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Cancer precursor lesions stand at the nexus of surgical pathology, linking mor-
phology with tumor biology, carcinogenesis, cancer screening, risk stratification,
and clinical decision-making.! In the genitourinary organs, however, precursor le-
sions present distinct complexities: some are well defined with established clinical
management strategies, whereas others remain controversial, poorly reproducible,
and of uncertain clinical significance. Rapid advances in molecular diagnostics,
imaging modalities, and early-detection strategies have further disrupted established
frameworks, necessitating renewed evaluation of nomenclature, diagnostic criteria,
and reporting standards. Taken together, these developments have shifted the focus
of precursor lesions from a historically conceptual topic toward entities with direct
diagnostic, prognostic, and therapeutic implications.

Against this backdrop, the International Society of Urological Pathology (ISUP)
convened a Multidisciplinary Consensus Conference on Cancer Precursor Lesions of
the Genitourinary Organs on September 12, 2024, in Florence, Italy. The objectives of
the meeting were to define established and putative precursor lesions across genito-
urinary organs, refine classification schemes and terminology; provide practical rec-
ommendations for pathology reporting; clarify the role of ancillary studies, including
immunohistochemistry and molecular testing; and synthesize the literature to inform
evolving clinical management guidelines. Five organ-specific working groups - pros-
tate, urinary bladder, kidney, testis, and penis -conducted structured literature reviews,
as well as pre-meeting and in-meeting voting and discussion. The resulting manuscripts
were published in The American Journal of Surgical Pathology and reflect both areas of
strong consensus and domains where evidence remains incomplete, underscoring the
uneven landscape of precursor biology across genitourinary organs.

WORKING GROUP 1: PRECURSOR LESIONS OF THE PROSTATE

Among all genitourinary organs, the prostate illustrates most clearly how ad-
vances in imaging, sampling strategies, and molecular pathology have reshaped the
clinical relevance of traditional precursor lesions. Precursor lesions of prostatic ad-
enocarcinoma have been investigated for decades, yet their clinical relevance has
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shifted substantially in the era of precision cancer
screening, multiparametric MRI-integrated biopsy strat-
egies, and emerging molecular subclassification. Working
Group 1 focused on high-grade prostatic intraepithelial
neoplasia (HGPIN), intraductal carcinoma of the pros-
tate (IDC-P), atypical intraductal proliferation (AIP),
atypical adenomatous hyperplasia (AAH/adenosis), and
proliferative inflammatory atrophy (PIA).2

HGPIN remains the best-characterized epithelial
precursor lesion from a biologic standpoint, sharing nu-
merous molecular alterations with invasive carcinoma,
including telomere shortening, GSTP1 promoter hyper-
methylation, MYC amplification, and occasional ERG
rearrangements.3 However, the group emphasized that
the clinical utility of isolated HGPIN has markedly di-
minished. Contemporary series demonstrate cancer de-
tection rates after isolated HGPIN comparable to those
following benign biopsies, largely reflecting improved
sampling and imaging protocols.

The Working Group reached consensus that low-
grade PIN should not be reported and that HGPIN need
not be reported in specimens containing invasive carci-
noma or atypical small acinar proliferation suspicious but
not diagnostic of malignancy (ASAP). Importantly, al-
though unifocal HGPIN carries uncertain significance,
multifocal isolated HGPIN retains modest predictive
value and should continue to be reported in biopsy
specimens (Table 1).

In contrast, IDC-P emerged as a lesion of major
contemporary importance. IDC-P is strongly associated
with high-grade, high-stage disease, adverse molecular al-
terations (PTEN loss, TP53 mutations), and poor clinical
outcomes. Its identification on biopsy has direct im-
plications for management, often precluding active surveil-
lance. The Working Group reaffirmed that dense cribriform
or solid intraductal architecture is sufficient for diagnosis,
even in the absence of marked nuclear pleomorphism.

AIP was recognized as an intermediate-risk intra-
ductal lesion, biologically and clinically distinct from both
HGPIN and IDC-P. Importantly, the consensus recom-
mended that cribriform HGPIN be redesignated as AIP.
ATIP on biopsy-whether isolated or associated with grade
group | carcinoma-should be reported with an explanatory
comment, given its substantial association with unsampled
high-grade tumor and less favorable prognosis.2

AAH/adenosis and PIA were acknowledged as le-
sions of limited clinical impact. Although both may share
selected molecular features with prostatic ad-
enocarcinoma, evidence supporting their role as action-
able precursors remains insufficient. Routine reporting
was therefore not required, although reporting of these
lesions may be appropriate in the context of differential
diagnosis wtih cancer mimickers.

WORKING GROUP 2: PRECURSOR LESIONS OF
THE URINARY BLADDER

Precursor lesions of the urinary bladder exemplify
the ongoing dissonance between established morphologic
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concepts and evolving classification systems. Working
Group 2 addressed flat, papillary, squamous, and glan-
dular precursor lesions of the urinary bladder, with par-
ticular attention to inconsistent terminology across WHO
classifications and variable diagnostic reproducibility.4

A major outcome of the consensus was re-
affirmation of urothelial dysplasia as a distinct and valid
diagnostic entity. Most participants supported continued
use of this term when cytologic and architectural atypia
exceed reactive changes but fall short of carcinoma in situ
(CIS). CIS itself remains the archetypal flat precursor le-
sion, with clear clinical relevance and therapeutic con-
sequences.> The Working Group emphasized that
diagnosis should remain morphology-driven, with CK20
and p53 immunohistochemistry serving as supportive
ancillary tests in difficult cases.

For papillary lesions, the Working Group strongly
favored papillary urothelial hyperplasia as the preferred
terminology for early papillary proliferations lacking true
fibrovascular cores or cytologic atypia (Table 1). Accu-
mulating molecular data-demonstrating shared alter-
ations such as TERT promoter mutations and
chromosome 9 loss-support papillary urothelial hyper-
plasia as a precursor in the tumorigenesis of papillary
pathway, rather than a purely reactive process.® In con-
trast, urothelial papilloma was a benign lesion, not re-
garded as a precursor lesion.

Squamous precursor lesions generated strong con-
sensus. Keratinizing squamous metaplasia was recognized
as preneoplastic, particularly in appropriate clinical con-
texts, and squamous dysplasia should be reported and
graded when present. In contrast, non-keratinizing squ-
amous metaplasia, especially in the trigone of women,
was reaffirmed as benign.

Glandular precursor lesions remain an area of un-
certainty. Although cystitis glandularis and intestinal
metaplasia are generally considered benign reactive pro-
cesses, intestinal metaplasia with dysplasia was recognized
as potentially preneoplastic and warrants explicit report-
ing.

WORKING GROUP 3: PRECURSOR LESIONS OF
THE KIDNEY

Among genitourinary organs, the kidney presents
perhaps the greatest conceptual challenges in defining
precursor lesions. The Working Group emphasized that,
unlike many other epithelial malignancies in other organ
sites, renal cell carcinomas often lack co-existing mor-
phologically distinct precursor lesions.”

Papillary adenoma remains the only well-established
renal precursor lesion (Table 1). The consensus reaffirmed
existing WHO criteria, including size and cytologic
thresholds, and emphasized its biologic continuity with
papillary renal cell carcinoma, supported by shared
chromosomal gains of chromosomes 7 and 17.3

In contrast, no morphologic precursor has been
identified for sporadic clear-cell renal cell carcinoma.
Although von Hippel-Lindau (VHL) disease provides a
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TABLE 1. Key Findings of the International Society of Urological Pathology (ISUP) Multidisciplinary Consensus Conference on
Premalignant and Precursor Lesions of the Genitourinary Organs 1.

Prostate * Low-grade PIN should not be reported.
» High-grade PIN should be reported selectively, primarily when multifocal and/or isolated on biopsy.
* High-grade PIN (HGPIN) should not be reported when adjacent to invasive carcinoma or ASAP.
« Intraductal carcinoma of the prostate (IDC-P) is a marker of aggressive disease and may be diagnosed based on dense cribriform or solid architecture

even without marked nuclear pleomorphism.

* Cribriform HGPIN should be redesignated as atypical intraductal proliferation (AIP).
* AIP on biopsy warrants reporting with an explanatory comment, particularly when isolated or associated with grade group 1 carcinoma.

* Routine reporting of PIA and AAH/adenosis is not required.

Urinary Bladder
» Carcinoma in situ (CIS) remains the prototypical flat precursor lesion with direct clinical implications.
« Urothelial dysplasia is a valid diagnostic entity and should be recognized when atypia exceeds reactive changes, but falls short of carcinoma in situ.
« Papillary urothelial hyperplasia is the preferred term for early papillary proliferations and may represent a true precursor.
 Keratinizing squamous metaplasia and squamous dysplasia are putative precursor lesions and should be reported.
« Intestinal metaplasia with dysplasia may represent a precursor and should be reported
* Ancillary studies (eg, CK20, p53) should be used judiciously in selected cases.

Kidney

« Papillary adenoma is the only well-established renal precursor lesion.

 In von Hippel-Lindau disease, small clear cell nodules and cysts represent early neoplastic lesions.

» No established precursor exists for sporadic clear-cell renal cell carcinoma.
» Use descriptive terminology for cystic lesions (eg, “cyst with epithelial proliferation”,
microtumor,” or “incipient tumor” are acceptable in hereditary conditions.

2

¢ Terms such as “tumorlet,

LIS

renal papillary hyperplasia”).

« Insufficient evidence to designate renal tubular dysplasia as a renal cancer precursor.

Testis

* Germ cell neoplasia in situ (GCNIS) is the preferred term and should be reported when present.
 Use standardized terminology for seminoma with intratubular non-seminomatous germ cell neoplasia.

* OCT3/4 is the preferred primary immunohistochemical marker.

» Gonadoblastoma is a precursor lesion, arising in the setting of disorders of sex development.

Penis

* Penile intraepithelial neoplasia (PeIN) is the preferred diagnostic term and categorized as HPV-associated or HPV-independent
* HPV-associated PeIN may be further subtyped as basaloid, warty, mixed, or NOS.

« Further subtyping of HPV-independent PeIN is not required.
* Do not grade PeIN, all PeINs are considered high grade
* pl6 immunohistochemistry is recommended to assess HPV status.

* Routine use of p53 immunohistochemistry or HPV genotyping is not recommended.

» Report margin status and association with lichen sclerosus when present.

compelling model, characterized by numerous micro-
scopic clear-cell proliferations, no analogous lesion has
been convincingly demonstrated in sporadic tumors.?
This absence of a defined sporadic precursor underscores
the biologic distinctiveness of renal tumorigenesis and
cautions against forced analogies to other organ sys-
tems.10 In hereditary settings, the Working Group en-
dorsed pragmatic terminology, allowing the use of
descriptors such as “tumorlet,” “microtumor,” or “in-
cipient tumor” to acknowledge the morphologic and bi-
ological continuum of these lesions.”

Cyst-associated epithelial proliferations were also
addressed in kidney precursor working group. In acquired
cystic kidney disease (ACKD), epithelial tufting and
stratification may represent early neoplastic change; the
preferred term is “cyst with epithelial proliferation”, re-
serving tumor diagnoses for lesions with solid growth. In
autosomal dominant polycystic  kidney  disease
(ADPKD), renal papillary hyperplasia was recommended
as a descriptive term, acknowledging uncertainty regard-
ing true precursor potential.

Evidence for renal tubular dysplasia as a bona fide
precursor lesion is currently insufficient, and routine use
of the term is not recommended. Similarly, the entity re-
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ferred to as “atypical renal cyst” remains elusive due to
lack of clear diagnostic criteria and clinical data.

WORKING GROUP 4: PRECURSOR LESIONS OF
THE TESTIS

Testicular germ cell tumors offer one of the most
coherent models of precursor-to-invasive progression in
tumorigenesis.!! For testicular neoplasia, the focus of
the Working Group was less on redefining precursor
biology and more on harmonizing diagnostic practice.
Working Group 4 focused primarily on germ cell neo-
plasia in situ (GCNIS) and real-world diagnostic prac-
tice patterns.12

There was near-universal consensus that GCNIS is
the definitive precursor lesion for postpubertal (type II)
germ cell tumors and that this term should be used ex-
clusively (Table 1). GCNIS should be reported when
identified, particularly in association with invasive germ
cell tumors, to confirm the pathogenetic pathway.

OCT3/4 should be used as the preferred im-
munohistochemical marker, with broad panels generally
unnecessary.!3 Notably, no consensus was reached on
whether immunohistochemistry is mandatory in all cases.
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Molecular testing for isochromosome 12p was not re-
quired for routine diagnosis.

Another area of strong consensus involved termi-
nology for seminoma associated with intratubular non-
seminomatous elements. “Seminoma with intratubular
non-seminoma” was the preferred designation. This ter-
minology allows accurate description of intratubular
embryonal carcinoma, yolk sac tumor, trophoblastic cells,
or teratoma without incorrectly classifying the tumor as a
mixed invasive germ cell tumor, which would have sig-
nificant therapeutic implications. The work highlights the
importance of clear communication with clinicians, en-
suring that intratubular findings are not misconstrued as
invasive disease components

Gonadoblastoma remains an uncommon but diag-
nostically complex precursor lesion, typically arising in the
setting of disorders of sex development.!4 The survey
demonstrated marked variability in immunohistochemical
approaches, with respondents using combinations of germ
cell markers (OCT3/4, PLAP, CDI117) and sex-cord
markers (inhibin-A, SOX9, FOXL2). The absence of con-
sensus reflects both the rarity of gonadoblastoma and its
intrinsic histologic heterogeneity. This area was explicitly
identified as one requiring further standardization and fu-
ture consensus efforts.

WORKING GROUP 5: PRECURSOR LESIONS OF
THE PENIS

Working Group 5 addressed terminology, grading,
ancillary testing, and reporting practices for penile pre-
cursor lesions, specifically penile intraepithelial neoplasia
(PeIN).15> A major consensus outcome was the un-
equivocal endorsement of classifying PeIN as HPV-asso-
ciated  versus  HPV-independent  lesions.  This
dichotomous framework reflects the distinct morphologic,
molecular, and clinical pathways of penile carcinogenesis.

Morphologic subtyping (basaloid, warty, and war-
ty-basaloid) was supported for HPV-associated PeIN,
whereas subtyping of HPV-independent lesions remains
uncertain (Table 1).

One of the most practice-changing recommendations
was the strong consensus against grading PeIN. Grading
was deemed poorly reproducible and lacking validated
clinical correlation; PeIN should instead be regarded as in-
trinsically high-grade.

Among  ancillary  studies, pl6  immuno-
histochemistry was strongly endorsed as a routine ancil-
lary test for determining HPV status. In contrast, routine
p53 immunohistochemistry and HPV molecular geno-
typing were not recommended and should be reserved for
select discordant cases.

Reporting of margin involvement by PeIN and
documentation of associated lichen sclerosus were
strongly supported due to their clinical relevance.

CONCLUSIONS

Collectively, these consensus documents highlight
that precursor lesions of the genitourinary tract cannot be
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approached as a uniform category. Their biological un-
derpinnings, diagnostic reproducibility, and clinical con-
sequences vary substantially by organ and disease
context.16 Notably, organs with well-defined morphologic
precursors, such as prostate and testis, contrast sharply
with those in which precursor concepts remain limited or
indirect, such as kidney, underscoring the need for organ-
specific diagnostic frameworks.

By defining what is established, what is actionable,
and what remains uncertain, this series provides a con-
temporary framework for diagnostic practice while
identifying priorities for future investigation. The ISUP
Multidisciplinary Consensus Conference on Cancer
Precursor Lesions represents a major collaborative ef-
fort to standardize diagnostic terminology and reporting
practices, and to advance the biologic understanding of
premalignant and precursor lesions across the genito-
urinary organs. These consensus guidelines will serve as
essential references for pathologists, urologists, and
oncologists, and provide a foundation for future re-
search, nosologic refinement, and clinical guideline de-
velopment.
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