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Introduction
Overexpression of HER2 (ErbB2) proto-oncogene is present 
in about 20%–30% of breast carcinomas (BCs). It confers a 
more aggressive phenotype and, historically, it was associ-
ated with a poor prognosis.1 HER2 belongs to the human 
epidermal growth factor receptor family, consisting of four 
transmembrane tyrosine kinase receptors (TKRs), namely, 
HER1–HER4.2 Each of these receptors has a similar struc-
ture, with an extracellular binding domain, a transmembrane 
segment, an intracellular tyrosine-kinase domain (except for 
HER3), and an intracellular C-terminal tail with multiple 
tyrosine residues. Ligand binding to the extracellular domain 
(ECD) induces dimerization of two receptors (homodi-
merization if two identical receptors, heterodimerization if 
not), which activates the tyrosine-kinase domains, phospho-
rylating the tyrosine residues of its binding partner.3 HER2 
is distinct in having no known ligand, but it is the preferred 
dimerization partner of the remaining members of the HER 
family because it displays a high catalytic activity. Further-
more, its ECD can adopt an open conformation resembling 
a ligand-activated state. If HER2 is amplified, it can activate 
other HER family members in the absence of ligands. This 

reaction activates downstream signaling cascades that induce 
cell proliferation through the Ras-mitogen-activated protein 
kinases (MAPK) pathway and inhibits cell death through the 
phosphatidylinositol 3’-kinase (PI3K)/protein kinase B (Akt)/
mammalian target of rapamycin (mTOR) pathway (Fig. 1).4 
The incorporation of trastuzumab and, more recently, new 
drugs against HER2 to treatment of this disease has changed 
the natural course of HER2-positive BC.5,6 Trastuzumab acts 
by different mechanisms to inhibit cell growth as follows: pre-
vention of HER2 dimerization, downregulation of the HER2 
receptor by endocytic destruction of the receptor, accumula-
tion of the cyclin-dependent kinase (CDK) inhibitor p27 and 
cell cycle arrest, induction of antibody-dependent cellular 
cytotoxicity, and inhibition of constitutive HER2 cleavage/
shedding mediated by metalloproteases.7 In combination with 
chemotherapy, trastuzumab has been shown to increase over-
all survival (OS) in early8,9 and advanced5 BC with HER2 
overexpression. Regardless, some patients experience tumor 
recurrence after an adjuvant treatment and, in the metastatic 
setting, most patients eventually experience disease progres-
sion. This fact reflects the existence of mechanisms of resis-
tance to trastuzumab that will be reviewed below.
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Methods
We identified studies of interest by conducting an electronic 
literature search in PubMed and conference proceedings of the 
American Society of Clinical Oncology, San Antonio Breast 
Cancer Conference, and the European Society for Medical 
Oncology. The following search terms were included: breast 
cancer, trastuzumab, resistance, pertuzumab, lapatinib, and 
trastuzumab-emtansine. The search was performed without 
filters and all years were included. We focused on summariz-
ing those resistance mechanisms that have been evaluated in 
the clinical setting.

Mechanisms of Resistance to Trastuzumab
In the preclinical setting, several mechanisms of resistance 
to trastuzumab have been described. Some of them have 
been evaluated as prognostic factors and others as predictors 
associated with treatment benefit in prespecified studies in 
clinical trials performed in early and advanced disease. These 
studies have some limitations, such as the limited statisti-
cal power to allow multiple comparisons, the difficulty of 
obtaining adequate tumor samples from all patients, and the 
possible changes in expression and mutational profile, which 
a tumor can experience throughout its evolution.10 The last 
circumstance could be relevant in those trials performed in 

the relapse time with tumor samples available only from the 
primary tumor.

Drug resistance can be evidenced as a lack of positive 
response to therapy (intrinsic resistance) or as disease progres-
sion after an initial clinical benefit (acquired response). The 
mechanisms of intrinsic resistance to trastuzumab develop 
before therapy application. Most of them are related to an 
inactive target receptor (like truncated HER2 receptors lack-
ing extracellular trastuzumab-binding domain) or alterations 
of target downstream components in the PI3K/Akt/mTOR 
signaling pathway. Acquired resistance mostly occurs as a 
consequence of alterations located on the target signaling level 
and involves an active target receptor. Upregulation of other 
TKRs or their ligands belongs to this group. However, some 
mechanisms have been described in both the groups.11

The different mechanisms have been grouped into the 
following categories (Fig. 2).

Escape from antibody-dependent cell-mediated cyto-
toxicity. In 1992, Aaltomaa et  al showed the relationship 
between lymphocytic infiltrate and increased survival in  
breast tumors of 489 patients with early disease.12 More 
recently, the percentage of tumor-associated lymphocytes 
was positively associated with a higher pathological complete 
response (pCR) rate to neoadjuvant chemotherapy based 

Figure 1. Signal transduction by HER2 dimerization.

http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-oncology-j42


Mechanisms behind the resistance to trastuzumab

23Clinical Medicine Insights: Oncology 2016:10(S1)

on anthracyclines and taxanes.13 The same was observed in 
a subanalysis of the GeparQuattro trial that added trastu-
zumab to neoadjuvant chemotherapy. A strong lymphocyte 
infiltrate was associated with a higher pCR rate in this trial.14 
These observations reflect the relevance of immune response 
on cancer evolution. Immune response also plays a key role 
in the therapeutic activity of monoclonal antibodies (mAbs). 
Trastuzumab covers HER2 and, by binding to Fc  receptors 
expressed on natural killer (NK) cells, antigen-presenting 
cells, or immune effector cells, it causes them to become active 
and lyse the antibody-coated tumor cell.15 This response is 
modulated by mAb binding, expression of different poly-
morphic receptors on immune cells, level of tumor antigen 
expression by tumor cells, concentration of mAb used, and 
the frequency and reactivity of immune cells in the tumor 
microenvironment.16 Three Fc -receptor polymorphisms 
were studied as predictive factors of trastuzumab response 
in 54 patients with advanced HER2-amplified BC. This 
retrospective study showed an association between a higher 
response rate (RR) and progression-free survival (PFS) and 
the FcRIIIa-158 valine (V)/phenylalanine (F), FcRIIa-131 
histidine (H)/arginine (R), and FcRIIb-232 isoleucine (I)/
threonine (T) polymorphisms.17 In contrast, other studies in 
the adjuvant setting did not show a correlation between these 
polymorphisms and disease-free survival (DFS) in patients 
treated with trastuzumab.14,18,19

In the neoadjuvant trial NeoSphere, expression of pro-
grammed death-1 receptor (PD-1) and its ligand, PD-L1, that 
negatively regulates T-cell activation, was associated with a 
lower pCR rate.20 A model to identify immune gene-enriched 
tumors was developed in a study with tumor samples of 1,282 
patients enrolled in the trastuzumab adjuvant trial N9831. 
Those cases with a high expression of nine or more genes of the 
model had a longer relapse-free survival, but this association 
was seen only in patients who received trastuzumab, whereas 
there were no differences in the arm of chemotherapy alone.21

This mechanism suggests the therapeutic strategy of 
combining anti-HER2 therapies and an agent that can 
enhance immune response, such as anti-PD-1/-PD-L1 or 
anti-cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) 
mAbs. Table  1  summarizes the ongoing clinical trials with 
immunotherapy and anti-HER2 agents.

Expression of other TKRs and proteins in the cellu-
lar membrane. Expression of other members of the HER fam-
ily.Trastuzumab may not be able to completely inhibit the 
signaling pathway because of redundant ligands and recep-
tors that enable alternative dimerization patterns. In this 
category, epidermal growth factor receptor (EGFR/HER1) 
and HER3 are the receptors with a more significant role in 
trastuzumab resistance.

Coexpression of EGFR in HER2-overexpressed BC has 
been associated with worse survival in several retrospective 

Figure 2. Mechanisms of resistance to trastuzumab.
Abbreviations: Akt, protein kinase B; Cdk 2/4, cyclin-dependent kinase 2/4; E2, estradiol; ER, estrogen receptor; IGF1R, insulin-like growth factor I 
receptor; HER, human epidermal growth factor receptor; MAPK, Mitogen-activated protein kinases; mTOR, mammalian target of rapamycin;  
P, phosphorylation; PI3K, phosphatidylinositol 3’-kinase; PI3Kmut, mutated phosphatidylinositol 3’-kinase; PTEN, phosphatase and tensin homolog.

http://www.la-press.com
http://www.la-press.com/journal-clinical-medicine-insights-oncology-j42


Luque-Cabal et al

24 Clinical Medicine Insights: Oncology 2016:10(S1)

series22–24 and in a subanalysis of the trastuzumab adjuvant 
trial N9831.25 Inhibition of both TKRs showed synergistic 
effects in vitro.26 Lapatinib is an orally active small molecule 
that reversibly inhibits ErbB1 and ErbB2 tyrosine kinases, 
leading to inhibition of MAPK and PI3K signaling.27 It 
showed in vitro activity and efficacy in HER2+ tumors that 
had progressed to trastuzumab.27,28 A phase III clinical trial 
comparing lapatinib and capecitabine or capecitabine alone for 
advanced HER2+ BC that had progressed to trastuzumab and 
a taxane showed a significant improvement in time to progres-
sion with the combination (hazard ratio [HR]) of 0.57 (95% 
confidence interval [CI], 0.43–0.77; P , 0.001).29 Combin-
ing lapatinib and trastuzumab improved results compared to 
lapatinib alone in trastuzumab-refractory metastatic patients, 
suggesting the potential of dual HER receptor blockade to 
inhibit the pathway activation.30 In the neoadjuvant setting, 
chemotherapy and dual blockade with trastuzumab and lapa-
tinib significantly increased the pCR rate in the NeoALTTO 
trial (lapatinib and trastuzumab: 51.3%; 95% CI: 43.1–59.5 
vs trastuzumab alone: 29.5%; 95% CI: 22.4–37.5; P = 0.0001; 
no significant differences between trastuzumab and lapatinib 
alone).31 This trial did not show differences in DFS or OS,32 but 
it was not powered to detect significant differences in survival 
outcomes. The ALTTO trial evaluated the efficacy of this dual 
blockade in the adjuvant setting. First results were reported at 
4.5 years median follow-up with a lower than expected num-
ber of events. Despite a lower risk of a DFS event with the 
combination, differences were not statistically significant.33  
A resistance mechanism to lapatinib belongs to this same 
category, since lapatinib-induced HER2  inhibition causes a 
compensatory PI3K/Akt- and FoxO3A-dependent upregula-
tion of HER3.34

Although HER3 lacks a functioning kinase domain, it 
has six phosphotyrosine sites on its C-terminal tail, so that 
HER2–HER3 is the most potent dimer, in part, because 
phosphorylated HER3 augments signaling through PI3K/
Akt/mTOR pathway.35 When HER2 is overexpressed, 
these heterodimers can be formed even in the absence of a 
ligand, in a distinct conformation.36 Anyway, HER3 ligands 
such as heregulin/neuregulin β1 play an important role in 

trastuzumab resistance. They can be produced by breast tumor 
cells, and its paracrine or autocrine secretion can trigger the 
formation of heterodimers HER2:HER3, which are incom-
pletely blocked with trastuzumab.37,38 Pertuzumab is a mAb 
that binds to subdomain II (also known as dimerization site) 
of the ECD of HER2, preventing HER2 heterodimeriza-
tion with HER1, HER3, or HER4.39 In the clinical setting, 
pertuzumab combined with trastuzumab showed an RR of 
24.2% and a median PFS of 5.5 months in 66 patients with 
trastuzumab-resistant HER2+ BC.40 A second cohort of 29 
patients who received pertuzumab monotherapy obtained 
an RR of only 3.4%. With the addition of trastuzumab, it 
increased to 17.6%, suggesting that the effect of combining 
two anti-HER receptor mAb results in an improved receptor 
blockade.41 Finally, this hypothesis has been confirmed in the 
CLEOPATRA study, a phase III trial that compared first-line 
treatment with docetaxel and trastuzumab versus both drugs 
plus pertuzumab in advanced HER2+ BC.42 The experimen-
tal arm showed a six-month improvement in PFS (18.5 vs 
12.4 months, HR: 0.62; 95% CI, 0.51–0.75; P , 0.001)35 and 
OS increased to 15 months with pertuzumab (HR: 0.68; 95% 
CI, 0.56–0.84; P , 0.001), becoming the standard option for 
these patients.37,43

Expression of other membrane-associated receptors. The most 
studied receptor in this group is the insulin-like growth factor 
I receptor (IGF1R), a heterotetrameric transmembrane TKR 
widely expressed in normal tissues. Ligand binding to IGF1R 
activates the same pathways than HER family receptors, such 
as PI3K/Akt/mTOR and MAPK.44 Deregulation of IGF1R 
signaling appears in many solid tumors and it has been related 
to malignant transformation, making it a therapeutic target 
of interest.45,46 In HER2+ BC, overexpressed IGF1R can be 
recruited into signaling complexes with HER2 and HER3, 
which activate PI3K.47 It was associated with trastuzumab 
resistance in a subset of 155 patients with HER2+ metastatic 
BCs.24 Studies in vitro have shown synergistic effects of met-
formin48 and also of figitumumab,49 a human mAb that blocks 
IGF1R ligand binding, with anti-HER2 drugs.

The Met TKR and its ligand, hepatocyte growth fac-
tor, are overexpressed in some HER2+ tumors. In vitro, its 
coexpression with HER2 was associated with trastuzumab 
resistance through sustained Akt activation.50 Another TKR, 
EphA2, has shown, when overexpressed, relationship with a 
worse prognosis. Treatment with trastuzumab seems to pro-
mote EphA2 phosphorylation by activating Src kinase, which 
increases signaling through PI3K/Akt and MAPK pathways, 
leading to trastuzumab resistance.51 Finally, use of recombi-
nant human erythropoietin might be associated with trastu-
zumab resistance. Its binding to the receptor for erythropoietin 
can activate Src mediated by Jak2 and inactivate phosphatase 
and tensin homolog (PTEN).52

High level of cathecolamines has been reported in tumor 
microenvironment in breast cancer.53 Their signaling affects 
the expression of genes in tumor as well as mesenchymal 

Table 1. Ongoing clinical trials with combinations of immunotherapy 
and anti-HER2 agents.

Study Phase Setting Treatment

PANACEA
NCT02129556

Phase  
Ib/II

Advanced  
disease

MK-3475 (mAb against PD-1) +  
Trastuzumab

NCT02605915 Ib Locally  
advanced  
and  
metastatic  
disease

Atezolizumab + trastuzumab +  
pertuzumab or
Atezolizumab + T-DM1

PembroMab
NCT02318901

II Metastatic  
disease

Pembrolizumab + T-DM1

Source: www.clinicaltrials.gov. Accessed November 20, 2015.
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and immune cells, and it is involved in cancer invasion and 
metastasis.54,55 The β2-adrenergic receptor (β2-AR) signaling 
pathway induces upregulation of the HER2 expression, and 
HER2  signaling, through activation or extracellular signal- 
regulated kinase, can enhance the synthesis of catheco-
lamines.56 The positive feedback mechanism may promote the 
expression of both receptors and generate enhanced growth 
signaling. The expression of β2-AR, which mediates most 
catecholamine-induced effects, negatively correlates with tras-
tuzumab response. This action seems to be mediated by the 
activation of PI3K/Akt/mTOR pathway.57 This mechanism 
suggests the evaluation of combination therapy with trastu-
zumab plus β-blocker in HER2-overexpressing BC.

Crosstalk between estrogen receptor and HER2 path-
ways. HER2 overexpression has been linked with resistance 
to tamoxifen in vitro58 and in vivo. Patients with estrogen 
receptor (ER) and HER2-positive advanced BC treated with 
endocrine therapy showed a lower RR compared with those 
without HER2 overexpression.46,47 Conversely, preclinical 
data showed that ER activity can function as an escape path-
way in ER-positive/HER2-positive cells exposed to trastu-
zumab and lapatinib.59 In addition, those ER+ HER2+ tumors 
included in the neoadjuvant clinical trials with chemotherapy 
and anti-HER2 drugs obtained lower PCR rates as compared 
with those ER negative.31,60–62 These observations suggest the 
existence of a bidirectional cross-talk between both pathways, 
so that targeted therapy against a signaling pathway can be 
followed by tumor growth through the others. ER is mainly 
a nuclear receptor and functions as a ligand-dependent tran-
scription factor that regulates expression of different genes, 
such as IGF1R, cyclin D1, bcl-2, VEGF-R, receptors of HER 
family, or ligands such as amphiregulin or TGF-α (estrogen 
genomic-signaling pathway).63

There is also a small pool of ER located in the cytoplasm 
and non-nuclear subcellular fractions. Activation of these ER 
increases the levels of cyclic adenosine monophosphate and 
other second messengers. This reaction can activate various 
TKRs such as IGF-IR, EGFR, and HER2 (estrogen non-
genomic signaling pathway).64 This pool of ER can also inter-
act with protein kinases, such as PI3K, and adaptor molecules, 
such as Src.65 Furthermore, different growth factor-dependent 
kinases can phosphorylate the ER and coregulators of the 
ER pathway, so the inhibitory action of endocrine therapies, 
mainly selective estrogen receptor modulators, can be weak-
ened in the case of HER2 overexpression.66,67

Simultaneously inhibiting both HER2 and ER pathways 
has shown to be more effective than ER inhibition alone in 
the metastatic setting (Table  2), although neither trial has 
demonstrated an increase in OS.

Intrinsic alterations in HER2. HER2 carboxy-terminal 
fragments, also known as p95HER2 fragments, are a subtype 
of HER2 receptors that are characterized by the lack of ECD, 
where the binding point of trastuzumab is located. These frag-
ments can arise by the shedding of ECD by a metalloprotease 

(ADAM10) or by alternative initiation or translation of the 
mRNA-encoding HER2.71 Their expression has been associ-
ated with trastuzumab resistance in some retrospective stud-
ies72,73 but not in others,74,75 whereas it had no influence on 
lapatinib efficacy in a retrospective analysis of two clinical tri-
als with lapatinib, such as EGF2000929 and EGF100151.76 
The clinical trial CHER-LOB randomized 121 patients to 
receive neoadjuvant chemotherapy with trastuzumab, lapa-
tinib, or their combination. In this study, expression of p95 
was not associated with pCR overall and in each arm, and 
it did not predict for sensitivity to any treatment, although 
the authors recognized that the small size and the lack of a 
standardized p95-HER2 assay could be potential limitations 
of the analysis.77

A HER2  splice variant with enhanced transforming 
activity, HER2∆16, has been described in BC cell lines and 
tumors. It is characterized by an imbalance in the number of 
cysteines in the ECD portion and by the constitutive genera-
tion of stable HER2 homodimers.78 Its appearance is a tumor-
specific event, and it is associated with trastuzumab resistance. 
This role seems to be mediated by Src kinase, which can sta-
bilize HER2∆16 expression and couple it to multiple mito-
genic and cell motility pathways, and can inactivate PTEN 
through phosphorylation.79 Then, dasatinib, a Src kinase fam-
ily inhibitor, could be useful in this setting, although a phase 
II trial of 70 patients, 24 of them with HER2+ tumors previ-
ously treated with anti-HER2 agents, showed only 1 partial 
response in that subgroup.80

The Hsp90 chaperone complex is involved in the con-
formational maturation, stability, and activation of several 
oncoproteins,81 including HER2. Its inhibition induces pro-
teasomal degradation of HER2, and this action is enhanced 
by the addition of trastuzumab.82 Hsp90 inhibition has shown 
antitumor activity in trastuzumab-sensitive and trastuzumab-
resistant xenografts, so it may represent a novel therapeutic 
approach.83,84 This strategy was also effective in an in vivo 
tumor model that overexpressed p95HER2 and was resistant 
to trastuzumab.85

HER2 testing and quantification of HER2 expres-
sion. HER2 overexpression/amplification is a necessary con-
dition for trastuzumab activity. Two diagnostic techniques 
are currently approved for assigning HER2 status in clinical 
practice as follows: immunohistochemistry (IHC) and in situ 
hybridization (ISH). Whereas IHC uses an antibody to evalu-
ate HER2 protein expression, ISH determines the number of 
HER2 copies per nucleus only or as a dual-probe technique, 
where hybridization of a chromosome 17 centromere probe 
(chromosome enumeration probe 17, CEP17) allows deter-
mination of the HER2:CEP17 ratio.86 Some limitations for 
these methods are the identification of unusual HER2 geno-
typic abnormalities, such as aneusomy of chromosome 17 
(polysomy and monosomy), colocalization of HER2 and 
CEP17  signals that affect HER2/CEP17 ratio in dual sig-
nal ISH assays, and genomic heterogeneity. These situations 
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are not considered resistance mechanisms, although they may 
influence treatment decisions. Retrospective data showed 
that elevated CEP17 (polysomy) count might account for tras-
tuzumab response in tumors with normal HER2:CEP17 
ratios.87,88 In these cases, an experts’ consensus suggests that 
confirmatory IHC can provide useful supporting information. 
Furthermore, when the mean HER2 copy number is $6, and 
the IHC score is 2+, tumors should be assessed as HER2+, 
irrespective of HER2:CEP17 ratio.89 Genomic heterogene-
ity has been defined by the College of American Pathologists 
according to the presence of .5% but ,50% of infiltrating 
tumor cells with HER2 amplification by ISH.90 Its prevalence 
is around 11%–40% of HER2-amplified BCs, and two ret-
rospective studies have suggested an association with worse 
prognosis.91,92 Clinical studies are still necessary to evaluate 
the potential benefit from trastuzumab.

In HER2-amplified BC, levels of HER2 expression, 
evaluated by quantification of mRNA or protein expression, 
have been associated with treatment benefit in the neoadjuvant 
studies TRYPHAENA93 and NeoSphere74 (in this study, only 
for ER-negative tumors), whereas a nonsignificant difference 
was found in the adjuvant trial N9831.94 In the CLEOPA-
TRA trial, patients with high levels of HER2 protein, HER2 
nRNA, and HER3 mRNA had a better prognosis than those 
with low levels in both treatment arms. A consistent PFS ben-
efit from pertuzumab was shown, independent of expression 
levels of any of the markers, so they were not useful as predic-
tive factors in this trial.95

Aberrant activation of PI3K/Akt/mTOR pathway. 
The PI3K/Akt pathway is a downstream signaling path-
way than can be activated by HER2 and other TKR sig-
naling. It can be constitutively activated by amplification 
or mutation of the phosphatidylinositol-4,5-bisphosphate 
3-kinase catalytic subunit alpha isoform (PI3KCA)96 or 
Akt1,97 or by mutation or loss of expression of tumor sup-
pressors that inhibit the pathway, such as PTEN95 and 

inositol polyphosphate-4-phosphatase, type II (INPP4B).98 
These events seem to be common, so that PI3KCA muta-
tions, PTEN mutations/loss of expression, and INPP4B 
loss of expression were present, respectively, in 42%, 19%, 
and 30% of HER2-enriched tumors of the Cancer Genome 
Atlas Network report.99 Constitutive activation by one of 
these mechanisms has been associated with trastuzumab 
resistance nonuniformly. A recent meta-analysis that ana-
lyzed the predictive role of PI3KCA mutations, PTEN loss, 
and PI3K pathway activation only found a significant asso-
ciation between PTEN loss and trastuzumab resistance for 
advanced disease, although different assays and cutoffs used 
could explain the conflicting results.100

Data are available from studies with dual HER2 blockade: 
various neoadjuvant trials with a combination of trastuzumab 
and pertuzumab or trastuzumab and lapatinib showed better 
pCR rates in those patients without PI3KCA mutations.77,101 
In the CLEOPATRA trial, tumors with PI3KCA mutations 
had a worse prognosis independent of the treatment arm.102

Trastuzumab-emtansine (T-DM1) is an antibody–drug 
conjugate with a complex compound obtained by the conjuga-
tion of trastuzumab, a stable thioether linker, and the potent 
cytotoxic drug maytansine derivate (DM1), which inhibits 
cell division and induces cell death.103 This new agent was 
compared with the combination of lapatinib and capecitabine 
for the treatment of metastatic patients who had progressed 
to trastuzumab and a taxane in the phase III trial EMILIA. 
Median PFS and OS were superior to T-DM1104 and, whereas 
patients with PI3KCA mutations had a worse outcome com-
pared with wild-type tumors in the capecitabine–lapatinib 
arm, there were no differences in patients who received 
T-DM1.105 The effect of PI3KCA mutations on lapatinib 
response is concordant with the NeoALTTO results,101 but 
not with other small neoadjuvant studies, where no differ-
ences were observed and PTEN loss was even associated with 
higher pCR with lapatinib.106

Table 2. Phase III clinical trials of hormone treatment and anti-HER2 agents.

Study Treatment arms N RR  
(CBR)

PFS  
(months)

OS  
(months)

Commentation

TanDEM68 Anastrozole
Anastrozole + trastuzumab

104
103

6,8%
20,3%
P = 0.018
(27,9% vs 42,7%; 
P = 0.026)

2,4
4,8
P = 0.016

23,9
28,5
P = 0.325

23–29, 8% negative hormone receptors  
in central review.
Cross over between arms.
15% patients without progression after  
2 years.

EGF3000869 Letrozole + placebo
Letrozole + lapatinib

108
111

15%
28%
P = 0.021
(29% vs 48%; 
P = 0.003)

3
8,2
P = 0.019

33,3
32,3 

10–15% patients without progression  
after 2 years.

eLEcTRA70 Letrozole
Letrozole + trastuzumab

31
26

13%
27%
P = 0.3124
(39% vs 65%; 
P = 0.0636)

3,3
14,1
P = 0.23

Early closure because of slow  
recruitment.
Differences in basal characteristics  
between arms.
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An attempt to reverse this resistance mechanism was done 
with everolimus, an mTOR inhibitor, in the BOLERO-1 and 
BOLERO-3 trials. BOLERO-1 is a phase III trial in which 
first-line treatment for advanced disease was administered 
with trastuzumab plus weekly paclitaxel plus everolimus 
10 mg once a day orally or placebo.107 BOLERO-3 is a phase 
III trial in which patients with HER2+ metastatic BC who 
had progressed to trastuzumab and a taxane were random-
ized to receive vinorelbine, trastuzumab, and everolimus 5 mg 
daily or placebo.108 In the full population, the BOLERO-1 
trial did not show significant differences between both 
groups (median PFS 14.95 months in the everolimus group 
vs 14.49  months in the placebo group; HR 0.89 [95% CI, 
0.73–1.08]; P  =  0.1166). In contrast, median PFS was sig-
nificantly longer in the everolimus group in the BOLERO-3 
trial, although the difference was small (7 vs 5.78  months 
(HR 0.78 [95% CI, 0.65–0.95]; P = 0.0067). The BOLERO-1 
population was treated in the first-line setting, unlike the 
BOLERO-3 population, consisting of patients with trastu-
zumab resistance disease. Everolimus dose was also different 
between trials, although the median relative dose intensity 
of everolimus was 0.54  in BOLERO-1. PI3K/Akt/mTOR 
pathway activation is a known resistance mechanism to tras-
tuzumab, and it was related with more benefit from everoli-
mus than those with lower PI3K/mTOR pathway activity in 
BOLERO-3. The proportion of patients with activation of 
this pathway is not reported in BOLERO-1. PFS in the HR 
negative population was a second primary efficacy endpoint 
in the BOLERO-1 trial. In this subgroup, a PFS benefit was 
seen for everolimus (20.27 vs 13.08 months; HR 0.66 [95% 
CI, 0.48–0.91]; P = 0.0049), although this did not cross the 
protocol specified threshold of significance (P  =  0.0044). 
Although it was not an endpoint of the BOLERO-3 trial, 
analyses of specific subgroups were preplanned and the 
everolimus benefit was more pronounced in the HR nega-
tive subpopulation. The cross-talk between the HER2 and 
estrogen receptor pathways acts as an escape mechanism for 
trastuzumab in HR positive tumors, so it is unknown if the 
efficacy might be enhanced if the estrogen pathway is inhib-
ited concomitantly.

Clinical trials combining PI3K/Akt pathway inhibitors 
and anti-HER2 agents are ongoing and they are summarized 
in Table 3.

Alterations in apoptosis and cell cycle control. One of 
the ultimate effects of HER2 signal activation is cell death 
inhibition, so it is reasonable that alterations in the apop-
totic machinery can induce resistance to trastuzumab. For 
example, high levels of Bcl-2-like protein 11 (BIM), a mem-
ber of the proapoptotic BH-only BCL2 family, have been 
associated to sensitivity to lapatinib.109 In vitro, the down-
regulation of PTK6, a nonreceptor tyrosine kinase, in lapa-
tinib-resistant HER2+ BC cells, can enhance the expression 
of BIM, inducing apoptosis.110 Overexpression of t-Darpp, 
a truncated form of the dual kinase/phosphatase inhibitor 
Darpp-32, has been linked to acquired resistance to trastu-
zumab111 and to lapatinib, in this case related to impaired 
BIM accumulation.112

P27Kip1 is a CDK inhibitor that blocks cyclin E/CDK2 
complexes, which induce cell cycle arrest. It can be phosphory-
lated by Akt and then targeted for proteasomal destruction, so 
cell cycle can progress. Amplification/overexpression of cyclin 
E has been associated with lower RR and PFS in a small study 
with 34 patients treated with trastuzumab.113

Conclusion
Breast cancer researchers have reached a deep knowledge of 
the HER2 pathway and the mechanism of action of trastu-
zumab, which have allowed developing new drugs with activ-
ity in resistance circumstances. Anyway, data suggest that 
continuing trastuzumab in combination with different che-
motherapy agents following progression may be of additional 
clinical benefits.25,33 This fact suggests that, at least in some 
cases, resistance to trastuzumab is not complete and can be 
reversed by acting on the escape route. The known resistance 
mechanisms come mainly from in vitro studies and their use-
fulness as predictive or prognostic factors in different clinical 
studies is often discordant. In most of the studies, each bio-
marker is evaluated individually, when it is likely that differ-
ent mechanisms coexist, but controlling study results for all of 
them is a difficult challenge. Currently, no biomarker is ready 

Table 3. Ongoing studies evaluating inhibitors of PI3K/Akt pathway in HER2 overexpressed breast cancer.

Study Setting Phase Target Treatment arms

NeoPHOEBE
NCT01816594

Neoadjuvant II randomized PI3K Trastuzumab + paclitaxel + BKM120
Trastuzumab + paclitaxel + placebo

NCT02038010 Advanced disease I T-DM1 + BYL719

NCT01471847 Advanced disease Ib/II BEZ235 + paclitaxel
(in phase II, the combination will be  
compared to capecitabine and lapatinib)

NCT01132664 Advanced disease Ib/II BKM120 + trastuzumab + capecitabine

NCT01042925 Advanced disease I/II XL147 (SAR245408) + trastuzumab + paclitaxel

NCT01245205 Advanced disease I Akt MK2206 + lapatinib

Source: www.clinicaltrials.gov. Accessed November 20, 2015.
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to be used in daily practice to choose a particular anti-HER2 
drug. Even so, this strategy has provided significant improve-
ments in treatment outcomes of HER2 overexpressed BC, as 
demonstrated by the development of pertuzumab.
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