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from preclinical research and ongoing clinical trials.
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Introduction

Inhibitors of tyrosine kinase-associated cell cycle activation
protein are currently major players within the medical oncology
arena. This burgeoning trend of treatment modalities is cer-
tainly present within the breast oncology community and their
usage within these tumors is a bellwether for understanding
the use of this class of medications on a grander scale. HER2,
a well known oncogenic transmembrane protein, has been
demonstrated to be over-expressed in 20-25% of breast can-
cers.b? Although the diagnosis of HER2-positive breast cancer
heralds negative prognostic implications,? clinical outcomes
of this disease have changed with the institution of HER2-
targeted therapy. Trastuzumab is the humanized monoclonal
antibody to the HER2 extracellular domain that has revolu-
tionized the treatment and clinical practice of HER2-amplified

breast cancer since its Food and Drug Administration (FDA)
approval in 1998.% It has improved survival in both early and
metastatic HER2-positive patients; the overall survival for
these women is now comparable to patients with ER-positive,
HER2-negative metastatic breast cancer.*

Despite the positive changes in HER2-positive patients
with trastuzumab,*® recurrence and disease progression con-
tinue to occur. Nearly 15% of patients will relapse with distant
disease within 12 months of treatment with trastuzumab.”?
The HER2 oncogene appears to continue to be an important
driver for tumor growth and survival despite progression on
trastuzumab-based treatment.” Current research is develop-
ing novel anti-HER2 agents to overcome trastuzumab resis-
tance and efforts are ongoing to establish guidelines for the
utility of these agents in the clinical arena.
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One of the most promising next-generation HER2-
targeted interventions is pertuzumab, a humanized mono-
clonal antibody to the HER2 transmembrane protein
targeting a separate different epitope on the HER2 protein
from trastuzumab (Fig. 1). Pertuzumab was approved by
the FDA in June 2012 for use in combination with trastu-
zumab and docetaxel for the treatment of patients with
HER?2-positive metastatic breast cancer without prior treat-
ment with anti-HER2 therapy for metastatic disease.” Fur-
thermore, in 2013, pertuzumab was expeditiously approved by
the FDA for neoadjuvant therapy in HER2-positive patients
with locally advanced, inflammatory, or early stage breast can-
cer. In this clinical scenario, pertuzumab is administered with
trastuzumab and docetaxel with data indicating an improved
pathologic complete response (pCR) when compared to tras-
tuzumab and docetaxel alone pCR of 39 versus 21%, respec-
tively.'> While pertuzumab has shown great promise, the
oncologic community has only begun to understand its full
potential. In this article, we will review the preclinical and
clinical development of pertuzumab, as well as the clinical
implications of this new therapy in every day practice.

Mechanism of Action

Understanding the specific mechanisms behind the cytotoxic
effects of HER2-directed therapy on breast cancer cells is
critical to the advancement of further HER2-targeted treat-
ment options. Originally described by Hynes and Stern in
1994, when HER2 is over-expressed in breast cancer cells,
it undergoes ligand-independent dimerization resulting in

constitutive activity.!! The HER2 receptor dimerizes leading
to the phosphorylation of the intracellular domains setting off
a cascade of signaling molecules. Trastuzumab binds to the
subdomain-IV of the HER2 transmembrane protein sterically
inhibiting its ability to dimerize.!> As HER2-over expressing
tumors have been shown to have increased activation of the
cellular protein kinase AKT, treatment with trastuzumab will
downregulate AKT and thus allow the protein kinase p27 to
enter the cellular nucleus and participate in cell cycle arrest as
is its normal activity.!3

One of the primary mechanisms of trastuzumab resis-
tance is heterodimerization of HER2 with other HER fam-
ily transmembrane proteins—most notably HER3.'1> To
overcome this mechanism of resistance, the novel recombi-
nant humanized monoclonal antibody pertuzumab was devel-
oped to target domain II, the heterodimerization epitope of
HER2.1 Pertuzumab sterically hinders the establishment of
a HER2:HER3 heterodimer formation mediating antibody-
dependent cytotoxicity'” and apoptosis.

Given their complimentary mechanisms of action, per-
tuzumab and trastuzumab appear to synergistically inhibit
HER2-associated growth. HER2-overexpressing breast can-
cer cell lines demonstrate a decreased overall survival when
given both trastuzumab and pertuzumab but have limited,
if any, decreased survival when either agent was adminis-
tered individually.!> This same study also asserted that in
vivo xenograft HER2-over expressing tumor volume was
diminished when pertuzumab was given in conjunction with
trastuzumab.?®
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Figure 1. The complementary signaling cascade pathway inhibition of pertuzumab given in conjunction with trastuzumab. HER2 and HERS3 are
transmembrane proteins with associated tyrosine kinases. They each have multiple binding sites, which are denoted, only slightly disparate with regard
to sub-units #2 and #4. Homodimerization and heterodimerization both result in tyrosine kinase activation with the subsequent signaling cascade.
Trastuzumab binds to domain IV of HER2 that designates its major difference from Pertuzumab, which binds to domain Il of HER3.
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More recent data has led to further understanding of each
anti-tumor effect pertuzumab has on cancerous cell lines. In
vitro results published by Diessner et al showed radio-labeled
cellular binding of trastuzumab and pertuzumab to HER2-
positive cells increased when administered together compared
to administration separately. Subsequent scatter plot data from
the same 2013 publication by Diessner et al revealed NK-cell
mediated killing of HER2-positive cells when trastuzumab

and pertuzumab bind to the cell!®

providing evidence for the
antibody dependent cellular cytotoxic effects of pertuzumab.
Ensuing efforts utilizing two different xenograph population
models echoed the in vitro data.!® Combination therapy with
trastuzumab plus pertuzumab showed improved anti-tumor

activity in comparison to single-agent therapy.!%2°

Pharmacokinetics and Metabolism
Adams et al. collected pharmacokinetic (PK) data from single-
dose studies on both CD-1 mice and Sprague Dawley rats as well
as multiple-dose studies on male and female cynomolgus mon-
keys. The authors report a biphasic distribution pattern, support-
ing a two-compartment PK model.?! Pertuzumab’s volume of
distribution (Vd) was 27-58 mL/kg, with the Vd of the central
compartment approximating the serum volume in all models
(Table 1). The distribution phase was less than 24 hours and the
terminal elimination half-life was approximately 10 days.?! Agus
et al reported dose range data for 2.0-15.0 mg/kg with a steady
state mean of 80.0 = 28.2 mL/kg and an elimination of half-life
mean of 18.9 + 8 days.?? Yamamoto et al described a steady state
Vd of 92.4 + 15.2 mL/kg?® with constant pharmacokinetics at
increasing doses of pertuzumab with proportional increases in
C_ .. and AUC (r=0.914 and r = 0.808, respectively).?
Ngetalincorporated datafromone phaseIand two phasell
trials with a total of approximately 1,000 pertuzumab subjects
receiving treatment every three weeks with either fixed dos-
ing (840 mg x 1, followed by 420 mg), weight-based dosing
(12.2 mg/kg x 1, followed by 6.1 mg/kg), or body surface area
based dosing (485 mg/m? x 1 followed by 242.5 mg/m?).2* All
dosing regimens consistently kept serum trough concentra-
tion greater than the target 20 ug/mL more than 90% of the
time. Dosing by weight and also dosing by body surface area
resulted in serum trough concentrations lower than that of
fixed dosing administration by 6.17% and 5.76% respectively.
The percentage of patients with trough concentrations lower
than 20 pg/mL was similar in patients weighing in either
=10th or =90th percentile. No differences in the clearance

of pertuzumab were seen at all dose levels with mean serum
clearance levels of 0.214 L/day.?* Although serum albumin
affected drug clearance and body surface area aftected Vd of
the central compartment, weight-based and body surface area
based dosing did not improve steady state exposure to per-
tuzumab.?* Therefore, a fixed dosing regimen of pertuzumab
every three weeks was recommended.

There is limited data regarding the exact site of pertu-
zumab metabolism and in fact it has not been formally stud-
ied. This is likely in part because of the historical difficulty
in measuring the process of antibody metabolism. The data
available includes evidence that IgG metabolism occurs prom-
inently in the liver, and to a lesser extent in the kidneys and
gastrointestinal tract.?> Additionally, murine radio-iodination
models have demonstrated antibody clearance occurring pre-
dominantly in the gut (72.8%), followed by the liver (20.5%),
and spleen (3.6%).%°

Safety
Primary information regarding pertuzumab’s safety pro-
file comes from two phase I studies with 21 and 18 patients,
respectively, testing the safety of pertuzumab administered at
0.5-15 mg/kg (0.5, 2.0, 5.0, 10.0, and 15.0 mg/kg) every three
weeks and no maximum tolerated dose was reported.???* From
the first trial, the most common adverse events were asthenia
(62%), vomiting (52%), nausea (48%), abdominal pain (48%),
rash (43%), diarrhea (43%), pain (43%), and anemia (33%),
most of which were considered NCI-CTC grade I or grade 2.2
In the second clinical trial, the most common adverse effects
were diarrhea (61.1%), rash (50%), asymptomatic BNP
increase (50%), and asymptomatic lymphopenia (38.9%) and
were grade I or grade 2.2

The above two phase I trials were followed by multiple
phase II studies and the results reveal a toxicity profile similar
to that known to practitioners familiar with the toxicity pro-
file of trastuzumab. Data from an open-label phase II study
by Gianni et al. compared two different fixed-dose regimens
(420 vs. 1050 mg every three weeks) of single agent pertu-
zumab in HER2-negative metastatic breast cancer patients.?’
The most common adverse events were grade 1 and 2 diar-
rhea (43.9-45.9%), nausea (24.4-27%), fatigue (19.5-24.3%),
rash (19.5-21.6%), and vomiting (12.2-16.2%). The only
reported grade 3 adverse events were diarrhea (5.4-7.3%),
fatigue (<3%), and vomiting (<3%).2” Cortes et al evaluated
pertuzumab monotherapy in HER2-positive advanced breast

Table 1. Pharmacokinetics of pertuzumab.

DISTRIBUTION
PHASE

TERMINAL
ELIMINATION PATTERN

DISTRIBUTION RECOMMENDED
FIXED DOSING

HALF-LIFE
~10 days?'

~24 hours Biphasic?'

by 420 mg?*

840 mg x 1, followed

VOLUME
DISTRIBUTION
(STEADY STATE)

+80.0 +28.2 mL/kg?®? - 3.42 +1.20 mL/day/kg?? >20 ug/mL?*
©92.4+15.2mL/kg?® +4.30 + 1.72 mL/day/kg?®

PERTUZUMAB
CLEARANCE

TROUGH
CONCENTRATION
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cancer and toxicity results were similar to those previously
reported: diarrhea (48.3%), nausea (34.5%), vomiting (24%),
fatigue (17%), and asthenia (17%).8 This same study assessed
the pertuzumab and trastuzumab therapy combination with
the following toxicity profile: diarrhea (29%), nausea (29%),
vomiting (24%), and fatigue (24%).%8

'The large phase I CLEOPATRA trial assessed the safety
profile during which either pertuzumab or placebo was added
to docetaxel and trastuzumab for first-line treatment of HER2-
positive metastatic breast cancer. Toxicity profiles between
the pertuzumab and placebo group were similar for grade 1
and 2 adverse events including diarrhea (46.3 vs. 66.8%),
alopecia (60.5 vs. 60.9%), neutropenia (49.6 vs. 52.8%), nau-
sea (41.6 vs. 42.3%), and fatigue (36.8 vs. 37.6%). For grade 3 or
higher adverse events, neutropenia was the most common (45.8
vs. 48.9%), followed by febrile neutropenia (7.6 vs. 13.8%), leu-
kopenia (14.6 vs. 12.3%), and diarrhea (5.0 vs. 7.9%). Deaths
related to adverse effects of the treatment were 2.5% for the
control group and 2.0% for the pertuzumab groups, with infec-

tion cited as the primary cause.?

A fourth phase II study dubbed the NeoSphere trial
assessed the safety profile of pertuzumab in the neoadjuvant
adjuvant setting in combination with trastuzumab and doc-
etaxel for early stage HER2-positive breast cancer patients.
There were four randomized groups in this trial: group
A = trastuzumab plus docetaxel, group B = pertuzumab plus
trastuzumab plus docetaxel, group C = pertuzumab plus tras-
tuzumab, and group D = pertuzumab plus docetaxel. Consid-
ering all groups together, the most common adverse events
were alopecia, neutropenia, diarrhea, nausea, fatigue, rash, and
mucosal inflammation. The toxicity rates among groups that
received a chemotherapy regimen (A, B, and D) were similar.
Group C, which received a non-chemotherapy regimen demon-
strated that alopecia, neutropenia, and mucosal inflammation
occurred in =3% of patients. Febrile neutropenia occurred in
7-8% of patients in groups A, B, and D, compared to no events
in group C. These results suggest that pertuzumab is generally
well tolerated and that most of the adverse events experienced
in this trial were related to the cytotoxic agent docetaxel.1®

Despite no controlled studies of pertuzumab in pregnant
women, embryogenic data were assessed in the offsprings of 36
pregnant cynomolgus monkeys administered pertuzumab dur-
ing fetal organogenesis (gestation days, 20-50).3° Embryofe-
tal spontaneous abortion was seen in 50% of the cynomolgus
monkeys at a dose of 30 mg/kg by gestation day 70. Oligohy-
dramnios was accompanied by delayed development of the fetal
kidneys, as well as some external, visceral, and skeletal abnor-
malities, seen in nearly all subjects.3® These warnings are similar

to those for trastuzumab as published on the package insert.3!

Cardiotoxicity

Given trastuzumab’s propensity to induce cardiotoxic-
ity, the effects on the heart were thoroughly evaluated in
multiple phase I pertuzumab trials. The cardiac exclusion

criteria for these trials were baseline left ventricular ejection
fraction (LVEF) <50%.2%2% The results of the first phase I
trial reported one patient who suffered a myocardial infarc-
tion during treatment, which was the suspected cause of left
ventricular failure and three patients experienced asymptom-
atic decreases in baseline ejection fraction ranging from 5 to
14%.22 Asymptomatic BNP increase in 50% of the patients on
a phase I study has been noted; however, no ejection fraction
depression was measured in any of these patients.?’

In two phase II trials evaluating pertuzumab monother-
apy, 7-10% of patients experienced drops in ejection fraction
=10%, which subsequently dropped these patients' ejection
fractions to <50%.22% In a phase II study of dual therapy
combining pertuzumab with trastuzumab, 4.5% of patients
experienced drops in ejection fraction =10%.%° Data reported
by Portera et al demonstrated six patients (54%) had reduc-
tion in LVEF.3? However, only one patient had a symptom-
atic ejection fraction decrease or heart failure that required
medical management.’? In the neoadjuvant NeoSphere phase
IT study that assessed treatment-naive women with HER2-
positive breast cancer, there was no significant increased risk
in LVEF dysfunction when pertuzumab was added to tras-
tuzuamb.!? The prevalence of 10-15% decline in LVEF from
baseline as well as a new LVEF <50% was not statistically
significant: trastuzumab/docetaxel, 0.9%; pertuzumab/trastu-
zumab/docetaxel, 2.8%; pertuzumab/trastuzumab, 0.9%; and
pertuzumab/docetaxel, 1.1%.%

In the CLEOPATRA trial, patients in the placebo group
demonstrated a more pronounced drop in ejection fraction
than those administered pertuzumab (all grades and reported
respectively: 8.3 vs. 4.4%; grades 3—4 reported respectively:
2.8 vs. 1.2%). 6.6% of patients in the control group and 3.8%
in the pertuzumab group demonstrated a ejection fraction
decline of 10% or more from baseline that resulted in a ejec-
tion fraction of less than 50%.%33 On further assessment of the
CLEOPATRA data set, Swain et al published the incidence
of adverse cardiac events was slightly decreased in the pertu-
zumab arm at 14.5% compared to 16.4% in the control-placebo
arm. Qualification of those adverse events demonstrated that
the number of events reported as grade 3 (during which left
ventricular systolic dysfunction was the most common) or
higher was less in the study arm in comparison to the placebo
arm (1.5 vs. 3.8% respectively).33

In a meta-analysis, 1,142 patients received combined anti-
HER?2 (pertuzumab plus trastuzumab or trastuzumab plus lap-
atinib) therapy with congestive heart failure (CHF) occurring at
an incidence of 0.88 versus 1.49% for the 1,473 patients receiving
monotherapy (lapatinib or trastuzumab or pertuzumab). Addi-
tionally, LVEF showed a decline of 3.1% in the dual therapy arm
versus 2.9% in the monotherapy arm. These studies further were
stratified by anti-HER2 treatment combinations and those listed
in the publication, the combination of pertuzumab and trastu-
zumab had a CHF incidence of 0.8% and an LVEF decline of
2.9% versus a CHF incidence of 0.96% and an LVEF decline of
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3.1% for the trastuzumab and lapatinib combination.3* Despite
the initial concern of excessive cardiotoxicity, these data suggest
that the risk to the heart from the addition of pertuzumab is
likely similar to that of trastuzumab alone.

Drug Interactions
Limited dataisavailable regarding drug—drug interactions with
pertuzumab. Results from near-infrared fluorescence imag-
ery and xenograft mice models show that both trastuzumab
and pertuzumab are able to equally bind to HER2-positive
tumors in vivo and the binding of one agent did not preclude
the binding of the other to the same tumor cell.* A phase 1b
trial demonstrated no difference in the PK profile of pertu-
zumab or docetaxel when used in combination as compared to
each agent alone.3¢ Further, published phase I data revealed
that pertuzumab administration together with capecitabine
resulted in no alteration in capecitabine’s pharmacokinetics,
concentration-time, or toxicity profile.’’ Pertuzumab was
additionally studied in combination with the investigational
antibody-drug conjugate trastuzumab-emtansine (T-DM1)
with no alterations in either drugs pharmacokinetic profile.*8
Most recent pharmacological data revealed that both
trastuzumab and pertuzumab have similar net molecular
charge at 19.77 and 19.74, respectively, thus minimizing any
significant electrostatic interactions between medications
when administered in the same IV normal saline bag. Addi-
tionally, an admixture bag of the two medications in normal
saline did not induce any changes with regard to turbidity or
UV spectroscopy indicating minimal presence of insoluble or
visible particles. Still further, there were no differences in the
sedimentation rates of the proteins in solo versus in combina-
tion, indicating no formation of molecular heterodimers that
would have potentially changed their biological activity.>’ The
administration of pertuzumab and trastuzumab in the same
infusion bag will be assessed for efficacy and safety in the
VELVET clinical trial utilizing the dual anti-HER2 therapy

in combination with Navelbine.

Efficacy

Owing to the complementary mechanisms of action of pertu-
zumab and trastuzumab in the inhibition of HER2 signaling,
clinical research in HER2-positive breast cancer has primar-
ily investigated the use of the two agents in combination. The
single-arm phase II trial by Baselga et al assessed the efficacy
and safety profile of the trastuzumab/pertuzumab combina-
tion in 66 HER2-positive patients with evidence of disease
progression with trastuzumab. In this trial, trastuzumab was
administered on either a weekly regimen (4 mg/kg loading
dose followed by 2 mg/kg every week) or a every three-week
regimen (8 mg/kg loading dose followed by 6 mg/kg every
three weeks). The dosing schedule of pertuzumab was an
840 mg loading dose followed by 420 mg every three weeks.
The objective response rate across the study population was
24.2% with a clinical benefit rate (clinical response plus stable

disease) of 50% and a median progression free survival of
5.5 months.?’

Following up on the clinical benefit seen with the trastu-
zumab and pertuzumab combination therapy, another phase 11
study by Cortes et al was conducted to specifically delineate
the efficacy between dual anti-HER2 therapies compared
to pertuzumab monotherapy. A cohort of 29 patients with
HER2-positive breast cancer with prior exposure to a tras-
tuzumab-containing regimen received the same pertuzumab
dosing regimen as the Baselga 2010 cohort. Initially, pertu-
zumab produced an objective response rate and clinical benefit
rate of 3.4 and 10.3%, respectively. All patients progressed on
pertuzumab monotherapy, and at time of progressive disease,
17 patients were reintroduced to trastuzumab at either weekly
or every three-week dosing, while continuing pertuzumab at
the same dose. The subsequent objective response rate and
clinical benefit rate increased to 17.6 and 41.2%, respectively,
with combination therapy. Progression free survival was also
longer with combination therapy (17.4 weeks) when compared
with pertuzumab monotherapy (7.1 weeks). Despite the rela-
tively small sample size, this study indicates that the efficacy
of pertuzumab monotherapy may be limited, and the clinical
utility of pertuzumab is best demonstrated when the agent is
given in combination with another HER2-targeted agent.?®

Pertuzumab has also been studied in conjunction with
chemotherapy in the phase II study by Gianni et al during
which 417 treatment-naive women with early stage HER2-
overexpressing breast cancer were randomly assigned to
receive one of four neoadjuvant cycles of varying combina-
tions of trastuzumab (8 mg/kg loading dose followed by
6 mg/kg every three weeks), pertuzumab (840 mg loading
dose followed by 420 mg every three weeks), and docetaxel
(75 mg/m?, escalating, if tolerated, to 100 mg/m? every three
weeks). The combinations of therapy included: trastuzumab
plus docetaxel, pertuzumab plus trastuzumab, or pertuzumab
plus docetaxel. Patients who received pertuzumab and tras-
tuzumab plus docetaxel had a significantly improved patho-
logical complete response rate (45.8%) versus trastuzumab
plus docetaxel (29.0%; P=0.0141), pertuzumab plus docetaxel
(24.0%; P=0.003), and pertuzumab and trastuzumab (16.8%;
P < 0.001).° These data were the primary impetus for the
expeditious approval by the FDA for this regimen in the neo-
adjuvant setting.

Similar results for combination therapy with docetaxel
were seen in a first-line phase III CLEOPATRA trial
in metastatic HER2-positive patients.?” In this study,
investigators assessed the efficacy of pertuzumab when
added to trastuzumab plus docetaxel. A total of 808
patients were randomly assigned to receive placebo plus
trastuzumab plus docetaxel or pertuzumab plus tras-
tuzumab plus docetaxel. Pertuzumab was given as an
840 mg loading dose, followed by 420 mg every three

weeks, and trastuzumab was given as an 8 mg/kg loading
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dose, followed by 6 mg/kg every three weeks. The initial
dose of docetaxel was 75 mg/m?, which could be increased
to 100 mg/m?, if tolerated. The median progression free
survival improved with the addition of pertuzumab to
trastuzumab and docetaxel, with 18.5 months in the per-
tuzumab group versus 12.4 months in the placebo group
(hazard ratio for progression or death, 0.62; 95% con-
fidence interval, 0.51-0.75; P < 0.001). All predefined
subgroups also demonstrated progression free survival
benefit with the use of pertuzumab-trastuzumab-doc-
etaxel therapy. This was most notable for the subgroup of
patients who had received prior adjuvant or neoadjuvant
chemotherapy with trastuzumab in which a 10.4 versus
16.9 month median progression free survival benefit was
noted (HR of 0.62). Additionally, the subgroup who had
received adjuvant or neoadjuvant chemotherapy without
trastuzumab had a 12.6 versus 21.6 month median pro-
gression free survival benefit (HR 0.60).% Furthermore,
there was a strong trend toward an overall survival ben-
efit with the addition of pertuzumab to trastuzumab and
docetaxel as there have been fewer deaths in the pertu-
zumab group compared to the non-pertuzumab group
(17.2 vs. 23.6%). The hazard ratio was reported as 0.64
(P =0.005) with only 43% of the data mature of analy-
sis at time of publication.” In an updated analysis, Swain
et al report a median overall survival of 37.6 months in
the placebo group that, in fact, had not been reached in
the study arm. This study reported on progression free

survival, which improved from 12.4 to 18.7 months in the

placebo versus the pertuzumab study arm.*® Given these
dramatic improvements in patient outcome, the data from
the CLEOPATRA trial led to accelerated FDA approval
for pertuzumab as first-line therapy in combination with
trastuzumab and docetaxel for metastatic HER2-ampli-

fied breast cancer.

Place in Therapy

There are still many unanswered questions regarding the clinical
use of pertuzumab. With the release of the CLEOPATRA data,
pertuzumab in combination with trastuzumab is fundamentally
used in the clinical setting as a first-line treatment for metastatic
HER2-over expressing disease.” This trial, in combination with
other data supporting the use of dual-HER2-targeted approaches
(such as those with trastuzumab and lapatinib), suggest that
maximally inhibiting the HER2 oncogenic pathway results in
most significant durable clinical responses. With a plethora of
anti-HER?2 agents in a medical oncologist’s armamentarium,
the sequence and duration of therapy remains unclear. There
have been other reviews in which the authors have outlined the
clinical utility of pertuzumab in oncologic metastatic breast can-
cer and cited similar data to that reported here.*** With these
reports in mind, in Figure 2, we have suggested an algorithm for
anti-HER?2 therapy administration. It is also noted that data on
the use of these agents after progression remains scarce. While
the exact response rate to anti-HHER2 therapy after progression
on pertuzumab is unknown, there is preliminary literature that
suggest that patients will continue to have multiple responses to

Stage I-lll disease

¢

Neoadjuvant chemotherapy/pertuzumab/trastuzumab
followed by I-year adjuvant trastuzumab

No evidence of disease? Relapse with metastases?

Metastatic disease without brain metastases?

¢

PTH therapy

¢

At disease progression

¢

TDM-I

¢

No further therapy

De novo stage IV disease

Metastatic disease with brain metastases?

¢

Treatment of whole brain radiation or local radiation

**Clinical trials are encouraged
**Dual targeted therapy is perferred
**Patients with CNS disease will leave algorithm of local therapy

PTH = paclitaxel AND trastuzumab AND pertuzumab
TDM-I = trastuzumab emtansine

At disease progression — > | apatinib based therapy < Lapatinib and capcitabine

Lapatinib and herceptin

Figure 2. Recommended management algorithm for HER2-positive breast cancer patients.
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HER2-targeted therapy after progression on these second-line
HER2-directed agents.**

Perhaps one of the most concerning issues is the suspicion
that patients with brain metastases will not benefit from agents
such as trastuzumab and pertuzumab. Trastuzumab and per-
tuzumab have an approximate molecular weight of 148 kDa.*¢
'The majority of molecules greater than 500 Da do not cross
the blood—brain barrier in concentrations needed to affect any
CNS disease management.*” Data published from Olson et al
revealed that adjuvant trastuzumab results in a harbor site for
central nervous system metastases (CNS) of HER2-positive
breast cancer. In this meta-analysis, among the 9,020 patients
included, the incidence of CNS metastases as first site of dis-
ease recurrence was 2.56% compared with 1.94% in HER2-
positive patients who did not receive adjuvant trastuzumab.*
With the use of pertuzumab in early stage disease and in first-
line therapy in patients with metastatic HER2-positive breast
cancer, the incidence of CNS progression is likely to increase.

In the footsteps of trastuzumab, pertuzumab is the next
great breakthrough in the treatment of HER2-positive breast
cancer. Pertuzumab has and will continue to transform the
approach to HER2-positive disease, showing improved ben-
efits when given in combination with trastuzumab. Dual anti-
HER?2 therapy maximally shuts down the HER2 oncogenic
pathway and has revolutionized the medical approach to these
patients. Further combination strategies incorporating per-
tuzumab and studies elucidating the most effective sequence
of anti-HER2 therapy are in progress to tackle the next
important questions in the development of HER2-targeted
regimens.
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