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Abstract: 

Triple negative breast cancer (TNBC) is characterised by poor outcomes and 

historical lack of targeted therapies. Dysregulation of signalling through the PI3 

kinase and AKT signalling pathway is one of the most frequent oncogenic 

aberrations of triple negative breast cancer. Although mutations in individual genes 

occur relatively rarely, combined activating mutations in PIK3CA and AKT1, with 

inactivating mutations in PTEN, occur in approximately 25-30% of advanced TNBC. 

Recent randomised trials suggest improved progression-free survival with AKT-

inhibitors in combination with first-line chemotherapy for patients with TNBC and 

pathway genetic aberrations. We review the evidence for PI3 kinase pathway 

activation in TNBC, and clinical trial data for PI3 kinase, AKT and mTOR inhibitors in 

TNBC. We discuss uncertainty over defining which cancers have pathway activation 

and the future overlap between immunotherapy and pathway targeting. 

 

Keywords:  triple-negative breast cancer, PI3K, AKT, PTEN, targeted therapy, 

predictive biomarkers. 

 

Key Message: The PI3 kinase and AKT signalling pathway is frequently altered in 

TNBC, with two phase 2 clinical trials showing evidence for improved disease-free 

survival with AKT inhibitors selectively in pathway altered patients, although at a cost 

of increased toxicity. The optimal methods of selecting patients for AKT inhibition, 

and the role of alternative pathway inhibitors, remain unanswered.  
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INTRODUCTION 

 

Triple negative breast cancer (TNBC) is the most aggressive histological subtype of 

breast cancer, characterised in the advanced setting by short responses to 

chemotherapy, adverse overall survival and until recently a lack of routine targeted 

therapies with non-selective chemotherapy being the mainstay of treatment [1]. 

Approximately 10% of TNBC harbour inactivating mutations in BRCA1 or BRCA2, 

with substantial evidence that platinum chemotherapy offers improved outcome for 

this subpopulation, both in early and metastatic scenarios [2-4]. Recently phase III 

studies of PARP inhibitors have also shown substantial activity in BRCA1 or BRCA2 

mutant breast cancer [5-7], demonstrating the potential of mutation directed 

therapies and crucial importance of biomarkers in TNBC therapy selection [8]. 

Recently the further relevance of biomarkers, and segmentation of TNBC to guide 

therapy, has been demonstrated for immunotherapy, with substantial activity of 

atezolizumab in TNBC with PDL1+ve infiltrating immune cells. The era of treating 

TNBC as a single cancer type with unselective chemotherapy has closed. 

Mutations in the PI3 kinase pathway characterise a major additional subgroup of 

TNBC, with substantial evidence from phase II trials to suggest this subgroup may 

be targeted therapeutically.  The phosphoinositide 3-kinase (PI3K) signalling 

pathway has an important role linking receptor tyrosine kinase signalling in breast 

cancer to the regulation of cell growth and survival, and its molecular mechanisms, 

although continuously refined, have long been well described [9]. Downstream of 

PI3K the most relevant nodes are protein kinase B (also known as AKT) and 

mammalian target of rapamycin (mTOR). The pathway is regulated by multiple 

phosphatases, including phosphatase and tensin homolog (PTEN) and inositol 
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polyphosphate-4-phosphatase type II B (INPP4B) (figure 1).  In cancer this pathway 

plays a fundamental oncogenic role, extensively interacting with other canonical 

signalling pathways, to drive tumour evolution and resistance to therapies [10].  

Multiple genomic alterations lead to a hyper-activated PI3K pathway including 

activating events in oncogenes PIK3CA, AKT and MTOR or inactivating events in 

tumour suppressor genes such as PIK3R1, INPP4B, PTEN, TSC1, TSC2, and 

LKB1. Mutations in PIK3CA are the single most common event in breast cancer, 

mutated at substantially higher rates in hormone receptor positive breast cancer 

compared to TNBC as a whole [11]. Nevertheless, PIK3CA is the second most 

frequently mutated gene after TP53 in TNBC, with additional inactivating alterations 

in PTEN [12], and additional activating mutations in AKT1. Summed together 

pathway mutations/alterations occur in approximately 25% of primary TNBC, and 

possibly at a modestly higher frequency in metastatic TNBC. 

Here we review the mechanisms through which PI3 kinase pathway is activated in 

TNBC, and recent clinical trials suggesting this pathway can be targeted for therapy. 

 

ACTIVATION OF THE PI3K PATHWAY IN TNBC 

PIK3CA activating mutations 

The phosphoinositide-3 kinases (PIK3s) are intracellular signalling enzymes that 

phosphorylate the free 3- hydroxyl of the phosphoinositides in the cell membrane. 

The different PI3Ks are commonly grouped in different classes, with class I PI3 

kinase the most commonly altered in cancer, formed of a heterodimer composed by 

a regulatory (p85) and a catalytic (p110) subunit. There are multiple paralogs of the 

regulatory subunits (p85α and p85β), and the catalytic subunits (p110α, β, γ and δ) 

https://en.wikipedia.org/wiki/PIK3R1
https://en.wikipedia.org/wiki/PIK3R2
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[13]. In triple negative breast cancer, the vast majority of activating mutations occur 

in the p110α (alpha subunit encoded by PIK3CA) overall mutated in 9% of primary 

TNBC. The rate of mutations in PIK3CA in advanced TNBC is likely enhanced 

reflecting a subset of originally ER positive breast cancer that relapse losing ER 

expression, becoming “secondary” TNBC, yet retain the high rate of PIK3CA 

mutations overserved in ER positive breast cancer [14]. PIK3CA mutations result in 

activated alpha PI3 kinase, leading to an enhanced phosphorylation and 

accumulation of PtdIns-3,4,5-P3 and/or PtdIns-3,4-P2 in the membrane, thus 

activating downstream pathway.  

AKT1 activating mutations 

AKT1 mutations are found in multiple tumour types including breast cancer, with 

~2.5% breast cancer having a mutation resulting in a single amino acid substitution 

E17K first described by Carpten et al. [15]. The AKT family of three different isoforms 

(AKT1, AKT2 and AKT3) forms a node downstream of PI3 kinase [16]. AKT 

signalling has many functions in the cell such as survival, cell growth, cell cycle 

regulation and metabolism. An anti-apoptotic function has been previously reported 

through phosphorylation and inhibition of anti-apoptotic proteins such as BAD and 

BAX (both implicated in caspase pathway) and also NF-κB (serving as a 

transcriptional factor for expression of anti-apoptotic genes) which are activated in 

response to stress leading to cell death. Therefore the combination of AKT inhibition 

and chemotherapy (acting as stress inductor) has been studied and proved to be 

synergistic pre-clinically [17]. Recent studies have attributed isotype specific roles to 

each isoform. AKT1 upregulation has been shown to modulate cell proliferation 

through S6 and cyclin D1, whilst AKT2 regulates cytoskeleton components [18]. 

Interestingly, AKT3 isoform has been identified as overrepresented specifically in 
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TNBC both at DNA and mRNA levels, inducing cell proliferation and tumour growth 

but not promoting invasiveness [19]. 

As well as being mutated in TNBC, AKT phosphorylation is strongly enhanced in 

TNBC compared to luminal breast cancer, a marker of AKT activation in TNBC [14]. 

Outside AKT1 E17K activating mutation, there is uncertainty over alternative AKT 

activation genetic events. AKT1 L52R, Q79K and D323H mutations have also been 

found to promote AKT1 activity compared to wild-type, but are rare [20]. Also, very 

rare E17K mutation have also been identified in AKT2 [21] and AKT3 [22], both 

resulting in activation of final AKT protein and both being targetable.  Beyond these 

hotspot mutations, some potentially targetable recurrent indels in the pleckstrin 

homology domain of both AKT1 and AKT2 have been identified, with downstream 

activation and sensitivity to AKT inhibitors confirmed [23]. All AKT activating genetic 

alterations, other than AKT1 E17K, are rare in TNBC. 

mTOR activating mutations 

mTOR is a serine-threonine kinase that can form two complexes mTORC1 and 

mTORC2, defined by binding to RAPTOR and RICTOR respectively, which are 

activated both downstream of AKT (mTORC1) and phosphorylate AKT (mTORC2). 

Mutations in mTOR are found in just 1.8% cases in TCGA primary breast cancer, 

with only a small minority recognised as putative drivers. Other rare mutations that 

activate mTOR have been found such as mutations in the tumour suppressor LKB1 

which upregulates mTOR and activation of downstream pathway [24] and also 

mutations arising in the TSC1-TSC2 complex, which is a negative regulator of 

mTORC1 and promote activation of mTORC2 [25]. In contrast to genetic activation, 

mTOR is activated both by PI3 kinase and MAPK signalling, and allosteric inhibitors 
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of mTOR have substantial activity in ER positive breast cancer where mTOR 

inhibitor everolimus has approval for the treatment of previously treated advanced 

HR+/HER2- breast cancer [26].  The possible role of everolimus in TNBC is 

discussed later. 

PTEN inactivating mutations/loss 

PTEN gene on the chromosome 10 was first identified as a tumour suppressor in 

1997 by a number of different groups [27-29] and shortly after associated with 

Cowden syndrome, an autosomal dominant condition in part caused by PTEN 

germline mutation, which is associated to an increased risk of malignancies 

including breast cancer [30]. The PTEN protein serves as a tumour suppressor 

through its 3’-phosphatase action dephosphorylating phosphatidylinositol (3,4,5)-

trisphosphate (PIP3) resulting in an inhibition of AKT and hence the rest of the 

signalling cascade. A phosphatase-independent function in the nucleus serving as a 

chromosomal stability controller has been described [31] and more recent evidence 

also suggest that PTEN acts as an scaffold protein in both the nucleus and 

cytoplasm [32]. PTEN contains two key domains for its tumour suppression 

function: the phosphatase domain and the C2 domain. Loss of PTEN causes 

activation of PI3 kinase, and in particular the PI3 kinase beta (PIK3CB) isoform 

through its lipid kinase domain [33, 34], and consequently tailored inhibition of this 

isoform in the context of PTEN-deficiency has been proposed [35]. 

Loss of PTEN either at genomic or proteomic level is associated with an increased 

risk of breast cancer and associated with worse prognosis, decreased expression 

of the oestrogen receptor and overall adverse phenotypes [36-38]. In vitro 

continued exposure to trastuzumab treatment of HER2+ cells harbouring PTEN 

https://en.wikipedia.org/wiki/Phosphatidylinositol_(3,4,5)-trisphosphate
https://en.wikipedia.org/wiki/Phosphatidylinositol_(3,4,5)-trisphosphate
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loss caused transformation to TNBC via epithelial-mesenchymal transition (EMT) 

regulation [39]. In the TNBC subset of an african-american and hispanic/latina 

women study involving 318 patients it was noted that TNBC associated with loss of 

PTEN and a CD44+/CD24- phenotype (a marker of stem-cellness). Upon the african-

american cohort PTEN loss resulted in poorer disease-free survival [40]. Also, in a 

tissue microarray of 1000 primary breast cancers from Middle Eastern ethnicity, 

PTEN loss using immunohistochemistry and fluorescence in situ hybridization 

(FISH) was significantly associated with large tumour size, high grade, recurrence 

and triple negative phenotype [41]. 

PTEN alterations are frequent in TNBC, with genetically mediated loss of function 

occurring in approximately 15% [14]. AKT inhibition pre-clinically has higher activity 

in cancers with in PTEN deficient models [42], yet there is a major challenge in 

determining which PTEN alterations confer sufficient loss of function to be 

targetable, and the optimal method for identifying this loss of function. Inactivating 

mutations include truncating and frameshift mutations, and homozygous deletion 

are considered to be targetable inactivating mutations. In contrast, single 

nucleotide variants (SNV’s) are generally of uncertain pathogenicity, many likely 

passenger mutations, although some hotspots such as R130X, R233X and R335X 

are also likely pathogenic [43, 44]. 

Loss of heterozygosity (LOH) resulting from allelic loss in loci of the 10q23 region, 

and heterozygous deletion, are generally of uncertain pathogenicity [45]. However, 

there is uncertainty on whether the classical two-hit model for loss of function for a 

tumor suppressor gene applies to PTEN. Silencing mutations arising in a single 

wild-type allele might lead to haploinsufficiency as PTEN mutant heterodimerize 

with wild-type resulting in hypo-functional PTEN protein [46]. Epigenetic regulation 
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through silencing of the promoter via methylation is also observed [47], that may 

inactivate the wild-type allele in heterozygous events to fully inactive PTEN function. 

The comprehensive molecular landscape of breast cancer carried out by The 

Cancer Genome Atlas Network showed PTEN mutation/loss of expression 

occurred in up to 35% in basal-like TNBC, substantially higher than the rate of 

genetic alterations. Loss of PTEN expression has been most commonly assessed 

via immunohistochemistry (IHC), although it is unclear if PTEN loss of expression 

solely by IHC, without a genomic basis, is a strong enough surrogate for selecting 

patients for pathway inhibition, as we discuss below. Moreover, different PTEN 

antibodies have different rates of PTEN loss of expression. 

INPP4B loss 

Inositol polyphosphate 4-phosphatase type II (INPP4B) is a second phosphatase in 

the PI3 kinase pathway, with knockdown resulting in an enhanced AKT pathway. 

Decreased INPP4B expression, only uncommonly resulting from genomic events, is 

very frequent in basal-like breast cancer [48, 49]. INPP4B 

dephosphorylates phosphatidylinositol (3,4)-bisphosphate (PIP2), instead of the 

phosphatidylinositol (3,4,5) triphosphate (PIP3) targeted by PTEN. However, in 

situations of PTEN deficiency it also seems to be involved in PIP3 dephosphorilation 

[50].  

Cross-talk and functional markers of PI3K activation 

Non-canonical PI3K regulation trough convergence with other pathways has been 

long recognised, in particular cross-talk with RAS-MAPK being able of both 

activating or inhibiting PI3K pathway [51], although mutations in MAPK pathway are 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/inositol
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/phosphatidylinositol-3-4-bisphosphate
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not frequent in TNBC. Biomarkers indicating PI3K pathway hyperactivation can also 

be found downstream at the mRNA and protein level. On a wide multiplatform study 

including DNA aberrations, mRNA and proteomics interrogation across all major 

types of cancer, it was found that patients sharing a PI3K/AKT signature correlated 

at the protein expression level with increased phospho-AKT, GSK3, PRAS40 and 

TSC  [52]. It is unknown if measuring markers of pathway activation could present an 

alternative approach to predicting sensitivity to pathway inhibitors. 

TNBC SUBTYPES ASSOCIATION WITH ALTERATIONS IN PI3K PATHWAY 

 

Although commonly grouped under the same entity in terms of clinical simplification 

and prognosis, TNBC can be subdivided into different molecular subtypes that 

exhibit different behaviours and underlying activation of PI3 kinase pathway. 

Lehmann et al. using gene expression classifiers identified distinctive TNBC 

subtypes. In summary basal-like 1 and 2 subtypes were identified (BL1 and BL2), a 

mesenchymal subtype (M), a mesenchymal stem-like (MSL) subtype that has 

overlap with claudin-low subtypes and a luminal TNBC subtype luminal androgen 

receptor (LAR). A further subtype of immunomodulatory (IM) reflects tumors with 

high lymphocytic infiltration [53].  

Large comprehensive studies have shown mutual exclusivity between PIK3CA and 

AKT1 mutations, although PIK3CA and PTEN may be found co-mutated [54]. 

Substantial evidence now shows distinct differences in pathway activation between 

TNBC subtypes [55]. PIK3CA and AKT1 mutations are relatively uncommon in 

basal-like TNBC whereas INPP4B is frequently inactivated in basal-like TNBC [56], 

likely enhancing AKT activation in these tumors [49], and potentially contributes to 
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sensitivity to AKT inhibitors in this subtype. Lower expression of PTEN protein has 

been found in basal-like subtype compared with other subtypes with heterozygous 

loss of PTEN copy number identified in 46.1% [55, 57]. In contrast, PIK3CA and 

AKT1 mutations are more common in luminal TNBC with PIK3CA found up to 40% of 

androgen receptor positive TNBC [55, 58]. Mutations of PTEN are possibly more 

common in LAR TNBC [55]. MSL subtype also display high frequency of PIK3CA 

mutations (23%) [55].  

 

CLINICAL DATA OF STUDIES TARGETING PI3K PATHWAY IN TNBC 

 

There has been substantial progress in targeting the PI3 kinase pathway in breast 

cancer. The mTOR inhibitor everolimus in HR+ metastatic breast cancer [26] has 

substantial activity, although everolimus is similarly active in PIK3CA wildtype and 

mutant cancers, likely suggesting that mTOR is sufficiently down stream of PI3 

kinase, with multiple inputs from MAPK signalling and LKB1, to be a therapy largely 

independent of PI3 kinase activation in the clinic. More recently multiple phase III 

studies have shown that PI3 kinase inhibitors are active in PIK3CA mutant HR 

positive breast cancer, two with pan-class I PI3 kinase inhibitor buparslisib in 

BELLE-2 and -3  [59, 60], one with the β-sparing inhibitor taselisib in SANDPIPER 

[61]and one with alpelisib alpha selective inhibitor in SOLAR-1 [62]. However, the 

clinical development of pathway inhibitors in TNBC has only recently started to show 

some evidence of activity for targeted therapies.  

PI3 kinase inhibitors 
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Following the efficacy of buparlisib in BELLE-2 and -3, buparlisib was also tested 

in combination with paclitaxel or placebo in the BELLE-4 trial, a study conducted in 

HER2 negative patients who had not received previous chemotherapy for 

advanced disease and where TNBC patients represented around 25% [63]. After 

an adaptive interim analysis 338 patients enrolled it was concluded that the 

addition of buparlisib to paclitaxel did not improve progression-free survival (PFS) 

in the overall study, with median PFS 9.2 in the placebo group versus 8.0 months 

with buparlisib (HR 1.18, 95% CI 0.82-1.68). The TNBC patients showed a worse 

prognosis with the addition of buparlisib with 5.5 versus 9.3 months in the placebo 

group (HR 1.86, 95% CI 0.91-3.79). The results were communicated including 125 

patients displaying a PIK3CA mutation or a PTEN loss of expression by IHC for 

which also no benefit was found for the addition of the targeted agent (HR 1.17, 

95% CI 0.63–2.17). The adverse events (AEs) more frequently appearing in the 

combination group were diarrhoea, alopecia, rash, nausea and hyperglycaemia, 

being this toxicity profile quite characteristic of PI3 kinase inhibition. Duration of 

paclitaxel was lower in the buparlisib group, and the dose intensity not reported, 

suggesting that the toxicity of buparlisib may have compromised the delivery of the 

backbone chemotherapy. Following the results from this trial it appeared that 

TNBC do not benefit of the addition of a PI3 kinase inhibitor, although no selection 

in TNBC was made for the minority of patients with PIK3CA mutations, and 

caution must be applied for generalising the results. Two open-label phase II 

clinical trials recruited TNBC patients to be treated with buparlisib as a single 

agent (NCT01790932, NCT01629615) although no results have been published so 

far.  
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The dominance of PIK3CA mutations in specific subset of TNBC suggests the 

potential for combination targeted therapy, with PIK3CA-mutant TNBC both 

showing sensitivity to CDK4/6 inhibition [64] and AR targeting [58] suggesting 

combination approaches. A phase Ib clinical trial assessing the combination of the 

β-sparing PIK3CA inhibitor taselisib in combination with palbociclib in metastatic 

breast cancer includes a cohort of TNBC and has already finished its recruitment 

(NCT02389842). Another phase I clinical trial is combining the α-specific PIK3CA 

inhibitor alpelisib with enzalutamide in AR+ and PTEN+ breast cancer including a 

cohort of TNBC (NCT03207529). The results from these trials may give us a better 

perspective on how PI3 kinase inhibition affects triple-negative patients. 

In TNBC models it was shown that pan-PI3K inhibitor buparlisib downregulated 

BRCA1/2 expression leading to homologous recombination deficiency, with 

combination efficacy of buparlasib and the PARP inhibitor olaparib in BRCA1 WT 

TNBC [65]. In parallel, a second study also showed combined enhanced activity in 

BRCA1-mutant models [66]. A subsequent phase I trial of the buparlisib and 

olaparib combination reported activity in both germline BRCA-mutant and wild type 

recurrent breast (some of which where TNBC) and ovarian cancer, albeit requiring 

a reduction in buparlisib dose [67].  

AKT inhibitors  

Early AKT inhibitors, such as perifosine and MK2206, failed to show clinical impact 

in phase II trials ([68], NCT01277757), but more modern AKT inhibitors showed 

promising responses in phase I trials [69, 70]. Recently there is preliminary 

evidence of substantial activity of AKT inhibtors of two different phase II clinical 

trials in first-line treatment: LOTUS and PAKT (table 1). The randomized, placebo-
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controlled, phase-II LOTUS trial enrolled 124 patients with locally advanced or 

metastatic triple negative breast cancer and randomized them to first-line weekly 

paclitaxel +/- ipatasertib, an ATP-competitive pan-AKT inhibitor. This trial showed 

an increase in PFS from 4.9 to 6.2 months (HR 0.60, 95% CI 0.37–0.98; p=0.037) 

with the addition of the AKT-inhibitor ipatasertib to paclitaxel in the intention-to-

treat population [71]. A co-endpoint analysis using PTEN IHC as a biomarker 

demonstrated no enrichment for benefit in PTEN IHC low cancers(defined as IHC 

0 in at least 50% of tumour cells, HR 0.59, 95% CI 0.26–1.32:  p=0.18). In contrast, 

a non-stratified secondary endpoint analysis involving 42 patients with 

PIK3CA/AKT1/PTEN-mutated tumors assessed by tumor sequencing showed 

median PFS improvement from 4.9 months in the placebo group versus 9.0 months 

with ipatasertib (non-stratified HR 0.44, 95% CI 0.20–0.99, p=0.041). Interestingly, 

out of the 15 patients with a PTEN inactivating alteration with PTEN IHC 

assessment, 15 (93%) showed a PTEN protein expression loss. However, only 

28.57% with PTEN loss by IHC had a PTEN genetic alteration. This difference in 

efficacy suggested that PTEN IHC was unhelpful, and that genomic mutations were 

likely more useful in selecting patients likely to benefit from AKT inhibition.  The 

results for overall survival (OS) at 50% OS events in both arms suggested OS 

advantage in the ITT population from 18.4 to 23.1 months (HR 0.62, 95% CI 0.37-

1.05), with greater benefit in the pathway altered tumors. In terms of safety, this 

trial showed that the most common grade 3/4 toxicity were diarrhoea (arising in 23% 

of ipatasertib-treated versus 0% in placebo-treated), decreased neutrophil count (8% 

vs 6%) and neutropenia (10% vs 2%). Overall, serious adverse events were reported 

in 28% of the experimental group versus 15% of the placebo. A phase 3 trial of 
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ipatasertib for PI3K-pathway alterations including first-line treatment for TNBC 

patients is already ongoing (NCT03337724). 

A similar phase II double-blind, placebo-controlled study enrolling 140 patients with 

metastatic TNBC with no prior treatment for metastatic disease or taxane treatment 

during the previous 12 months has recently showed an advantage in median PFS 

from 4.2 months on paclitaxel plus placebo versus 5.9 months with capivasertib plus 

paclitaxel (HR 0.75, 95% CI 0.52-1.08; one-sided p=0.06). In addition, an OS benefit 

was also observed for patients in the capivasertib group with median OS increasing 

from 12.6 to 19.1 months compared with placebo (HR 0.64, 95% CI 0.40-1.01; one-

sided p=0.02). Similar to LOTUS a pre-planned analysis of the PIK3CA/AKT1/PTEN-

altered tumors by central assessment suggested a median PFS of 3.7 months with 

placebo versus 9.3 months with capivasertib group (HR 0.30, 95% CI 0.11- 0.79; 

two-sided p=0.01), and similarly improvements in overall survival (HR 0.37, 95% CI 

0.12-1.12; two-sided p=0.07). No significant differences were observed for the 

PIK3CA/AKT1/PTEN-non-altered tumors in PFS or OS, highlighting the importance 

of biomarker assessment for better selection of these inhibitors. Similar to 

ipatasertib, the most frequent serious adverse event in the trial was diarrhoea 

(13.2% vs 1.4%) and fatigue (4.4% vs 0%), potentially with a higher incidence of 

rash (4.4% vs 0%) and infections (4.4% vs 1.4%). In this study, the rates of 

neutropenia were similar between both treatment groups [72]. 

The biomarker selection results of LOTUS and PAKT do contrast with results from 

prostate cancer.  In a phase Ib/II study conducted by de Bono et al. 253 metastatic 

castration-resistant prostate cancer patients previously treated with docetaxel were 

randomized to one of three treatment arms to be treated with ipatasertib 400 mg, 
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ipatasertib 200 mg or placebo in combination with abiraterone acetate 1000 mg and 

prednisone 10 mg daily. Median radiographic PFS (rPFS) for the ITT population was 

8.18 months with ipatasertib 400 mg schedule versus 6.37 months with placebo (HR 

0.75, 90% CI 0.54-1.05; p=0.17). PTEN loss was observed in 43% (71/165) tested 

tumors associated with an improved rPFS (HR 0.39, 90% CI 0.22-0.70)  [73]. It must 

be noted that this study used the CST138G6 PTEN antibody, whereas LOTUS trial 

used clone SP218, a difference that could conceivably account for differences 

observed between studies. In this particular study no associations could be found for 

efficacy based on stratification at the genomic level. Although this suggests that 

PTEN IHC is useful in prostate, but not in breast cancer, this raises some doubts 

over the conclusion that PTEN IHC is unhelpful in breast cancer patient selection.  

Capivasertib has also been tested in ER+/HER2- metastatic breast cancer in BEECH 

study, a phase II clinical trial assessing weekly paclitaxel plus capivasertib 400mg or 

placebo for patients not previously treated with chemotherapy showing negative 

results. Median PFS was 10.9 months for capivasertib plus paclitaxel versus 8.4 

months on placebo plus paclitaxel (HR 0.80, 80% CI 0.6–1.06, p=0.31). A pre-

specified analysis in  PIK3CA mutated subgroup revealed a median PFS of 10.9 

versus 10.8 months for capivasertib versus placebo added to paclitaxel (HR 1.11, 

80% CI 0.73–1.68, p=0.76), showing no benefit increased based on this selection 

[74]. 

Ipatasertib has been explored in neoadjuvant TNBC in a phase II study randomizing 

patients to receive weekly paclitaxel plus ipatasertib or placebo before surgery. 

Endpoints were pCR rates in ITT, PTEN-low population assessed via IHC and 

PIK3CA/AKT1/PTEN-altered tumors using NGS. Addition of ipatasertib showed a 



17 
 

numerically but non-significant increase in pCR rates in those 3 groups, with 

differences more pronounced in patients with PTEN-low tumors (32% vs 6%) 

and PIK3CA/AKT1/PTEN-altered tumors (39% vs 9%)  [75]. 

In a similar way PI3K and PARP inhibitors combined have demonstrated some 

efficacy in early-phase trials, AKT inhibitors could potentially be also more effective 

when combined with PARP inhibitors. A phase II trial looking at different 

combinations for olaparib included an arm where patients receive both olaparib and 

the AKT inhibitor capivasertib (NCT02576444).  

mTOR inhibitors 

The mTOR inhibitor everolimus in combination with exemestane has activity in 

HR+/HER2- metastatic breast cancer [26], although there is suggestions of activity of 

everolimus in other subtypes. The combination of everolimus with first-line 

trastuzumab plus paclitaxel in HER2 positive metastatic breast cancer patients was 

assessed in a large phase 3 trial involving 719 patients including both HR-positive 

and negative conducted by Hurvitz et al [76]. In the ITT population no differences 

between treatment arms were observed with median PFS 14.95 months with 

everolimus versus 14.49 months with placebo (HR 0.89, 95% CI 0.73–1.08; p=0.12). 

However, when selecting the 311 HR-negative patients, differences in efficacy 

appeared. Median PFS was 20.27 versus 16.56 with the addition of everolimus (HR 

0.66, 95% CI 0.48–0.91; p=0.0049) although not reaching the pre-specified 

significant level (p=0·0044). Even though not strictly statistically significant, this 

numerical difference strongly suggested that this combination might be more 

beneficial in HR negative HER2 positive breast cancer. The biomarker stratification 

taken out from this study in addition to the results from BOLERO-3 study which 
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stratified trastuzumab-resistant HER2 positive patients to weekly trastuzumab and 

vinorelbine plus everolimus or placebo showed in combination that activation of the 

PI3K-pathway in HER2 positive patients could potentially identify patients more likely 

to benefit from everolimus [77]. 

A phase I study exploring the combination of the chemotherapeutic agent liposomal 

doxorubicin, the antiangiogenic agent bevacizumab and the mTOR inhibitors 

temsirolimus or everolimus included 52 patients with metaplastic TNBC [78]. The 

selection for metaplastic TNBC was used as a surrogate of MSL subtypes, known to 

have relatively frequent PIK3-pathway alterations as well as high expression of 

vascular endothelial growth factor (VEGF). The objective response rate (ORR) was 

21% including 4 complete responses and 7 partial responses. 32 (74%) patients 

were found to display a PIK3-pathway alteration defined by a mutation in the 

pathway detected by sequencing or a PTEN loss of expression by IHC. Interestingly, 

PIK3-athway activation was found to correlate with improved response rates 

(p=0.04). A phase I assessing the combination of everolimus and eribulin in 

previously treated metastatic TNBC patients is also ongoing (NCT02616848), but no 

results have been published yet.  

Dual inhibitors 

Inhibition of mTOR, AKT and PI3 kinase initiates feedback loops that potentially limit 

the effectiveness of these agents. mTOR inhibition was found to upregulate 

upstream receptor tyrosine kinases (RTKs), resulting in rebound activation of AKT 

[79]. AKT inhibition initiates FOXO-dependent transcription and activation of RTKs 

[80]. PI3 kinase inhibition, although preventing AKT activation, also results in 

enhanced MAPK signalling [81]. Taken together, this evidence stands as a good 
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rationale for investigating dual inhibitors of the PI3 kinase-AKT-mTOR pathway that 

may control both target pathway activation and feedback loop in response to it, thus 

preventing or delaying resistance. For example, the combination of mTOR and AKT 

inhibitors on basal-like patient-derived xenograph models showed synergistic 

efficacy [82]. 

However, the class of PI3K/AKT/mTOR dual-blockade agents has been severely 

limited in clinical activity due to adverse effects. For example the catalytic mTOR 

inhibitor AZD2014, which inhibits both mTORC1 and mTORC2, was less effective in 

the clinic than everolimus in HR positive breast cancer, despite preclinical evidence 

of higher activity of AZD2014 [83]. A number of PI3K/mTOR inhibitors continue in 

clinical development including gedatolisib (PF-05212384), with activity in breast 

cancer and acceptable safety profile and tumoural activity [84]. Bimiralisib (PQR-

309) [85] and apitolisib [86] represent other inhibitors in early development. 

 

ONGOING TRIALS 

 

In particular with evidence of AKT inhibitor activity in pathway mutant TNBC, there 

are several ongoing clinical trials exploring PI3-kinase pathway inhibition (table, S1). 

Ipatasertib is now being tested in combination with paclitaxel compared to paclitaxel 

and placebo as upfront treatment for TNBC with PIK3CA/AKT1/PTEN-altered  

tumors in the phase III IPATunity130 trial [87], and phase III trials are planned with 

capivasertib.  

Current evidence suggests that AKT targeting for TNBC has most efficacy in 

pathway-aberrant tumors. It will be important to establish in future phase III trials if all 
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genetic events share a similar degree of sensitivity to AKT inhibition, if they all 

benefit equally from AKT inhibition or if individual genetic events (e.g. AKT1 

mutations) derive more benefit than others. 

 

IMMUNOTHERAPY VERSUS TARGETED THERAPY 

 

Immunotherapy for the treatment of cancer has been a revolution in last years but 

clinically meaningful efficacy for breast cancer patients has remained elusive until 

recently. Previous work had established that immune biomarkers as programmed 

cell death ligand 1 (PD-L1) are overexpressed in TNBC [88] and early clinical 

evidence of activity of immune agents targeting both PD-1 and PD-L1 on breast 

cancer patients showed that TNBC was the subtype where most durable clinical 

activity is found [89, 90]. More recently, a phase 3 trial with the PD-L1 inhibitor 

atezolizumab in addition to nab-paclitaxel demonstrated benefit in PFS for TNBC 

patients when used as upfront treatment [91].  

Although immuno-oncology and targeted inhibition of the PI3KCA/AKT/mTOR 

pathway can be seen as non-redundant approaches to tackle the disease there is 

emerging evidence that they can be combined to exploit potential synergy. PTEN 

loss has been demonstrated to confer resistance to PD-L1 blockade in pre-clinical 

work based on melanoma models and combined treatment with a PIK3β inhibitor 

and anti-PD-L1 resulted in enhanced tumor growth inhibition [92]. This 

immunoresistance based on PTEN loss has also been found in other tumor types 

[93]. Now that AKT inhibition and immunotherapy have both demonstrated clinical 

efficacy in large clinical trials designed for TNBC population it seems important to 
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explore potential triplet combinations, and studies have also been setup to test such 

combinations (NCT03424005, NCT03395899).  

Caution will have to be taken in investigating potential biomarkers to predict 

increased sensitivity to PI3K pathway inhibitors in combination with immunotherapy, 

as PI3K pathway signalling plays major roles in immune cell function and immune 

surveillance. It is therefore possible that the tumor derived biomarkers may predict 

sensitivity to PI3 kinase pathway inhibitors less effectively in combination, with the 

potential need to consider markers of PI3K pathway activation in tumor infiltrating 

lymphocytes and other immune cells. 

 

CONCLUSIONS 

 

Enormous effort has been put into development of new strategies for TNBC patients 

and the era of precision medicine for TNBC has finally arrived. Increasing evidence 

suggests the potential of AKT inhibitors in cancers with genetic alterations in the 

PI3KCA/AKT1/PTEN axis, with phase III trials ongoing. Whether activity is limited to 

pathway inhibitors has not been fully resolved by the current studies, with the low 

expression of INPP4B in the substantial majority of basal-like cancers raising the 

possibility of activity outside pathway mutant cancers, along with the potential for 

AKT inhibitors to synergise with immune checkpoint inhibitors if sufficiently tolerable. 

The possible role of everolimus in TNBC has not been extensively explored, as has 

the potential role of alpha selective PI3 kinase inhibitors in PIK3CA mutant TNBC. 

Selection of PI3KCA/AKT1/PTEN alterations appears to optimize the selection of 

patients for AKT inhibition, although the potential role of PTEN status assessment by 
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IHC remains unanswered. The survival advantage in the existing phase II trials has 

come at a cost of increased toxicity. These data suggest the potential for precision 

medicine in TNBC, and the further sub-dividing of TNBC into therapeutically defined 

subtypes.  The era where TNBC lagged behind other breast cancer subtypes in 

innovation appears to be over. Now substantial evidence suggests distinct 

therapeutic approaches for different TNBC subtypes, with the potential to be 

translated to substantial improvements in overall survival.



23 
 

REFERENCES 

1. Cortes J, O'Shaughnessy J, Loesch D et al. Eribulin monotherapy versus 
treatment of physician's choice in patients with metastatic breast cancer 
(EMBRACE): a phase 3 open-label randomised study. Lancet 2011; 377: 914-923. 
2. Poggio F, Bruzzone M, Ceppi M et al. Platinum-based neoadjuvant 
chemotherapy in triple-negative breast cancer: a systematic review and meta-
analysis. Ann Oncol 2018. 
3. Byrski T, Dent R, Blecharz P et al. Results of a phase II open-label, non-
randomized trial of cisplatin chemotherapy in patients with BRCA1-positive 
metastatic breast cancer. Breast Cancer Res 2012; 14: R110. 
4. Tutt A, Tovey H, Cheang MCU et al. Carboplatin in BRCA1/2-mutated and 
triple-negative breast cancer BRCAness subgroups: the TNT Trial. Nature Medicine 
2018; 24: 628-637. 
5. Robson M, Im SA, Senkus E et al. Olaparib for Metastatic Breast Cancer in 
Patients with a Germline BRCA Mutation. N Engl J Med 2017; 377: 523-533. 
6. Litton J, Rugo H, Ettl J et al. Abstract GS6-07: EMBRACA: A phase 3 trial 
comparing talazoparib, an oral PARP inhibitor, to physician's choice of therapy in 
patients with advanced breast cancer and a germline <em>BRCA</em> mutation. 
Cancer Research 2018; 78: GS6-07-GS06-07. 
7. Turner NC, Telli ML, Rugo HS et al. Final results of a phase 2 study of 
talazoparib (TALA) following platinum or multiple cytotoxic regimens in advanced 
breast cancer patients (pts) with germline BRCA1/2 mutations (ABRAZO). Journal of 
Clinical Oncology 2017; 35: 1007-1007. 
8. André F, Zielinski CC. Optimal strategies for the treatment of metastatic triple-
negative breast cancer with currently approved agents. Annals of Oncology 2012; 
23: vi46-vi51. 
9. Cantley LC. The phosphoinositide 3-kinase pathway. Science 2002; 296: 
1655-1657. 
10. LoRusso PM. Inhibition of the PI3K/AKT/mTOR Pathway in Solid Tumors. J 
Clin Oncol 2016; 34: 3803-3815. 
11. Baselga J. Targeting the phosphoinositide-3 (PI3) kinase pathway in breast 
cancer. Oncologist 2011; 16 Suppl 1: 12-19. 
12. Shah SP, Roth A, Goya R et al. The clonal and mutational evolution spectrum 
of primary triple-negative breast cancers. Nature 2012; 486: 395-399. 
13. Fruman DA, Chiu H, Hopkins BD et al. The PI3K Pathway in Human Disease. 
Cell 2017; 170: 605-635. 
14. Comprehensive molecular portraits of human breast tumours. Nature 2012; 
490: 61-70. 
15. Carpten JD, Faber AL, Horn C et al. A transforming mutation in the pleckstrin 
homology domain of AKT1 in cancer. Nature 2007; 448: 439-444. 
16. Irie HY, Pearline RV, Grueneberg D et al. Distinct roles of Akt1 and Akt2 in 
regulating cell migration and epithelial–mesenchymal transition. The Journal of Cell 
Biology 2005; 171: 1023-1034. 
17. Ng SSW, Tsao M-S, Chow S, Hedley DW. Inhibition of Phosphatidylinositide 
3-Kinase Enhances Gemcitabine-induced Apoptosis in Human Pancreatic Cancer 
Cells. Cancer Research 2000; 60: 5451-5455. 



24 
 

18. Riggio M, Perrone MC, Polo ML et al. AKT1 and AKT2 isoforms play distinct 
roles during breast cancer progression through the regulation of specific downstream 
proteins. Scientific Reports 2017; 7: 44244. 
19. Chin YR, Yoshida T, Marusyk A et al. Targeting Akt3 Signaling in Triple-
Negative Breast Cancer. Cancer Research 2014; 74: 964-973. 
20. Yi KH, Lauring J. Recurrent AKT mutations in human cancers: functional 
consequences and effects on drug sensitivity. Oncotarget 2016; 7: 4241-4251. 
21. Hussain K, Challis B, Rocha N et al. An Activating Mutation of 
<em>AKT2</em> and Human Hypoglycemia. Science 2011; 334: 474-474. 
22. Davies MA, Stemke-Hale K, Tellez C et al. A novel AKT3 mutation in 
melanoma tumours and cell lines. British Journal Of Cancer 2008; 99: 1265. 
23. Chang MT, Shrestha Bhattarai T, Schram AM et al. Accelerating discovery of 
functional mutant alleles in cancer. Cancer Discovery 2017; CD-17-0321. 
24. Shaw RJ, Bardeesy N, Manning BD et al. The LKB1 tumor suppressor 
negatively regulates mTOR signaling. Cancer Cell 2004; 6: 91-99. 
25. Huang J, Dibble CC, Matsuzaki M, Manning BD. The TSC1-TSC2 complex is 
required for proper activation of mTOR complex 2. Molecular and cellular biology 
2008; 28: 4104-4115. 
26. Baselga J, Campone M, Piccart M et al. Everolimus in Postmenopausal 
Hormone-Receptor–Positive Advanced Breast Cancer. New England Journal of 
Medicine 2012; 366: 520-529. 
27. Li DM, Sun H. TEP1, encoded by a candidate tumor suppressor locus, is a 
novel protein tyrosine phosphatase regulated by transforming growth factor beta. 
Cancer Res 1997; 57: 2124-2129. 
28. Li J, Yen C, Liaw D et al. PTEN, a putative protein tyrosine phosphatase gene 
mutated in human brain, breast, and prostate cancer. Science 1997; 275: 1943-
1947. 
29. Steck PA, Pershouse MA, Jasser SA et al. Identification of a candidate 
tumour suppressor gene, MMAC1, at chromosome 10q23.3 that is mutated in 
multiple advanced cancers. Nat Genet 1997; 15: 356-362. 
30. Liaw D, Marsh DJ, Li J et al. Germline mutations of the PTEN gene in 
Cowden disease, an inherited breast and thyroid cancer syndrome. Nature Genetics 
1997; 16: 64. 
31. Shen WH, Balajee AS, Wang J et al. Essential role for nuclear PTEN in 
maintaining chromosomal integrity. Cell 2007; 128: 157-170. 
32. Lee Y-R, Chen M, Pandolfi PP. The functions and regulation of the PTEN 
tumour suppressor: new modes and prospects. Nature Reviews Molecular Cell 
Biology 2018. 
33. Jia S, Liu Z, Zhang S et al. Essential roles of PI(3)K-p110beta in cell growth, 
metabolism and tumorigenesis. Nature 2008; 454: 776-779. 
34. Wee S, Wiederschain D, Maira S-M et al. PTEN-deficient cancers depend on 
PIK3CB. Proceedings of the National Academy of Sciences 2008; 105: 13057-
13062. 
35. Juric D, Castel P, Griffith M et al. Convergent loss of PTEN leads to clinical 
resistance to a PI(3)Kα inhibitor. Nature 2014; 518: 240. 
36. Garcia JM, Silva JM, Dominguez G et al. Allelic loss of the PTEN region 
(10q23) in breast carcinomas of poor pathophenotype. Breast Cancer Res Treat 
1999; 57: 237-243. 



25 
 

37. Bose S, Wang SI, Terry MB et al. Allelic loss of chromosome 10q23 is 
associated with tumor progression in breast carcinomas. Oncogene 1998; 17: 123-
127. 
38. Li S, Shen Y, Wang M et al. Loss of PTEN expression in breast cancer: 
association with clinicopathological characteristics and prognosis. Oncotarget 2017; 
8: 32043-32054. 
39. Burnett JP, Korkaya H, Ouzounova MD et al. Trastuzumab resistance induces 
EMT to transform HER2(+) PTEN(-) to a triple negative breast cancer that requires 
unique treatment options. Sci Rep 2015; 5: 15821. 
40. Wu Y, Sarkissyan M, Elshimali Y, Vadgama JV. Triple Negative Breast 
Tumors in African-American and Hispanic/Latina Women Are High in CD44+, Low in 
CD24+, and Have Loss of PTEN. PLOS ONE 2013; 8: e78259. 
41. Beg S, Siraj AK, Prabhakaran S et al. Loss of PTEN expression is associated 
with aggressive behavior and poor prognosis in Middle Eastern triple-negative breast 
cancer. Breast Cancer Res Treat 2015; 151: 541-553. 
42. Lin J, Sampath D, Nannini MA et al. Targeting activated Akt with GDC-0068, a 
novel selective Akt inhibitor that is efficacious in multiple tumor models. Clin Cancer 
Res 2013; 19: 1760-1772. 
43. Song MS, Salmena L, Pandolfi PP. The functions and regulation of the PTEN 
tumour suppressor. Nature Reviews Molecular Cell Biology 2012; 13: 283. 
44. Pezzolesi MG, Platzer P, Waite KA, Eng C. Differential Expression of PTEN-
Targeting MicroRNAs miR-19a and miR-21 in Cowden Syndrome. American Journal 
of Human Genetics 2008; 82: 1141-1149. 
45. Singh B, Ittmann MM, Krolewski JJ. Sporadic breast cancers exhibit loss of 
heterozygosity on chromosome segment 10q23 close to the Cowden disease locus. 
Genes Chromosomes Cancer 1998; 21: 166-171. 
46. Papa A, Wan L, Bonora M et al. Cancer-associated PTEN mutants act in a 
dominant-negative manner to suppress PTEN protein function. Cell 2014; 157: 595-
610. 
47. Hollander MC, Blumenthal GM, Dennis PA. PTEN loss in the continuum of 
common cancers, rare syndromes and mouse models. Nature Reviews Cancer 
2011; 11: 289. 
48. Gewinner C, Wang ZC, Richardson A et al. Evidence that inositol 
polyphosphate 4-phosphatase type II is a tumor suppressor that inhibits PI3K 
signaling. Cancer Cell 2009; 16: 115-125. 
49. Fedele CG, Ooms LM, Ho M et al. Inositol polyphosphate 4-phosphatase II 
regulates PI3K/Akt signaling and is lost in human basal-like breast cancers. Proc 
Natl Acad Sci U S A 2010; 107: 22231-22236. 
50. Kofuji S, Kimura H, Nakanishi H et al. INPP4B Is a 
PtdIns(3,4,5)P<sub>3</sub> Phosphatase That Can Act as a Tumor Suppressor. 
Cancer Discovery 2015; 5: 730-739. 
51. Mendoza MC, Er EE, Blenis J. The Ras-ERK and PI3K-mTOR pathways: 
cross-talk and compensation. Trends in Biochemical Sciences 2011; 36: 320-328. 
52. Zhang Y, Kwok-Shing Ng P, Kucherlapati M et al. A Pan-Cancer 
Proteogenomic Atlas of PI3K/AKT/mTOR Pathway Alterations. Cancer cell 2017; 31: 
820-832.e823. 
53. Lehmann BD, Bauer JA, Chen X et al. Identification of human triple-negative 
breast cancer subtypes and preclinical models for selection of targeted therapies. 
The Journal of Clinical Investigation 2011; 121: 2750-2767. 



26 
 

54. Pereira B, Chin SF, Rueda OM et al. The somatic mutation profiles of 2,433 
breast cancers refines their genomic and transcriptomic landscapes. Nat Commun 
2016; 7: 11479. 
55. Bareche Y, Venet D, Ignatiadis M et al. Unravelling triple-negative breast 
cancer molecular heterogeneity using an integrative multiomic analysis. Ann Oncol 
2018; 29: 895-902. 
56. Won JR, Gao D, Chow C et al. A survey of immunohistochemical biomarkers 
for basal-like breast cancer against a gene expression profile gold standard. Mod 
Pathol 2013; 26: 1438-1450. 
57. Marty B, Maire V, Gravier E et al. Frequent PTEN genomic alterations and 
activated phosphatidylinositol 3-kinase pathway in basal-like breast cancer cells. 
Breast Cancer Res 2008; 10: R101. 
58. Lehmann BD, Bauer JA, Schafer JM et al. PIK3CA mutations in androgen 
receptor-positive triple negative breast cancer confer sensitivity to the combination of 
PI3K and androgen receptor inhibitors. Breast Cancer Res 2014; 16: 406. 
59. Baselga J, Im SA, Iwata H et al. Buparlisib plus fulvestrant versus placebo 
plus fulvestrant in postmenopausal, hormone receptor-positive, HER2-negative, 
advanced breast cancer (BELLE-2): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 2017; 18: 904-916. 
60. Di Leo A, Johnston S, Lee KS et al. Buparlisib plus fulvestrant in 
postmenopausal women with hormone-receptor-positive, HER2-negative, advanced 
breast cancer progressing on or after mTOR inhibition (BELLE-3): a randomised, 
double-blind, placebo-controlled, phase 3 trial. Lancet Oncol 2018; 19: 87-100. 
61. Baselga J, Dent SF, Cortés J et al. 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. Journal of Clinical Oncology 2018; 36: LBA1006-
LBA1006. 
62. Andre F, Campone M, Ciruelos EM et al. SOLAR-1: A phase III study of 
alpelisib + fulvestrant in men and postmenopausal women with HR+/HER2– 
advanced breast cancer (BC) progressing on or after prior aromatase inhibitor 
therapy. Journal of Clinical Oncology 2016; 34: TPS618-TPS618. 
63. Martin M, Chan A, Dirix L et al. A randomized adaptive phase II/III study of 
buparlisib, a pan-class I PI3K inhibitor, combined with paclitaxel for the treatment of 
HER2- advanced breast cancer (BELLE-4). Ann Oncol 2017; 28: 313-320. 
64. Asghar US, Barr AR, Cutts R et al. Single-Cell Dynamics Determines 
Response to CDK4/6 Inhibition in Triple-Negative Breast Cancer. Clinical Cancer 
Research 2017. 
65. Ibrahim YH, Garcia-Garcia C, Serra V et al. PI3K inhibition impairs BRCA1/2 
expression and sensitizes BRCA-proficient triple-negative breast cancer to PARP 
inhibition. Cancer Discov 2012; 2: 1036-1047. 
66. Juvekar A, Burga LN, Hu H et al. Combining a PI3K inhibitor with a PARP 
inhibitor provides an effective therapy for BRCA1-related breast cancer. Cancer 
Discov 2012; 2: 1048-1063. 
67. Matulonis UA, Wulf GM, Barry WT et al. Phase I dose escalation study of the 
PI3kinase pathway inhibitor BKM120 and the oral poly (ADP ribose) polymerase 
(PARP) inhibitor olaparib for the treatment of high-grade serous ovarian and breast 
cancer. Ann Oncol 2017; 28: 512-518. 
68. Leighl NB, Dent S, Clemons M et al. A Phase 2 study of perifosine in 
advanced or metastatic breast cancer. Breast Cancer Res Treat 2008; 108: 87-92. 



27 
 

69. Banerji U, Dean EJ, Perez-Fidalgo JA et al. A Phase I Open-Label Study to 
Identify a Dosing Regimen of the Pan-AKT Inhibitor AZD5363 for Evaluation in Solid 
Tumors and in PIK3CA-Mutated Breast and Gynecologic Cancers. Clin Cancer Res 
2018; 24: 2050-2059. 
70. Saura C, Roda D, Roselló S et al. A First-in-Human Phase I Study of the ATP-
Competitive AKT Inhibitor Ipatasertib Demonstrates Robust and Safe Targeting of 
AKT in Patients with Solid Tumors. Cancer Discovery 2016. 
71. Kim SB, Dent R, Im SA et al. Ipatasertib plus paclitaxel versus placebo plus 
paclitaxel as first-line therapy for metastatic triple-negative breast cancer (LOTUS): a 
multicentre, randomised, double-blind, placebo-controlled, phase 2 trial. Lancet 
Oncol 2017; 18: 1360-1372. 
72. Schmid P, Abraham J, Chan S et al. AZD5363 plus paclitaxel versus placebo 
plus paclitaxel as first-line therapy for metastatic triple-negative breast cancer 
(PAKT): A randomised, double-blind, placebo-controlled, phase II trial. Journal of 
Clinical Oncology 2018; 36: 1007-1007. 
73. de Bono JS, De Giorgi U, Nava Rodrigues D et al. Randomized Phase II 
Study of Akt Blockade With or Without Ipatasertib in Abiraterone-Treated Patients 
With Metastatic Prostate Cancer With and Without PTEN Loss. Clinical Cancer 
Research 2018. 
74. Turner N, Alarcón E, Armstrong A et al. BEECH: A randomised Phase 2 study 
assessing the efficacy of AKT inhibitor AZD5363 combined with paclitaxel in patients 
with ER+ve advanced or metastatic breast cancer, and in a PIK3CA mutant sub-
population.2017. 
75. Oliveira M, Saura C, Calvo I et al. Abstract CT041: Primary results from 
FAIRLANE (NCT02301988), a double-blind placebo (PBO)-controlled randomized 
phase II trial of neoadjuvant ipatasertib (IPAT) + paclitaxel (PAC) for early triple-
negative breast cancer (eTNBC). Cancer Research 2018; 78: CT041-CT041. 
76. Hurvitz SA, Andre F, Jiang Z et al. Combination of everolimus with 
trastuzumab plus paclitaxel as first-line treatment for patients with HER2-positive 
advanced breast cancer (BOLERO-1): a phase 3, randomised, double-blind, 
multicentre trial. Lancet Oncol 2015; 16: 816-829. 
77. Andre F, Hurvitz S, Fasolo A et al. Molecular Alterations and Everolimus 
Efficacy in Human Epidermal Growth Factor Receptor 2-Overexpressing Metastatic 
Breast Cancers: Combined Exploratory Biomarker Analysis From BOLERO-1 and 
BOLERO-3. J Clin Oncol 2016; 34: 2115-2124. 
78. Basho RK, Gilcrease M, Murthy RK et al. Targeting the PI3K/AKT/mTOR 
Pathway for the Treatment of Mesenchymal Triple-Negative Breast Cancer: 
Evidence From a Phase 1 Trial of mTOR Inhibition in Combination With Liposomal 
Doxorubicin and Bevacizumab. JAMA Oncol 2017; 3: 509-515. 
79. O'Reilly KE, Rojo F, She Q-B et al. mTOR inhibition induces upstream 
receptor tyrosine kinase signaling and activates Akt. Cancer research 2006; 66: 
1500-1508. 
80. Chandarlapaty S, Sawai A, Scaltriti M et al. AKT Inhibition Relieves Feedback 
Suppression of Receptor Tyrosine Kinase Expression and Activity. Cancer Cell 
2011; 19: 58-71. 
81. Serra V, Scaltriti M, Prudkin L et al. PI3K inhibition results in enhanced HER 
signaling and acquired ERK dependency in HER2-overexpressing breast cancer. 
Oncogene 2011; 30: 2547-2557. 



28 
 

82. Xu S, Li S, Guo Z et al. Combined targeting of mTOR and AKT is an effective 
strategy for basal-like breast cancer in patient-derived xenograft models. Mol Cancer 
Ther 2013; 12: 1665-1675. 
83. Schmid P, Zaiss M, Harper-Wynne C et al. Abstract GS2-07: MANTA - A 
randomized phase II study of fulvestrant in combination with the dual mTOR inhibitor 
AZD2014 or everolimus or fulvestrant alone in estrogen receptor-positive advanced 
or metastatic breast cancer. Cancer Research 2018; 78: GS2-07-GS02-07. 
84. Shapiro GI, Bell-McGuinn KM, Molina JR et al. First-in-Human Study of PF-
05212384 (PKI-587), a Small-Molecule, Intravenous, Dual Inhibitor of PI3K and 
mTOR in Patients with Advanced Cancer. Clin Cancer Res 2015; 21: 1888-1895. 
85. Wicki A, Brown N, Xyrafas A et al. First-in human, phase 1, dose-escalation 
pharmacokinetic and pharmacodynamic study of the oral dual PI3K and mTORC1/2 
inhibitor PQR309 in patients with advanced solid tumors (SAKK 67/13). Eur J Cancer 
2018; 96: 6-16. 
86. Dolly SO, Wagner AJ, Bendell JC et al. Phase I Study of Apitolisib (GDC-
0980), Dual Phosphatidylinositol-3-Kinase and Mammalian Target of Rapamycin 
Kinase Inhibitor, in Patients with Advanced Solid Tumors. Clinical cancer research : 
an official journal of the American Association for Cancer Research 2016; 22: 2874-
2884. 
87. Dent R, Kim S-B, Oliveira M et al. IPATunity130: A pivotal randomized phase 
III trial evaluating ipatasertib (IPAT) + paclitaxel (PAC) for PIK3CA/AKT1/PTEN-
altered advanced triple-negative (TN) or hormone receptor-positive HER2-negative 
(HR+/HER2–) breast cancer (BC). Journal of Clinical Oncology 2018; 36: TPS1117-
TPS1117. 
88. Mittendorf EA, Philips AV, Meric-Bernstam F et al. PD-L1 Expression in 
Triple-Negative Breast Cancer. Cancer Immunology Research 2014; 2: 361-370. 
89. Nanda R, Chow LQM, Dees EC et al. Pembrolizumab in Patients With 
Advanced Triple-Negative Breast Cancer: Phase Ib KEYNOTE-012 Study. Journal of 
Clinical Oncology 2016; 34: 2460-2467. 
90. Emens LA, Cruz C, Eder JP et al. Long-term Clinical Outcomes and 
Biomarker Analyses of Atezolizumab Therapy for Patients With Metastatic Triple-
Negative Breast Cancer: A Phase 1 Study. JAMA Oncol 2018. 
91. Schmid P, Adams S, Rugo HS et al. Atezolizumab and Nab-Paclitaxel in 
Advanced Triple-Negative Breast Cancer. New England Journal of Medicine 2018; 
379: 2108-2121. 
92. Peng W, Chen JQ, Liu C et al. Loss of PTEN Promotes Resistance to T Cell-
Mediated Immunotherapy. Cancer discovery 2016; 6: 202-216. 
93. George S, Miao D, Demetri GD et al. Loss of PTEN Is Associated with 
Resistance to Anti-PD-1 Checkpoint Blockade Therapy in Metastatic Uterine 
Leiomyosarcoma. Immunity 2017; 46: 197-204. 



29 
 

FUNDING 1 

JP is a recipient of a grant from the Spanish Medical Oncology Society ‘BECA 2 

FSEOM para la formación en investigación en centros de referencia en el 3 

extranjero'. 4 

 5 

DISCLOSURE 6 

JP declares no conflict of interest. NT has received advisory board honoraria from 7 

Astra Zeneca, Bristol-Myers Squibb, Lilly, Merck Sharpe and Dohme, Novartis, 8 

Pfizer, Roche/Genentech, Tesaro and research funding from Astra Zeneca, BioRad, 9 

Pfizer, Roche/Genentech. 10 



30 
 

FIGURES 

 

Figure 1. PI3-kinase pathway and simplification of their functions. Main genomic 

alterations (mutations/copy number variations - CNV) found in each gene in TNBC 

and association with molecular subtypes. 
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TABLES 

 

Table 1. Clinical data of LOTUS and PAKT trials. “*”= Statistically significant 

differences.
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SUPPLEMENTARY MATERIAL 

S1. Clinical trials for PIK3-pathway inhibition in TNBC. Data from 

www.clinicaltrials.gov, accessed on August 16 2018. 

 

Supplementary Table 1  

Trial ID Phase Drug tested PI3K-pathway target Combination 

NCT03337724 3 Ipatasertib AKT Paclitaxel 

NCT02162719 
(LOTUS) 

2 Ipatasertib AKT Paclitaxel 

NCT02423603 
(PAKT) 

2  AZD5363 AKT Paclitaxel 

NCT02506556 2 Alpelisib  PI3K α None 

NCT01623349 1 
Buparlisib or 

Alpelisib  
PI3KCA pan-class I or 

PI3KCA α 
Olaparib 

NCT01920061 1 Gedatolisib 
PI3KCA α/γ and 

mTOR 
Docetaxel, Cisplatin 

or Dacomitinb 

NCT02307240 1 CUDC-907 
PI3K α/β/δ and HDAC 
(Histone deacetylase) 

None 

NCT01884285 1 AZD8186 PI3K β/δ 
None or AZD2014 
(dual mTORC1/2) 

NCT02723877 1/2b PQR309 
PI3K pan-class I and 

mTOR dual 
mTORC1/2 

Eribulin 

http://www.clinicaltrials.gov/
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NCT02457910 1b/2 Taselisib  PI3K α/δ/γ Enzalutamide 

NCT03218826 1 AZD8186 PI3K β/δ Docetaxel 

NCT02637531 1 IPI-549  PI3K γ Nivolumab 

NCT02476955 1 ARQ 092 
PI3K pan-class I and 

AKT 
Carboplatin and 

Paclitaxel 

NCT01964924 2 GSK2141795 AKT Trametinib 

NCT02208375 1,2 
AZD2014 or 

AZD5363 
mTOR or AKT Olaparib 

NCT03243331 1 Gedatolisib 
PI3KCA α/γ and 

mTOR 
PTK7-ADC (anti-

PTK7 mAB) 

NCT03400254 1 Gedatolisib 
PI3KCA α/γ and 

mTOR 
Hydroxychloroquine 

 NCT02890069 1 Everolimus mTOR PDR001 (anti-PD-1) 

NCT02583542 1,2 AZD2014 mTOR 
AZD6244 (MEK 

inhibitor) 

NCT01964924 2 
GSK2141795 
(Uprosertib) 

AKT Trametinib 

 

S1. Clinical trials for PIK3-pathway inhibition in TNBC. 

 


