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ABSTRACT

Intratumoral heterogeneity presents challenges in the man-
agement of cancer. To gain deeper insight in intratumoral
heterogeneity at different levels and tumor sites for com-
mon biomarkers in breast cancers, this report examines
seven cases of invasive breast cancer with multiple axillary

nodal metastases and/or recurrences for immunohistochemi-
cal expression of estrogen receptors, progesterone receptors,
human epidermal growth receptor 2, and Ki67 on all tissue
blocks in both primary and metastatic tumors. The Oncolo-

gist 2017;22:487–490

INTRODUCTION

Intratumoral heterogeneity has posed a tremendous challenge
in cancer management. Patients with heterogeneous tumors
have increased risk of progression [1]. Different subclones
within a tumor may exhibit different drug sensitivities, resulting
in treatment failure [2]. In breast cancer, estrogen receptors
(ER), progesterone receptors (PR), human epidermal growth
receptor 2 (HER2), and Ki67 are the important biomarkers for
treatment decision. Intratumoral heterogeneity can lead to dis-
cordance in their expression between different samples from
the same patient [3]. It raises concern on the validity of bio-
marker assessment, particularly in limited samples. Moreover,
biomarker status obtained from the primary tumor may some-
times be used to guide management of metastatic disease,
which may differ in expression due to clonal heterogeneity [4].
Current analysis for intratumoral heterogeneity is performed
mainly qualitatively on primary tumors, and only regional dif-
ferences in the same tumor (regional heterogeneity) are
assessed [5, 6]. Apart from that, difference among tumor cells
within the same regions (cellular heterogeneity) could exist,
but it is seldom investigated. The heterogeneity status could
also have clinical value in patient management. Heterogeneity
in hormonal receptors and HER2 status, manifested as discord-
ance between primary and metastatic sites, has been associ-
ated with significantly worse survival [7]. Also, patients with
heterogeneous HER2 status in primary tumors showed
significantly shorter disease-free survival than those with
homogeneous HER2 status [8]. The extent of heterogeneity
may provide more precise additional information with clinical
value.

MATERIALS AND METHODS

To gain deeper insight in intratumoral heterogeneity at differ-
ent levels and tumor sites for common biomarkers in breast
cancers, we have examined seven cases of invasive breast can-
cer with multiple axillary nodal metastases and/or recurrences
for immunohistochemical (IHC) expression of ER, PR, HER2, and
Ki67 on all tissue blocks in both primary and metastatic tumors.
Multiple regions (>30 regions per case totally) from the pri-
mary and paired metastatic tumors were randomly selected
from digitally captured IHC images. The percentage of cells with
low, moderate, and intense staining was recorded separately
for heterogeneity index calculation. Heterogeneity indices for
diversity measured in ecology (i.e., Rao’s quadratic entropy [QE]
and Shannon index) [9] were applied to evaluate heterogeneity
in two levels: cellular heterogeneity and regional heterogeneity
(supplemental online Fig. 1).The equation is as follows:
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where N is the total number of categories, pi and pj are the pro-
portion of the ith and jth categories, respectively, and dij is a
member of the symmetric taxonomic distance matrix �D .

Shannon index of diversity is defined as Shannon
52
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and pi the proportional abundance of the ith type. Regional
heterogeneity measured differences between different tumor
regions, whereas cellular heterogeneity measured variation
between different cells within a region. Paired comparison of
heterogeneity scores was performed using Wilcoxon test.
Spearman’s correlation was used to measure the relationship
between QEreg and QEcell. (Further details are described in the
supplemental online Appendix.)

RESULTS AND DISCUSSION

Clinicopathological features of the involved cases are summar-
ized in Table 1. More than 400 regions were evaluated in total.
Overall staining scores between primary and metastatic sites in
all cases were similar, although metastatic tumors tended to
have a lower PR and higher Ki67 expression (Table 1). Variability
of biomarker expression was observed in different selected
regions within the same tumor. For example, regions showing
HER2 IHC31 were noted for primary T1 and T4 tumors, which
were classified as HER2 negative (Fig. 1). Similarly, for ER-
negative T3 and T7 tumors, regional ER expression could be
observed. Although the degree of heterogeneity may not be
great, samplings of different sites could have prompted differ-
ent treatments, thus this “minor” heterogeneity could have a
clinically significant implication. The beneficial effects of
neoadjuvant treatment prompted more patients to undergo
preoperative biomarker testing, in which a small amount of tis-
sue was sampled by core needle biopsy. Regional differences
detected in limited samples may not truly represent the entire
tumor.

To examine the extent in heterogeneity, we first assessed
regional (QEreg) and cellular (QEcell) QE scores for each bio-
marker at different sites. Pairwise comparison between hetero-
geneity score between primary and metastatic tumors showed

no significant differences in heterogeneity at both regional and
cellular levels for most markers. However, when different
regions were classified using IHC surrogate into subtype, the
metastatic tumor demonstrated significantly less heterogeneity
than primary tumors (p 5 .038; Table 1). The findings may sup-
port a preferential selection of subclonal populations at meta-
static sites, resulting in its lower heterogeneity.

Comparing heterogeneity scores of different biomarkers,
the highest QEreg was observed for Ki67. Similarly, QEcell for
Ki67 was also the highest, with statistical significance (p< .001;
Table 1). Its highest heterogeneity scores may implicate a
greater chance of evaluation error during random sampling.
Ki67 measurement has been applied to prognosis, treatment
prediction, and treatment monitoring, particularly during neo-
adjuvant therapy. In this regard, a more extensive sampling
may be required to reduce the impact of heterogeneity. On the
other hand, information based on Ki67 staining from limited
samples should be treated with caution. It is interesting to note
that biomarker expression could have high QEcell but with simi-
lar low QEreg. We did not observe a significant correlation
between QEcell and QEreg in the majority of the biomarkers and
tumor sites (supplemental online Table 1). One could postulate
a potentially different mechanistic basis for the two levels of
heterogeneity. Two main models are currently proposed to
explain intratumoral heterogeneity: clonal evolution theory
and cancer stem cell theory. Regional heterogeneity in a tumor
is underpinned by genetic heterogeneity showing a clonal
genetic profile within morphologically similar regions [10].
Nevertheless, tumor heterogeneity is more than a reflection of
genetic diversity. It can be due to the differences in differentia-
tion hierarchies of cells within a tumor population, thus display-
ing substantial cell to cell variability [10].Moreover, intratumoral
heterogeneity in one marker may not reflect the same level of

Figure 1. Schematic representation of regional biomarker expression in the selected cases. Asterisk indicates region of HER2 31 score.
Abbreviations: ER, estrogen receptor; HER2, human epidermal growth receptor 2; LN, lymph node; met, metastasis; PR, progesterone

receptor; TNBC, triple negative breast cancer.
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heterogeneity for the other. Further investigations are war-
ranted to decipher the underlying mechanisms for different lev-
els of heterogeneity and their distinct clinical relevance.
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Implications for Practice:

Next-generation sequencing is now widely available in the clinic, but interpretation of the results is challenging, and its impact on
treatment selection is often limited. This work provides an overview of frequently encountered molecular abnormalities in breast
cancer and discusses their potential therapeutic implications. This review emphasizes the importance of administering investiga-
tional targeted therapies, or off-label use of approved targeted drugs, in the context of a formal clinical trial or registry programs to
facilitate learning about the clinical utility of tumor target profiling.
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