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Abstract
Historically, papillary renal cell carcinoma (PRCC) was divided into two types, type 1 and type 2, based solely on morphol-
ogy. However, it is apparent that PRCC is far more complex and represents a histological, clinical, and molecular spectrum. 
There has been a significant evolution in our understanding of PRCC, highlighted by the recognition of new and molecularly 
defined entities that were previously included in PRCC type 2. This contemporary review addresses the evolving concepts 
regarding the PRCC, including why it is no longer needed to subtype PRCC, the current molecular landscape, prognostic 
parameters, and PRCC variants, including biphasic PRCC, papillary renal neoplasm with reverse polarity, and Warthin-like 
PRCC. Pathologists should also be aware of the potential mimickers of both low-grade and high-grade PRCCs as well as 
some new and emerging entities that may show papillary growth that should be excluded in the diagnostic workup. The 
evolving knowledge of PRCC biomarkers, morphologic patterns, and PRCC variants could also have important implications 
for clinical management. Lastly, the heterogeneity within the PRCC spectrum needs to be further studied, aiming to better 
stratify PRCC for appropriate clinical management and systemic therapy.
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Introduction

Papillary renal cell carcinoma (PRCC) is the second most 
prevalent type of adult carcinomas of renal tubular origin, 
accounting for ~15% of all adult RCCs [1]. The current 5th 
edition of WHO defines PRCC as a circumscribed tumor 
with papillary or tubulopapillary architecture that lacks the 
specific features of other RCCs presenting with papillary 
architecture [2]. In 1976, Mancilla-Jimenez et al. described 

PRCC initially as a tumor with a papillary or tubulopapillary 
morphology that is avascular or hypovascular on imaging, 
frequently displays marked cystic and degenerative changes 
with necrosis, and is encased by a fibrous capsule [3]. Even 
at this early stage, PRCC was noted to have a heterogeneous 
morphology. The papillary lining ranged from a single-cell 
layer to a more complex pseudostratified lining. Cytology of 
the cells varied from small size with scant cytoplasm to large 
eosinophilic with abundant cytoplasm and cellular atypia. 
An association with foamy macrophages, often infiltrating 
the papillary stalks was also described, and often, these were 
associated with calcifications [3]. In fact, this initial descrip-
tion of PRCC holds accurately to this day, including the 
predominant papillary or tubulopapillary morphology, spe-
cific gross features with frequent necrosis, and a spectrum 
of heterogeneity, that is, the hallmark and the differential 
diagnostic dilemma in PRCC.
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Subtypes of PRCC and why subtyping 
is no longer recommended

In 1997, Delahunt and Eble proposed a classification 
which dichotomized PRCC tumors into type 1 and type 
2 [4]. Type 1 PRCC was lined by a single layer of small 
cells with scant pale cytoplasm, small bland nuclei, and 
inconspicuous nucleoli. Type 2 PRCC, in contrast, was 
characterized by cellular pseudostratification, abundant 
eosinophilic cytoplasm, and larger nuclei with prominent 
nucleoli. Type 2 carcinomas were often larger tumors and 
were associated with higher-stage disease. Interestingly, 
positive cytokeratin (CK) 7 immunohistochemical (IHC) 
staining was more frequent in the type 1 tumors and was 
often absent (or “null”) in the type 2 ones. Their study 
classified 64% of the PRCCs as type 1 and 36% as type 
2 [4]. Multiple subsequent studies showed a consistent 
theme of PRCC type 2 being associated with more aggres-
sive disease, including higher histologic grade and stage, 
and worse overall survival (OS) [5–8]. However, many 
studies also found that PRCC subtyping loses its signifi-
cance in a multivariate analysis, particularly when control-
ling for grade and stage [5, 9–11]. Indeed, when using the 
contemporary WHO/ISUP grading, PRCC type 2 is at least 
a WHO/ISUP grade 3 disease, because of the prominent 
nucleoli, which could explain why it loses its significance 
when adjusted for grade.

In 2015, The Cancer Genome Atlas (TCGA) published 
its landmark study showing a significant heterogeneity in 
the PRCC type 2 group [12], which was divided into 3 
different molecular classes. They also found cases origi-
nally lumped in the type 2 group that were MiT family 
translocation RCCs, RCCs with fumarate hydratase (FH) 
mutations, and cases with an FH signature [CIMP (CpG 
island methylator phenotype) group]. As about 1/3 of these 
cases included within PRCC type 2 represented potential 
outliers, this further questioned the rationale for maintain-
ing PRCC type 2 as a homogenous PRCC type.

Another important challenge in PRCC typing was the 
substantial lack of inter-observer agreement on subtyp-
ing, as a significant number of PRCCs show in-between 
or mixed features between type 1 and type 2. Studies 
that have addressed this phenomenon found that if strict 
type 1 and type 2 criteria are applied, approximately half 
(45–48%) of the cases do not fit into these categories 
[13–16]. Authors used different terminologies to describe 
such PRCC cases, including “unclassified” [12], “overlap-
ping” [13], “not otherwise specified” (NOS) [14, 15], and 
“mixed” [16]. This lack of consensus on the subtyping of 
a large portion of PRCC cases has likely influenced incon-
sistent results regarding the clinical significance of PRCC 
subtypes. Many studies indeed found that typing was not a 

significant parameter when adjusting for histological grade 
and stage [5, 7–11, 17, 18]. For example, a recent study 
showed that PRCC with mixed type 1 and “type 2” fea-
tures are similar to type 1 PRCC at the clinicopathologic 
and molecular level [16]. Meanwhile, some authors found 
that typing does maintain its significance in multivariate 
analysis [7, 19], but the mounting evidence against it was 
one of the main reasons that pushed the current practice 
toward the “no typing” approach.

Finally, the Genitourinary Pathology Society (GUPS) in 
its review update on existing renal entities in 2021 formally 
recommended abandoning the PRCC typing [20], which was 
subsequently endorsed by the WHO 5th edition of the Clas-
sification of Urinary and Male Genital Tumors [2].

PRCC represents a spectrum of disease—
evidence from TCGA​

So what does the in-between PRCC category (i.e., neither 
type 1 nor type 2) represent—are we encountering a disease 
spectrum or several distinct entities? We and others [12, 16, 
21] have tried to answer this question—and in our opinion, 
after removing specific outliers previously labeled as type 2, 
PRCC seems to represent a spectrum of morphologies. The 
classic type 1 morphology occupies the low-grade end of the 
spectrum, while the classic type 2 morphology represents 
the high-grade end of the spectrum, and a significant pro-
portion of PRCC tumors lie in the middle of that spectrum 
[16] (Fig. 1).

A good start to examine the evidence is the TCGA study 
on PRCC [12]. The TCGA identified four molecular classes 
of PRCCs: C1, C2a, C2b, and C2c (CIMP) group. C1 was 
enriched in type 1 tumors, while the other three classes were 
enriched in type 2. The CIMP included a group of nine cases 
in TCGA cohort, five of which were FH-mutant, while four 
had an FH-altered molecular signature (Fig. S1). A recent 
study by Wang et al. [22] found that the CIMP group origi-
nated from the collecting duct/distal tubular cells; in con-
trast, the majority of PRCCs originated from the proximal 
tubular cells [22]. We further investigated these nine cases 
of the CIMP group, using the available TCGA data [12], 
and we found that they highly expressed the markers of dis-
tal tubular origin, such as GATA3 and L1CAM [23], while 
showing low expression of α-methylacyl-CoA racemase 
(AMACR), a marker of both PRCC and proximal renal 
tubules [24] (Fig. S1e). Although the available morphology 
of these cases showed a papillary/tubulopapillary compo-
nent, they also exhibited other morphologies that would not 
be readily classified as PRCC currently (Fig. S1a-d). In our 
opinion, these cases should not be considered PRCCs and 
should not have been factored into the cohort analysis.
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The remaining three PRCC groups of the remaining 
TCGA cohort, C1, C2a, and C2b, point toward a continuum 
along a morphologic spectrum. C1 was enriched in type 1 
PRCC cases, while C2b was exclusively formed of type 2 
PRCCs and few unclassified cases. C2a represented an “in-
between” group in the middle of the spectrum enriched in 
type 2 but also had about 30% of type 1 PRCC or unclas-
sified cases. C2a also showed a consistent “in-between” 
molecular and clinical profiles and C2a clustered with the 
C1 group on methylation profiling, while it clustered with 
C2b on mRNA profiling. Based on the copy number analy-
sis, C2a cases were more heterogeneous, with some clus-
tering with the C1 group and others clustering with C2b. 
Clinically, C2a also had an intermediate overall survival 
(OS) between C1 and C2b, further supporting the disease 
spectrum paradigm.

Another important piece of evidence supporting that 
PRCC is a single entity that exhibits a spectrum is the uni-
form origin of the majority of PRCCs. Wang et al. performed 
chromatin accessibility analysis and single-cell sorting of 
normal kidney cells to identify the PRCC cell of origin and 
confirmed that the origin of PRCC is the proximal tubular 
cell [22]. If CIMP cases and the MiT family translocation 
RCCs are excluded from TCGA cohort, then only ~ 7% of 
PRCCs have a potentially distal tubular origin. However, it is 
important to note that TCGA cohort also harbors other non-
PRCC cases, including papillary renal neoplasm of reverse 
polarity (PRNRP), urothelial carcinoma, NF2-mutant 

carcinomas, and ALK-rearranged RCCs [12]. As these cases 
all harbor a type 2–like morphology, they were likely mis-
characterized as PRCC in TCGA cohort. Therefore, after a 
critical analysis, it appears that the great majority of TCGA 
PRCC cohort has a uniform origin from the proximal tubular 
cells.

Need for better PRCC stratification—the 
ABCC2 story

In 2015, we started a search for a molecular/biological-based 
biomarker that could stratify the unclassified PRCC cases 
that neither fit the type 1 nor the type 2 PRCC [14]. First, 
we found, similar to others [13, 16], that 47% of evaluated 
PRCC cases lacked consensus regarding type 1 versus 2 
(we called this group PRCC NOS) [14, 15]. By utilizing the 
TCGA KIRP cohort, we found that ATP-binding cassette 
subfamily C member 2 (ABCC2), also known as multidrug 
resistance protein 2 (MRP2), is significantly overexpressed 
in the classic PRCC type 2 in comparison to type 1 [14]. 
ABCC2 is a transmembrane protein transporter that is nor-
mally involved in active drug transportation through an 
efflux mechanism [25]. In a non-tumor kidney, ABCC2 is 
naturally localized at the apical brush border membrane of 
proximal renal tubules [25].

ABCC2 was the only biomarker, when considering other 
potential biomarkers, that successfully dichotomized the 

Fig. 1   PRCC represents a 
disease spectrum, when outli-
ers from what was previously 
labeled “type 2” are removed. 
PRCC tumor spectrum includes 
classic low-grade/type 1–like 
at one end, classic high-grade/
type 2–like at the other end, and 
NOS/mixed/ overlapping cases 
lie in the middle. Tumors at the 
opposite ends are defined by 
specific morphological, IHC, 
chromosomal, molecular, and 
clinical features, whereas in-
between cases display variable 
and overlapping profiles
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PRCC NOS group into two groups with significant survival 
differences, in both univariate and multivariate analyses for 
disease-free survival (DFS) and OS [14, 15, 26, 27]. We 
assessed ABCC2 in four PRCC cohorts, with more than 
500 cases, using both gene/transcript expression [14, 27] 
and IHC expression [26, 27]. High ABCC2 expression, 
manifested by brush border IHC staining, independently 

predicted a more aggressive PRCC group, as illustrated in 
Fig. 2. Additionally, we found that ABCC2 outperformed 
the WHO/ISUP nucleolar grade, which is currently the only 
available histologic parameter used to predict PRCC aggres-
sive potential. ABCC2 also showed significant survival dif-
ferences in PRCCs representing small renal masses (< 4 
cm) and stage pT1a disease, which could be useful to guide 

Fig. 2   PRCC (H&E) with 
corresponding ABCC2 IHC 
patterns: a, b PRCC with 
negative ABCC2 staining (inset; 
proximal renal tubules serve 
as positive internal control and 
glomeruli as a negative internal 
control). c, d PRCC with cyto-
plasmic pattern, characterized 
by the presence of weak granu-
lar cytoplasmic staining. e, f 
PRCC with brush border < 50% 
staining and g, h PRCC with 
brush border ≥ 50% staining. 
Brush border pattern is defined 
by distinct staining on the apical 
end of tumor cells with or with-
out cytoplasmic staining
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clinical management decisions regarding active surveillance 
versus surgery in this PRCC group [26, 27].

The high ABCC2 expression in more aggressive PRCCs 
is likely owing to the NRF2-ARE pathway enrichment 
in high-grade/type 2–like PRCCs, as ABCC2 represents 
a downstream target of NRF2-ARE activation [12, 15]. 
ABCC2 is also thought to have a chemoresistance effect; 
however, more recent studies show that ATP transporters 
are involved in cancer aggressiveness beyond the drug efflux 
[28]. Additionally, using preclinical models, we found that 
blocking ABCC2 in PRCC delays tumor growth [29]. Hence, 
there is potential for utilizing ABCC2 in future studies as a 
possible therapeutic target.

We have also consistently found that ABCC2 expression 
reflects the biological spectrum of PRCC [14, 15, 26, 27]. 
In our 2017 study [15], we studied the “in-between” group 
that we designated PRCC “type 3.” The PRCC “type 3” or 
“in-between” group (demonstrating ABCC2 brush border 
expression < 50% [26, 27]) provided confirmatory evidence 
for the PRCC disease spectrum. Morphologically, this group 
was enriched in NOS/overlapping/mixed cases, had an inter-
mediate expression of ABCC2 [26, 27], and consistently had 
an intermediate DFS and OS [15, 26].

Papillary adenoma—PRCC and their 
relationship with end‑stage renal disease

PRCCs, similar to clear cell RCCs, are believed to originate 
from the proximal tubular epithelial cells [30–34]. Papillary 
adenoma (PA) is considered a precursor lesion of PRCC, 
because it has an identical morphology, immunoprofile, 
and molecular signature to PRCC. However, PAs are lim-
ited to ≤ 15 mm in size and are deemed benign based on 
studies that show no risk of metastasis associated with this 
cut-off [35]. End-stage renal disease (ESRD) patients also 
have an increased risk of developing PRCCs, which tend to 
be multifocal and bilateral, and they also commonly harbor 
PAs [31–33]. Hes et al. found chromosomal changes that 
included gains in chromosomes 7 and 17 and loss of Y in the 
non-neoplastic parenchyma of ESRD, similar to the chromo-
somal changes found both in PA and PRCC [34]. A study 
by Lindgren et al. isolated a progenitor-like cell population 
in the proximal renal tubules that were expanded upon renal 
injury and were transcriptionally similar to PRCC [33]. In 
our previous work on PRCC [36], we investigated this poten-
tial progenitor-like cell, and we also found a cell population 
that was biologically similar to PA, which was significantly 
increased in ESRD. A recent single-cell sorting study by 
Wang et al. [22] confirmed that the majority of PRCCs spe-
cifically originate from proximal tubule–related progenitor 
cells [31–34]. This body of evidence conclusively connects 
the PRCC and PA to a progenitor-like cell population in 

the proximal renal tubules, which becomes enriched upon 
kidney injury.

Molecular/cytogenetic landscape of PRCC 
and MET pathway alterations

The spectrum of clinical and morphological heterogeneity 
of PRCC extends as well to the molecular and cytogenetic 
levels [12, 14]. Tumors with low-grade/“type 1” morphol-
ogy often harbor gains of chromosomes 7 and 17, loss of 
Y, and also frequent gains of chromosomes 12, 16, and 20 
[12, 37]. In comparison, fewer high-grade tumors retain the 
whole gains of chromosomes 7 and 17 and more commonly 
retain partial gains of chromosomes 17 [38], gains of 16 
and 20, and a wide array of other chromosomal alterations 
[12, 37, 38].

MET alterations are more common in low-grade/“type 1” 
PRCCs [12, 39]. MET proto-oncogene is a tyrosine kinase 
receptor at chromosome 7q31.3, and MET-activating muta-
tions are defining molecular events in hereditary PRCC, 
characterized by multifocal and bilateral PRCCs, autoso-
mal dominant inheritance, and high penetrance [40]. MET 
is involved not only in tumor proliferation and invasiveness, 
but also plays a role in resistance to anti-tumor therapies 
[41]. Initially, MET mutations were identified as germline-
activating mutations in hereditary PRCC [42], but MET 
mutations were also found in 10–15% of low-grade PRCCs. 
Generally, MET mRNA and protein expression were noted 
to be significantly increased in low-grade PRCC versus the 
high-grade/“type 2” group. The TCGA study attributed this 
overexpression to MET dysregulation by mutations, splice 
variants, gene fusions, or an increase in chromosome 7 copy 
numbers; collectively, these changes occur in ~ 80% of the 
“type 1” PRCCs [12].

The high-grade/“type 2” PRCCs represent a molecularly 
heterogeneous and diverse group. They are associated with 
alterations in cell cycle checkpoint genes, such as CDKN2A 
and TP53, as well as MYC and NRF2-ARE pathway activa-
tion [12, 43]. Chromatin modifier pathways are also com-
monly implicated in all PRCCs with mutations in SETD2, 
BAP1, and PBRM1 being more common in the “type 2” 
PRCC group [12].

We would like to highlight two important points regard-
ing the molecular aspects of PRCC. First, there are no defini-
tive hallmark molecular alterations diagnostic of PRCC. 
Chromosome 7 and 17 gains are only present in a portion of 
PRCCs and are primarily enriched in the low-grade/“type 
1” group. Hence, the diagnosis of PRCC remains primar-
ily a morphologic one, supported by the IHC profile, and 
by exclusion of outliers. The second important point is that 
the molecular characteristics of low-grade/“type 1” PRCCs 
are different from the high-grade/“type 2” tumors, and the 
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underlying molecular PRCC signatures are heterogenous in 
the spectrum from low-grade to high-grade PRCCs, with 
the “in-between” PRCCs showing overlapping molecular 
profiles with both. This implies that a metastatic disease 
of low-grade/“type 1”–like and high-grade/“type 2”–like 
PRCC may be clinically and molecularly different and may 
respond differently to therapies, which could explain the 
poor response to systemic therapies in clinical trials [1].

Histologic prognostic parameters and WHO/
ISUP nucleolar grade in PRCC​

The WHO/ISUP grading has been widely accepted as a main 
prognostic factor for PRCC in the current practice [2]. It is 
based on nucleolar prominence for grades 1–3 and promi-
nent nuclear pleomorphism or sarcomatoid and rhabdoid dif-
ferentiation for grade 4 [2, 44]. Several studies have demon-
strated that the four-tiered tumor grading provides superior 
prognostication compared to the histologic subtyping [10, 
17, 18, 45]. Currently, WHO/ISUP nucleolar grading is rec-
ommended, and it should be included in pathology reports 
alongside stage, lymphovascular invasion, and rhabdoid or 
sarcomatoid histology, given their established association 
with aggressive behavior in PRCC [44, 46]. However, it is 
essential to acknowledge that the grading system, despite its 
better prognostic utility in PRCC, is not without limitations. 
Some studies have yielded varying results regarding its prog-
nostic value including its lack of significance in multivariate 
analysis [11, 26, 27]. In addition, assigning grades on biopsy 

can be inaccurate in over a third of PRCCs, particularly in 
cases with mixed morphology [47].

More recently, several histologic architectures have been 
reported to be associated with adverse outcomes in PRCC 
[16, 17, 48] (Fig. 3). Yang et al. investigated whether the 
specific growth patterns, such as solid, hobnail, and micro-
papillary, are associated with unfavorable prognosis [17]. In 
a PRCC cohort of 185 cases, micropapillary features were 
identified in 10 (5.4%) tumors, while hobnail and solid 
architectures were observed in 9 (4.9%) and 3 (10%) cases, 
respectively. All three patterns showed worse prognoses 
in univariate analysis, but only the micropapillary pattern 
retained statistical significance in multivariate analysis. The 
solid pattern is somewhat controversial as another study 
reported a more favorable clinical course among PRCCs 
with solid architecture [49]; however, the cases reported in 
this previous study were mostly composed of tightly com-
pressed tubular structures rather than true solid sheets, as 
proposed by Yang et al. [17]. A recent study by Chan et al. 
found that the microcystic pattern is another histologic pat-
tern associated with worse PRCC outcomes [48]. Notably, 
this pattern was present in a subset of historically classified 
type 1 PRCCs that demonstrated a propensity for extrarenal 
involvement and metastatic disease [48]. In addition, the 
study noted that the microcystic pattern had superior inter-
observer reproducibility compared to the other patterns [48]. 
Of note, a cut-off of > 5% of the overall tumor area was con-
sidered for a particular growth pattern [17, 48]. More studies 
and larger cohorts are, however, needed to validate the asso-
ciation of these morphologic patterns with aggressive PRCC 

Fig. 3   Unfavorable architec-
tures in PRCC, as reported in 
previous studies: a Hobnail: 
tumors cells characterized by 
apically protruding nuclei and 
eosinophilic or clear cytoplasm. 
b Micropapillary: clusters of 
3–10 tumor cells with no lumen 
or fibrovascular core; more than 
4 tumor buds are required to 
call it a micropapillary pattern. 
c, d Microcystic: cysts lined 
by neoplastic cells containing 
tumor papillae and separated 
by fibrotic stroma. These 
adverse histologic patterns often 
co-occur with other patterns, 
and a cut-off of > 5% of the 
overall tumor area is considered 
positive for a particular growth 
pattern



397Virchows Archiv (2024) 485:391–405	

disease and to better define the cut  -off proportions for these 
patterns.

Recognition of PRCC variants—do they all 
belong to PRCC?

In recent years, several studies have identified specific PRCC 
variants with unique architectural and cytological patterns. 
In some variants, the unique morphology is associated with 
specific clinical behavior and molecular profiles. These 
variants/patterns include biphasic PRCC, papillary renal 
neoplasm with reverse polarity (PRNRP), and Warthin-like 
PRCC.

Biphasic PRCC, labeled initially as “biphasic alveolos-
quamoid” [50] and “biphasic squamoid alveolar” PRCC 
[51], is composed of two-cell populations that include clus-
ters of larger eosinophilic cells with higher nuclear grade, 
surrounded by smaller, amphophilic cells with lower nuclear 
grade, forming alveolar or glomeruloid structures (Fig. 4a) 
[50]. In fact, such PRCC cases were likely considered in 
older studies as a “solid variant of PRCC,” showing “micro-
nodular formations” that in some cases resembled abortive 
papillae [52]. Biphasic PRCC frequently shows emperip-
olesis or cytophagocytosis within the larger cells (Fig. 4a) 
[51]. On IHC, the large cells demonstrate immunoreactivity 
to cyclin D1 (Fig. 4b) [51]. An important clinicopathologi-
cal aspect related to this variant is that it harbors a higher 
prevalence of MET mutations than the conventional PRCC 
(30–60%) [53–55], which in the right clinical setting can 
raise suspicion for a hereditary PRCC syndrome with a 

germline MET mutation. The biphasic PRCC had incidences 
of metastasis of 5–10% and may present with a higher-stage 
disease [56]. Additionally, this variant has been associated 
with frequent multifocal lesions in about 30% of the cases 
[56]. This variant is included within the PRCC spectrum, 
due to the consistent immunoprofile and the cytogenetic and 
molecular profiles overlapping with the classic type 1 PRCC 
[51, 53, 54].

PRNRP has been referred to in some earlier studies as 
an “oncocytic PRCC” or “oncocytic PRCC with low-grade 
nuclei,” although the descriptions and images from these 
studies indicate that this was a heterogenous group that also 
harbored some traditional “type 2” PRCCs [57–59]. In 2017, 
we evaluated a subset of PRCCs with delicate papillary 
architecture that had an oncocytic morphology, character-
ized by low-grade nuclei (WHO/ISUP grade 1 or 2), which 
were linearly arranged opposite the basement membrane 
(Fig. 4c) and stained positive for GATA3 (Fig. 4d) [15]. 
Several subsequent studies by Al-Obaidy et al. further char-
acterized this variant and identified positivity to L1CAM 
by IHC, weak or absent staining for AMACR and vimentin, 
and frequent KRAS mutations in 80–90% of these tumors 
[23, 60, 61]. Over 100 cases of PRNRP have been reported 
to date demonstrating uniform indolent behavior and without 
evidence of disease recurrence or metastasis [23, 60–64]. 
PRNRPs are usually small neoplasms, the majority being < 4 
cm in size. It is important to accurately distinguish this entity 
from other eosinophilic PRCCs, which are often associated 
with aggressive behavior [63]. In our opinion, PRNRP likely 
represents a distinct entity and not a PRCC variant, primarily 
because the evidence points toward its origin from the distal 

Fig. 4   PRCC variants: a, b 
Biphasic PRCC is composed 
of clusters of large, squamoid 
cells with high-grade nuclei 
often with emperipolesis (inset), 
surrounded by smaller, low 
nuclear grade cells (a). The 
large cell population is typically 
positive for cyclin D1 (b). c, 
d PRNRP is characterized by 
papillae lined by a single row of 
eosinophilic cells with apically 
located, low-grade nuclei (c). 
PRNRP consistently shows 
GATA3 nuclear immunoreactiv-
ity (d)
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nephron (distal renal tubules/collecting ducts). GATA3 and 
L1CAM are both distal nephron markers and are IHC hall-
marks of PRNRP [23]. In addition, AMACR is uniformly 
expressed in PRCC and normal proximal tubules by IHC, 
but it is typically negative or underexpressed in PRNRP. 
Tong et al. also showed that PRNRPs shared a similar gene 
expression profile with the distal renal tubules [64], which 
further supports the conclusion that PRNRP is a separate 
entity that does not belong to the PRCC spectrum.

With only twelve reported cases to date [65, 66], Warthin-
like PRCC is a rare variant of PRCC characterized by eosin-
ophilic papillary morphology,  WHO/ISUP nucleolar grade 
2 to 3 [65], and typically admixed with dense stromal lym-
phocytic infiltrates [65]. However, this variant shows similar 
IHC and molecular profiles to PRCC [65]. Notably, among 
the eleven cases with available follow-up, three exhibited an 
aggressive clinical course [65, 66], and therefore, additional 
well-documented cases are needed to further characterize 
the biology of this variant.

Differential diagnosis of PRCC versus other 
renal entities with papillary morphology

According to the latest WHO 2022 classification, PRCC 
is defined as a malignant neoplasm exhibiting papillary or 
tubulopapillary growth patterns without specific features of 
other RCCs with papillary morphology [2]. This definition 
underscores the importance of distinguishing PRCC from 
other histologic mimickers. To date, there is no molecular 
or IHC marker that is specific for PRCC. PRCC tumors are 
typically reactive for PAX8, AE1/AE3, Cam5.2, CD10, 
vimentin, AMACR, and CK7, while they are negative for 
CD117 (KIT). AMACR and CK7 are the most valuable 
IHC markers to differentiate PRCC from other renal tumor 
types. AMACR is a sensitive marker of PRCC, albeit it is 
not entirely specific [67]. CK7 tends to be more positive 
in lower-grade PRCCs (up to 100%) than in higher-grade 
tumors (up to 27%) [4, 13]. This profile is also repeatedly 
observed in lower- versus higher-grade areas within the same 
tumor [13]. Thus, a proper diagnostic workup requires care-
ful histological assessment with a judicial IHC workup and 
occasional molecular studies to rule out other renal entities 
that may mimic PRCC.

Low‑grade renal entities with papillary morphology

Tumors that may exhibit features similar to low-grade PRCC 
include clear cell papillary renal cell tumor (CCPRCT), 
metanephric adenoma (MA), and mucinous tubular and 
spindle cell carcinoma (MTSCC). Figure 5a outlines the 
diagnostic algorithm of PRCC with low-grade morphology.

CCPRCTs display papillary or tubulopapillary architec-
ture lined by clear cells with low-grade nuclei (WHO/ISUP 
grades 1–2) with linear arrangement opposite to the base-
ment membrane, i.e., reverse polarity [68]. CCPRCT also 
typically exhibits diffuse CK7 staining and CAIX positivity 
in a cup-like pattern [68, 69] and is also frequently positive 
for GATA3 [70]. However, CCPRCT is usually negative for 
AMACR and CD10, both of which are expressed in PRCC 
[68, 69].

MA can also demonstrate focal or more prominent papil-
lary growth, but typically, it is a small blue cell tumor that 
is positive for WT1 and often for CD57 on IHC, as well as 
for BRAF V600E [71, 72]. CK7 and AMACR are usually 
negative in MA.

MTSCC can be differentiated from PRCC primarily by 
the absence of a recognizable papillary growth pattern. 
MTSCC exhibits tubular and spindle cell morphology, with 
focal mucin deposition [73, 74]. Of note, focal mucin depo-
sition has also been reported in rare PRCCs [75]. Although 
there is a significant overlap between the IHC profiles of 
MTSCC and PRCC, VSTM2A has been reported as a sensi-
tive and specific in situ hybridization marker for MTSCC 
that can reliably distinguish it from PRCC [76]. MTSCC 
also shows multiple chromosomal losses, most frequently 
involving chromosomes 1, 4, 6, 8, 9, 13, 14, 15, and 22 while 
lacking trisomy 7 or 17 [77].

High‑grade renal entities with papillary 
morphology

The real challenge lies in the differential diagnosis of high-
grade PRCCs (prior “type 2”) from the respective renal 
mimickers. The two most important entities in this regard 
are MiT family translocation RCC and FH-deficient RCC, 
both of which can present with a predominant high-grade 
papillary morphology. Figure 5b outlines the systematic 
approach to high-grade PRCC.

Trpkov et al., in their study of FH-deficient RCC, found 
that 3% of cases previously diagnosed as PRCC type 2 har-
bor FH deficiency [78]. However, FH-deficient RCC often 
shows other non-papillary architectural patterns including 
solid, tubulocystic, tubular, and cribriform components [79]. 
Although FH-deficient RCC often shows large cherry-red 
nucleoli surrounded by a halo, this feature is not entirely 
specific to FH-deficient RCC and can be seen in other RCC 
types including high-grade PRCC [2, 78, 79]. Loss of FH 
immunoexpression and/or positive staining for 2-succino-
cysteine (2SC) indicate FH aberrant mutations that can be 
helpful for the correct diagnosis. Typically, PRCC exhibits 
FH+/2SC− immunoprofile, which is opposite from FH-
deficient RCC (FH−/2SC+) [78, 80, 81]. Rare cases with 
FH missense mutations are associated with heterogenous 
and patchy FH IHC expression, but these are usually positive 
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for 2SC [82]. In difficult diagnostic scenarios, molecular 
testing showing either germline or sporadic FH mutations 
is diagnostic for this entity [78]. Additionally, FH-deficient 
RCCs can be positive for GATA3 IHC, which is consist-
ent with the TCGA CIMP group data suggesting a possible 
distal nephron origin [83]. The diagnosis of FH-deficient 
RCC carries important clinical implications, because these 
patients often present with advanced and metastatic disease 
necessitating aggressive treatment, as well as genetic coun-
seling and testing for their family members [84].

MiT family translocation RCC, particularly TFE3-
rearranged RCC and TFEB-altered RCC, can also present 
with a dominant high-grade papillary morphology [85]. 
Morphologic clues, such as an admixture of other archi-
tectural patterns, including solid, nested, and tubular, and 
the coexistence of clear and eosinophilic cell components, 
should raise suspicion for this entity [20, 85]. IHC markers 
that can aid in that differential diagnosis include reactivity 
for TFE3, cathepsin K, HMB-45, and Melan-A, as well as 
TFEB expression in TFEB-altered RCC. Of note, cathep-
sin K, while a relatively specific marker for TFEB-altered 

RCC, is only positive in ~ 30% of TFE3-rearranged cases, 
mostly in PRCC::TFE3 t(X;1)(p11.2;q21) [85]. HMB-45 
and Melan-A are also rarely positive in TFE3-rearranged 
RCCs and are more common in TFEB-altered RCCs. Epi-
thelial markers, such as EMA, AE1/AE3, CK7, and Cam 5.2 
are frequently patchy to negative in the TFE3-rearranged 
RCC [86]. PAX8 and cytokeratins are useful IHCs to differ-
entiate RCCs from TFE3-rearranged melanotic neoplasms/
PEComas [87]. Although TFE3 IHC is helpful, it does have 
limitations in practice and may show false-negative or false-
positive expression, depending on the TFE3 clone and IHC 
platform used [85]. Thus, it is helpful to have strong nuclear 
TFE3 labeling in a clean background. A positive result, as 
well as an ambiguous result (e.g., focal nuclear positivity), 
requires molecular confirmation, either by FISH or NGS 
for RNA fusion [20, 88]. GPNMB (glycoprotein nonmeta-
static B) has recently emerged as a promising IHC screening 
marker with reactivity in all TFE3-rearranged and TFEB-
altered RCCs while demonstrating consistently low expres-
sion in PRCC [89].

Fig. 5   Diagnostic algorithm for low-grade (a) and high-grade (b) renal neoplasms with papillary growth
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Other exceedingly rare entities may present with focal 
papillary architecture with high-grade nuclei, as SDH-defi-
cient RCCs, particularly those with SDHA mutation. The 
papillary component, however, is often seen in combination 
with other growth patterns including solid, cribriform, and 
desmoplastic [90–93]. This tumor demonstrates negative to 
focal positive staining for pancytokeratin and CK7 [20, 94]. 
Loss of SDHB on IHC can confirm the bi-allelic inactiva-
tion of any of the four SDH genes, including SDHA [20, 94]. 
Also, in the context of a very high-grade PRCC, collecting 
duct carcinoma (CDC) should also be considered, as it can 
exhibit a papillary or tubulopapillary component [20, 95]. 
However, CDC typically shows infiltrative growth, predomi-
nantly tubular pattern, and desmoplastic stroma. The key to 
the diagnosis of CDC lies in meticulously excluding other 
high-grade RCCs (e.g., FH-deficient RCC and SMARCB1-
deficient renal medullary carcinoma), urothelial carcinoma, 
and metastasis through adequate gross sampling and the use 
of IHC panel [20, 95].

Novel and emerging renal entities with papillary 
morphology

Other renal entities that could be considered in the differ-
ential diagnosis of PRCC include two novel renal entities 
in the WHO 2022 classification—eosinophilic solid and 
cystic (ESC) RCC and anaplastic lymphoma kinase (ALK)-
rearranged RCC [20, 96, 97] and one recently described, 
emerging renal entity, designated as “biphasic hyalinizing 
psammomatous” (BHP) RCC [20, 98].

ESC RCC may rarely show focal papillary morphology 
(< 10% cases) and scattered foamy histiocytic aggregates, 
which may bring PRCC in the differential, but it typically 
exhibits solid and cystic growth, with recognizable cytoplas-
mic stippling (granularity), and IHC reactivity for CK20, 
in the absence of CK7 [99, 100]. Sporadic ESC RCCs have 
shown recurrent, somatic bi-allelic losses or mutations in 
TSC2 and TSC1 and lack trisomy 7 and 17 [101]. These 
genetic changes result in dysregulation of the mTOR signal-
ing pathway in ESC RCC.

ALK-rearranged RCC, another new renal entity, also 
frequently exhibits papillary growth, often admixed with 
other growth patterns, including solid, tubular, trabecular 
cystic, cribriform, and signet-ring cells [97, 102]. A muci-
nous component (intracellular or interstitial) is frequently 
found. Therefore, screening for ALK by IHC (for example, 
by monoclonal ALK antibody 5A4) or by molecular meth-
ods (FISH or NGS) should be performed in all renal tumors 
with variable patterns or unusual morphologies or contain-
ing a mucinous component [102].

BHP RCC is an emerging renal entity with a limited 
number of reported cases, usually exhibiting a prominent 
tubulopapillary architecture, fibrotic and hyalinized stroma, 

psammomatous microcalcification, a nonspecific IHC pro-
file, often with CK7 reactivity, and frequent NF2 mutations 
[20, 103]. The differential diagnosis of BHP RCC is, how-
ever, broad and may include PRCC. Currently, it is uncertain 
whether NF2 abnormalities represent a specific feature in a 
group of related tumors or if they are a nonspecific finding, 
as they have been found in other RCC subtypes with vari-
ous morphologies, including some advanced PRCCs [103].

Finally, if after careful diagnostic workup and exclusion 
of mimickers, the diagnosis of a papillary renal lesion is 
indeed PRCC with high-grade, former type 2–like morphol-
ogy, this should be simply reported as a PRCC and graded 
according to current WHO/ISUP criteria.

Current paradigms in PRCC treatment 
and why does it matter

PRCC tumors limited to the kidney can be managed with 
partial or radical nephrectomy, ablation, or active surveil-
lance [104]. Small renal masses (≤ 4 cm) exhibit minimal 
metastatic propensity, making active surveillance a viable 
option [105], with renal biopsy representing a crucial diag-
nostic tool in dictating the management of this subset. In 
PRCC cases with mixed morphology due the intratumoral 
heterogeneity, grading on renal biopsy might be inaccurate 
[47], and other markers such as ABCC2 could be supple-
mented for prognostication.

For locally advanced and metastatic PRCCs, the latest 
NCCN [104] and ESMO [105] guidelines recommend cabo-
zantinib as the preferred option with savolitinib, sunitinib, 
and pembroluzimab as alternatives. Cabozantinib [106] 
and savolitinib [107], both targeting MET, have shown bet-
ter responses than sunitinib. Additionally, MET status was 
reported to be predictive of treatment responses to MET 
inhibitors [107, 108]. Nonetheless, about 60% of locally 
advanced and metastatic diseases do not harbor MET altera-
tions [109]; thus, MET-targeted therapies might not be opti-
mal for MET-independent PRCC tumors, and targeting alter-
native pathways like NRF2-ARE could be more effective in 
treating these tumors. Pembrolizumab, a PD1 inhibitor, has 
shown promising results among PRCC patients [110]. High 
PD-L1 expression (combined positive score ≥ 1) correlates 
with better clinical response [110], but further studies are 
needed to validate its predictive value in PRCC immunother-
apy. In addition, the tumor microenvironment of metastatic 
PRCCs appears to be diverse [111, 112] suggesting potential 
variability in response to such immunotherapy.
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