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The latest classification of tumors of the uri-
nary system and male genital organs released 

by the World Health Organization (WHO) in Au-
gust 2022 highlighted the advancements in our 
understanding of renal tumors.1-3

Compared with the previous classifications,4 
in which a list of tumors was enumerated, the 
main novel aspect of the fifth edition is the in-
troduction of subcategories defined on the basis 
of specific features, as follows: 1) clear-cell renal 
tumors; 2) papillary renal tumors; 3) oncocytic 
and chromophobe renal tumors; 4) collecting 
duct tumors; 5) other renal tumors; 6) molecu-
larly defined renal carcinomas.1, 2 The latter sub-
group and the new molecular-driven histotypes 
introduced in the last WHO emphasize the role 
of molecular findings.

in this regard, we read with great interest 

the recent review by Moch et al. summarizing 
the most significant changes introduced by the 
2022 WHO classification.2 The Authors indeed 
pointed out the concept of molecularly defined 
renal tumors and how combined morphological 
features with molecular data may form an “in-
tegrated” diagnosis. As they stated, “in the next 
years, massive parallel sequencing will be used 
more and more to identify molecular alterations 
in renal tumors with unusual morphology”2. Al-
though we do agree on the central role of mo-
lecular analysis in the biological comprehen-
sion of renal tumors, and their potential better 
definition in tertiary referral academic centers, 
the routine application of molecular techniques 
in daily clinical practice might be unsustain-
able. Nevertheless, pathologists should be able 
to recognize molecular entities such as fuma-
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nal neoplasms of low malignant potential NOS.” 
This concept is important for surgical specimens 
but particularly relevant for renal biopsy speci-
mens. The differential diagnosis between onco-
cytic renal neoplasms of low malignant potential 
vs. other RCC hystotypes is likely to be reliable 
in high-volume centers with dedicated uropathol-
ogists (using routinely immunohistochemistry 
techniques), and may have clinically-significant 
implications during shared decision-making.10-12

On the other hand, this diagnosis should be 
feasible in different worldwide laboratories. For 
this reason, the latest edition of WHO promotes 
the use of this nomenclature (oncocytic renal 
neoplasms of low malignant potential) to provide 
an operative framework to assist clinicians and 
pathologists.

Such a pragmatic differential diagnosis would 
be valuable to optimize the selection of the best 
candidates for active surveillance vs. upfront in-
tervention among patients with localized renal 
masses, after careful consideration of life expec-
tancy, comorbidity burden, frailty and tumor-re-
lated characteristics.9, 10, 13, 14

Lastly, one of the key characteristics of a good 
classification system is the clinical relevance of 
the recognized histopathological entities.15 in 
this perspective, the most relevant changes intro-
duced by the new WHO classification on renal 
tumors that could impact clinical practice can be 
summarized as follows:

• the change in nomenclature from clear cell 
papillary RCC to clear cell papillary renal tumor, 
in light of the indolent behavior of this entity 
and no evidence of recurrence;16 embracing this 
change by urologists will allow to tailor the fol-
low-up strategy, avoiding unnecessary imaging 
and costs;17

• the subcategorization into type 1 and type 2 
papillary RCC, which is no longer recommended 
based on the acknowledgment of several enti-
ties with different molecular backgrounds within 
type 2 papillary RCC;

• the identification of the FH-deficient and 
SDH-deficient RCC entities, that represents an 
important step toward personalized decision-
making in patients with hereditary RCC;

• the recognition of ALK-rearranged RCC, 
which opens new horizons given the potential 

rate hydratase (FH) – deficient renal cell car-
cinomas5 and succinate dehydrogenase (SDH) 
– deficient renal cell carcinoma.6 Both tumors 
may arise as a solitary mass in the hereditary 
background due to germline mutation of the FH 
gene or any one of the SDH genes respectively. 
Instead of performing molecular analysis, loss 
of immunohistochemical stain of FH/SDH, as a 
surrogate of FH/SDH gene mutation, has been 
proven to be a valuable tool for screening. The 
proper identification of those tumors is man-
datory not only for the patients to eventually 
identify other tumors and for prognosis (FH-
deficient renal cell carcinoma displays an ag-
gressive clinical course whereas SDH-deficient 
renal cell carcinoma has an indolent behavior) 
but also for their relatives to promote genetic 
counseling.7

Another important aspect underlined by the 
Authors, which we strongly support, is the ac-
tive role of pathologists in designing new clinical 
trials.2 Looking at the new WHO classification 
it is easy to see how pathologists and clinicians 
are “traveling” at two different speeds. While pa-
thologists are introducing more and more entities 
(21 renal cell tumors so far1, 2), in clinical trials 
we still basically distinguish clear cell renal cell 
carcinoma (RCC) from non-clear cell RCC. Al-
though we are aware of the difficulty of enrolling 
patients with less common hystotypes in clini-
cal trials, we truly believe that the integration of 
morphological-based diagnosis with molecular 
features will be essential to reach precision on-
cology and personalized therapy.

The increasing complexity of the latest WHO 
classification is particularly evident for eosino-
philic renal tumors, which could provide unique 
challenges for both clinicians and pathologists. 
Besides oncocytomas and chromophobe RCC, 
eosinophilic solid and cystic (ESC) RCC, low-
grade oncocytic tumor (LOT) and eosinophilic 
vacuolated tumor (EVT) entities share morpho-
logical, molecular (mTOR/TSC genes altera-
tions), and clinical features (low malignant po-
tential).2 Although the distinction is biologically 
relevant, in daily clinical practice their differen-
tial diagnosis might not infer any different man-
agement.8, 9 Therefore, in the current WHO clas-
sification, they are designated as “oncocytic re-

COPYRIGHT©
 2023 EDIZIONI MINERVA MEDICA

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



CaliÒ  WHO 2022 CLASSIFICATION OF RENAL TUMORS

768 Minerva Urology and nephrology december 2023 

5. Gleeson JP, Nikolovski I, Dinatale R, Zucker M, Knezevic 
A, Patil S, et al. Comprehensive Molecular Characterization 
and Response to Therapy in Fumarate Hydratase-Deficient 
Renal Cell Carcinoma. Clin Cancer Res 2021;27:2910–9. 
6. Gill AJ, Pachter NS, Chou A, Young B, Clarkson A, Tuck-
er KM, et al. Renal tumors associated with germline SDHB 
mutation show distinctive morphology. Am J Surg Pathol 
2011;35:1578–85. 
7. Ljungberg B, Albiges L, Abu-Ghanem Y, Bedke J, Capi-
tanio U, Dabestani S, et al. European Association of Urology 
Guidelines on Renal Cell Carcinoma: The 2022 Update. Eur 
Urol 2022;82:399–410. 
8. Amin MB, McKenney JK, Martignoni G, Campbell SC, 
Pal S, Tickoo SK. Low grade oncocytic tumors of the kidney: 
a clinically relevant approach for the workup and accurate di-
agnosis. Mod Pathol 2022;35:1306–16. 
9. Warren H, Palumbo C, Caliò A, Tran MG, Campi R; Euro-
pean Association of Urology (EAU) Young Academic Urolo-
gists (YAU) Renal Cancer Working Group. Oncocytoma on 
renal mass biopsy: why is surgery even performed? World J 
Urol 2023. [Epub ahead of print]. 
10. Chandrasekar T, Boorjian SA, Capitanio U, Gershman B, 
Mir MC, Kutikov A. Collaborative Review: Factors Influenc-
ing Treatment Decisions for Patients with a Localized Solid 
Renal Mass. Eur Urol 2021;80:575–88. 
11. Capitanio U, Bedke J, Albiges L, Volpe A, Giles RH, 
hora M, et al. A Renewal of the TNM Staging System for Pa-
tients with Renal Cancer To Comply with Current Decision-
making: Proposal from the European Association of Urology 
Guidelines Panel. Eur Urol 2023;83:3–5. 
12. Campi R, Muselaers S, Bertolo R, Erdem S, Marchioni 
M, ingels a, et al.; EAU Young Academic Urologists (YAU) 
Renal Cancer Working Group. Selecting the best candidates 
for non-surgical management of localized renal masses: the 
Occam’s razor. Minerva Urol Nephrol 2022;74:368–71. 
13. Campi R, Berni A, Amparore D, Bertolo R, Capitanio U, 
Carbonara U, et al.; European Society of Residents in Urol-
ogy (ESRU), EAU Young Academic Urologists (YAU) Renal 
Cancer Group. Impact of frailty on perioperative and onco-
logic outcomes in patients undergoing surgery or ablation 
for renal cancer: a systematic review. Minerva Urol Nephrol 
2022;74:146–60. 
14. Campi R, Sessa F, Corti F, Carrion DM, Mari A, Am-
parore D, et al.; European Society of Residents in Urology 
(ESRU) and the EAU Young Academic Urologists (YAU) 
Renal Cancer group. Triggers for delayed intervention in pa-
tients with small renal masses undergoing active surveillance: 
a systematic review. Minerva Urol Nefrol 2020;72:389–407. 
15. Caliò A, Marletta S, Brunelli M, Martignoni G. WHO 
2022 Classification of Kidney Tumors: what is relevant? An 
update and future novelties for the pathologist. Pathologica 
2022;115:23–31.
16. Massari F, Ciccarese C, Hes O, Michal M, Caliò A, Fio-
rentino M, et al. The Tumor Entity Denominated “clear cell-
papillary renal cell carcinoma” According to the WHO 2016 
new Classification, have the Clinical Characters of a Renal 
Cell Adenoma as does Harbor a Benign Outcome. Pathol On-
col Res 2018;24:447–56. 
17. Muselaers S, Amparore D, Bertolo R, Diana P, Erdem S, 
Marandino l, et al. Optimizing postoperative follow-up in 
RCC patients: why does it always have to be black and white? 
Minerva Urol Nephrol 2022;74:822–4. 
18. Piazza P, Bianchi L, Fiorentino M, Gaudiano C, Giun-
chi F, Brunocilla E, et al. The new classification of renal cell 
carcinoma: what is the clinical issue? Minerva Urol Nephrol 
2023;75:269–71. 

effective treatment offered by targeted ALK in-
hibitors;

• the preferred term for renal angiomyolipo-
ma (AML) is classic angiomyolipoma or PECo-
ma (perivascular epithelioid cell tumor) of the 
kidney, with two AML subtypes (oncocytic AML 
and AML with epithelial cysts);

• the syndromes associated with kidney tu-
mors include: BAP1 tumor predisposition syn-
drome, hyperparathyroidism-jaw tumor syn-
drome, FH-deficient RCC, Birt-Hogg-Dubé Syn-
drome, hereditary pRCC, Cowden Syndrome, 
SDH-deficient tumor syndromes, tuberous scle-
rosis, and von Hippel-Lindau Syndrome (type 1 
and 2; type 2 is part of hereditary phaeochromo-
cytoma-paraganglioma syndrome).

In conclusion, RCCs and other renal tumors in-
clude a broad spectrum of histopathological enti-
ties. The fifth edition of the WHO classification of 
renal tumors provides an update on these entities 
(including diagnostic criteria), molecular corre-
lates, and an updated nomenclature.1, 2, 18 Of note, 
this classification has been also implemented in 
the latest European Association of Urology (EAU) 
guidelines on renal cell carcinoma (RCC) (https://
uroweb.org/guidelines/renal-cell-carcinoma).

Future research efforts should be focused on 
exploring the impact of the new WHO classifi-
cation, aiming to provide patients and urologists 
the evidence needed to tailor clinical decisions 
according to the individual patient’s and tumor’s 
peculiarities.
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