2007.05.016
https://doi.org/10.1097/MOU.0000000000001000
https://doi.org/10.1097/MOU.0000000000001000
https://doi.org/10.1097/PAS.0000000000000962
https://doi.org/10.1097/PAS.0000000000001288
https://doi.org/10.1097/PAS.0000000000001288
https://doi.org/10.1038/s41379-019-0362-1
https://doi.org/10.1038/s41379-019-0420-8
https://doi.org/10.1111/his.14084
https://doi.org/10.1177/1066896920918289
https://doi.org/10.1016/j.humpath.2021.03.009
https://doi.org/10.1016/j.humpath.2021.03.009
https://doi.org/10.1097/PAS.0000000000001773
https://doi.org/10.1038/s41379-021-00779-w
https://doi.org/10.1097/PAS.0000000000001189
https://doi.org/10.1111/his.14320
https://doi.org/10.1038/s41379-022-01018-6
https://doi.org/10.1097/PAS.0b013e31816a1c34
https://doi.org/10.1007/s00428-021-03235-x
https://doi.org/10.3390/biomedicines9101418
https://doi.org/10.1186/s13000-020-01042-7
https://doi.org/10.1016/j.humpath.2013.08.020
https://doi.org/10.2147/CMAR.S244094
https://doi.org/10.1016/j.humpath.2017.06.016
https://doi.org/10.1016/j.pathol.2016.05.014
https://doi.org/10.1016/j.pathol.2016.05.014
https://doi.org/10.5858/2010-0478-RAR.1
https://doi.org/10.1111/apm.12536
https://doi.org/10.1038/srep40729
https://doi.org/10.1038/srep40729
https://doi.org/10.1172/JCI129012
https://doi.org/10.1016/S0002-9440(10)65734-3
https://doi.org/10.1016/S0002-9440(10)65734-3
https://doi.org/10.1038/modpathol.2017.99
https://doi.org/10.1038/modpathol.2017.99
https://doi.org/10.1097/PAS.0000000000001372
https://doi.org/10.1097/PAS.0000000000001372
https://doi.org/10.1038/s41379-021-00971-y
https://doi.org/10.3389/fonc.2022.930296
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Shen et al. 10.3389/fonc.2022.930296

42. Kapur P, Gao M, Zhong H, Chintalapati S, Mitui M, Barnes SD, et al. 43. Farcag M, Gatalica Z, Trpkov K, Swensen J, Zhou M, Alaghehbandan R,
Germline and sporadic mTOR pathway mutations in low-grade oncocytic et al. Eosinophilic vacuolated tumor (EVT) of kidney demonstrates sporadic TSC/
tumor of the kidney. Mod Pathol (2022) 35(3):333-43. doi: 10.1038/s41379- MTOR mutations: next-generation sequencing multi-institutional study of 19
021-00896-6 cases. Mod Pathol (2022) 35(3):344-51. doi: 10.1038/s41379-021-00923-6

Frontiers in Oncology 15 frontiersin.org


https://doi.org/10.1038/s41379-021-00896-6
https://doi.org/10.1038/s41379-021-00896-6
https://doi.org/10.1038/s41379-021-00923-6
https://doi.org/10.3389/fonc.2022.930296
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Papillary renal neoplasm with reverse polarity: A clinicopathological and molecular genetic characterization of 16 cases with expanding the morphologic spectrum and further support for a novel entity
	Introduction
	Materials and methods
	Case selection

	Immunohistochemistry
	Fluorescence in-situ hybridization
	Targeted next-generation sequencing

	Results
	Clinicopathological characteristics
	Immunohistochemical results
	Targeted NGS and FISH findings

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


