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Personalized medicine or precision medicine is one of the

most interesting topics in current clinical cancer research.

When compared to other types of solid cancer, breast

cancer has been utilized sub-personalized (subtyping)

treatment strategy for a very long time. In the 1980s, the

presence of estrogen receptor (ER) was evaluated by a

dextran-coated charcoal assay (ligand binding assay) and

endocrine therapy was administered to specific patients

with ER-positive breast cancer [1]. LHRH analog for pre-

menopausal patients is another subtyping approach. How-

ever, recent technological advances in multi-gene assay

and whole genome sequencing have made it possible to

divide breast cancer subtyping into more detailed cate-

gories. In addition, classical RT-PCR technique for mRNA

expression analysis was developed to digital PCR assay

with high sensitivity. Based on these technological

advances, we are trying to administer the right drug at the

right time to the right patient. The development of

molecular diagnostic tools is a key element for realizing

precision and personalized medicine in clinical practice.

These tools should be industrialized and approved by a

regulatory agency.

This special feature issue of Breast Cancer includes five

review articles related to molecular diagnostics. Figure 1

shows the application of each molecular diagnostic in

clinical breast cancer time course. For instance, multi-gene

classifiers are used for prediction of risk of recurrence, and

companion diagnostics are applied for choosing a specific

drug for each patient. Sato et al. cover the basic knowledge

of ‘‘genomic tumor evolution’’. Recent progress of com-

prehensive genome-wide analysis has revealed information

regarding genomic mutations and rearrangements in each

individual tumor [2]; however, during the process of tumor

invasion, metastasis and treatment exposure, cancer gen-

omes are dynamically changing and evolving. At this

moment, no established technique exists for tracking this

genomic tumor evolution in the living tumor of a patient,

although liquid biopsy to detect circulating tumor cells and

circulating cell-free DNA could be a promising approach.

Naoi et al. reported multi-gene classifiers for predicting

recurrence risk for early breast cancer patients [3]. In

contrast to conventional biomarkers such as ER, PgR and

HER2, multi-gene assay evaluates multiple target mRNA

expressions at one time, providing a significant amount of

information for treatment decision. Although many multi-

gene assays have been developed to date, most success case

is the Oncotype DX assay which calculates the recurrence

score (RS) based on the expression of 21 genes using RNA

extracted from FFPE tumor tissues. Very recently, the first

survival data of the TAILORx study with Oncotype DX has

been reported [4]. Early breast cancer patients with ER-

positive HER2-negative node-negative tumors and those

whose tumors were classified as low RS (equal or less than

10) showed remarkable good prognosis without adjuvant

chemotherapy. This is the first prospective evidence for

treatment decision to have been made using multi-gene

assay.

Tazawa reported on the development of companion

diagnostics for indication of molecular targeting drugs [5].

Though many molecular targeting drugs for breast cancer

have been developed to date, the most scene-changing drug

has been trastuzumab for HER2-positive tumor. Tras-

tuzumab was developed through clinical trials that
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restricted enrolled patients, whose tumor overexpressed

HER2 protein, leading to a remarkable overall response

rate as well as a significant prolongation in overall survival.

In this process, a companion diagnostic tool named Her-

ceptest was simultaneously developed. Although the same

approach has been tried with other drugs such as beva-

cizumab and everolimus, they failed to find predictive

biomarkers of response and could not establish companion

diagnostic, resulting in non-significant benefits in overall

survival. Table 1 shows the molecular targeting drugs for

ER-positive breast cancer, currently being developed in

phase III trials [6]. All of these drugs are used alongside

endocrine therapy; however, no specific predictive

biomarkers have been found during the developmental

process. Due to high cost of new molecular targeting drugs

and very competitive developmental situations aiming at

the same targets, such as CDK4/6 inhibitor, a companion

assay for prediction of the benefits of each drug is neces-

sary. Regulatory agencies’ problems of approving labora-

tory-developed test are also discussed in this paper.

Kurihara et al. reported molecular imaging using

positron emission tomography (PET) for evaluating

in vivo biomarkers and drug response [7]. Molecular

imaging can visualize the biological process at molecular

and cellular levels in vivo, using specific tracers for

molecular targets. In clinical practice, molecular imaging

could be used for the detection of cancer in vivo,

defining the characteristics of tumor subtypes by using

molecular tags. Moreover, molecular imaging could be

used for the evaluation of treatment response in earlier

time course during treatment. It is likely that hormone

receptor PET imaging would be able to provide the most

useful information, if it could be developed to be a valid

diagnostic test. The PET tracer 16a-18F-fluoro-17b-
estradiol can bind to ER in a patient’s tumor, and

monitor receptor expression status in a non-invasive and

repeated manner. The basic treatment strategy of ER-

positive metastatic breast cancer is sequential endocrine

therapy; however, response becomes weaker in later

treatment sequences. If the ER expression in later peri-

ods could be confirmed, we would be able to try the

DCIS 

Palpable tumor 

Micro metastasis 

Asymptomatic 

Organ dysfunction 

Death 

Symptomatic 

Tu
m

or
 v

ol
um

e 

Time course 

G
en

om
ic

 tu
m

or
 e

vo
lu

tio
n 

Molecular epidemiology 

Multi-gene classifier 

Molecular imaging 

Companion diagnostic 

Fig. 1 Application of molecular diagnostic tools in clinical breast

cancer time course. Y axis indicates tumor volume, and X axis

indicates time course of disease. DCIS ductal carcinoma in situ

Table 1 Molecular targeting drugs and clinical trial settings for ER-positive HER2-negative breast cancer

Inhibitor Trial (n) Phase Endocrine Patient group

HDAC Entinostat ECOG-ACRIN (n = 600) III Exemestane Postmeno, 2nd line

CDK4/6 Palbociclib (PD-

0332991)

PALOMA-2 (n = 650) III Letrozole Postmeno, 1st line

PALOMA-3 (n = 417) III Fulvestrant Post and premeno with LHRHa, 2nd

line

PALOMA-4 (n = 330) III Letrozole Asian postmeno, 1st line

PEARL (n = 348) III Exemestane vs.

capecitabine

Postmeno, 2nd line

Ribociclib (LEE011) MONALEESA-2

(n = 650)

III Letrozole Postmeno, 1st line

MONALEESA-3

(n = 660)

III Fulvestrant Postmeno, 1st, 2nd line

MONALEESA-7

(n = 660)

III Tamoxifen/ns-AI

?LHRHa

Premeno, 1st line

Abemaciclib

(LY2835219)

MONARCH 2 (n = 550) III Fulvestrant Post and premeno with LHRHa, 2nd

line

MONARCH 3 (n = 450) III ns-AI Postmeno 1st line

mTOR Everolimus BOLERO-2 (n = 724) III Exemestane Postmeno 2nd line

SWOG 1222 (n = 825) III Fulvestrant ? anastrozole Postmeno, stage-IV 1st line

Pan-

PI3K

Buparlisib (BKM120) BELLE-2 (n = 842) III Fulvestrant Postmeno 2nd line

ns-AI non steroidal aromatase inhibitor, LHRHa LH-RH analog, postmeno postmenopausal, premeno premenopausal
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next endocrine therapy and avoid early use of

chemotherapy [8]. In addition to ER, HER2 expression

in vivo is also visualized by HER2 monoclonal antibody

labeled with radioactive molecules. In general, conven-

tional fluorodeoxyglucose (FDG) PET imaging is used

for the detection of cancer. Ellis et al. used FDG-PET

CT for monitoring metabolic flare after estradiol tablet

treatment in vivo [9]. Estrogen such as diethylstilbestrol

is an established endocrine therapy for late-stage MBC

patients. They reported that such metabolic flare was a

highly significant predictor of response to estradiol

treatment.

A study by Ito and Matsuo reported the history and

recent topics of molecular epidemiology for personalized

cancer prevention [10]. Cancer is generally thought to be a

multi-factorial disease consistent with environmental fac-

tors and genetic factors. Lung cancer, for instance,

although smoking history is the strongest initiation factor,

not all heavy smokers get lung cancer. Molecular epi-

demiology provides an answer to this question by ‘‘gene–

environment interaction’’. Recent advances in genotyping

technology make it possible to conduct genome-wide

association studies (GWAS) for single nucleotide poly-

morphisms. The ‘‘Gail model’’ is the most commonly used

prediction tool for breast cancer, incorporating personal

medical, reproductive and familial histories. Furthermore,

recent GWASs have identified multiple genetic variants

associated with breast cancer risk [11]. Efforts to add these

variants to existing risk-assessment models are currently

underway. It is our belief that, in the near future, we will

see breast cancer risk prediction using genetic and envi-

ronmental risk factors, enabling personalized precision

prevention.
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