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Editorial Commentary

Single nucleotide polymorphisms in angiogenesis-related genes and 
outcomes from antiangiogenic therapies in renal cell carcinoma: 
really a step towards personalized oncology, or not at all?
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By definition, single nucleotide polymorphisms (SNPs) are 
loci with alleles that differ at a single base level, with the 
rarer allele having a frequency of at least 1% in a random 
set of individuals within a given population (1).

Although the majority of these variations are silent, not 
altering any cellular function, some SNPs have been proved 
to contribute to the development of different diseases, 
including cancer, and to influence physiological responses 
to drugs, including anticancer agents.

Identifying which variations are involved in altering 
responses to anticancer agents could facilitate the 
development of a really personalized (or precise) approach 
to cancer patients; a genetic screening for specific SNPs in a 
person’s genome could indeed be theoretically used to select 
drugs most appropriate for that individual, amplifying the 
likelihood of achieving a significant benefit, and reducing 
the risk of unwanted adverse events (AEs).

Recently, an exploratory analysis (2) evaluated the 
association between SNPs evidenced in several angiogenesis- 
or hypoxia-related genes, and the clinical outcomes 
of patients radically resected for a localized or locally-
advanced renal cell carcinoma (RCC) who were treated 
with the anti-VEGFRs tyrosine kinase inhibitor (TKI) 
sunitinib within the already reported randomized, placebo-
controlled, adjuvant phase III S-TRAC trial (3). In this 

study, correlations between SNPs in VEGFR1, VEGFR2, 
and eNOS genes and improved disease-free survival (DFS) 
in the sunitinib group compared with the placebo group 
were evidenced. Furthermore, SNPs in VEGFR1, VEGFR2, 
and CCDC26 showed a potential trend toward prognostic 
value for either DFS or overall survival (OS) across the two  
treatment arms (2).

How this paper fills into available evidence?

Over the past 8 years, a number of different studies have 
addressed the potential effect on SNPs on different 
outcomes, including survival (either progression free 
survival—PFS, or OS), incidence of AEs, and dose 
reductions, in metastatic RCC (mRCC) patients treated 
with TKIs (though mainly sunitinib), overall yielding 
conflicting results, at best.

For example, a large study conducted in Sunitinib-treated 
mRCC patients, showed that most of the selected SNPs in 
angiogenesis-related genes were not associated with either 
survival or AEs (4), differently from what observed in other 
previous reports; only the VEGFR1 rs9582036 SNP showed 
a statistically significant association with OS (4). Notably 
enough, the same VEGFR1 rs9582036 SNP proved to be 
related to a shorter DFS with sunitinib within the S-TRAC 
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trial (2).
As a whole, the inconclusiveness of SNPs research in 

RCC was highlighted in a 2015 News and Views paper 
published on Nature Reviews Urology by Beuselinck and 
Zucman-Rossi, who asked themselves if the time for this 
kind of research was up (5). Indeed, commenting a large 
study in which previously observed associations between  
22 SNPs in 10 genes and treatment outcome were 
investigated in 333 Sunitinib-treated mRCC patients (6),  
the Authors clearly evidenced that the vast majority of 
previously described associations were eventually not 
considered as validated (5).

However, the same Authors correctly noticed that 
plasma levels and efficacy or toxicity of TKIs are not 
entirely dependent on polymorphisms in genes involved in 
pharmacokinetics and pharmacodynamics, and thus claimed 
for further studies aimed at studying the influence of 
SNPs in mRCC (as well as other tumor types) treated with 
targeted agents (5).

Has something changed since the above News 
and Views paper? Is this research area really a 
potential step towards a personalized approach 
to cancer treatment? And finally, is this area 
still worth pursuing?

Let’s start from the latter question.
The individual response to TKIs like sunitinib is highly 

variable; indeed, despite being treated with fixed doses of 
these agents—irrespective of parameters such as sex, age, 
and body surface area, a choice which, based on available 
data, could be considered not such a smart strategy (7)—
some patients experience severe toxicity needing dose 
reductions, treatment interruptions or even the permanent 
discontinuation of treatment, whereas others show neither 
efficacy, nor toxicity.

Thus, the identification of specific SNPs in a patient’s 
genome prior to the start of treatment (or even during 
its course) could help provide him/her with the most 
effective and the lowest toxic treatment, a condivisible but 
hypothetical statement which seems to confirm the need to 
further pursue the research in this field.

However, the level of inconclusiveness evidenced by 
Beuselinck and Zucman-Rossi (5) has not been improved 
in the past years; indeed, it is not a case that almost all 
published studies end with sentences such as “… validation 
studies are needed …”, clearly leading to the conclusion—

among the others—that SNPs research is presently not a 
right way towards personalized or precision Medicine.

Why this inconclusiveness?

In a recent paper by Ritchie and Van Steen (8), the Authors 
highlighted the fact that, as our technology improves, 
challenges in identifying clinically relevant genetic 
interactions also increase. The Authors summarized these 
challenges into three categories: abundance of methods, 
practical considerations, and biological interpretation.

The abundance of methods challenge refers not only to 
the present issue of which is the best suitable technology 
for conducting these studies, but also to the issue of the 
ideal material to study (e.g., formalin-fixed, paraffin 
embedded tissue) (9), as well as of the most appropriate 
statistical analysis needed to organize and interpret them; 
furthermore, from a very practical viewpoint a huge 
computational complexity arises when previous studies 
investigating small genomic regions have been replaced by 
studies covering the whole genome. Indeed, as highlighted 
by Ritchie and Van Steen “… the number of combinations 
of interacting SNPs is reasonable when studies evaluated  
100 SNPs from candidate genes. But now that GWAS (genome-
wide association studies) assays include 1 million SNPs or 
more, the number of combinations to test has exploded …” (8), 
with all the expected consequences. Finally, correction for 
confounding factors and covariates is still an unmet need, as 
it is the common lack of replication and validation datasets 
to confirm the results of a previous study.

Going back to the RCC field, the above complexity, 
ultimately hampering our ability to draw conclusions 
from SNPs studies which could be useful in everyday 
clinical practice, is well evidenced by a recent paper 
investigating a model which integrates pharmacokinetics, 
pharmacodynamics, pharmacogenetics, and clinical outcome 
in patients with mRCC (and metastatic colo-rectal cancer) 
treated with sunitinib (10). Given the above premises, it is 
not strange—but still remains frustrating—that in mRCC 
patients only baseline soluble vascular endothelial growth 
factor receptor (VEGFR)-2 levels (and no other, more 
sophisticated, parameters) proved to be associated with 
clinical outcome (10).

As a whole, what is quite clear, in our opinion, is that 
SNPs have only few of the characteristics of the so-called 
“ideal” biomarker, as reported in Table 1 (11,12), and 
definitely not the most important ones.
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How does it fit into the landscape of the 
presently highly mentioned personalized/
precision medicine?

Well, it is our (of course debatable) opinion that although 
a precision Medicine approach represents for sure the 
near future—also in the field of Oncology, we still need 
to undoubtedly demonstrate that a personalized/precision 
medicine approach could lead to a substantial improvement 
in some really relevant outcomes (13). This is also the case 
for SNPs research in RCC. 

Should we thus desist to persist to use SNPs?

Probably not, but we do badly need to change the way we 
conduct this kind of researches; we do not longer need 
small, single-centre studies; a coordinated international 
effort is warranted in order to standardize methodology 
(as well as statistical analysis), design adequately powered 
studies (possibly prospective), analyze resulting data, 
replicate and validate them, and finally design clinical trials 
aimed at demonstrating the possibility of improving certain 
outcomes (of efficacy and/or of tolerability) basing on the 
use of these biomarkers.

What will remain of these researches in the future, 
is presently not known: either just some publications 

retrievable on the PubMed site, or a prognostic/predictive 
tool really able to change everyday management of RCC 
patients. Presently, the first option seems more likely …
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Table 1Characteristics of an “ideal” biomarker [modified from 

references (11,12)]

Routinely accessible

Rapidly available (short turn-around time)

Easily quantifiable

Cost-effective

Reproducible

Accurate

Endowed by good sensitivity and specificity

High predictive values

Good correlation with the outcome of interest

Predictor of a key (“hard”) endpoint—ideally, OS

Easy to interpret

Objective

Stable (i.e., kinetic independent of internal or external conditions)

Non (or at least minimally) invasive
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