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Precision medicine in breast cancer
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Abstract: Precision medicine is a strategy for disease treatment and prevention that considers individual

variability in genes, environment, and lifestyle. Historically, breast cancer has been treated according to

biomarkers such as estrogen receptor and HER2 status. Currently, multigene assays are widely used to

predict the risk of relapse after surgery. Molecular targeted agents have been investigated extensively, and

some of them are clinically available to date. This review focuses on precision medicine, especially, genome

medicine, in breast cancer.
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Introduction

Breast cancer is one of the most prevalent cancers in the
world (1,2). Historically, breast cancer has been treated
according to biomarkers such as the expression of estrogen
receptor (ER), progesterone receptor (PgR), and the status
of HER? as assessed by immunohistochemistry (IHC) or
in-situ hybridization (ISH). More recently, breast cancer
has been subclassified to intrinsic subtypes on the basis of
molecular analyses (3,4), subsequently approximated by
IHC (5). This subtyping has been accepted in daily clinical
practice, and adjuvant endocrine therapy, chemotherapy,
and anti-HER2 therapy are recommended based on the
subtypes (Table 1) (6).

Precision medicine is a strategy for disease treatment
and prevention that considers individual variability in
genes, environment, and lifestyle (7). The concept of an
individualized approach is not new in the field of breast
cancer; however, recent advances in omics technologies
have focused on and allowed more precise approaches. This
review describes the recent advances in precision medicine,
especially, genome medicine, in breast cancer.
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Multigene assays for resected breast cancer

Classical “subtyping” is essential for early breast cancer to
determine which modality and which antitumor agents are
best recommended to the patient. However, the adverse
effects of cytotoxic chemotherapy are substantial, and
there is an urgent need for predicting the risk of relapse
and estimating the benefit of adjuvant chemotherapy so
as to omit chemotherapy without disadvantage. Several
multigene assays are available to estimate the risk for relapse
after definitive surgery (7able 2). They are used mainly in
ER-positive breast cancers. MammaPrint (Agendia) and
Oncotype DX (Genomic Health, Inc., Redwood City, CA,
USA) are the most widely used multigene assays worldwide.

MammaPrint uses fresh/frozen tissues or formalin-fixed
paraffin-embedded (FFPE) samples and examines 1,391
genes by microarray assay, and the results of 70 genes are
used to classify patients into high- to low-risk for relapse
(8,9). In a retrospective study, 295 breast cancers were
analyzed. The hazard ratio for 10-year distant disease-
free survival (DFS) was 5.1 for high-risk compared to low-
risk patients (P<0.001). In comparison with Adjuvant!
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Table 1 Subtypes of breast cancer based on IHC and ISH
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Subtype

Definition

Triple-negative

Hormone receptor-negative and HER2-positive
Hormone receptor-positive and HER2-positive

Hormone receptor-positive and HER2-negative

High receptor, low proliferation, low grade (luminal A-like)
Intermediate

Low receptor, high proliferation, high grade (luminal B-like)

ER-, PgR-, and HER2-negative
ER/PgR-negative, HERZ—positive‘r
ER/PgR-positive >1%, HEF{2-positiveT
ER/PgR-positive 1%, HER2-negative

High ER/PgR and clearly low Ki-67 or grade
Intermediate

Lower ER/PgR with clearly high Ki-67, histological grade 3

T, HER2 positive: 3+ in IHC or ISH >2.0. PgR, progesterone receptor; ER, estrogen receptor; HER2, human epidermal growth factor

receptor 2; IHC, immunohistochemistry; ISH, in-situ hybridization.

Table 2 Multigene assays for breast cancer

Assay MammaPrint Oncotype DX  PAM50 Breast cancer index EndoPredict Curebest 95GC breast
Sample FFPE, fresh/frozen FFPE FFPE, fresh/frozen FFPE FFPE FFPE, fresh/frozen
Analysis MA gRT-PCR MA/qRT-PCR gRT-PCT gRT-PCR MA
Number of genes 70 21 55 7 11 95
Patients ER(+)/(-), LN0-3  ER(+), LN(-)/(+) ER(+), LN0-3 ER(+) ER(+) ER(+), LN(-)
Outcome Distant-free Distant-free Intrinsic subtype, RFS, OS Distant-free RFS
survival survival, RFS distant-free survival survival
Company Agenda Genomic ARUP Laboratories BioTheranostics Myriad (US) Sysmex (Japan)
(Netherlands) Health (US) (Us) Us)

ER, estrogen receptor; FFPE, fresh frozen paraffin-embedded; LN, lymph node; MA, microarray; OS, overall survival; RFS, relapse-free

survival.

Online, an internet tool to estimate the risk of relapse and
benefit of adjuvant endocrine therapy and chemotherapy,
MammaPrint was more useful to distinguish high risk from
low risk (10). Currently, a prospective study of MINDACT,
a randomized phase III trial investigating the utility of
MammaPrint in addition to the clinicopathological factors
in selecting operable breast cancer patients for adjuvant
chemotherapy, is underway (11,12).

Oncotype DX, which uses FFPE samples, is another
widely used multigene assay. Oncotype DX examines
21 genes (including five reference genes) and estimates
the risk of relapse at 10 years and the benefit of adjuvant
endocrine therapy and chemotherapy. Oncotype DX results
are expressed as recurrence score (RS) from 0 to 100.
Retrospective analysis of the National Surgical Adjuvant
Breast and Bowel Project (NSABP) B14, a randomized
study which compared 5 years of tamoxifen with the same
period of placebo in early breast cancer patients after
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surgery and showed a significant improvement of DFS
with tamoxifen, showed that the rate of 10-year distant
recurrence in the low RS (RS <18), intermediate RS (RS
18-30), and high RS (RS >31) cohort were 6.8%, 14.3%,
and 30.5%, respectively (13). Another retrospective analysis
with the data of Trans-Arimidex, Tamoxifen, Alone or
in Combination (TransATAC) study showed that RS is
an independent risk factor, regardless of the presence of
lymph node metastases (14). Oncotype DX also predicts the
benefit of adjuvant chemotherapy. Retrospective analysis
of the NSABP B20 study, in which ER-positive patients
without lymph-node metastasis were enrolled, showed that
in patients with high RS (RS >31), the risk of relapse was
improved by adjuvant chemotherapy and endocrine therapy
compared with endocrine therapy alone (relative risk, 0.26;
95% CI, 0.13-0.53, P<0.001); however, in patients with low
RS, benefit of adjuvant chemotherapy was not demonstrated

(relative risk, 1.31; 95% CI, 0.46-3.78, P=0.61) (15).
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Similarly, the benefit of adjuvant chemotherapy in patients
with lymph node metastasis was reported (SWOG 8814
study) (16). Currently, prospective studies (TAILORx,
RxPONDER) are underway (17-19).

PAMS50-based Prosigna (NanoString Technologies)
examines a 50-gene signature and estimates the risk of
recurrence (ROR) (20). In a retrospective study of the
TransATAC study, the predictive value of the ROR was
demonstrated (21). A retrospective analysis of Austrian
Breast & Colorectal Cancer Study Group-8 (ABCSG-8),
investigating the efficacy of switching from tamoxifen to
anastrozole compared with continuing to receive tamoxifen
in patients with postmenopausal hormone receptor-
positive early breast cancer, showed that PAMS50 was useful,
regardless of lymph node metastases (22). The prognostic
utility of the breast-cancer index (BCI) assay was examined
in TransATAC study (23). BCI showed a significant
predictor for risk of both early and late distant recurrence.

EndoPredict (Myriad Genetics) is a clinically validated
multianalyte gene expression test which could predict the
ROR in patients with breast cancer at 10 years (24).

Curebest 95GC breast (Sysmex) is a 95-gene classifier
that uses fresh samples to predict the prognosis for ER-
positive and lymph node metastasis-negative resected breast
cancer treated with adjuvant endocrine therapy alone (25).
The capability of Curebest 95GC to predict prognosis
seems to be comparable to that of Oncotype DX (26).
These assays are currently employed in practice guidelines
and have been used intensively in clinic.

Mutational landscape and molecular targeted
agents for breast cancer

Recent advances in molecular medicine have been key
to precision medicine. For example, epidermal growth
factor receptor (EGFR) tyrosine kinase inhibitors showed
great benefit in patients with non-small cell lung cancer
and activating EGFR mutations (27-29). In contrast, the
evaluation of RAS mutation is useful to avoid anti-EGFR
antibody for colorectal cancer (30,31). Druggable or
actionable gene alterations which could affect treatment
choice have been recently discovered across cancer types.
In breast cancer, several possible druggable mutations have
been identified (Zable 3) (32). Several multiplex gene panels
are available (Tuble 4). However, there is relatively less
evidence to support the use of matched molecular targeted
agents in breast cancer.
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Phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/
mechanistic target of rapamycin (inTOR) pathway

Deregulation of the phosphoinositide 3-kinase (PI3K)/
protein kinase B (AKT)/mechanistic target of rapamycin
(mTOR) pathway contributes to the development and
progression of tumors, and the PI3K-AKT-mTOR axis
is one of the most commonly affected pathways in breast
cancer. For example, Chen and colleagues reported the
incidence of somatic mutations in PIK3CA (44%), PIK3R1
(17%), AKT3 (15%), and PTEN (12%) in Chinese breast
cancer patients (33). Similarly, we have detected mutations
in PIK3CA (38%), TP53 (15%), and AKT1 (13%) in 39
early hormone receptor-positive Japanese breast cancer
patients (unpublished data).

PI3K inhibitors

Several PI3K inhibitors are currently under investigation
(Figure 1) (34). Among them, buparlisib is in the most
advanced stage of development. A phase III study
(BELLE-2) compared buparlisib with placebo in
combination with fulvestrant in postmenopausal hormone
receptor-positive and HER2-negative breast cancer
progressed on or after aromatase inhibitor (35). In the total
patient population (n=1,147), progression-free survival
(PFS) was significantly longer with buparlisib [median PFS
6.9 vs. 5.0 months, hazard ratio (HR) =0.78, P=0.00021].
The benefit of buparlisib was larger in PI3K pathway-
activated patients (n=372, median PFS 6.8 vs. 4.0 months,
HR =0.76, P=0.014). In another phase III study (BELLE-3),
buparlisib was also compared with placebo in combination
with fulvestrant in postmenopausal hormone receptor-
positive and HER2-negative breast cancer patients who
had relapsed on or after endocrine therapy and mTOR
inhibitors (36). Buparlisib significantly improved PFS (3.9
vs. 1.8 months, HR =0.67, P=0.00030). However, approval
application has not been submitted yet. Currently, pictilisib,
alpelisib and taselisib are being evaluated in phase III studies.

mTOR inhibitor

The mTOR inhibitor everolimus is approved worldwide
and widely used in combination with aromatase inhibitor
exemestane. A pivotal phase III study (BOLERO-2)
evaluated the efficacy of everolimus in combination with
exemestane in 724 patients with hormone-receptor-positive
advanced breast cancer after a nonsteroidal aromatase
inhibitor (37). PES was significantly longer with everolimus
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Table 3 Top 50 mutations detected in breast cancer (6,089 samples

from 5,987 patients from cBioPortal, accessed on 28 April 2018)
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Table 3 (continued)

Gene Number of samples Number of patients Frequency
PIK3CA 2,563 2,282 37.48%
TP53 2,324 2,267 37.23%
MUC16 953 759 12.47%
GATA3 741 704 11.56%
TN 1,032 697 11.45%
CDH1 693 676 11.10%
KMT2C 709 620 10.18%
MAP3K1 785 538 8.84%
SYNE1 610 511 8.39%
AHNAK?2 653 492 8.08%
USH2A 395 380 6.24%
RYR2 435 377 6.19%
DNAH11 367 342 5.62%
AHNAK 380 314 5.16%
KMT2D 319 293 4.81%
PTEN 318 289 4.75%
DNAH2 309 281 4.61%
NCOR1 286 264 4.34%
HERC2 285 260 4.27%
DNAH5 284 256 4.20%
ARID1A 275 252 4.14%
TBX3 266 241 3.96%
AKAP9 267 236 3.88%
MAP2K4 236 233 3.83%
TG 242 231 3.79%
NF1 245 228 3.74%
BIRC6 240 220 3.61%
UTRN 231 218 3.58%
RUNXT1 234 215 3.53%
PDE4DIP 240 209 3.43%
AKT1 207 207 3.40%
CBFB 213 207 3.40%
FLG 232 204 3.35%
MUC4 226 199 3.27%

Table 3 (continued)

© Chinese Clinical Oncology. All rights reserved.

Gene Number of samples Number of patients Frequency
COL6A3 207 198 3.25%
HMCN1 230 196 3.22%
LAMA2 198 191 3.14%
NCOR2 197 189 3.10%
ERBB2 202 186 3.05%
COL12A1 192 183 3.01%
MYH9 193 178 2.92%
COL22A1 178 169 2.78%
NOTCH1 178 166 2.73%
NEB 197 163 2.68%
RYR3 187 162 2.66%
OBSCN 190 161 2.64%
SYNE2 198 161 2.64%
DMD 200 159 2.61%
NCOAS3 167 158 2.59%

(median PFS 6.9 vs. 2.8 months, HR =0.43, P<0.001).
To explore the predictive factor for everolimus, next-
generation sequencing was performed to analyze genetic
alterations in cancer-related genes in 302 archival tumor
samples from the BOLERO-2 study (38). The benefit of
PFES with everolimus was consistent across gene alterations
in FGFR1, CCNDI, and also PIK3CA or the pathways of

which they are components.

AKT inhibitors

Several AKT inhibitors have been investigated in patients
with breast cancer. In a randomized phase II trial (LOTUS),
ipatasertib was evaluated in combination with paclitaxel (39).
In the study, 124 inoperable, locally advanced or metastatic
chemotherapy-naive triple-negative breast cancer (TNBC)
patients were enrolled. The median PFS was 6.2 months
with ipatasertib versus 4.9 months with placebo (HR =0.60,
P=0.037), and in the 48 patients with PTEN-low tumors,
the benefit of ipatasertib seemed better (median PFS was
6.2 vs. 3.7 months, HR =0.59, P=0.18). In a basket study
of another AKT inhibitor, AZD5363, the median PFS
was 5.5 months in patients with AKT1 E17K-mutant ER-
positive breast cancer (40). MK-2206 was investigated in
neoadjuvant setting in patients with PIK3CA-mutant ER-
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Table 4 Examples of multiplex gene panels
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Panel Number of genes tested Sample type FDA approval Companion diagnostic indications
MSK-IMPACT 468 Tumor tissue DNA Yes N/A
FoundationOne CDx 324 Tumor tissue DNA/RNA  Yes Lung cancer: EGFR, ALK, and BRAF

Melanoma: BRAF
Breast cancer: HER2 (ERBB2)
Colorectal cancer: KRAS and NRAS

Ovarian cancer: BRCA1 and BRCA2

Oncomine Dx target test 23 Tumor tissue DNA/RNA  Yes Lung cancer: EGFR, ROS1, and BRAF
Oncomine Focus Assay 52 Tumor tissue DNA No N/A
Oncoprime 215 Tumor tissue DNA No N/A
NCC oncopanel 114 Tumor tissue DNA No N/A
Archer FusionPlex Panel 36 Tumor tissue RNA No N/A
SureSeq NGS Cancer Panels 120 Tumor tissue DNA No N/A
lon AmpliSeq Cancer 50 Tumor tissue DNA No N/A

Hotspot Panel

positive and HER2-negative breast cancer (41). MK-2206
is unlikely to add to the efficacy of anastrozole alone in
PIK3CA-mutant ER-positive breast cancer.

RAS-RAF-MAPK pathway

RAF inhibitor

The RAS/RAF signaling pathway plays an important
role of cell proliferation and angiogenesis. Sorafenib is
a multitargeted kinase inhibitor and one of its targets
is Raf-1, a member of the RAF/MEK/ERK signaling
pathway. RESILIENCE is a randomized phase III trial that
compared capecitabine with sorafenib or placebo in patients
with locally advanced/metastatic HER2-negative breast
cancer resistant to a taxane and anthracycline in the first- or
second-line setting. Sorafenib failed to prolong PFS (median
PFS 5.5 vs. 5.4 months, HR =0.973, P=0.811) or overall
survival (OS) (median OS 18.9 vs. 20.3 months, HR =1.195,
P=0.140) (42).

MAPK inhibitor

p38 MAPK is a protein kinase activated by cytokine
stimulation, ultraviolet irradiation, and various stresses. p38
MAPK plays an important role on regulation for cytokines and
cell survival. Ralimetinib is a selective small-molecule inhibitor
of p38 MAPK (43). Ralimetinib demonstrated acceptable
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safety, tolerability, and pharmacokinetics in patients with
advanced cancer. A randomized phase II study of tamoxifen
and ralimetinib in advanced or metastatic breast cancer after
aromatase inhibitors (OLYMPE) is awaiting results (44).

Histone deacetylase (HDAC) inhibitors

Epigenetics refers to alterations in gene expression that are
not accompanied by changes in the corresponding DNA
sequence (45). Epigenetics has increasingly investigated to
find new ways of prevention and to overcome the resistant
to endocrine therapy in breast cancer. HDAC controls
the level of acetylation of histones and consequently, gene
expression. Several HDAC inhibitors are investigated in
oncology. Entinostat is an oral isoform-selective HDAC
inhibitor targeting resistance to endocrine therapies in
ER-positive breast cancer. A randomized phase II trial
(ENCORE301) evaluated entinostat in combination with
exemestane in comparison with exemestane alone (46).
Entinostat significantly improved PFS (median PFS 4.3 vs.
2.3 months, HR =0.73, P=0.055). A phase III study (E2112)
is underway (47).

Cyclin dependent kinase (CDK) inbibitors
The cyclin D-CDK 4/6-inhibitor of CDK4 (INK4)-

Chin Clin Oncol 2018;7(3):29
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Receptor tyrosine kinase

Cell membrane

PI3K inhibitors
+ Pictilisib
+ Buparlisib
<: - Alpelisib
- Taselisib
inhibi + Dactolisib
R~/-\SFOIrg?elzlitt?rs h , - Gedatolisib
RAF
MEK inhibitors AKT inhibitors
+ Selumetinib + AZD5363
- Trametinib ¢ + Ipatasertib
+ Binimetinib + MK2206
- Pimasertib - LY2780301
MAPK inhibitor mTOR inhibitors
+ Ralimetinib - Everolimus
ERK inhibitor - Ridaforolimus
+ Ulixertinib - AZD2014
+ TAK-228
Nuclear membrane . Gedatolisib
HDAC inhibitors
+ Vorinostat CDK inhibitors
+ Rocilinostat Gene transcription - Ribociclib
- Entinostat $ - Palbociclib
+ Romidepsin + Abemaciclib
- CUDC-907 DNA repair Call eyels - Trilaciclib
+ Panobinostat + SHR6390
+ Dinaciclib
4 - P276-00

+ Iniparib

+ Olaparib

* Rucaparib

+ Niraparib

+ Veliparib

+ Talazoparib

PARP inhibitors

Figure 1 Molecular pathways and potential targeted agents for breast cancer.

retinoblastoma (Rb) pathway plays a critical role in controlling
cell cycle. CDK4/6 inhibitors induce cell cycle arrest in the
G1 phase, which can eventually prevent the proliferation of
cancer cells (48). The efficacies of three CDK4/6 inhibitors
(palbociclib, ribociclib, and abemaciclib) in patients with ER-
positive relapsed/metastatic breast cancer have been reported
(Table 5) (49-53). However, the predictive factor of these
CDK4/6 inhibitors has not yet been determined.

PARP inbibitors

BRCAL1 and BRCA2? are critical proteins in the process of
homologous recombination repair of double-strand DNA
breaks. Germline BRCA mutations (gBRCA mutation)

were found in 5-10% of breast cancers (54). In patients
with gBRCA mutations, the function of BRCA might
be deficient and homologous recombination repair of
double-strand DNA breaks is impaired, therefore PARP
inhibitors induce synthetic lethality. Iniparib was the
first drug for which a phase III study was reported (55)
(recently iniparib is suspected not to be a potential PARP
inhibitor). Patients with stage IV/locally recurrent TNBC
were randomly allocated to gemcitabine/carboplatin alone
or in combination with iniparib. The benefit of iniparib
was not statistically significant (OS HR =0.88, P=0.28; PFS
HR =0.79, P=0.027). Olaparib, another PARP inhibitor, was
investigated in a phase III trial (OlympiaD) (56). In the

study, olaparib as a single agent was compared with standard

© Chinese Clinical Oncology. All rights reserved. cco.amegroups.com Chin Clin Oncol 2018;7(3):29
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Table 5 CDK4/6 inhibitors

Study Paloma-2 Paloma-3 MONALEESA-2 MONALEESA-3 MONARCH 2 MONARCH 3

CDK4/6 inhibitor ~ Palbociclib Palbociclib Ribociclib Ribociclib Abemaciclib Abemaciclib

Endocrine therapy Letrozole Fulvestrant + Letrozole Fulvestrant Fulvestrant + Letrozole/
goserelin goserelin anastrozole

Treatment line 1st 2nd or later 1st 1st/2nd 2nd 1st

Patient Postmenopausal, Any menopausal, Postmenopausal, Postmenopausal Any menopausal, Postmenopausal,

>18 years, >18 years, ER(+), PS =18 years, ER(+)/ or male, =18 >18 years, >18 years, ER(+)/
ER(+), PS 0-2, 0-1, measurable or  PgR(+), PS 0-1, vyears, ER(+)/ ER(+), PS 0-1, PgR(+), PS 0-1,
measurable or bone only, DFI <12  measurable or PgR(+), PS 0-1, measurable measurable or
bone only months (adjuvant) or bone only (lytic) measurable or or Bone only, bone only
<1 month (mets) bone only (lytic)  chemonaive

Primary Endpoint PFS PFS PFS PFS PFS PFS

Results N=666; 24.8 vs. N=521; 9.2 vs. N=668; NR vs. N/A N=669; 16.4 vs. N/A
14.5m, HR 0.58, 3.8 m, HR 0.42, 14.7 m, HR 0.56, 9.3 m, HR 0.553,
P<0.001 P<0.001 P=3.29x10"° P<0.001

Registration NCT01740427 NCT01942135 NCT01958021 NCT02422615 NCT02107703 NCT02246621

ER, estrogen receptor; PgR, progesterone receptor; DFI, disease-free interval; PS, performance status; mets, metastasis; HR, hazard ratio;

N/A, not available; NR, not reported.

chemotherapy (vinorelbine, eribulin, or capecitabine) in
patients with a gBRCA-mutated HER2-negative metastatic
breast cancer who had received no more than two lined of
chemotherapy for metastatic disease. PFS was significantly
improved in the olaparib group (median PFS 7.0 vs.
4.2 months, HR =0.58, P<0.001). The data for OS is
preliminary, but the effect on OS seems not to be significant.
Recently, a randomized phase III trial (EMBRACA) of
talazoparib in patients with advanced breast cancer and a
gBRCA mutation was reported (57). Talazoparib is a dual-
mechanism PARP inhibitor showing to inhibit the PARP
enzyme and also to trap PARP on DNA, thus preventing
DNA damage repair, leading to death of BRCA-mutated
cells. Talazoparib significantly improved PFS compared
to placebo (median PFS 8.6 vs. 5.6 months, HR =0.542,
P<0.0001). To test BRCA alterations, BRACAnalysis CDx
was approved as a companion diagnostic by the FDA (58).

Miscellaneous
HER?2 mutation

Somatic HER2 (encoded by ERBB2) mutations, apart
from gene amplification, have been reported recurrently.
Mutations in HER2 are clustered in the extracellular,
transmembrane and kinase domains. Also, HER2 mutations
are infrequent in a wide variety of cancers but targetable.

© Chinese Clinical Oncology. All rights reserved.
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In breast cancers, activating mutations were identified as
follows: G309A, D769H/Y, V777L, P780ins, V8421, and
R896C (59). L7558 was associated with lapatinib resistance.
All of these mutations were sensitive to the irreversible
kinase inhibitor, neratinib. Recently, phase II SUMMIT
trial, which is a HER2 mutant basket trial, showed mutation
status can contribute to response to neratinib regardless of

tumor type (60).

Glembatumumab vedotin

Glycoprotein non-metastatic gene B (gpNMB) is an
internalizable glycoprotein that is expressed in more than
40% of breast cancers as well as in other tumor types (61).
gpNMB plays a crucial role in the migration, invasion, and
metastasis of breast cancer. Glembatumumab vedotin is a
gpNMB-specific monoclonal antibody-drug conjugated
with the potent cytotoxin monomethyl auristatin E. In
a randomized phase II trial (EMERGE), patients with
refractory breast cancer that expressed gpNMB in >5% of
epithelial or stromal cells as indicated by central IHC were
randomized to glembatumumab vedotin or chemotherapy (62).
Unplanned analysis showed an overall objective response
rate of 18% versus 0% in patients with TNBC, and 40%
versus 0% in gpNMB-overexpressing TNBC. Currently,
a pivotal phase IIb study METRIC completed enrollment

Chin Clin Oncol 2018;7(3):29
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and the results are awaited (63).

A need for expert panels

As described above, druggable or actionable gene alterations
are more common across the cancer types. In breast cancer,
several gene alterations such as gBRCA mutations, PIK3CA
mutations are promising as a predictor for treatment
choice. Therefore, it is necessary to examine multiple gene
alterations at once. To introduce pan-cancer next generation
sequencing (NGS) gene panels into clinical practice,
analytical validity, clinical validity, and clinical utility should
be established prospectively. Moreover, there is a potential
for the recognition and reporting of secondary findings,
unrelated to the indication for testing the sequencing, but
of clinical importance. For interpreting sequencing results,
assigning annotations, and discussing concomitant ethical/
legal/social implications, a multidisciplinary tumor board
(expert panel) is essential (64). An expert panel is usually
referred to as a multidisciplinary tumor board consisting of
experts in medical oncology, pathology, molecular medicine,
genetics, and bioinformatics. The utility of organizing expert
panels for discussing sequencing results has been suggested,
because most physicians have lacked the confidence in the
interpretation of genomic alterations (65).

Future directions

Recent advances in molecular targeted agents, such as PI3K/
mTOR inhibitors, CDK4/6 inhibitors, and PARP inhibitors,
have continually improved the prognosis of breast cancer
patients; however, the predictive factor of these agents
are poorly described, except for BRCA mutations. Serial
investigations of mutational status, for example using cell-
free DNA (cfDNA) (66), may overcome such issues.
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