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Standard therapy of HER2-positive and triple negative
metastatic breast cancer — present and future

Jasna Trifunovi¢, Jasna PesSi¢

TREATMENT OF HER2-POSITIVE METASTATIC BREAST
CANCER

The treatment of HER2-positive metastatic breast cancer (MBC) has been
improved. The HER family consists of four transmembrane receptors that
mediate in a complex network of signaling pathways (1). HER1, HER2,
and HER3 are all implicated in the development and progression of cancer
(2, 3).The HER1 and HER2 receptors are perhaps the best known HER
family members. The HER3 receptor is gaining increasing importance
in cancer research. The role of the HER4 receptor in breast cancer is
unclear (4). Human epidermal growth factor receptor 2 (HER2) is a trans-
membrane protein and the part of HER family of growth factor receptors.
However, there is no known ligand for HER2. After dimerization, intracel-
lular signaling is activated through transphosphorylation reactions by the
tyrosine kinase located at the cytoplasmic domain. HER2 plays a key role
in the regulation of normal cell survival, proliferation, and differentiation
(5-8). HER2 is a very significant to target therapy.

Overexpression of the HER2 protein, usually as a result of HER2 gene
amplification, can result in malignant transformation of cells and it is seen
in about 18%-20% patients with breast cancer (7). Women with HER2-
positive breast cancer usually have tumors that are more aggressive,
shorter time to relapse at all stages of the disease, and a poor prognosis
(9). HER? positivity is a negative prognostic marker (10).

HER?2 positive patients have lower survival rate. Breast cancer patients
have different disease profiles, which are categorized by HER2 and HR
status. Subgroups of patients with breast cancer have different disease
prognosis. About 50% of HER2-positive patients are also HR-positive, and
have a better prognosis. Patients with HER2-positive/HR-positive disease
have a better prognostic outcome regarding time to distant metastasis
and overall survival in comparison to HER2-positive/HR-negative patients.
HER2 overexpression in patients with breast cancer is associated with an
increased risk of disease progression and death.

Treatments that suppress HER2 signaling improve disease control in
patients with HER2-positive metastatic breast cancer. HER2-targeted ther-
apy contributes to a more favorable treatment outcome in HER2-positive
patients with metastatic breast cancer (9). Paul Ehrlich (1854-1915),
Nobel Prize Winner (1908), introduced the word chemotherapy and set
the concept of “magic bullet” which was the basis for target therapy.
Today many opportunities exist to target the HER2 receptor and
downstream pathways: on extracellular domain there are monoclonal
antibodies (i.e. trastuzumab, pertuzumab, T-DM 1), and on intracellu-
lar domain there are tyrosine kinase inhibitors like (lapatinib, neratinib,
afatinib) and downstream inhibitors (i.e. everolimus, mTOR, BKM120,
BEZ-235).

Trastuzumab is the first oncogene-targeted therapy that changes the
prognosis of HER2-positive BC. The effect of trastuzumab is achieved
through four mechanism of action:

- Activation of ADCC

— Prevention of the formation of p95™, a truncated but very active form
of HER?,

- Inhibition of cell proliferation, and

- Inhibition of HER2-regulated angiogenesis

One of the major mechanisms of action of trastuzumab s its ability to
activate the body’s own immune response, resulting in apoptosis of tumor
cell via antibody-dependent cellular cytotoxicity (ADCC).

Anti-HER2 therapy (trastuzumab) in combination with chemotherapy,
endocrine therapy or alone should be offered early to all HER2-positive
MBC patients, who do not have contra-indications for these therapies
(11,12, 13, 14). Addition of trastuzumab to chemotherapy (paclitaxel and
docetaxel) improves progression-free survival (PFS) and overall survival
(0S) in the first-ling treatment of HER2-positive MBC. With docetaxel,
overall survival is prolonged for 8.5 months. Twenty-two percent of these
patients lived longer than 4 years.

The best option for patients with HR+/HER2+ MBC is anti-HER2 therapy
in combination with hormone therapy. Lapatinib in combination with
letrozole improved PFS in HR-positive patients compared with letrozole
alone (EGF30008) 8.2 months versus 3 months. In those patients, the
response rate and clinical benefit were significantly greater than in
patients treated in the control arm. According to the study TAnDEM, tras-
tuzumab in the combination with anastrozole prolongs PFS in HR-positive
patients, compared with anastrozole alone (TAnDEM).

On the bases of those facts, endocrine therapy alone is suboptimal,
and these patients are often treated with chemotherapy and anti-HER2
therapy. However, the treatment approach should consider following:

+ Patient characteristics (age, performance status)

+ Tumor characteristics (ER, PR and HER? status)

* Prognosis (slow, rapid progression)

* Metastasis status (visceral, non-visceral crisis)

o Patient’s preference

The best option for the treatment of no visceral crisis and slow progres-
sion is anti-HER2 therapy and aromatase inhibitor, and for visceral crisis
and rapid progression, it would be anti-HER2 therapy and chemotherapy.
Despite the proved efficacy of the standard therapy, trastuzumab and chemo-
therapy, a proportion of patients with HER2-positive breast cancer will not
respond, while the majority of HER2-positive patients responding to first- ling
therapy, rastuzumab, and chemotherapy, will progress within 1 year (11).
What are the options if a patient is progressed on trastuzumab? Continue
anti-HER? suppression.

For the second-ling treatment, there are lapatinib in combination with
capecitabine, trastuzumab in combination with other chemotherapy, and
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treatment with new agents TDM1 and new combination lapatinib and

trastuzumab.

Can we do more for the treatment of HER2-positive MBC in the future?

There is a great improvement in treatment of HER2 positive BC, which

includes combining anti-HER2 agents; it allows a better potential for more

complete treatment because of better blockade of HER2 receptor with two

agents compared with a single agent alone.

This strategy includes:

+ Combining agents targeting the extracellular domain on the HER?2
receptor with Trastuzumab and Pertuzumab

+ Combining agents targeting intra- and extracellular domains of
the HER2 receptor — with trastuzumab and lapatinib (vertical dual
blockade)

Trastuzumab and pertuzumab bind to different regions on HER2 and have
synergistic activity. HER2 dimerizes preferentially with HER3 drive to
downstream signaling. Pertuzumab is the first in a new class of targeted
anticancer agents it prevents the formation of HER2:HER3 receptor. In
addition, it is the inhibitor of HER2 dimerization. In the treatment of
HER2-positive MBC, we target the HER2 receptor with two monoclonal
antibodies in combination with chemotherapy.

Addition of pertuzumab to first-line chemotherapy-trastuzumab combina-
tion was associated with improved response rate, (PFS) and (0S) (15).
Pertuzumab-trastuzumab and docetaxel is approved for patients with
HER2-positive MBC who have not received previous anti-HER2 therapy or
chemotherapy for metastatic breast cancer disease (CLEOPATRA study).
There are more options in the second-ling treatment. There is the benefit
of continuing anti-HER2 therapy after progression of disease. Continuing
trastuzumab in combination with different chemotherapy regiment after
the first disease progression is superior to chemotherapy alone. Lapatinib
in combination with capecitabine for second-line treatment is approved
for use in patients with HER2-positive MBC previously treated with anthra-
cycline, taxane, and trastuzumab (16).

There are some other options in the second-line treatment of meta-
static disease: vertical dual blockade (trastuzumab and lapatinib) or treat-
ment with new agent trastuzumab-emtansing (T-DM1). Antibody-drug

M
M Immune cell surface antigens,
receptors and signal
transduction genes
LAR
MSL

Luminal subgroup driven by androgen
receptor signaling

Figure 1. TNBC subgroups (2, 3)

164

conjugate (ADC) is a unique combination of monaclonal antibody with
targeted effect. ADC is designed to have a selective effect to malignant
cells and kills them with a minimal damage for healthy tissue. T-DM1 was
associated with improved progression-free survival (PFS) and overall
survival (0S) (EMILIA study). A clinical benefit of trastuzumab-lapatinib
combination (vertical dual blockade) has been confirmed; it prolongs
progression-free survival and it has a significant benefit in overall survival
(EGF-104900 study) (17, 18).

However, making treatment decisions is individual and it is driven by
multiple factors: HER2 and HR status, symptoms, location of metastasis,
previous treatment, disease free interval (DFI), adverse event (AE), patient
preferences, and other.

Conclusion

HER? targeted therapy in combination with standard therapy (chemo-
therapy and hormone therapy) prolongs survival in HER2-positive MBC.
Anti-HER2 therapy should always be a part of each treatment line of MBC,
including treatment beyond disease progression, which is recommended
in ESMO treatment guidelines and NCCN guidelines from 2014,

Some questions remain open, including optimal duration of anti-HER2
therapy and the best treatment option at the time of disease progression
on trastuzumab plus a cytotoxic agent.

In the end, | would like to remind to the words of professor Hordobghyi:
“Our realistic expectation from existing treatments today is to stop the
progression of disease and perhaps reduce tumor burden for some
period. We can also control symptoms in the majority of patients — at
least for some time. There is a small minority of patients in whom we can
achieve a complete remission. Some patients remain without a recurrence
for very long period of time.”

TREATMENT OF METASTATIC TRIPLE NEGATIVE-BREAST
CANCER

The triple negative breast cancer (TNBC) is a type of aggressive breast
cancer that is characterized by the absence of the estrogen (ER), pro-
gesterone (PR) and human epidermal growth factor receptors 2 (HER2).
About 10% to 25% of all breast cancers are TNBC (1, 19).

TNBC subgroups

At the molecular level, the TNBC is a heterogeneous tumor and it is
comprised of six subgroups: basal like 1 (BL1), basal like 2 (BL2), immu-
nomodulatory (M), mesenchymal (M), mesenchymal stem cell (MSL),
luminal androgen receptor (LAR) (2, 3, 20, 21).

Histopathological division

In the histopathological terms, the TNBC is invasive ductal carcinoma, not
otherwise specified, in about 50% to 80% of the cases, lobular cancer
in about 5% to 15%. The remaining 10% to 25% of the cases are less
common Subtypes such as mucinous, apocring, metaplastic, medullar,
and neuroendocrine. Most of these cancers are the grade 3 cancers (4,
5,22, 23).
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Epidemiology and risk factors

TNBC accounts for approximately 15%-25%of all breast cancer cases.
This type of cancer occurs more frequently with premenopausal women,
African American women and women that had early menarche, mul-
tiparas, who breastfed their children for a short period. It occurs also in
high body mass index women. In those who have poor socioeconomic
status (6, 24).

Clinical characteristics

The disease relapse occurs most frequently between the first and third
year from the time it was diagnosed. However, late relapses are rare.
TNBC have greater hematogenous than lymphatic metastatic potential.
More frequently affects parenchymatous organs, particularly the lungs,
and the brain, with a more aggressive course in comparison to the non-
TNBC (7, 25). The hormone and the target therapy with HER2 antagonists
are not possible due to lack of the ER, PR, and HER2 receptors.

Gene aberrations

Different types of gene aberrations can be present in the TNBC, e.g. TP53,
BRCA1, PIK3CA, RB1, PTEN, MYO3A, and GHT (6, 24).

EGFR and the androgen receptor expression are also present. These
findings have made an implementation of the target therapy possible,
primarily in the clinical trials that gave certain results.

STANDARDIZED THERAPY

According to Sledge, there is no standardized target therapy for the
metastatic TNBC (mTNBC/) and currently, the standardized treatment for
this kind of breast cancer is chemotherapy. Overall survival of mTNBC
has not significantly improved in recent years. Conventional treatments
for mTNBC are limited, particularly, because standard chemotherapeutic
regimens containing anthracyclings and taxanes have usually been given
in the adjuvant and neoadjuvant settings.

The cause of metastatic treatments failure is multidrug resistance to
standardized therapy regimens (8, 26).

Trial pegylated liposomal doxorubicin (PLD) plus docetaxel (D) or

docetaxel groups

The results (9, 27) of these trials can be summarized as:

- TTP 10 versus 7 months for docetaxel pegylated liposomal
doxorubicin

- ORR 35% vs. 26% PLD/D vs. D

- 08 similar between the two groups 20.6 months for the docetaxel
monotherapy arm and 20.5 months for combination arm

Capecitabine plus docetaxel combination therapy in
anthracycline-pretreated patients

RR significantly superior: 42% of patients in the combination arm com-
pared with 30% in the single-agent arm

0S 14.5 of patients in the combined arm compared with 11.5 months
Trials with gemcitabine-based regimen are presented in Table 1 (10)

Table 1. Results

TRIALS ORR Median survival Times/months/
Gemcitabine/Vinorelbine 39% 175
Gemcitabine/Cisplatin 48% 13.0
(Gemcitabine/Capecitabine 35% 194

Platinum-based regimens:

Their use has been supported by the strong association of TNBC with
germline mutations in the BRCA 1 gene. About 10% of TNBC are having
BRCA 1 mutation. BRCA 1 mutation compromises the ability of the tumor
to recover from DNA damaging agents by reducing their capacity for
DNA repair by homologous recombination. Some trial showed efficacy in
mTNBC (10, 11, 28, 29).

Table 2. Results

TRIALS RR 0S
Platinumy/Taxane 39% similar tonon TNBC ~ worse than non TNBC
Cisplatin/Gemcitabine 48% 13.0
Carboplatin/Cetuximab 17% 120

CMF regimen in mTNBC

Cyclophosphamide, methotrexate, and fluorouracil (CMF) regimen is
rarely administered for metastatic breast cancer because it appears to
produce the same response rate when compared to oral capecitabine
20% in one trial.

CMF results in a shorter 0S (median, 22 vs. 18 months; HR 0.72; 95%
Cl, 0.55-0.94). CMF may be indicated in patients who cannot tolerate
capecitabine or for patients in whom an oral regimen is not feasible for
whatever reason (12, 30).

High-dose, dose-dense, and metronomic therapies

These therapy types have shown a certain benefit in mTNBC treatment
in comparison to the response rate, but without significant effect to 0S
(13, 31).

Chemotherapy recommendations

Due to aggressive nature of the mTNBC, consensus groups recommend
combined chemotherapeutic regimens in its treatment

Prognosis for patients with relapsed TNBC is very poor if they are treated
with the conventional cytotoxic therapy, because the response duration in
that case is usually short

Median OS for patients with mTNBC was 13 months, in comparison to median
08 for the general metastatic breast cancer population that is 2.0 to 35 years.
Median response time to used chemotherapy is significantly decreased with
the class of used therapeutic measure: first-ine medications -12 weeks,
second-line medications — 9 weeks, third-line medications - 4 weeks.

Molecularly targeted therapy

The findings of the molecular analysis in high expression level of the
different genes linked to the growth and survival pathways like EGFR,
VEGFR, and FGFR and increased activation of Akt that led to the set up
of the different studies targeting these receptors and pathways (13, 31).
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Bevacizumab

Angiogenesis inhibition

VEGF genotype for selected polymorphisms in VEGF and VEGF2 was
found to be predictive of outcome to bevacizumab therapy

Bevacizumab therapy is, so far, the only target therapy that has been
proven effective in mTNBC treatment.

Meta-analysis in 3 randomized trials (RIBBON-1, AVADO, ECOG 2100) of
first-line bevacizumab and chemotherapy (docetaxel, paclitaxel, capecit-
abine) in mTNBC reported significant increase in PFS with the addition
of the bevacizumab from 5.4 to 8.1 months. However, the statistically
significant difference in 0S in comparison to the patients that were not
treated with bevacizumab has not been proven (14, 32).

Two non-interventional studies in patients with TNBC support these find-
ings. ATHENA study results for TTP is 7.2 month and for median 0S it is
18.3 months. GERMAN observational study group results for median PFS
is 7.3 months (15, 33).

SURVIVAL BENEFIT

These trial studies could not show significant survival benefit in patients
treated with Bevacizumab. Therefore, the FDA has not approved its use
in metastatic breast cancer treatment. However, the European Medicines
Agency and the NCCN, have approved the Bevacizumab as the First
choice medication in the treatment of the MBC.

EGFR inhibition
Approximately 60% of basal like TNBC express EGFR. Cetuximab /GY/ is a
monaclonal antibody that binds to EGFR (16, 17, 34, 35).

Table 3. EGFR inhibition

TRIALS First or second line

Ct_+ Carboplatin TBCRC001 RR 6% vs. 16%

Cisplatin +_Ct BALI-1 PFS1.5vs. 3.7
0S9.4vs. 129

RR 30% vs. 49%
PFS51mvs. 4.7 m
05123 mvs.155m

Irinotecan+carboplatin+-cetuximab ~ USOR 04070

m - Months

As low as 25% of all tumors that express the EGFR, are sensitive to cetuxi-
mab. Accordingly, those patients should be identified prior to the begin-
ning of the treatment. Those are the patients with a high expression of the
PTEN, or lack of the KRAS, or low expression of the alpha crystal B chain.

mTOR inhibition

PTEN is protein that inhibits activation of the AKT/mTOR pathaway.
mTOR activation could lead to cisplatin resistance.

Trial RAD001 with everolimus reported ORR of 12%. Ongoing trials define
the role of the everolimus as a single therapy or combined with lapatinib
or carboplatin (18, 36).

PARP Inhibitors

PARP1 is a gene that encodes an enzyme involved in the molecular reac-
tions leading to cell recovery from DNA damage, but when inhibited, leads
to the accumulation of double stranded DNA breaks.

Cells deficient in BRCA1and BRCA2 are exquisitely sensitive to PARP1
inhibition. Synergy action of the PARP1 inhibitors, iniparib /In/, with gem-
citabine /G/ and cisplatin /G/ was the foundation for the trial research as a
second- and a third-line medication in mTNBC treatment. The results for
PFS per months are G/C 3.3% vs. G/C/In 6.9% and for OS per months
they are G/C 7.7% vs. G/C/In 12.2%.

However, in case of the first-ling medications, the results of the overall
survival were not promising.

There is possibility of the efficient treatment if the iniparib is administered
as the second- and third-line medication in the mTNBC treatment accom-
panying the chemotherapy (19, 37).

Ongoing researches of the potential new inhibitors FGFR, JAK2, and AR2
are aimed at targeting stem cells (20, 21, 38, 39).

Ongoing researches of the potential new inhibitors
New researches are focused to FGFR inhibitors, JAK2 inhibitors, AR2
inhibitors, and targeting stem cells (20, 21, 38, 39).

Conclusion

Due to molecular heterogeneity in the breast cancer of this kind, it is clear
that there is no adequate therapy that would benefit all mTNBC patients.
Significant efforts are being made in the field of the TNBC research, in
order to identify potential target cells and adequate target therapy (22,
40).

Due to the lack of the adequate target therapy, for now, the clinicians rely
to chemotherapy.

Accordingly, we may quote Sledge: “Chematherapy, for now, is the sole
standard in the mTNBC treatment” (8, 26).

However, a significant effort is being made in the field of predicative
markers, TNBC subgroups, research that could help in the choice of the
adequate target therapy.

The combined therapy could possibly lead to a better disease control and
consequently to an increase in the survival rate of the mTNBC patients.
Consequently, the mTNBC target therapy regimens could be standardized
in the future.
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