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Multisite tumor sampling: a new tumor
selection method to enhance intratumor
heterogeneity detection☆
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Summary Intratumor heterogeneity (ITH) is increasingly being recognized as a highly complex process with
high clinical impact that deserves special attention from practicing pathologists. The value of the ITH detec-
tion depends on the correctness of the pathologist's sampling. The goal of this review is 2-fold. On the one
hand, we provide a basic scientific context for the practical pathologist's perspective. On the other hand, we
encourage pathologists to adopt a more scientific and up-to-date approach to a key component of their daily
work, namely, how to sample a tumor for reliable histological and molecular analysis. In particular, we re-
view the consecutive steps of an efficient alternative to traditional approaches for detecting ITH: multisite
tumor sampling. Notably, this type of sampling, based on a divide-and-conquer algorithm, is supported
by scientific evidence showing its clinical applicability and practical advantages at no extra cost.
© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Cancer is the final result of multiple complex changes in
cell metabolism [1,2]. Although the use of highly sophisticated
technology such as high-throughput DNA sequencing has im-
proved our knowledge of the molecular mechanisms underly-
ing carcinogenesis, intratumor heterogeneity (ITH) is not yet
well understood [3,4]. ITH, the fact that a tumor is different

at different sites, is of crucial importance in cancer research.
ITH occurs in a nondeterministic manner so that the resulting
heterogeneity patterns are unique and completely unpredict-
able for each tumor. Pathologists today have the challenge of
identifying ITH efficiently, helping basic researchers to identi-
fy mutational signatures and oncologists to select better per-
sonalized therapies.

Kidney cancer is a very common type of cancer in Western
countries. More than 62 000 new cases are expected in the
United States in 2016 [5]. This type of cancer is a complex
disease with multiple histological variations and uncertain
prognosis [6,7]. Clear cell renal cell carcinoma (CCRCC) is
by far the most common histological type of kidney cancer,
accounting for 70%-80% of cases of kidney cancer in adults
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[8]. From the clinical point of view, it is an aggressive disease
in which only radical surgery has been found to improve sur-
vival [9]. Chemotherapy and radiotherapy are not effective,
andmodern personalized therapies have so far had limited suc-
cess [10]. For these reasons, CCRCC has attracted great atten-
tion in cancer research. Efforts are being made across the
world, supported by significant financial investments, to im-
prove our understanding of this type of cancer to develop bet-
ter treatments.

CCRCC is the paradigm of a heterogeneous cancer from
various points of view [10-17] and, hence, a very valuable test
bed for ITH research. To the naked eye, heterogeneity may be
obvious or subtle. Although some types of CCRCC seem ho-
mogenous to the naked eye, they may be very heterogeneous
under the microscope. Furthermore, types of CCRCC that
may seem homogenous under the microscope may be very
heterogeneous at the molecular level, with different mutation
profiles in different parts of the tumor.

This has clear clinical implications: mutations in the BAP1
gene are associated with aggressive tumor behavior; mutations
in the genes involved in the mTOR pathway make tumors
more sensitive to targeted therapies; and mutations in the
PBRM1 gene are associated with a lower risk of biological ag-
gressiveness [14,16,17]. On the other hand, some mutations
are common (trunk mutations) to all the parts of the CCRCC.
An example is the mutation in the VHL gene [13], making it
a potential target for the development of new therapies, but all
attempts to date have had disappointing results [17]. All the
treatment failures have been associated with ITH, in par-
ticular, with the different branching patterns of CCRCC
cells in different regions within the tumor [13]. The re-
gional variability in CCRCC is unpredictable, varying
between tumors, and it is not currently possible to develop
an effective treatment strategy. This explains the high 5-year
mortality rate in this type of cancer, which remains at around
40% [9].

In this review, we describe a simple efficient method that
markedly improves routine detection of ITH in CCRCC with-
out increasing costs [18]. The method is based on the divide-
and-conquer (DAC) algorithm [19], which consists of recur-
sively dividing a complex problem into simpler parts until
these are sufficiently simple to be solved directly. Then, the
partial solutions are combined to provide the solution to the
overall problem.

DAC strategies have been used to solve complex problems
in the field of biomedical sciences, for example, in biology and
oncology, for selecting the most appropriate cells for biologi-
cal experiments [20] or helping to interpret heterogeneity in
breast cancer [21]. In this work, we consider the application
of a DAC method to improving the performance of sampling
in CCRCC given that these tumors are generally large and,
hence, tend not to be completely sampled. Nevertheless, this
method could be applied to any other type of tumor. By apply-
ing this algorithm, we achieve multisite tumor sampling
(MSTS), and we propose this approach to optimize the detec-
tion of ITH.

2. The current paradox

Pathologists are the clinical specialists who handle surgical
specimens and decide what parts of tumors are to be analyzed.
In the case of small tumors (≤3 cm in diameter), it is afford-
able for pathologists to analyze the entire tumor. Some
CCRCCs, however, are much larger, sometimes reaching 10
to 15 cm in diameter or even more, and this means that analyz-
ing the entire tumor is not cost-effective. For this reason, pa-
thologists take samples from large tumors following
internationally accepted protocols [22-24]. This sampling in-
volves selecting some parts of the tumor for analysis, with
the goal of these parts being representative of the entire tu-
mor. In particular, the consensus for CCRCC is to obtain a
1-cm2 sample of tumor tissue for every centimeter of diameter
of the tumor plus a sample of any areas that look suspicious to
the naked eye. Unfortunately, ITH often occurs in areas that
look identical to the naked eye, hindering the detection of
ITH, and this is an important limitation of currently used pro-
tocols. Another limitation is the low overall percentage of the
tumor analyzed in the case of large tumors. In routine clinical
practice, more than 95% of the tissue of 10-cm–diameter tu-
mors is not analyzed when following current official sampling
protocols. In these cases, the information contained in some
nonsampled areas of the tumor is lost forever.

Some studies have indicated that this loss of information is
critical for patients [11,25]. It is not acceptable in modern clin-
ical practice to fail to detect, for instance, areas of high-grade
disease in CCRCC. The limitations of current protocols for de-
tecting ITH have led researchers to call for urgent solutions
[26]. To date, however, pathologists have not found a solution
to this problem, and the latest versions of sampling protocols
seem not to have taken this issue into account. To overcome
these limitations, various authors have recently developed al-
gorithms to assess ITH when there is very little material to an-
alyze [27-30].

Pathologists are fully responsible for appropriately selecting
tumor samples for analysis. Poor or incomplete sampling of a
tumor can lead to poor or incomplete morphological and molec-
ular studies, and this may have very negative implications for
patients. The current paradox is that information that is crucial
for patients and which is obtained from very sophisticated
high-throughput sequencing technology completely depends
on a tumor sampling method based on nonscientific arguments
that were established before the era of molecular biology.

Incomplete tumor sampling is undoubtedly the central prob-
lem for pathologists today. Even simple morphological analysis
can provide a lot of information on ITH when performed well.
In relation to this, Andor et al [31] have recently demonstrated
that traditional histopathological findings are well correlated
with ITH in various types of cancer, including kidney cancer.

3. A step ahead: MSTS

When viewing the slices of a large tumor in the gross room,
the pathologist is not able to detect ITH. At most, he/she might
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