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Assessment of Intratumoral Histologic Heterogeneity 
in Clear Cell Renal Cell Carcinoma: Opportunities to 
Inform Molecular Studies and Therapeutic Approach?
Steven Christopher Smith, MD, PhD1 and Mahul B. Amin, MD2

The past four and a half decades 
have witnessed amazing prog-
ress in the management of renal 

cell carcinoma (RCC), in large part due 
-

tion. As recently as 19751, the histologic 
diversity of RCC encompassed only two 
types – clear cell and granular cell RCC. 
Careful histologic observations over the 
next two decades, validated by cyto-
genetic correlations2 led to greater un-
derstanding of RCC as being composed 
of numerous subtypes each with unique 
clinical, morphologic, and prognostic 
implications3. Continuing interest in 
histopathology and growing use of mo-

-
tion of RCC to a greater level of diag-
nostic complexity, in turn facilitating 

-
pillary RCC4,5, MiT family translocation 
RCC6, Fumarate Hydratase and Succi-

7,8, 
 mutated RCC9, and ALK-rear-

ranged RCC10 to name a select few, are 
now diagnosed based on an integrated 
morphologic and molecular approach. 
Contemporary practice thus now sepa-
rates many entities from clear cell RCC, 
rendering a more pristine clinicopatho-
logic entity, with more consistent morp-
hologic and molecular features. 

Treatment paradigms in RCC have 

by discovery of the molecular under-

Principal among these is clear cell RCC, 

VHL function, versus numerous non-
clear cell RCC subtypes. Indeed, much 
of the value of contemporary diagnos-
tic practice for kidney tumors is rec-

as clear cell RCC, with its attendant 
prognostic (more aggressive than many 
RCCs) and targeted treatment (tyrosine 
kinase inhibitors, immunotherapy) im-
plications11. Clear cell RCC remains the 
most common type, exhibiting variable 
and often enigmatic clinical behavior, 
due to incomplete prognostication by 
clinical and histopathologic variables. 

may be detected from a single tumor, 
and many tumors be shown to be het-
erogeneous across subclones12, current 
reporting in histopathology has been 
limited to stage, grade, lymphovascular 
invasion, necrosis, and cytologic chang-
es such as rhabdoid and sarcomatoid 
cytomorphology.  

Into this milieu, Kapur and 
Brugarolas have provided for the read-
ership of  a 
thought-provoking review of their re-
cent scholarship in assessment, analysis, 
and experimental modeling of the intra-
tumoral heterogeneity of clear cell RCC 
(see Page 68 of this issue), touching on 

both molecular and histologic aspects13. 
Throughout, they draw an analogy be-
tween the well understood intratumor-
al molecular heterogeneity of clear cell 
RCC and the pathologist’s intuition 
that the tumor’s frequent intratumoral 

this phenomenon. Recognizing that al-
though clear cell RCC can be patholog-

-
ent tumors, nor among clones within 
a single tumor. Drawing from their ex-
perience modeling the molecular het-
erogeneity of this disease and its pro-
gression14–16, the authors detail their 
recently reported comprehensive and 
quantitative histologic assessment of 
unique histologic patterns within (treat-
ment naïve) clear cell RCCs13. These 33 
patterns were sourced from three con-

patterns, cytologic features, and histo-
pathologic features of the tumor micro-
environment. Data from detailed his-
tologic feature assessment of over 500 
clear cell RCCs were then correlated to 
key conventional pathologic parameters 
(grade, TNM stage, etc.), prognosis, and 
response to therapy. Remarkably, anal-
yses based in their histomorphologic as-
sessments recapitulated similar trends 
to those seen in prior studies based in 
genomic assessment. 

Their project documents in un-
precedented and quantitative detail the 
range of pattern heterogeneity between 
clear cell RCC tumors, with lower het-
erogeneity seen in smaller tumors than 

-
sociation between pattern heterogeneity 
and aggression. From the pathologist’s 
standpoint, intriguing, too, were obser-
vations of certain patterns predictive of 

Correspondence: Mahul B. Amin, MD, Professor and Chairman, Department of Pathology and 
Laboratory Medicine, University of Tennessee Health Science Center, 930 Madison Avenue, Suite 
531, Memphis, TN 38163. email: mamin5@uthsc.edu; P 901.448.7020; F 901.448.1876.
Steven Christopher Smith, MD, PhD, Associate Professor, Director of Genitourinary Pathology, 
VCU School of Medicine, PO Box 980662, 1200 E. Marshall Street, Richmond, VA, 23298 (email: 
steven.c.smith@vcuhealth.org; Tel. 804-828-4918; Fax 804-828-8733).  
COI:  The authors report they have no actual, potential, or apparent conflicts of interest with the 
target manuscript submitted for review. 

KCJ  COMMENTARY

1 Departments of Pathology and Urology, VCU School of Medicine, Richmond, VA,  USA
2 Departments of Pathology and Urology, University of Tennessee Health Sciences Center, Memphis, TN, USA.



86        KIDNEY CANCER JOURNAL |18 (3) | September 2020 www.kidney-cancer-journal.com  

survival, even after multivariable adjust-
ment for the aforementioned, conven-
tionally reported parameters. Striking 

analyses, based on adapting fundamen-
tal assumptions about tumor biology 
and evolution to the spatial relation-
ships between histologic patterns. These 
analyses allowed them to infer even 
phylogenetic relationships between pat-
terns. Thus they observed that the small 
nested or cystic/microcystic patterns, 
seen so routinely diagnostically, repre-
sent founder patterns, from which sub-
clones outgrow with more aggressive 
patterns, converging on aggressive solid 
patterns. Preferential co-occurrence of 
certain patterns allowed inference that 
they were related, including observa-
tions with therapeutic relevance such as 
association of intratumoral lymphocytic 

-
doid features. Adroitly, they employed 
the paradigm of this disease’s natural 
history to assess inferences from their 
models, for example, validating patterns 

tumors as present in later stages, such 
as thrombus formation. 

Going forward, there are multiple 
implications of the authors’ ontological 
analyses of histologic patterns, and we 
suspect these go beyond their poten-
tial to nominate additional “univariate” 
prognostic parameters for pathologists 
to assess and report diagnostically.  
Awareness of the ontological relation-

prognosis or treatment resistance could 
be used to more capably manage RCC, 
not least by assisting in selecting the 
most appropriate tumor sample for pre-
cision medicine approaches. The power 
of (and accomplishments of) reduction-
ist approaches like molecular studies to 

inform our understanding of the gene-
sis of cancer and its progression should 
not be understated. Yet, we cannot 

machine learning approaches begin to 

features like those assessed by Kapur 
et al., whether we are about to discover 
the prognostic and predictive power of 
higher order features of the cancer sys-
tem, too. 
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