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1  | INTRODUC TION

Estrogen receptor- positive (ER+), epidermal growth factor 
2-negative(HER2−),andnode-negative(n0)breastcancersaccount

for approximately half of invasive breast cancer in Japanese women.1 
As the report that individuals with invasive breast cancer measuring 
more than 1 cm derive a significant benefit from adjuvant chemo-
therapy regardless of nodal and ER status was published in 2000 
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Abstract
In clinical decision- making, to decide the indication for adjuvant chemotherapy for es-
trogen receptor- positive (ER+), human epidermal growth factor receptor- 2- negative 
(HER2−),andnode-negative(n0)breastcancerpatients,theaccurateestimationof
recurrence risk is essential. Unfortunately, conventional prognostic factors, such as 
tumorsize,histologicalgradeandER,progesteronereceptor(PR),andHER2status
as well as Ki67 index, are not sufficiently accurate for such estimation. Therefore, 
severalmultigeneassays(MGAs)basedonthemRNAexpressionanalysisofmultiple
genes in tumor tissue have been developed to better predict patient prognosis. These 
assaysincludeOncotypeDX,MammaPrint,PAM50,GGI,EndoPredict,andBCI.We
developedCurebest™95-GeneClassifierBreast (95GC) classifier,which is unique
in that mRNA expression data of all 20 000 human genes are secondarily obtain-
able,asthe95GCassayisperformedusingAffymetrixmicroarray.Thiscancapture
mRNA expression of not only 95 genes but also every gene at once, and such gene 
expressiondatacanbeutilizedbytheotherMGAsthatwehavedeveloped,suchas
the155GC,whichisusedfortheprognosticpredictionofER+/HER2−breastcancer
patientstreatedwithneoadjuvantchemotherapy.Wealsodevelopedthe42GCfor
predicting late recurrence in ER+/HER2−breastcancerpatients.Inthismini-review,
ourrecentattemptatthedevelopmentofvariousMGAs,whichisexpectedtofacili-
tate the implementation of precision medicine in ER+/HER2−breastcancerpatients,
ispresentedwithaspecialemphasison95GC.
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(NIH), most patients with ER+/HER2−/n0breastcancerhavebeen
treated with adjuvant chemotherapy.2 However, ER+/HER2−/n0
breast cancer has a less aggressive phenotype compared with other 
subtypes, and approximately 85% of patients with this type of breast 
cancer may not experience recurrence even if they are treated with 
adjuvant hormone therapy alone.3 This indicates that a high propor-
tion of ER+/HER2−/n0breastcancerpatientsareovertreatedwith
unnecessary adjuvant chemotherapy. Therefore, to avoid overtreat-
ment with chemotherapy, many studies have focused on the devel-
opment of a prognostic indicator that can select patients who are at 
averylowriskofrecurrenceandnotrequireadjuvantchemotherapy.

Although conventional clinicopathological parameters, including 
ER,PR,andHER2statusaswellastheKi67index,areclinicallyuse-
ful for predicting prognosis, their accuracy and reproducibility are not 
sufficienttoreliablyselectpatientswhodonotrequireadjuvantche-
motherapy. Therefore, prognostic indicators based on multigene as-
says(MGA),whichmeasurethemRNAexpressionofmultiplegenesin
tumor tissue, have been developed and implemented in clinical prac-
tice for ER+/HER−/n0breastcancerpatients.AlthoughseveralMGAs,
includingOncotypeDX,MammaPrint,andPAM50,havebeendevel-
oped,themostextensivelyinvestigatedMGAisOncotypeDX,which
isaRT-PCR-basedmRNAexpressionanalysisof21genes.3 Recently, 
the TAILORx trial prospectively showed that Oncotype DX can select 
patients with ER+/HER2−/n0breastcancerwho,whentreatedwith
adjuvant hormone therapy, are at a very low risk for recurrence and 
therefore do not need adjuvant chemotherapy.4

Since2007,wehavealsostudiedtheabilityofMGAstopredict
recurrence in patients with ER+/HER2−/n0 breast cancer. Rather
thanusingRT-PCRforselectedgenes,suchasinOncotypeDX,we
adopted the Affymetrix DNA microarray for analysis of mRNA ex-
pression as this assay can simultaneously measure the mRNA ex-
pression of the whole genome in tumor tissue. The expectation is 
that such a comprehensive whole- gene expression analysis would be 
useful for the construction of recurrence prediction models not only 
for ER+/HER2−/n0 breast cancer patients treated with adjuvant
hormone therapy alone, but also for those with other types of breast 

cancer and for the construction of models that predict chemothera-
peutic response. Moreover, the availability of public gene expression 
datasets obtained by Affymetrix microarrays in a large number of 
patients with long term follow- up provides an excellent opportunity 
for constructing a prognostic model based on gene expression.

In this mini- review, we describe our accomplishments since 2007 
inthedevelopmentofMGAsusefulforthepredictionofrecurrence
in ER+/HER2−/n0 breast cancer patients treated with adjuvant
hormonetherapyalone(95-geneclassifier[GC])aswellasinER+/
HER2−breastcancerpatientstreatedwithneoadjuvantchemother-
apy (NAC; 155GC).Wehave also developedMGAs for predicting
late recurrence in ER+/HER2−breast cancerpatients (42GC).The
outlineoftheseMGAsissummarizedinTableS1.

2  | Curebest™ 95GC (95GC) FOR 
PROGNOSTIC PREDIC TION IN ER+/HER 2−/
n 0 BRE A ST C ANCER

2.1 | Development of the 95GC

The 95GC assay was developed using public datasets (GSE2034,
GSE2990,GSE4922,GSE6532,GSE7390,GSE9195) that included
549 ER+/n0 breast cancer patients who were treated with adjuvant 
hormone therapy alone or no adjuvant therapy. One marked feature 
is that 95 gene markers were selected from comprehensive genetic 
information downloaded from a public database to create a practi-
cal test. The advantage of this method is that many cases can be 
examinedata lowcost,butthedisadvantageisthat itrequiresan
advanced mathematical method. The differentially expressed genes 
between breast tumors with and without recurrence were selected, 
and the prognostic prediction model was constructed in accordance 
withabetween-groupanalysis.Then,themodelwasoptimizedby
cross-validation,andfinally,the95GCtestbasedontheexpression
profile of the 95 genes was constructed.5Theresultsofthe95GC
assay in the validation cohort consisting of the 257 ER+/HER2−/n0

F I G U R E  1  Recurrence-freesurvivalcurvesforriskgroupsclassifiedby95GC.Recurrence-freesurvivalcurvesof257breastcancer
patients (ER- positive, HER2- negative, and node- negative stage I and stage II breast cancer patients treated with adjuvant hormone therapy 
aloneinourhospital)whowereclassifiedinto95GClow-riskandhigh-riskgroupsasanindependentvalidationset(A).Thepatientswere
dividedinto2subgroupsbasedonage(y),ie,≤50(B)and>50(C).Notably,patientsinthehigh-riskgroupweremorelikelytobeinthe≤50
group (B) than in the >50group(C).The257patientsanalyzedinthisfigureincluded105patientsinFigure1fromreference.5DRFS,distant
recurrence- free survival
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Japanese breast cancer patients who were treated with adjuvant 
hormonetherapyaloneareshowninFigure1A.Thelow-riskgroup
showed an excellent 10-yDRFS (94.1%),whichwas highly signifi-
cantly (P <.0001) better than that of the high- risk group. Multivariate 
analysisshowedthatthe95GCisahighlysignificant(P <.0001) and 
independent prognostic factor (Table S2). Importantly, as many as 
70% of the patients could be classified into the low- risk group and 
couldforgoadjuvantchemotherapy(Figure1A).

Biological difference of ER+/HER2−breasttumorsbetweenpre-
menopausal and postmenopausal women has been suggested, ie, lu-
minal B tumors, which are biologically more aggressive compared with 
luminalAtumors,arereportedtobemorefrequentinpremenopausal
compared with postmenopausal patients.6 Then, we carried out a sub-
groupanalysisinaccordancewiththeage(≤50or>50) to clarify the 
prognosticsignificanceof95GCinaccordancewiththemenopausal
status(Figure1B,C).Inbothsubgroups,95GCcouldseparatepatients
into low- risk and high- risk groups with statistical significance, and no-
tably, a proportion of the patients in the high- risk group were more 
likelytobeinthe≤50subgroupthaninthe>50 subgroup (P =.062). 
These results seem to indicate that adjuvant chemotherapy can be 
safely omitted, irrespective of the menopausal status, from the ER+/
HER2−/n0 breast cancer patients who are at a low-risk by 95GC.
Typical adjuvant hormone therapy for these low- risk patients would be 
aromatase inhibitor for postmenopausal women and tamoxifen ± LH- 
RH agonist for premenopausal women.

Recently,wedevelopedthe95GCrecurrenceriskscore(95GCRS).7 
The 95GCRS, which ranges from 0 to 100, correlated well with distant 
recurrence(Figure2A).Breastcancerpatientswitha95GCRS≤50had
a significantly low recurrence rate, whereas those with a 95GCRS >50 
had a high recurrence rate. In addition, the recurrence rate increased 
in proportion to the 95GCRS. Compared with binary results (high- 
risk vs. low- risk groups), information on recurrence risk using the 
95GCRS for individual patients could enable better decision- making 
in a clinical setting with regard to adjuvant chemotherapy. We also 
demonstrated a gradual increase in pathological complete response 
(pCR) after NAC in proportion to the 95GCRS, which indicates greater 
chemosensitivity in breast cancers with a high 95GCRS (Figure2B).
Altogether,theseresultssuggestthemarkedabilityofthe95GCto
categorizepatientsatahighriskofrelapsewhowouldlikelybenefit

from adjuvant chemotherapy. In this study, it was also demonstrated 
that the 95GC is applicable to FFPE tissues.7 A significantly high 
correlation coefficient (R = .92) for the 95GCRS was demonstrated 
betweenFF(fresh-frozen)andFFPEtissues,aswasamarkedlyhigh
concordance rate (94.6%) between the high- risk and low- risk groups, 
whichdemonstratesthepotentialuseofthe95GCforFFPEtissues.

2.2 | Combination of the 95GC and the 21GC

TAILORx is therefore far the largest prospective study that has clearly 
shown that Oncotype DX can select low- risk ER+/HER2−/n0patients
that may forgo adjuvant chemotherapy.4 Although Oncotype DX is de-
terminedbytheRT-PCRof21genes,BalázsGyőrffyetalhaveshown
thatthisassaycanbereproducedby21GCusingtheAffymetrixmi-
croarray data through a website (http://www.recur rence online.com/). 
Therefore, using this website, patients in the independent validation 
set (Japanese cohort and European and American public datasets 
(GSE17705,GSE12093,GSE26971),n= 679) were classified by the 
21GC into 2 groups, ie, the low/intermediate-risk (recurrence score
[RS]= 0- 25) and the high- risk group (RS >25)(Figure3A)inaccord-
ance with the recently proposed cut- off value.4Patientsinthelow-risk/
intermediate- risk group showed a significantly (P <.0001) better prog-
nosiscomparedwiththoseinthehigh-riskgroup(Figure3A)and,inter-
estingly, patients in each group could be further classified into low- risk 
andhigh-riskgroupsbythe95GC(Figure3B).Inaddition,wereported
that95GCmightbeusefulforamoreaccuratepredictionofprognosis
inthe21GCintermediate-riskgroup(RS= 18- 30)8andFujiiT.etalhave
recentlyreportedthesimilarobservationinthe21GCintermediate-risk
group (11- 25).9 These findings indicate the possibility that the combi-
nationof95GCand21GCwouldbebeneficialforamoreaccuratese-
lection of patients with an excellent prognosis who can forgo adjuvant 
chemotherapy,especiallyinthe21GCintermediate-riskgroup.

2.3 | The 95GC and chemosensitivity

Breast tumors classified into the high- risk group by Oncotype DX10 and 
Mammaprint11 have been demonstrated to be more chemosensitive 

F I G U R E  2  95GCrecurrencerisk
score.The95GCscorefortheprediction
of recurrence risk (A) and response 
to NAC (neoadjuvant chemotherapy) 
(B). Recurrence risk is also associated 
with chemosensitivity. 95GCRS,95GC
recurrencescore;DRFS,distant
recurrence- free survival; H, high risk 
by95GC;L,lowriskby95GC;pCR,
pathological complete response. Adapted 
withpermissionfromFigures1and2in
reference (7). Copyright 2019 Spandidos
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compared with those classified into the low- risk group. Therefore, the 
correlationoftherecurrenceriskwithchemosensitivitybythe95GC
in ER + breast cancer was also evaluated in patients treated with NAC 
(Figure4A).Thepatientsinthehigh-riskgroupshowedasignificantly
higher pCR rate than those in the low- risk group, which is consistent 
with previous reports on Oncotype DX10 andMammaPrint.11 These 
results suggest that breast tumors that are classified into the high- risk 
groupbytheseMGAsarecommonlycharacterizedashighlyproliferat-
ing tumors more sensitive to chemotherapy.

Figure 4B shows the prognosis of the ER+, HER2−, and node-
positive breast cancer patients treated with adjuvant hormone therapy 

alone (without chemotherapy). The patients could be separated into 
thelow-riskandhigh-riskgroupsbythe95GC,andtheprognosisof
each group was significantly different (P =.0005). Interestingly, the 
prognosis of patients in the high- risk group improved, but patients 
in the low- risk and high- risk groups were not significantly different 
(Figure4C),whentheyweretreatedwithNACandadjuvanthormone
therapy, which indicates that patients in the high- risk group were 
moresensitivetochemotherapy(Figure4C).Therefore,thetreatment
ofpatientsconsideredtobehigh-risk inaccordancewiththeMGAs
with adjuvant chemotherapy is thought to be reasonable from the 
viewpoint of chemosensitivity.

F I G U R E  3  Combinationof95GCand21GC.Theindependentvalidationcohort(n=679)wasclassifiedby21GCintothelow-risk/
intermediate- risk (RS = 0- 25) and high- risk groups (RS = 26- 100) (A). The low- risk/intermediate- risk and high- risk groups could be further 
classifiedintothelow-riskandhigh-riskgroupsby95GC(B,C).The679casesincludethe459casesfromtheoriginalpaper(8) plus cases in 
theGSE26971datasetandourcasesthathavebeenuploadedsincethattime.DRFS,distantrecurrence-freesurvival
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3  | THE 42GC FOR THE PREDIC TION OF 
L ATE RECURRENCE OF ER+/HER 2− BRE A ST 
C ANCER

Significant numbers of recurrences occur after 5 y (late recur-
rence) in ER+/HER2− breast cancer patients and that extended
hormone therapy is a well- accepted option to prevent recur-
rence.12,13 However, the rate of late recurrence is not so high to 
the point when treating all ER+/HER2− patients with extended
hormonetherapywouldbeovertreatment.Inpractice,tumorsize
(T) and nodal status (N) of the primary tumors are usually used to 
estimate the late recurrence risk, and the indication for extended 
hormone therapy is decided depending on the risk.14- 16 However, 
such estimation is inaccurate and necessitates the development 
ofamoreaccuratepredictorof laterecurrence.Generally, theT
and N factors reflect the amount of residual tumor after surgery. 
Therefore, the T and N factors are markers for both early and late 
relapse. Instead, we sought to determine a more accurate marker 
specific for late relapse.

It has been reported that patients at high risk for early recur-
rence are at low risk for late recurrence and that those at high 
risk for late recurrence are at low risk for early recurrence,17 
which suggests a biological difference between tumors at high 
risk for early recurrence and those at high risk for late recurrence. 
Considering these biological differences between early- recurring 
andlate-recurringtumors,weattemptedtodevelopanMGAfor
late recurrence.18First,weselectedgenesthatweredifferentially
expressed between breast tumor samples that recurred early (less 
than 4 y after surgery) and those that recurred late (after 4 y) in the 
trainingset.TheMGAwasthenoptimizedusingthesegenes,which
resultedinthe42GC,whichcouldseparatethepatients intothe
low- risk and high- risk groups in accordance with late recurrence. 
The42GCwasalsoevaluated inthevalidationcohort (Figure5),
and it was shown that patients in the non- late recurrence- like 
group had a significantly better prognosis compared with those 
in the late recurrence- like group after 5 y. Interestingly, the for-
mer group showed a significantly poorer prognosis within 5 y than 
the latter group (after 5 y in Figure 5, the prognosis curvewas
reconstructed by collecting only the relapse- free cases 5 y after 
surgery).

It is hypothesized that early-recurrent tumors are character-
izedbyahighproliferationrateof residual (disseminated) tumor
cells and that late- recurrent tumors are by a long time dormancy 
of such cells. Therefore, we think that the 42 genes, which were 
selected from the differentially expressed genes between early-  
and late- recurrent tumors, reflect such a biological difference al-
thoughitstill remainstobestudied.Theassayresultof42GCis
reported as late recurrence- like (LR) or non- late recurrence- like 
(NLR), and patients determined as LR is at a high risk for late recur-
rence and, therefore, are thought to be candidates for extended 
hormone therapy.

4  | THE 155GC FOR THE PREDIC TION 
OF RECURRENCE OF ER+/HER 2− BRE A ST 
C ANCER TRE ATED WITH NAC

Currently, most patients with ER+/HER2− breast cancer with
lymph node metastasis or T3/T4 tumors or both are treated with 
NAC. Although patients who achieve pCR after NAC exhibit an ex-
cellent prognosis, those who do not achieve pCR have a recurrence 
rate of approximately 30%, which indicates a necessity for addi-
tional postoperative adjuvant systemic therapy to improve their 
prognosis. However, treatment of all patients who do not achieve 
pCR with additional adjuvant therapy may be overtreatment and, 
therefore, an accurate prognostic indicator should be developed 
to distinguish patients at a high risk of recurrence from those who 
cannot achieve pCR.

Therefore,weattemptedtodevelopanMGAthatcanclassify
ER+/HER2− breast cancer patients treated with NAC into low-
risk and high- risk groups.19 RNAs extracted from vacuum- assisted 
biopsy specimens obtained before NAC were subjected to the 
Affymetrix microarray assay, and the differentially expressed 
genes between poor responders (grade 1 by histological assess-
ment)20 and good responders (grades 2 and 3) were determined 
in the training set.Optimization of theMGAusing these genes
by the leave- one- out cross- validation method resulted in the con-
structionofthe155GCassay.The155GCdistinguishespatients
who are likely to achieve pCR (g- Responders: High- CS) from those 
who are unlikely to achieve pCR (g- Non- Responders: Low- CS). 
Evaluation of the 155GC in the validation set has revealed that
this MGA seems to be very useful in the selection of patients

F I G U R E  5  Figureshowsthe42-geneclassifier(42GC)inthe
independent validation set (n =221).Predictionofearlyandlate
recurrenceby42GC.Distantrecurrence-freesurvival(DRFS)rates
were compared between the late recurrence- like (LR) and the 
non- late recurrence- like (NLR) groups containing patients in the 
validationset.DRFS,distantrecurrence-freesurvival.Adaptedwith
permissionfromFigure2inreference.18 Copyright 2018 Springer
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who are very unlikely to achieve pCR due to the very high neg-
ative predictive value of 97.4%. Interestingly, patients classified 
as g-Non-Responders: Low-CS by the 155GC showed an excel-
lent prognosis compared with those classified as g- Responders: 
High- CS; this was the case as well as in patients with residual can-
cerburden(RCBIIorRCBIII)inthevalidationcohort(Figure6).19 
These results suggest that if ER+/HER2−breastcancerpatients
with residual cancer burden after NAC are classified into the g- 
Non- Responders: Low- CS group (ie, low risk of relapse), and they 
are expected to show an excellent prognosis so that additional 
systemic adjuvant therapy can be avoided. In contrast, those 
classified into the g- Responders: High- CS group (ie, high risk 
of relapse) should be treated with additional systemic adjuvant 
chemotherapy.

5  | FUTURE PERSPEC TIVES OF MGA s

ComparedwithotherMGAsthatmeasurethemRNAexpressionof
alimitednumberofgenes,the95GCisuniqueinthattheassayis
performed using an Affymetrix microarray and, therefore, the gene 
expression data of not only the 95 genes but also data of all 20 000 
human genes can be obtained simultaneously (CEL file CD data). 
Such data are so valuable that they can be applied to simultaneous 
analysesofotherMGAs,suchasthe155GCandthe42GC,aswell
astothedevelopmentofnovelMGAs,whichwouldfacilitatemore
comprehensiveMGA-guidedtreatmentstrategies forER+/HER2−
early breast cancer patients (T1- 2N0M0). Such a website- based 
analysis has already been achieved and will be available for the 
members soon. Here, the analysis is automatically performed once 
the CEL file is uploaded from a personal computer to the original 
membershipwebsiteafterthe95GCtest.Then,the42GC/155GC
results can be obtained in minutes. Suggested application of these 
MGAstotreatmentdecisionforER+/HER2−primarybreastcancer

is shown inFigure S1.Byusing theseMGAs,moreprecise treat-
ment is expected to be implemented in the future, although the 
clinicalvalidityandutilityoftheseMGAsstillremaintobeprospec-
tively demonstrated in a future study that includes a larger number 
ofpatients.Currently,aprospectiveregisteredstudyonthe95GC
is ongoing and will hopefully demonstrate its clinical validity and 
utility in the prognostic prediction of ER+/HER2−/n0breastcancer
patients.
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