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Abstract

Recent advances in tumor genetics and drug development have led to the generation of a wealth of 

anti-cancer-targeted therapies. These drugs aim at targeting a particular vulnerability in the tumor 

generated in most cases as a result of dependence on an oncogene and/or loss of a tumor 

suppressor. Genes in the phosphoinositide 3-kinase (PI3K)/AKT pathway are the most frequently 

altered in human cancers. Aberrant activation of the PI3K/AKT pathway has been shown to confer 

resistance to HER2-targeted therapies. Several drugs targeting PI3K/ATK have been developed 

and are currently in clinical trials in different phases of clinical development, alone or in 

combination. The impact of mutations in the phosphoinositide 3-kinase (PI3K)/AKT pathway in 

HER2-amplified breast cancers will be the focus of this review.
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Introduction

Breast cancer therapy is currently guided by clinical staging as well as analysis of biological 

features of the tumor, such as HER2 overexpression [1]. Despite the use of HER2-targeted 

agents, many patients with HER2+ tumors have intrinsic resistance (de novo, i.e., tumors 

that do not respond to a drug from the onset of therapy) to HER2-targeted therapies, and 

many patients will eventually acquire resistance (i.e., tumors that initially respond to therapy 

but subsequently resume growth) to these treatments after an initial response [2]. Intrinsic 

(de novo) resistance is evidenced by lower objective response rates (ORR) achieved with 
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these agents upfront [3]. Acquired resistance may occur as tumor cells adapt to the stress of 

treatment by using alternate cellular signaling pathways [3, 4]. Inherited and acquired 

resistance to a given targeted agent could be explained by several different phenomena, 

including but not limited to compensatory cross talk with other signaling pathways, 

molecular changes in the target receptor, alterations in the regulation of downstream 

signaling components, steric inhibition imposed by other cellular elements, and 

pharmacogenetic alterations in the host [4, 5].

Advances in tumor genetics and drug development have led to the generation of a wealth of 

anti-cancer-targeted therapies. These drugs aim at targeting a particular vulnerability in the 

tumor generated in most cases as a result of dependence on an oncogene and/or loss of a 

tumor suppressor. Several recent examples indicate these drugs are mainly, if not 

exclusively, active against tumors of a particular genotype that can be identified by a 

diagnostic test, usually detecting a somatic alteration in tumor DNA. The impact of 

mutations in the phosphoinositide 3-kinase (PI3K)/AKT pathway in HER2-amplified breast 

cancers will be the focus of this review.

The Phosphoinositide 3-kinase (PI3K)/AKT Pathway

The PI3K/AKT pathway is frequently mutated in human cancers, with mutation and/or 

amplification of the genes encoding the PI3K catalytic subunits p110α (PIK3CA) and p110β 

(PIK3CB), the PI3K regulatory subunits p85α, p55α, and p50α (all encoded by PIK3R1) 

and p85β (PIK3R2), receptor tyrosine kinases (RTKs) such as HER2 (ERBB2), the PI3K 

activator K-RAS, the PI3K effectors AKT1, AKT2, AKT3, and PDK1, and loss of the lipid 

phosphatases PTEN and INPP4B (reviewed in [6]). The PIK3CA, PIK3CB, PIK3CD, and 

PIK3CG genes encode the homologous p110α, p110β, p110δ, and p110γ isozymes, 

respectively. Expression of p110δ and p110γ is largely restricted to immune cells and 

leukocytes, whereas p110α and p110β are ubiquitously expressed.

PIK3CA mutations are the most common genetic alterations of this pathway, where ≥80 % 

occur within the helical (E542K and E545K) and kinase (H1047R) domains of p110α. 

Helical domain mutations increased catalytic activity by reducing the repression of p110α 

by p85α [7] or facilitating the interaction of p110α with IRS-1 [8], whereas kinase domain 

mutations increase the retention of p110α at the plasma membrane [9]. These gain-of-

function mechanisms induce cellular transformation, growth factor- and anchorage-

independent growth, and resistance to anoikis. Several studies subsequently showed that 

tissue-specific expression of mutant PIK3CA can induce tumor formation and accelerate 

cancer progression [10–12].

PI3K/Akt Pathway in HER2+ Breast Cancer

The PI3K pathway is involved in tumor cell progression and survival in HER2+ breast 

cancers; HER2/HER3 dimers activate PI3K, which leads to tumor survival and growth [13]. 

Resistance to HER2-targeted therapies, such as trastuzumab, resulting in poor outcome and 

overall survival, has been associated with somatic alterations that further dysregulate the 

PI3K signaling pathway [14], such as PTEN inactivating mutations [15] or PTEN loss [16] 

and “hot-spot” PIK3CA mutations [17]. Pre-clinically, PI3K pathway inhibitors can 

Mayer Page 2

Curr Breast Cancer Rep. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



overcome trastuzumab resistance in tumors with PIK3CA mutation or PTEN loss [17, 18]. In 

addition, HER2+ tumors that also harbor PIK3CA mutations are less responsive to 

combinations of HER2-targeted treatments (trastuzumab/lapatinib and trastuzumab/

pertuzumab) [15, 19–24].

Aberrant activation of the PI3K/AKT pathway has been shown to confer resistance to 

HER2-targeted therapies in various experimental models [17, 20–25]. A recent study 

showed that transgenic mammary tumors expressing both HER2 and PIK3CAH1047R were 

highly resistant to the combinations of trastuzumab plus pertuzumab and trastuzumab plus 

lapatinib. Interestingly, the addition of the pan-PI3K inhibitor buparlisib to each 

combination restored drug-induced inhibition of tumor growth [26].

Clinical Trials in HER2+ Breast Cancer

Retrospective reports have shown that patients with HER2-amplified/PIK3CA mutant 

exhibit a lower clinical response and progression-free survival in the metastatic setting and 

worse disease-free and overall survival in the adjuvant setting [15, 19–22, 27, 28]. However, 

there is still controversy in regard to the predictive value of PIK3CA mutations for benefit 

from HER2-targeted therapies. A prospective analysis of 737 patients with HER2+ breast 

cancer in two large European neoadjuvant studies (GeparQuinto and GueparSixto trials) that 

utilized trastuzumab, lapatinib, or the combination of these drugs with chemotherapy 

revealed that about 20 % of tumors had a PIK3CA mutation. The rate of pathologic complete 

response in the patients with a PIK3CA mutant cancer vs. patients with PIK3CA wild-type 

tumors was significantly lower, particularly for patients with HER2+/ER+ breast cancer and 

the ones that received both lapatinib and trastuzumab [29]. Consistent with GeparQuinto and 

GueparSixto, analyses of the Neo-ALTTO [28, 30], Neosphere [31], and the TBCRC006 

[32] phase II trials also observed that the rate of pathologic complete response seen in the 

patients with PIK3CA mutant tumors was significantly lower compared to that in patients 

with wild-type PIK3CA cancers. However, analysis of patients in a large phase III adjuvant 

trial which randomly assigned women with HER2-positive stage II to III breast cancer to 

adjuvant chemotherapy with or without 12 months of trastuzumab (NSABP B-31 trial) [33] 

found no difference in outcome between the PIK3CA-mutant (25 % of patients) and wild-

type subgroups (disease-free survival hazard ratio, 0.44 vs. 0.51, respectively). A lack of 

statistically significant association between trastuzumab disease-free survival and overall 

survival benefit and PIK3CA mutations was also reported in the genotypic analysis of the 

adjuvant phase III FinHER trial [34]. More recently, a combined genotypic analysis of 

nearly 1000 patient from the GEPARstudies [29], Neo-ALTTO [30], and the CHERLOB 

[35] prospective neoadjuvant trials showed that PIK3CA mutations were associated with 

low pathological complete response rates, especially in patients receiving double HER2-

targeted therapies; however, disease-free survival was not different between the PIK3CA 

wild-type versus mutant cohorts [36].

In the CLEOPATRA study [37], which randomized patients with HER2-positive metastatic 

breast cancer without prior treatment in the metastatic setting to receive taxane-based 

chemotherapy and trastuzumab with or without pertuzumab, 32 % of patients were found to 

have a PIK3CA mutation in their tumor. While the overall median progression-free survival 
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for these patients was lower, the benefit from pertuzumab addition was proportionally 

maintained [27], suggesting that the presence of a PIK3CA mutation is a relevant prognostic 

factor but not a predictive one.

Two phase III clinical trials explored the targeting of the PI3K axis in addition to HER2 as a 

potential strategy to overcome resistance in the metastatic setting. BOLERO-3, a phase III 

randomized trial of trastuzumab and vinorelbine with or without everolimus in women with 

HER2-amplified metastatic breast cancers refractory to prior HER2 therapies, showed a 

modest but statistically significant increase in progression-free survival, and patients with 

ER+/HER2+ tumors did not seem to benefit as much as patients with ER-/HER2+ tumors 

[38]. BOLERO-1 [39], a phase III randomized trial of trastuzumab and paclitaxel with or 

without everolimus in women with HER2-amplified metastatic breast cancers without prior 

HER2 therapy in the metastatic setting, did not show any benefit overall from the addition of 

everolimus, except for a non-statistically significant modest improvement in progression-

free survival in patients with ER-/HER2+ breast cancers. Interestingly, in both trials, tumors 

with presence of a PIK3CA mutation (which accounted for about 30 % of patients in each 

trial) or low PTEN expression and high pS6 had higher benefit to the everolimus addition, 

whereas no benefit was seen in tumors without these alterations, suggesting that PI3K/AKT/

mTOR pathway activation may be a marker of sensitivity to PI3K pathway inhibitors in 

metastatic HER2+ breast cancer.

A phase I/Ib dose escalation study of BEZ235 (Novartis), a dual PI3K/mTOR inhibitor, with 

trastuzumab aimed to enrich for patients with PI3K pathway alterations by limiting the study 

to patients with mutations in PIK3CA or PTEN or loss of PTEN by IHC in tumor samples 

[40]. Despite clinical activity, the combination was ultimately found to be too toxic, and the 

study was discontinued. Several other phase I, II, and III trials with various PI3K inhibitors 

are ongoing (Table 1). NeoPHOEBE (NCT01816594) is a prospective, phase II randomized 

trial of neoadjuvant paclitaxel and trastuzumab with or without the pan-PI3K inhibitor 

buparlisib (BKM120) for treatment of stage II and III HER2+ breast cancers that will try to 

clarify these observer discrepancies. A phase Ib trial for patients with HER2+ metastatic 

breast cancer, with three cohorts of different HER2-targeted therapies (trastuzumab, 

pertuzumab; trastuzumab, pertuzumab, paclitaxel; and TDM1), is being planned and will be 

exploring the addition of taselisib (GDC-0032; Genentech), a β-sparing PI3K inhibitor, to 

HER2-targeted treatments in both PIK3CA mutated or wild-type tumors.

Conclusion

In summary, PIK3CA mutation status may not yet be a reliable predictive biomarker for 

selection of HER2-targeted therapies in early stage disease. It is certainly prognostic, as 

patients with a PIK3CA mutation have lower rates of pCR. However, the presence of a 

PIK3CA mutation does not negate the beneficial effect of HER2-targeted therapies as there 

is no difference in long-term outcome (disease-free survival and overall survival for stage I, 

II, and III patients).

We recognize though that there may be differences in the interactions between PIK3CA 

mutation status and HER2 overexpression in the primary tumor vs. metastases. As in the 
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early setting, a PIK3CA mutation has prognostic implications and is associated with worse 

outcome for patients with metastatic disease. Nevertheless, despite maintaining benefit from 

HER2-targeted therapies, the presence of a PIK3CA mutation seems to confer benefit from 

PI3K/Akt/mTOR pathway inhibition (i.e., through everolimus use). Therefore, continuing 

efforts in exploring PI3K inhibitors/HER2-targeted combinations for patients with 

metastatic HER2+ breast cancer are certainly justified.

References

1. National Comprehensive Cancer Network. NCCN clinical practice guidelines in oncology: breast 
cancer screening and diagnosis, V1.2011. PA NCCN; Fort Washington: 2011. 

2. Bender LM, Nahta R. Her2 cross talk and therapeutic resistance in breast cancer. Front Biosci. 
2008; 13:3906–12. [PubMed: 18508484] 

3. Nahta R, Yu D, Hung MC, Hortobagyi GN, Esteva FJ. Mechanisms of disease: understanding 
resistance to HER2-targeted therapy in human breast cancer. Nat Clin Pract Oncol. 2006; 3:269–80. 
[PubMed: 16683005] 

4. Hurvitz SA, Pietras RJ. Rational management of endocrine resistance in breast cancer: a 
comprehensive review of estrogen receptor biology, treatment options, and future directions. 
Cancer. 2008; 113:2385–97. [PubMed: 18819158] 

5. Pegram M. Can we circumvent resistance to ErbB2-targeted agents by targeting novel pathways? 
Clin Breast Cancer. 2008; 8(Suppl 3):S121–30. [PubMed: 18777951] 

6. Thorpe LM, Yuzugullu H, Zhao JJ. PI3K in cancer: divergent roles of isoforms, modes of activation 
and therapeutic targeting. Nat Rev Cancer. 2015; 15:7–24. [PubMed: 25533673] 

7. Huang CH, Mandelker D, Schmidt-Kittler O, Samuels Y, Velculescu VE, et al. The structure of a 
human p110alpha/p85alpha complex elucidates the effects of oncogenic PI3Kalpha mutations. 
Science. 2007; 318:1744–8. [PubMed: 18079394] 

8. Hao Y, Wang C, Cao B, Hirsch BM, Song J, et al. Gain of interaction with IRS1 by p110alpha-
helical domain mutants is crucial for their oncogenic functions. Cancer Cell. 2013; 23:583–93. 
[PubMed: 23643389] 

9. Burke JE, Perisic O, Masson GR, Vadas O, Williams RL. Oncogenic mutations mimic and enhance 
dynamic events in the natural activation of phosphoinositide 3-kinase p110alpha (PIK3CA). Proc 
Natl Acad Sci U S A. 2012; 109:15259–64. [PubMed: 22949682] 

10. Engelman JA, Chen L, Tan X, Crosby K, Guimaraes AR, et al. Effective use of PI3K and MEK 
inhibitors to treat mutant Kras G12D and PIK3CA H1047R murine lung cancers. Nat Med. 2008; 
14:1351–6. [PubMed: 19029981] 

11. Liu P, Cheng H, Santiago S, Raeder M, Zhang F, et al. Oncogenic PIK3CA-driven mammary 
tumors frequently recur via PI3K pathway-dependent and PI3K pathway-independent 
mechanisms. Nat Med. 2011; 17:1116–20. [PubMed: 21822287] 

12. Kinross KM, Montgomery KG, Kleinschmidt M, Waring P, Ivetac I, et al. An activating Pik3ca 
mutation coupled with Pten loss is sufficient to initiate ovarian tumorigenesis in mice. J Clin 
Invest. 2012; 122:553–7. [PubMed: 22214849] 

13. Rexer BN, Arteaga CL. Optimal targeting of HER2-PI3K signaling in breast cancer: mechanistic 
insights and clinical implications. Cancer Res. 2013; 73:3817–20. [PubMed: 23794708] 

14. Garrett JT, Arteaga CL. Resistance to HER2-directed antibodies and tyrosine kinase inhibitors: 
mechanisms and clinical implications. Cancer Biol Ther. 2011; 11:793–800. [PubMed: 21307659] 

15. Berns K, Horlings HM, Hennessy BT, Madiredjo M, Hijmans EM, et al. A functional genetic 
approach identifies the PI3K pathway as a major determinant of trastuzumab resistance in breast 
cancer. Cancer Cell. 2007; 12:395–402. [PubMed: 17936563] 

16. Esteva FJ, Guo H, Zhang S, Santa-Maria C, Stone S, et al. PTEN, PIK3CA, p-AKT, and p-p70S6K 
status: association with trastuzumab response and survival in patients with HER2-positive 
metastatic breast cancer. Am J Pathol. 2010; 177:1647–56. [PubMed: 20813970] 

Mayer Page 5

Curr Breast Cancer Rep. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Serra V, Markman B, Scaltriti M, Eichhorn PJ, Valero V, et al. NVPBEZ235, a dual PI3K/mTOR 
inhibitor, prevents PI3K signaling and inhibits the growth of cancer cells with activating PI3K 
mutations. Cancer Res. 2008; 68:8022–30. [PubMed: 18829560] 

18. Nagata Y, Lan KH, Zhou X, Tan M, Esteva FJ, et al. PTEN activation contributes to tumor 
inhibition by trastuzumab, and loss of PTEN predicts trastuzumab resistance in patients. Cancer 
Cell. 2004; 6:117–27. [PubMed: 15324695] 

19. Cizkova M, Susini A, Vacher S, Cizeron-Clairac G, Andrieu C, et al. PIK3CA mutation impact on 
survival in breast cancer patients and in ERalpha, PR and ERBB2-based subgroups. Breast Cancer 
Res. 2012; 14:R28. [PubMed: 22330809] 

20. Eichhorn PJ, Gili M, Scaltriti M, Serra V, Guzman M, et al. Phosphatidylinositol 3-kinase 
hyperactivation results in lapatinib resistance that is reversed by the mTOR/phosphatidylinositol 3-
kinase inhibitor NVP-BEZ235. Cancer Res. 2008; 68:9221–30. [PubMed: 19010894] 

21. Cizkova M, Dujaric ME, Lehmann-Che J, Scott V, Tembo O, et al. Outcome impact of PIK3CA 
mutations in HER2-positive breast cancer patients treated with trastuzumab. Br J Cancer. 2013; 
108:1807–9. [PubMed: 23612454] 

22. Jensen JD, Knoop A, Laenkholm AV, Grauslund M, Jensen MB, et al. PIK3CA mutations, PTEN, 
and pHER2 expression and impact on outcome in HER2-positive early-stage breast cancer patients 
treated with adjuvant chemotherapy and trastuzumab. Ann Oncol. 2012; 23:2034–42. [PubMed: 
22172323] 

23. Baselga, J.; Cortés, J.; Im, S-A.; Clark, E.; Kiermaier, A., et al. Biomarker analyses in 
CLEOPATRA: A phase III, placebo-controlled study of pertuzumab in HER2-positive, first-line 
metastatic breast cancer (MBC).. Cancer Res; Thirty-Fifth Annual CTRC-AACR San Antonio 
Breast Cancer Symposium; San Antonio, TX. Dec 4-8, 2012; Dec 15. 2012 p. S5-1.

24. Baselga J, MI.; Nuciforo, PG., et al. PI3KCA mutations and correlation with pCR in the 
NeoALTTO trial (BIG 01-06).. Presented at: European Cancer Congress 2013; September 27-
October 1, 2013; Amsterdam: The Netherlands; 2013. Abstract 1859

25. Chakrabarty A, Rexer BN, Wang SE, Cook RS, Engelman JA, Arteaga CL. H1047R 
phosphatidylinositol 3-kinase mutant enhances HER2-mediated transformation by heregulin 
production and activation of HER3. Oncogene. 2010; 29:5193–203. [PubMed: 20581867] 

26. Hanker AB, Pfefferle AD, Balko JM, Kuba MG, Young CD, et al. Mutant PIK3CA accelerates 
HER2-driven transgenic mammary tumors and induces resistance to combinations of anti-HER2 
therapies. Proc Natl Acad Sci U S A. 2013; 110:14372–7. [PubMed: 23940356] 

27. Baselga J, Cortes J, Im SA, Clark E, Ross G, et al. Biomarker analyses in CLEOPATRA: a phase 
III, placebo-controlled study of pertuzumab in human epidermal growth factor receptor 2-positive, 
first-line metastatic breast cancer. J Clin Oncol. 2014; 32:3753–61. [PubMed: 25332247] 

28. Baselga J, Majewski I, Nuciforo PG, Eidtmann H, Holmes ES, et al. PIK3CA mutations and 
correlation with pCR in the NeoALTTO trial (BIG 01-06). European Cancer Congress. 2013 
abstract 1859. 

29. Loibl S, von Minckwitz G, Schneeweiss A, Paepke S, Lehmann A, et al. PIK3CA mutations are 
associated with lower rates of pathologic complete response to anti-human epidermal growth 
factor receptor 2 (her2) therapy in primary HER2-overexpressing breast cancer. J Clin Oncol. 
2014; 32:3212–20. [PubMed: 25199759] 

30. Majewski IJ, Nuciforo P, Mittempergher L, Bosma AJ, Eidtmann H, et al. PIK3CA mutations are 
associated with decreased benefit to neoadjuvant human epidermal growth fsactor receptor 2-
targeted therapies in breast cancer. J Clin Oncol. 2015; 33:1334–9. [PubMed: 25559818] 

31. Gianni L, Bianchini G, Kiermaier A, Bianchi G, Im Y-H, et al. Neoadjuvant pertuzumab (P) and 
trastuzumab (H): biomarker analyses of a 4-arm randomized phase II study (NeoSphere) in 
patients (pts) with HER2-positive breast Cancer (BC). San Antonio Breast Cancer Symposium 
Session. 2011; 5

32. Contreras A, Herrera S, Wang T, Mayer IA, Forero A, et al. PIK3CA mutations and/or low PTEN 
predict resistance to combined anti-HER2 therapy with lapatinib and trastuzumab and without 
chemotherapy in TBCRC006, a neoadjuvant trial of HER2-positive breast cancer patients. San 
Antonio Breast Cancer Symposium Poster Discussion. 2013; 1

Mayer Page 6

Curr Breast Cancer Rep. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



33. Pogue-Geile KL, Song N, Jeong JH, Gavin PG, Kim SR, et al. Intrinsic subtypes, PIK3CA 
mutation, and the degree of benefit from adjuvant trastuzumab in the NSABP B-31 trial. J Clin 
Oncol. 2015; 33:1340–7. [PubMed: 25559813] 

34. Loi S, Michiels S, Lambrechts D, Fumagalli D, Claes B, et al. Somatic mutation profiling and 
associations with prognosis and trastuzumab benefit in early breast cancer. J Natl Cancer Inst. 
2013; 105:960–7. [PubMed: 23739063] 

35. Guarnieri V, Dieci MV, Carbognin L, Maiorana A, Bettelli S, et al. Activity of neoadjuvant 
lapatinib (L) plus trastuzumab (T) for early breast cancer (EBC) according to PIK3CA mutations: 
pathological complete response (pCR) rate in the CherLOB study and pooled analysis of 
randomized trials. Annals of Oncology. 2015; 25 abstract 2540. 

36. Loibl S, Majewski I, Guarnieri V, Nekljudova V, Holmes E, et al. PIK3CA mutation correlates 
with pathological complete response in primary HER2-positive breast cancer—combined analysis 
of 967 patients from three prospective clinical trials. J Clin Oncol. 2015; 33 abstract 511. 

37. Baselga J, Cortes J, Kim SB, Im SA, Hegg R, et al. Pertuzumab plus trastuzumab plus docetaxel 
for metastatic breast cancer. N Engl J Med. 2012; 366:109–19. [PubMed: 22149875] 

38. Andre F, O'Regan R, Ozguroglu M, Toi M, Xu B, et al. Everolimus for women with trastuzumab-
resistant, HER2-positive, advanced breast cancer (BOLERO-3): a randomised, double-blind, 
placebo-controlled phase 3 trial. Lancet Oncol. 2014; 15:580–91. [PubMed: 24742739] 

39. Hurvitz SA, Andre F, Jiang Z, Shao Z, Mano MS, 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; 
16:816–29. [PubMed: 26092818] 

40. Krop IE, Saura C, Ahnert JR, Becerra C, Britten CD, et al. A phase I/IB dose-escalation study of 
BEZ235 in combination with trastuzumab in patients with PI3-kinase or PTEN altered HER2+ 
metastatic breast cancer. J Clin Oncol. 2012; 30(suppl) abstr 508. 

Mayer Page 7

Curr Breast Cancer Rep. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mayer Page 8

Table 1

Ongoing clinical trials with PI3K inhibitors in HER2+ breast cancer

Trial type Type of PI3K inhibitor Clinical trial name Identifier

Phase I/II α-Specific PI3K inhibitor BYL719+ T-DM1 in HER2(+) metastatic breast cancer pts who progress on 
prior trastuzumab and taxane treatment

NCT02038010

Dual PI3K/mTOR inhibitor A phase Ib/II study of BEZ235 and trastuzumab in patients with HER2-positive 
breast cancer who failed prior to trastuzumab

NCT01471847

Pan-PI3K inhibitor Study of XL147 (SAR245408) in combination with trastuzumab or paclitaxel 
and trastuzumab in subjects with metastatic breast cancer who have progressed 
on a previous trastuzumab-based regimen

NCT01042925

Safety and efficacy of BKM120 and lapatinib in HER2+/PI3K-activated, 
trastuzumab-resistant advanced breast cancer (PIKHER2)

NCT01589861

Phase II NeoPHOEBE: Neoadjuvant trastuzumab+BKM120 in combination with weekly 
paclitaxel in HER2-positive primary breast cancer

NCT01816594
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