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INTRODUCTION

Breast cancer remains an important disease in term of incidence and mortality in Western women. Over the past decades, with major advances in knowledge of tumor biology, outcome of breast cancer patients had improved due to new sequences of chemotherapy and/or new-targeted therapies combined with better supportive care. In HER2-positive (HER2+) population, achievement of trastuzumab in adjuvant and metastatic setting has considerably modified the prognosis of these patients. More recently, for hormonalreceptor positive breast cancer patients, addition of a targeted therapy to endocrine treatment has offered new therapeutic options. Indeed, addition of everolimus to exemestane has improved disease-free survival (DFS) in this population [START_REF] Baselga | Everolimus in Postmenopausal Hormone-Receptor-Positive Advanced Breast Cancer[END_REF]. Unfortunately, triple-negative breast cancers still present a dismal outcome.

Despite excitement with anti-angiogenic therapies, bevacizumab failed to demonstrate a survival benefit in this population [START_REF] Miles | Combining capecitabine and bevacizumab in metastatic breast cancer: a comprehensive review[END_REF]. A recent review of french database (ESME) out lighted the outcomes of the metastatic breast cancer population according to different subtypes [START_REF] Gobbini | Time trends of overall survival among metastatic breast cancer patients in the real-life ESME cohort[END_REF].

Heterogeneity of breast cancer is no longer to demonstrate. Based on Perou et al publication, 4 major subtypes were identified: luminal breast cancer (luminal A and B), HER2 breast cancer and basal-like triple negative breast cancer [START_REF] Perou | Molecular portraits of human breast tumours[END_REF]. Therefore, a vast majority of current clinical trial, explore new treatments in one of this specific subgroups to assess drug efficacy, as this effect may be unobserved in studies involving a large unspecified population. For instance, EGFR-TKIs or VEGF-mAbs, may have already suffered from designs in unspecified breast cancer subtypes. Clearly, to date, clinical trials have to focus in each subgroup with the aim of better characterization of therapeutic effect according to the biology. In this manuscript, we will review new therapeutic agents that are or might become new standards of care in the next future.

Due to the increasing number of clinical trial exploring new drugs, we will focus on drugs that were or are ongoing in late development (phase II or III trial), in each of the pre-specifies subtypes: luminal breast cancer (ER-positive), HER2+ breast cancer and triple-negative breast cancers.

Future for ESTROGEN-RECEPTOR POSITIVE breast cancer patients

ER-positive breast cancer counts for approximately 70 % of breast cancer patients. Endocrine therapy remained the recommended first-line metastatic treatment except if visceral crisis was demonstrated [START_REF] Cardoso | 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 4) †[END_REF].

However, despite the efficacy of this treatment, resistance to endocrine therapy remains a major issue and there is a need to develop new therapies in order to delay and /or overcome resistance.

CDK 4/6 inhibitors

Dysregulation of cell cycle is a hallmark of cancer [START_REF] Hanahan | Hallmarks of cancer: the next generation[END_REF]. Cycline-dependant kinases 4 and 6 are part of a family of serine-threonine kinases that, combined with cycline D1, regulate cellular cycle, inducing G1-S transition by inactivating Rb protein. Fifteen to 20% of breast tumor cells have a CCND1 gene amplification (coding for cyclin D1) and 50% have a cycline D1 surexpression.

Thus, new specific agents targeting CDK4/6 were developed with three main compounds: palbociclib, ribociclib and abemaciclib [Table 1] [START_REF] O'leary | Treating cancer with selective CDK4/6 inhibitors[END_REF]. The PALOMA1 phase II randomized study was a trial proof of concept. Patients with ER+ disease treated as first line for metastatic breast cancer were randomized to receive either letrozole alone or letrozole plus palbociclib. The addition of palbociclib to letrozole led to a major improvement of 10 months in progression free survival (PFS) with a good tolerance profile [START_REF] Finn | Palbociclib and Letrozole in Advanced Breast Cancer[END_REF]. Thus phase III pivotal studies, with the different CDK 4/6 inhibitors were launched and rapidly completed and published. These programs were developed either in endocrine sensitive population in combination with aromatase inhibitor or in endocrine resistant population in combination with fulvestrant [Table 1]. In all these settings, the addition of CDK4/6 inhibitor to endocrine therapy led to a significant improvement in PFS, with consistency in hazard ratios.

Update of the PALOMA3 trial during the ESMO 2018 congress, after a median follow-up of 44.8 months, brought first OS data. The OS was improved by 6.9 months with palbociclib plus fulvestrant versus placebo plus fulvestrant (34.9 months [28.8-40.0] vs 28.0 months [2.36-34.6], p=0.043) [START_REF] Cristofanilli | Overall survival (OS) with palbociclib plus fulvestrant in women with hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2_) advanced breast cancer (ABC): Analyses from PALOMA-3 2018[END_REF]. More data on outcomes are awaited in first line of metastatic setting. The positive results in advance setting led to ongoing clinical trials in early settings.

The main toxicity of these compounds is neutropenia for palbociclib and ribociclib with a low rate of febrile neutropenia (less 2%) and diarrhea for abemaciclib [Table 1]. Thus, addition of a CDK4/6 inhibitor is the recommended option in ER+ advanced breast cancer [START_REF] Cardoso | 4th ESO-ESMO International Consensus Guidelines for Advanced Breast Cancer (ABC 4) †[END_REF].

PI3K/AKT/mTOR pathway

Up to 28 to 47% of ER positive breast cancer present PI3KCA mutations. Preliminary data (preclinical and early trials) suggest that these mutations increase the sensitivity of cancer cells to PI3K/AKT/mTOR inhibition. After the BOLERO 2 trial with everolimus, PI3K inhibitors were developed but the results were deemed as modest considering the magnitude of benefit and the toxicity. New compounds α specific were developed with the aim of more selectivity and less toxicity. The phase III clinical trial SANDPIPER evaluating taselisib -a PI3K inhibitor -in addition to fulvestrant demonstrated a 2 months PFS improvement but a 17% rate of treatment interruption for diarrhea, hyperglycemia, and/or colitis [START_REF] Baselga | Phase III study of taselisib (GDC-0032) + fulvestrant (FULV) v FULV in patients (pts) with estrogen receptor (ER)-positive, PIK3CA-mutant (MUT), locally advanced or metastatic breast cancer (MBC): Primary analysis from SANDPIPER[END_REF]. Recently a phase III trial with alpelisib demonstrated an improvement of progression free survival in addition to fulvestrant versus fulvestrant plus placebo in patients with tumor harboring PI3K mutation [START_REF] Andre | Alpelisib (ALP) + fulvestrant (FUL) for advanced breast cancer (ABC): results of the Phase 3 SOLAR-1 trial[END_REF].

Future for HER2 POSITIVE breast cancer patients

HER2-positive breast cancer, which accounts for about 15 % of all breast cancers, is defined by HER2 protein overexpression with immunohistochemistry or HER2 gene amplification by fluorescence insitu hybridisation (FISH).

Trastuzumab is the cornerstone of HER2 positive breast cancer. In the adjuvant setting, a year of trastuzumab after antracycline and taxanes based chemotherapy is standard of care for HER2+ breast cancer patients with major improvement in DFS and OS. Lapatinib, tyrosine kinase inhibitor (TKI) targeting HER2, was the second approved anti-HER2 therapy in metastatic setting either in combination with chemotherapy (capecitabin) or in trastuzumab [START_REF] Pondé | Treatment of advanced HER2-positive breast cancer: 2018 and beyond[END_REF]. However, in the adjuvant setting, lapatinib failed to demonstrate improvement in DFS.

Pertuzumab is a monoclonal antibody targeting HER2 on a different epitope, impairing the dimerization HER2-HER3. In CLEOPATRA trial, the addition of pertuzumab to trastuzumab and docetaxel demonstrated an improved PFS and OS, validating the dual HER2 blockade concept [START_REF] Swain | Pertuzumab, Trastuzumab, and Docetaxel in HER2-Positive Metastatic Breast Cancer[END_REF]. In the neoadjuvant setting dual blockade with trastuzumab and pertuzumab increased the pathological response rate [START_REF] Pondé | Treatment of advanced HER2-positive breast cancer: 2018 and beyond[END_REF]. In the adjuvant setting, the APHINITY phase III trial showed an increased 3-year rate of DFS from 90.2% to 92% for node-positive BC patients without increasing heart failure but additional gastrointestinal toxicities [START_REF] Von Minckwitz | Adjuvant Pertuzumab and Trastuzumab in Early HER2-Positive Breast Cancer[END_REF]. Despite these improvements, there is a medical need to develop new therapies: some patients will still relapse after adequate adjuvant therapy and in metastatic setting almost all will present disease progression at any time. New developments in anti-HER2 are represented by new antibodies, new compounds (drug conjugate antibodies), better blockade of receptor (new TKI) and targeting mTOR pathway and host directed immunity.

Antibody drug conjugated targeting HER2

The concept of antibody-drug conjugate (ADC) is to deliver high amount of a cytotoxic drug in tumoral cells sparing normal cells, with the targeting of a receptor mainly expressed on tumoral cells. The first antibody-drug conjugate, trastuzumab emtansine -which combined the HER2-targeted antitumor capacities of trastuzumab to the cytotoxic activity of a chemotherapy -the emtansine -demonstrates activity and good tolerance profile with two phase IIII trials, EMILIA and THERESA, with impact on disease free survival and overall survival despite secondary cross-over. T-DM1 is the standard of care after trastuzumab failure in the advanced setting [START_REF] Verma | Trastuzumab Emtansine for HER2-Positive Advanced Breast Cancer[END_REF]. The KATHERINE phase III trial investigates new adjuvant approach.

Patients with HER2+ residual BC after taxanes and trastuzumab regimens were randomized between adjuvant T-DM1 or standard trastuzumab for 14 cycles. In the TDM1-group, risk of recurrence or death was 50% lower than with trastuzumab (HR 0.50; 95% CI [0.39 to 0.64]; p<0.001) [START_REF] Von Minckwitz | Trastuzumab Emtansine for Residual Invasive HER2-Positive Breast Cancer[END_REF].

New ADC with different cytotoxic compounds are in developments and some had shown promising activity even in patients who progressed on T-DM1 [Table 2] [START_REF] Trail | Antibody drug conjugates for treatment of breast cancer: Novel targets and diverse approaches in ADC design[END_REF].

HER2 Tyrosine-kinase inhibitors

These new TKI are developed either to experience a broader blockade of the HER family receptor or a contrario to be more potent on HER2, avoiding the toxicities of HER1 targeting (diarrhea).

Neratinib is an oral irreversible TKI of HER1, HER2, and HER4, given orally. The ExteNET phase III trial evaluated 1-year of neratinib after completed neoadjuvant or adjuvant chemotherapy and 1-year trastuzumab. The 5-year DFS is 90.2% in the TKI group and 87.7% in the placebo group. The most common grade 3-4 adverse events with neratinib were diarrhea (40% vs 2%), vomiting and nausea [START_REF] Martin | Neratinib after trastuzumabbased adjuvant therapy in HER2-positive breast cancer (ExteNET): 5-year analysis of a randomised, double-blind, placebo-controlled, phase 3 trial[END_REF].

Tucatinib is a small oral TKI that selectively inhibits HER2, whereas other HER2 TKIs inhibit both EGFR and HER2. In a phase 1b study, tucatinib associated with capecitabine and trastuzumab demonstrated interesting brain antitumor activity, which is encouraging compared to other systemic treatments [START_REF] Murthy | Tucatinib with capecitabine and trastuzumab in advanced HER2-positive metastatic breast cancer with and without brain metastases: a non-randomised, open-label, phase 1b study[END_REF].

Tucatinib was also evaluated in heavily pretreated HER2+ breast cancer patients in association with T-DM1 in a phase 1b clinical trial; Similar PFS was observed in brain metastatic patients (6.7 months [4.1-10.2]) with a brain objective response rate of 36% among the 14 patients with RECIST measurable brain metastases. This small-molecule HER2-targeted TKI with apparent brain metastatic activity, could potentially improve the treatment of brain metastases of HER2+ breast cancer, compared with the limited blood-barrier penetration of antibody therapy [START_REF] Borges | Tucatinib Combined With Ado-Trastuzumab Emtansine in Advanced ERBB2/HER2-Positive Metastatic Breast Cancer: A Phase 1b Clinical Trial[END_REF].

Future for TRIPLE-NEGATIVE breast cancer (TNBC) patients

PARP inhibitors

Alterations in DNA damage response and repair mechanisms lead to genomic instability and carcinogenesis.

As a consequence, these modifications could offer a target for treatment in highly proliferative cancers such as triple-negative breast cancer. Homologous recombination dysfunction is also known to sensitize breast cancer cells to PARP inhibition, leading to apoptosis. Thus, PARP inhibitors were tested in BRCA -mutant breast cancers.

After an exciting phase II randomized study, iniparib failed to demonstrate activity in phase III program. In fact it was afterwards demonstrated that iniparib had a poor inhibitory action against PARP [START_REF] Mateo | Appraising iniparib, the PARP inhibitor that never was-what must we learn?[END_REF]. New, highly potent PARP inhibitors, such as olaparib, talazoparib, niraparib and veliparib were developped [START_REF] Lord | Synthetic lethality and cancer therapy: lessons learned from the development of PARP inhibitors[END_REF]. These compounds are not similar in the preclinical setting, with differences according the trapping activity. These differences may explain the activity as monotherapy and the toxicity profile in combination with cytotoxic drugs.

In the metastatic setting, two phase III trials, comparing the PARP inhibitor (Olaparib or Talazoparib) versus treatment physician's choice (chemotherapy) demonstrated a PFS improvement of 3 to 4 months for pretreated HER2-BRCA mutated breast cancer patients [START_REF] Litton | Talazoparib in Patients with Advanced Breast Cancer and a Germline BRCA Mutation[END_REF][START_REF] Robson | Olaparib for Metastatic Breast Cancer in Patients with a Germline BRCA Mutation[END_REF] [Table 3].

Veliparib, with poor trapping activity appears easier to combine to chemotherapy. Combination treatment appear promising based on preliminary results of the I-SPY2 trial which reported a doubled pCR rate when veliparib and carboplatin were added to standard neoadjuvant chemotherapy (NACT) regimens [START_REF] Rugo | Veliparib/carboplatin plus standard neoadjuvant therapy for high risk breast cancer: First efficacy results from the I-SPY 2 TRIAL[END_REF]. However, if addition of veliparib and carboplatine increased pCR, addition of veliparib to NACT with carboplatine did not in the neoadjuvant setting of the BrighTNess phase III randomized study nor PFS/OS in the BROCADE phase II trial [START_REF] Loibl | Addition of the PARP inhibitor veliparib plus carboplatin or carboplatin alone to standard neoadjuvant chemotherapy in triple-negative breast cancer (BrighTNess): a randomised, phase 3 trial[END_REF][START_REF] Han | Veliparib with temozolomide or carboplatin/paclitaxel versus placebo with carboplatin/paclitaxel in patients with BRCA1/2 locally recurrent/metastatic breast cancer: randomized phase II study[END_REF].

Platinum-based chemotherapy

Chemotherapies based on the DNA cross-linking agent platinum could also be effective for sporadic or germline DNA-repair-deficient breast cancers. Platinum-based chemotherapy appears to significantly increase the pCR rate in TNBC patients [START_REF] Von Minckwitz | Neoadjuvant carboplatin in patients with triple-negative and HER2-positive early breast cancer (GeparSixto; GBG 66): a randomised phase 2 trial[END_REF][START_REF] Sikov | Impact of the addition of carboplatin (Cb) and/or bevacizumab (B) to neoadjuvant weekly paclitaxel (P) followed by dosedense AC on pathologic complete response (pCR) rates in triple-negative breast cancer (TNBC): CALGB 40603 (Alliance)[END_REF]. However, these results seem to be driven by patients with a family history of cancer and/or BRCA-positivity, who have a higher pCR rate (49%-64%) than the rest of the population (40%) [START_REF] Minckwitz | Pathological complete response (pCR) rates after carboplatin-containing neoadjuvant chemotherapy in patients with germline BRCA (gBRCA) mutation and triple-negative breast cancer (TNBC): Results from GeparSixto[END_REF]. In the metastatic setting, the BRCAness signature (as estimated by HR deficiency assay) was predictive of platinum response [START_REF] Isakoff | Identification of biomarkers to predict response to single-agent platinum chemotherapy in metastatic triple-negative breast cancer (mTNBC): Correlative studies from TBCRC009[END_REF]. These data support the use of platinum-based regimens for HR-deficient TNBC. As a result, carboplatin has been incorporated into combinatorial treatment in TNBC patients, however more careful selection of patients using BRCAness testing might be warranted.

Antibody-drug conjugate (ADC)

Even if the concept of antibody-drug conjugate (ADC) was developed in HER2-positive breast cancer with the development of the TDM-1, new components are currently investigated in TNBC also with promising preliminary data [Table 4] [START_REF] Trail | Antibody drug conjugates for treatment of breast cancer: Novel targets and diverse approaches in ADC design[END_REF]. The sacituzumab govitecan (IMMU132) was awarded Breakthrough Designation by the FDA based on ORR in a phase 1 study, allowing phase III.

Immunotherapy

In TNBC, inhibiting immune checkpoints that prevent the excessive activity of T-cells under normal conditions could enhance T-cell activity against tumor cells. The PD-L1/PD-1 pathway is a particular potent mechanism by which immunogenic tumors evade host immune response.

As monotherapy, the results are considered modest with objective response rate less than 20% in heavily pretreated population [START_REF] Katz | Immunotherapy in triple-negative breast cancer[END_REF]. Atezolizumab, an anti-PDL1 monoclonal antibody, was studied, in combination with nab-paclitaxel, in a phase I study, for metastatic TNBC, who have received no more than 3 prior lines of chemotherapy. The ORR of the 34 patients evaluated was 38% with response in PD-L1+ and PD-L1-tumors.

In the IMPASSION-130, phase 3 trial, 1st line metastatic TNBC were randomized between atezolizumab plus nab-paclitaxel or placebo plus nab-paclitaxel. The trial met its primary objective with improvement in progression free survival with atezolizumab compared to placebo, and more significant in PDL1 positive tumors. Moreover, in this subgroup, there is numerical benefit in overall survival (OS increased from 15.5 to 25 months among patients with PDL1-positive tumors (HR 0.62; 95% CI[0.45-0.86])). It is the first randomized trial in advanced breast cancer reporting benefit of immunotherapy [START_REF] Schmid | Atezolizumab and Nab-Paclitaxel in Advanced Triple-Negative Breast Cancer[END_REF].

Results of other phase III, evaluating others compounds (pembrolizumab) and other cytotoxic drugs will be available in the next future [Table 5].

CONCLUSION

For the last decades we developed new drugs with numerous options in advanced breast cancer. Important to note these new therapeutic described here will be combined in the future. To date, we have not defined the optimal combination and sequencing. The limitations are represented by the tumor heterogeneity and/or the molecular changes at progression. New advances in biology (sequencing, CT-DNA, circulating tumoral cells) or in functional imaging may help in the future to establish the best strategies.

The new combinations clearly improved the results but also the toxicity with a need to educate patients with such treatments. The price of such therapies will be an issue too in some countries with limited affordability. The main challenges for the future are the development of predictive biomarkers to clearly identify the population who will benefit of such new approaches, giving the opportunity to deliver personalized and precision medicine to cancer patients 

Table 1 :

 1 Phase

	TABLES				
		Study	Description	Median PFS	Common G3/4 AE
				HR (95% CI)	
	First-line	PALOMA2	Palbociclib/Letrozole	24.8 vs 14.5 months, HR 0.58 [0.46-0.72],	Neutropenia (79.5% vs 6.3%)
		[8]	Placebo/Letrozole	p<0.001	Leukopenia (39% vs 2.3%)
		MONALEESA2	Ribociclib/Letrozole	NR vs 14.7 months, HR 0.56 [0.43-0.72],	Neutropenia (59.3% vs 0.9%)
		[34]	Placebo/Letrozole	p 3.29×10-6	Leukopenia (21.0% vs 0.6%)
		MONALEESA7	Ribociclib/OS/ET	23.8 vs 13 months, HR 0,55 [0.44-0.69],	Neutropenia (61% vs 4%)
		[35]	Placebo/OS/ET	p<0•0001	Leucopenia (14% vs 1%)
		MONARCH3	Abemaciclib/AI	NR vs 14.7 months, HR 0.54 [0.41-0.72], `	Neutropenia (21.1% v 1.2%),
		[36]	Placebo/AI	p 000021	Diarrhea (9.5% v 1.2%),
					Leukopenia (7.6% v 0.6%)
	Second-line PALOMA3	Palbociclib/Fulvestrant	9.5 vs 4.6 months, HR 0.46 [0.36-0.59],	Neutropenia (65% vs 1%)
		[37]	Placebo/Fulvestrant	p<.0.0001	Leukopenia (28% vs 1%)
		MONARCH2	Abemaciclib/Fulvestrant	9.3 vs 6.4 months, HR 0.553 [0.449-0.681],	Neutropenia (26.5% v 1.7%),
		[38]	Fulvestrant	p < .001	Diarrhea (23.6% v 0.4%),
					Leukopenia (8.8% v 0%).
		III clinical trials on CDK4/6 inhibitors in ER+/HER2-breast cancer patients. Abbreviations: ET: endocrine therapy; HR: hazard ratio; OS:
	ovarian suppression			

Table 2 :

 2 Anti-HER2 antibody drug conjugates in clinical development for HER2-positive breast cancers.

	Setting	Study	Description	Treatment	Median PFS
					HR (95% CI)
	Neoadjuvant	MDACC	BRCAm	Talazoparib 2 months before NACT	RR 100%
		N=20	HER2-RH+/-		RCB 0/1 77%
		[39]			
	Adjuvant	OLYMPIA	BRCAm	Olaparib for 1 year vs Placebo	Ongoing
		N= 1800	HER2-RH+/-		
	Metastatic	OLYMPIAD	BRCAm	Olaparib vs TPC	7.8 vs 3.8 months
		N= 302	HER2-RH+/-		HR 0.5 [0.36-0.68]
		[24]			p<0.001
		EMBRACA	BRCAm	Talazoparib vs TPC	8.6 vs 5.6 months
		N= 431			HR 0.54 [0.41-0.71]
		[23]			p<0.001

Table 3 -

 3 Phase II and III of PARP inhibitors as monotherapy in breast cancer BRCA mutation carriers; Abbreviations: BRCAm, BRCA mutation; NACT, neoadjuvant chemotherapy; RCB Residual cancer burden; RR Response rate. TPC, chemotherapy of physician's choice.

	Name	mAb	Drug	Preliminary		Phase III
				data		
	Sacituzumab govitecan	Anti-TROP2	Irinotecan /	Phase I	ORR 30%	NCT02574455
	(IMMU132)		topoisomerase I			
	Glenbatumumab vedotin	Anti-glycoprotein	Auristatin / tubulin	Phase IIb	PFS 2.9 vs 2.8 months for	_
	(CDX011)	NMB			XELODA arm	
	SAR566658	AntiMUC1	Maytansinoid /	Phase II	Ongoing	_
	(antiCA6DM4)		tubulin			
	Trastuzumab	Trastuzumab	DNA alkylator	Phase I	ORR 40%	_
	duocarmazine (SYD985)					

Table 4 :

 4 Antibody drug conjugates in clinical development for TNBC breast cancers. Abbreviations: TROP2: trophoblast cell surface antigen 2;