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HER2-positive (HER2+) breast cancer has become an effectively treatable disease in the era of targeted
therapies, and outcomes have improved such that prognosis of this subtype is demonstrated to be superior
to HER2-negative disease. Despite these advances, durable responses in HER2+ metastatic disease are
challenged by the increased risk for brain metastasis. Neratinib is an irreversible pan-HER kinase inhibitor
that has emerged as an effective agent when combined with capecitabine for the management of HER2+
metastatic breast cancer patients with brain metastasis. The randomized, Phase III, NALA trial compares
neratinib plus capecitabine to a currently prevailing regimen of lapatinib plus capecitabine and is provided
herein. Analysis of NALA portends meaningful changes on the horizon for the management of HER2+
metastatic breast cancer.
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A once formidable diagnosis, HER2-positive (HER2+) breast cancer has become an effectively treatable disease in
the era of targeted therapies. With the approval of trastuzumab, a recombinant monoclonal antibody against HER2,
outcomes have improved such that prognosis of this subtype is demonstrated to be superior to HER2-negative
disease [1,2]. Despite these advances, durable responses are challenged by the increased risk for brain metastasis
encountered in HER2+ breast cancer. The estimated incidence of symptomatic brain metastasis among women
with metastatic breast cancer (MBC) regardless of HER2 status is reported to be 10–16% [3], and up to 24% by a
more recent study [4], but have even been described as occurring after diagnosis of early stage I disease [5].

Within the HER2+ MBC population, central nervous system (CNS) metastasis is seen in a reported 34–37%
of patients [6,7]. In the recently reported SystHERs prospective registry of newly diagnosed patients with HER2+
MBC, 8.9% present with CNS metastasis at diagnosis, with an additional 21.7% of patients developing CNS
metastasis after diagnosis [8]. CNS metastasis occurs with a higher likelihood in younger patients, in those with
hormone receptor negative disease, and in patients with a higher disease burden; implicating a more aggressive
subpopulation [6–9]. While trastuzumab does improve survival in these patients, many are diagnosed with brain
metastasis within the initial six months of treatment, suggesting a higher incidence of occult disease not appreciated
on initial diagnosis [6,7,10]. Prior to the availability of many of our current therapeutic options, median survival in
patients developing recurrence in the CNS in MBC was estimated to be only 4 months [9], although this has been
extended to 20.3–27 months with use of trastuzumab, chemotherapy or surgery [7].

Surgical & radiation centered management
En bloc surgical resection is certainly desirable when possible; however, this relies on the presence of limited sites
of disease that are surgically accessible in patients with an otherwise reasonable functional status [11,12]. Stereotactic
radiosurgery (SRS) is an attractive alternative that delivers photon radiation with high precision to achieve local
control, but is associated with high rates of complications, namely neurological and varying depending on whether
functional brain regions are involved [13]. It is generally favored over whole brain radiation (WBRT), which is
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considered in more diffuse CNS disease, although used unenthusiastically due to its well appreciated adverse effects
on cognitive function and quality of life [14]. The most recent ESO-ESMO International Consensus guidelines for
advanced breast cancer (ABC 4) provide level IB recommendations for resection of small and potentially resectable
brain metastasis and a level IC recommendation for consideration of subsequent WBRT upon discussion with the
patient [15]. SRS is preferred to WBRT especially in patients with HER2+ disease given the potential for otherwise
durable responses to therapy in this population and a desire to minimize toxicity. Ultimately, surgical or radiation
based therapies are most effective in cases in which the disease is well controlled systemically, necessitating us to
look toward systemic therapies [13]. Specific to cases in which recurrence of HER2+ disease occurs in the brain
only, ABC 4 guidelines notably recommend against addition of chemotherapy given its anticipated lack of effect
on the course of disease [15].

Systemic therapies for management of brain metastasis
The penetrance of chemotherapy to the CNS is limited by the blood–brain barrier (BBB) – as with other
pharmacologic agents – although, it is suggested that there are deficits in barrier integrity in the case of primary
and metastatic brain tumors with subsequent increased permeability in the BBB [16]. As compared with other solid
tumors, breast cancer brain metastases are thought to be intermediately chemosensitive with response rates of 0–58%
across various chemotherapy agents or combinations of therapies [17,18]. Objective responses in brain metastasis
have been demonstrated in roughly half of a population treated with cyclophosphamide and 5-fluorouracil, or
methotrexate and vincristine, and correlates with extracranial disease control. However, only one in six patients
(17%) had a response to cyclophosphamide and doxorubicin [19]. In a separate study, response was noted in
59% of patients treated with cyclophosphamide and 5-fluorouriacil, and either methotrexate or doxorubicin, with
reported objective tumor regression in 76% after two courses of chemotherapy [20]. Conversely, prior treatment
with docetaxel has been associated with an increased incidence of brain metastasis vs metastasis at other sites [21].
The literature available notably does not make distinctions for HER2+ populations as many of these studies either
predate biomarker testing or contain small cohorts inadequate for statistical comparisons. Congruent with findings
observed in patient cohorts, in vivo models have confirmed the poor distribution of paclitaxel and doxorubicin in
the CNS upon tail vein introduction in mice despite increased BBB permeability [22].

HER2-directed therapies
Among HER2 directed therapies, trastuzumab has been noted to significantly increase the risk of developing
CNS metastasis across multiple studies including patients with stage I–III HER2+ invasive breast cancer [23,24].
Improved outcomes in patients with HER2+ disease treated with trastuzumab serves as a confounding factor
in this regard. The development of CNS recurrence may in actuality be reflecting an overall improved systemic
control of the disease and the lesser extent of its efficacy in control of CNS metastasis. An exploratory analysis of
the Phase III CLEOPATRA trial demonstrated a delay in onset of CNS disease with the addition of pertuzumab to
trastuzumab and docetaxel in HER2+ MBC [25]. This potentially indicates some level of BBB penetrance with this
combination versus more likely effective control of systemic disease leading to fewer circulating tumor cells available
to metastasize. In in vivo studies reported by Terrell-Hall et al., radiolabeled trastuzumab injected intra-cardiac in
mice harboring HER2+ brain metastases demonstrate only roughly 5% of the injected dose reaching the tumor [26].

Upon progression with trastuzumab containing regimens, lapatinib became of increasing interest based on
preclinical studies demonstrating activity against breast cancer brain metastasis in a murine model [27]. Lapatinib
is a reversible EGFR(HER1)/ErbB2(HER2) inhibitor that is US FDA approved for the treatment of MBC
overexpressing HER2 for use in combination with capecitabine in patients previously treated with standard
therapies [28]. In the Phase II EGF105084 study, lapatinib monotherapy demonstrated an over 20% volumetric
reduction in CNS lesions in 21% of patients, increased to over 40% of patients in combination with capecitabine [29].
In the subsequent Phase II LANDSCAPE trial, an objective response of over 50% volumetric reduction was reported
in 65.9% treated with lapatinib and capecitabine, which similarly included heavily pretreated patients previously
on trastuzumab based therapy although without prior radiation therapy [30]. Note that while RECIST 1.1 criteria
considers partial response to be an at least 30% reduction in the sum of diameters in target lesions [31], a 30%
unidimensional reduction in a perfect sphere would correspond to a 65% volumetric reduction. Across multiple
studies, however, a 20% volumetric reduction is considered clinically meaningful [32,33]. An extension of median
overall survival (OS) to 27.9 months from time of brain metastasis development in patients treated with lapatinib
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and capecitabine was separately reported, as compared with 16.7 months in patients continued on trastuzumab
based therapies [34].

A portion of patients remain, however, that either do not respond to lapatinib or do not sustain responses
due to the eventual development of resistance mechanisms, including upregulation of compensatory mechanisms,
mutations in the HER2 TK domain, or select gene amplifications [35]. Trastuzumab emtansine (T-DM1), an anti-
HER2 antibody–drug conjugate has notably demonstrated superior outcomes in HER2+ MBC patients when
compared with the lapatinib and capecitabine combination in the KATHERINE trial [36]. However, patients with
symptomatic or recently treated CNS metastases were excluded, and outcomes with regards to development of
brain metastasis were not described.

Neratinib
Neratinib is a chloroanilino-quinazoline inhibitor of HER2 [37], and similar to lapatinib is a type II kinase inhibitor,
which binds the ATP kinase domain in its inactive conformation, thus accessing an adjacent allosteric binding
pocket that confers greater selectivity. It has received FDA approval in the adjuvant setting for extended treatment
of early stage HER2+ breast cancer following trastuzumab-based therapy. In contrast to lapatinib, neratinib is
a less selective irreversible inhibitor considered to be a pan-HER kinase inhibitor, additionally targeting EGFR
(HER1) and HER4 [38]. In preclinical in vitro models, neratinib (referred to by its chemical compound name
HKI-272) potently and selectively inhibited the proliferation of HER2 overexpressing breast cancer cell lines. On a
more mechanistic level, HKI-272 was found to reduce HER2 receptor autophosphorylation, ultimately leading to
hindered downstream MAPK and AKT phosphorylation [39]. In breast cancer cell lines with acquired trastuzumab
resistance, neratinib not only decreased HER2 and HER3 phosphorylation, but also inhibited growth both alone
and synergistically with trastuzumab [40].

Orthotopic tumor growth and brain metastasis is significantly impaired with neratinib treatment in the syngeneic
TBCP-1 murine model for HER2+ breast cancer, and uniquely demonstrates caspase-independent ferroptosis not
observed with other tyrosine kinase inhibitors (TKIs) [41]. In nude mice xenografted with multidrug resistant (MDR)
cells which overexpress ATP binding cassette (ABC) transporters, neratinib overcomes resistance to paclitaxel, as
well as enhances accumulation of doxorubicin within resistant cells. ABC transporters are integral to maintaining
protective barriers such as the BBB and preventing penetrance of antineoplastic therapies. Neratinib specifically
binds the drug-binding cavity of the p-glycoprotein (Pg-P) ABCB1, thereby reducing drug efflux and enhancing
drug sensitivity particularly in sanctuary sites such as the CNS [42]. This distinctively positions neratinib as a
promising agent for breast cancer brain metastasis treatment.

Clinical trials
Daily dosing of neratinib was established at 240 mg in early development studies using the maximum tolerated
dose approach increases in levels and a roughly 14-h half-life. The maximum tolerated dose was 320 mg with grade
3 diarrhea causing dose-limiting toxicity [43]. Phase II studies with neratinib in the advanced or metastatic disease
setting demonstrated a median progression-free survival (PFS) of 22.3 weeks, and objective response rate (ORR)
of 24% in patients previously treated with trastuzumab. PFS and ORR were significantly higher at 39.6 weeks and
56%, respectively, in a trastuzumab naı̈ve cohort, although patients with active CNS were notably excluded from
this trial [44]. This is contrasted to early studies with trastuzumab in chemotherapy refractory patients with HER2+
MBC reporting ORR of 15% [45], increased to 24% when combined with cisplatin [46].

In a separate Phase II study specifically evaluating patients with HER2+ MBC with brain metastasis, TBCRC
022 reported low CNS ORR in 8% with neratinib monotherapy in a pretreated population [47]. In direct comparison
to lapatinib plus capecitabine, neratinib monotherapy wasn’t found to be non-inferior, but also wasn’t inferior in
advanced and HER2+ MBC, and revealed progression of symptomatic CNS lesions in 9% vs 13% in the lapatinib
plus capecitabine regimen [48]. The addition of neratinib to paclitaxel similarly lowered incidence of CNS recurrence
and delayed time to CNS metastasis in NEfERT-T when compared with trastuzumab plus paclitaxel (relative risk
0.48 and hazard ratio 0.45, respectively). PFS was otherwise equivalent at 12.9 months [49].

Given the encouraging findings from the aforementioned studies, the combination of neratinib with capecitabine
was evaluated in a HER2+ MBC cohort with a remarkable ORR of 57% in patients previously treated with
lapatinib and 64% in patients without prior lapatinib exposure [50]. TBCRC 022 Cohort 3A and 3B arms evaluated
this combination in patients with brain metastasis without and with prior lapatinib exposure, respectively. CNS
ORR indicating a reduction of over 50% of target lesion volumes was demonstrated in 49% of those without
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HER2-positive MBC patients (n = 621):

• Previously treated with 2 or more lines of HER2-directed therapy

• Asymptomatic, stable brain metastasis allowed

Lapatinib 1250 mg/day PO continuously +
Capecitabine 2000 mg/m2 PO on days 1–14 (n = 314) 
Q21 days until disease progression

Co-primary endpoints: 

• OS

• PFS (centrally confirmed)

Secondary endpoints:

• PFS (locally determined)

• Response rate

• DoR

• CBR

• Intervention for CNS metastases

• Safety

• Patient reported outcome measures

Key outcomes:

• PFS (centrally confirmed): 8.8 vs 6.6 months (p = 0.0003)

• OS: 24 vs 22.2 months (p = 0.2086)

• Overall response rate: 33% vs 27% (p = 0.1201)

• DoR: 8.5 vs 5.6 months (p = 0.0004)

• CBR: 45% vs 36% (p = 0.0328)

• Cumulative incidence of intervention for CNS metastasis: 
22.8% vs 29.2% (p = 0.043)

Neratinib 240 mg/day PO continuously +
Capecitabine 1500 mg/m2 PO on days 1–14 (n = 307)
Q21 days until disease progression 

Figure 1. Design of the NALA Study.
CBR: Clinical benefit rate; CNS: Central nervous system; DoR: Duration of response; MBC: Metastatic breast cancer; OS:
Overall survival; PFS: Progression-free survival; PO: Per os.

prior lapatinib exposure and 33% with prior exposure, resulting in a median survival of 13.3 and 15.1 months,
respectively [51].

Collectively, the efforts of preceding trials have culminated in the initiation of the Phase III, randomized NALA
trial, which directly compares neratinib plus capecitabine to lapatinib plus capecitabine in patients with HER2+
MBC previously treated with at least two prior lines of HER2-directed therapies (Figure 1). Preliminary analysis
revealed a 24% reduction in the risk of disease progression and a trend toward improved survival in the neratinib
combination [52]. More pertinently, time to intervention for symptomatic CNS disease was also delayed, portending
meaningful changes on the horizon in the management of metastatic HER2+ breast cancer.

Novel HER2-directed therapies
The recently reported results from the Phase II DESTINY-BREAST01 trial present trastuzumab deruxtecan
(DS-8201) as an effective agent in patients previously treated with T-DM1 [53]. DS-8201, similar to T-DM1, is
conjugated to a cytotoxic agent, and demonstrates an impressive response rate of 60.9% in a cohort of patients
treated with a median of six prior therapies. PFS was reported to be 16.4 months in the intention to treat population,
and higher at 18.1 months in the 24 patients enrolled with history of treated or asymptomatic brain metastasis.
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While it is not yet known how DS-8201 compares to other HER-directed agents in delaying the incidence of
brain metastasis, there is reason for optimism given the reported 86.2% survival rate in treated patients reported at
12 months from initiation of therapy.

Tucatinib, similar to neratinib, is a HER2-selective oral TKI, recently evaluated in HER2CLIMB. The addition
of tucatinib to trastuzumab and capecitabine in patients with HER2+ MBC with progression on trastuzumab,
pertuzumab and T-DMI resulted in a near doubling of OS at 2 years from 26.6 to 44.9% [54]. Unique to this trial,
over 40% of enrolled patients had either untreated or a prior history of treated brain metastasis, which was roughly
twice that enrolled in DESTINY-BREAST01. In this sub-population, PFS at 1 year was improved to 24.9 versus
0% with the addition of tucatinib vs placebo.

Regulatory affairs
Neratinib (NERLYNX, Puma Biotechnology, Inc.) initially obtained FDA approval on July 17, 2017 for the
extended adjuvant treatment of adult patients with early stage HER2-overexpressed/amplified breast cancer, to
follow adjuvant trastuzumab-based therapy. A supplemental New Drug Application (sNDA) has been submitted for
use of neratinib in combination with capecitabine for the third-line treatment of patients with HER2+ metastatic
disease, with a reported action date of late April, 2020. At present, neratinib has obtained orphan drug designation
for the treatment of patients with breast cancer who have brain metastases.

Conclusion
In recent years, multiple novel HER2-directed agents have become available to patients with metastatic HER2+
breast cancer. NALA poises the combination of neratinib and capecitabine as an attractive option among currently
approved agents for use in the third line metastatic setting upon progression after T-DM1. On the heels of NALA,
DESTINY-BREAST01 and HER2CLIMB offer evidence to also consider DS-8201 and tucatinib, respectively, in
the third line metastatic setting. While direct head-to-head comparisons between these novel agents are lacking,
combinatorial strategies may add to the individual efficacy achieved with each therapy. Currently, the addition
of tucatinib to T-DM1 in T-DM1 naı̈ve patients is actively being evaluated [55]. DESTINY-BREAST03 directly
compares DS-8201 to T-DM1 (ClinicalTrials.gov identifier: NCT03529110), results of which may lead to a range
of combinations performed in earlier line metastatic settings. Collectively, these studies may reframe our current
treatment patterns and offer patients more durable responses to treatment. As we become more sophisticated with
the sequencing of our targeted therapies, we are better able to control breast cancer brain metastasis, which at
present remains our most challenging obstacle in the management of metastatic HER2+ disease.

Executive summary

Background
• Brain metastasis occurs at a higher incidence in metastatic breast cancer (MBC) patients with HER2-positive

(HER2+) disease, which limits our ability to otherwise achieve durable responses with HER2-directed therapies.
Systemic therapies for management of brain metastasis
• While central nervous system (CNS) penetration of chemotherapy and HER2-directed therapies are suboptimal,

improved systemic control of HER2+ MBC with novel agents has led to improved outcomes with regards to
development and progression of brain metastasis.

Neratinib
• The combination of neratinib with capecitabine in HER2+ MBC delays time to intervention of CNS metastasis as

compared with a leading combination of lapatinib plus capecitabine.
Novel HER2-directed therapies
• NALA, DESTINY-BREAST01 and HER2CLIMB support the use of combinations including neratinib, DS-8201 and

tucatinib, respectively in the third line setting for management of HER2+ MBC.
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