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Abstract

Adding pertuzumab to trastuzumab (both monoclonal antibodies targeting human epidermal growth factor receptor 2 [HER2]) has proven survival
benefits when combined with chemotherapy for patients with HER2-positive breast cancer.The combination of pertuzumab and trastuzumab together
in 1 vial for subcutaneous (SC) administration is being developed as a ready-to-use formulation to reduce the treatment burden on patients while
improving healthcare efficiency.An open-label, 2-part, phase Ib dose-finding study (NCT02738970) was undertaken in healthy male volunteers (part 1)
and female patients with HER2-postive early breast cancer who had completed standard (neo)adjuvant treatment (part 2). This study aimed to
identify an SC pertuzumab dose given with recombinant human hyaluronidase that results in comparable exposure to that of the intravenous (IV)
pertuzumab dose, based on pertuzumab serum trough concentration and area under the serum concentration–time curve. Pharmacokinetics (PK),
safety, and tolerability of a single dose of SC pertuzumab given alone or in a fixed-dose combination (comixed or coformulated) with trastuzumab
were also assessed.A maintenance dose of 600 mg for SC pertuzumab resulted in an equivalent exposure to that of IV pertuzumab, and no new safety
signals were identified for SC pertuzumab or trastuzumab. A loading dose of 1200 mg for SC pertuzumab was selected based on approximate dose
proportionality. The PK and safety results support further development of a fixed-dose coformulation combination of pertuzumab and trastuzumab
for SC administration, which will be investigated in an upcoming phase III trial in patients with HER2-positive early breast cancer.
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Overexpression or gene amplification of human
epidermal growth factor receptor 2 (HER2) occurs in
approximately 15% to 20% of breast cancers1 and is
associated with a poor prognosis.2 Adding pertuzumab
(PERJETA; F. Hoffmann-La Roche Ltd, Basel,
Switzerland) to trastuzumab (Herceptin; F. Hoffmann-
La Roche Ltd)—both monoclonal antibodies targeting
HER2—has proven survival benefits when combined
with chemotherapy for patients with HER2-positive
breast cancer across the neoadjuvant,3,4 adjuvant,5 and
metastatic treatment settings.6,7

Pertuzumab and trastuzumab bind to distinct epi-
topes on HER2 and do not compete for binding sites.
As such, they have complementary mechanisms of
action in the disruption of HER2 signaling, which
results in augmented antiproliferative activity in vitro
and in vivo when the 2 antibodies are administered as a
combination.8

The subcutaneous (SC) route of administration
is preferred by patients over intravenous (IV)
administration for drugs such as trastuzumab

(Herceptin SC; F. Hoffmann-La Roche Ltd)9,10

and rituximab (MabThera; F. Hoffmann-La Roche
Ltd),11,12 and is associated with reduction in patients’
infusion chair time, healthcare professionals’ time, and
other hospital resources.13,14 SC trastuzumab is given
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over 2–5 minutes,15 compared with IV trastuzumab,
which is given over 30–90 minutes, similar to IV
pertuzumab, which is given over 30–60 minutes.16,17

Similar benefits have also been reported for SC
trastuzumab given with IV pertuzumab.18,19 However,
repeated, invasive IV access can be associated with
increased risk of infection, thrombosis, discomfort,
and higher costs.20,21 In order to further reduce the
treatment burden on patients while also further
improving efficiency of treatment facility utilization,
a fixed-dose combination (FDC, ie, coformulation) of
pertuzumab and trastuzumab together in 1 vial for SC
administration has been developed as a ready-to-use
formulation to provide another convenient treatment
option for patients and healthcare professionals.

Bridging from IV to SC dosing relies on the develop-
ment strategy of using the same antibody in the IV and
SC formulations and conducting dedicated preclinical
and toxicology studies for the SC formulation. Addi-
tionally, the aims of a clinical development program
include demonstrating pharmacokinetic (PK) nonin-
feriority between the IV and SC formulations (lower
bound of the 90%CI of the serum trough concentration
[Ctrough] geometric mean ratio [GMR] SC/IV �0.8),
showing a consistent safety profile between the SC and
IV formulations and providing supportive efficacy data.
To date, trastuzumab and rituximab have successfully
bridged from IV to SC by following this clinical devel-
opment plan.15,22–25

Fixed-dose SC trastuzumab has a similar safety
profile to that of IV trastuzumab and is noninferior
in terms of pathologic complete response and Ctrough

in patients with early breast cancer,22 supported by
long-term safety and efficacy results (6-year event-
free survival and overall survival)26 in the HannaH
(enHANced treatment with NeoAdjuvant Herceptin)
study (NCT00950300). Similarly, the SABRINA (Sub-
cutaneous Administration BRIdgiNg for PhAse 3)
study (NCT01200758) showed that the SC formulation
of rituximab had comparable efficacy and safety to the
IV formulation andwas demonstrated to be noninferior
in terms of PK.23,27

The FDC of pertuzumab and trastuzumab con-
tains the permeation-enhancer recombinant human
hyaluronidase PH20 (rHuPH20; ENHANZE Drug
Delivery Technology, Halozyme, Inc., San Diego,
California), an enzyme that allows absorption and
dispersion of large fluid volumes by temporarily de-
grading hyaluronan at the local injection site.28

The current study aimed to identify an SC per-
tuzumab dose that results in comparable exposure to
the IV pertuzumab dose, based on SC pertuzumab
Ctrough and area under the serum concentration–time
curve (AUC) when administered with or without SC
trastuzumab.

Additionally, the safety and tolerability of a single
dose of SC pertuzumab given alone or in combination
with trastuzumab (both therapies in a single injection
[comixed] or coformulated in a ready-to-use single
injection) were assessed in healthy male volunteers and
in female patients with early breast cancer who had
completed standard breast cancer therapy (chemother-
apy and biologic therapy).

The PK and safety data generated in this phase
Ib study were used to identify a pertuzumab dose
for the SC FDC (coformulation) of pertuzumab and
trastuzumab for investigation in a phase III trial in
patients with HER2-positive early breast cancer. The
FDC is expected to achieve noninferior trastuzumab
and pertuzumab steady-state Ctrough (Ctrough,ss) and
AUC (AUCss) compared with those achieved with 3-
weekly IV trastuzumab or pertuzumab administrations.

Methods
Approval for the protocol and for any modifications
was obtained from an independent ethics committee
(Health and Disability Ethics Committees, Ministry of
Health, Wellington, New Zealand). All subjects pro-
vided written, informed consent before the start of the
study, and the study was conducted in full concordance
with the International Council for Harmonisation E6
guideline for Good Clinical Practice and the princi-
ples of the Declaration of Helsinki. The study was
conducted at Christchurch Clinical Studies Trust and
Auckland Clinical Studies in New Zealand.

Study Objectives
This open-label, 2-part, phase Ib dose-finding study
(BO30185; NCT02738970) was conducted at 2 centers
in New Zealand. The study consisted of 2 parts: dose
finding (part 1; cohorts 1–8) and dose confirmation
(part 2; cohort A or cohorts B and C) (Figure 1).

The primary objectives for part 1 of the study
were to select an SC loading and maintenance dose
of pertuzumab that resulted in comparable expo-
sure to IV pertuzumab with or without coadminis-
tered/comixed SC trastuzumab and to assess whether
additional rHuPH20 is required when pertuzumab and
trastuzumab are administered as a comixed SC formu-
lation in healthy male volunteers.

For part 2, the primary objective was to confirm
the dose of SC pertuzumab comixed or coformulated
with SC trastuzumab. Fixed-dose pertuzumab and
trastuzumab were administered as a single injection,
either comixed at the study site (cohort B) or as a ready-
to-use FDC (cohort C) administration in patients with
early breast cancer.

The secondary objective was to assess the safety and
tolerability of SC pertuzumab given alone or in combi-
nation with trastuzumab (comixed or coformulated) in
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Figure 1. Study design. arHuPH20 concentration = 2000 U/mL. brHuPH20 concentration = 667 U/mL. cCalculated to deliver a similar exposure to
a 420 mg IV dose. dOnly if coformulated FDC is not feasible. FDC indicates fixed-dose combination; IV, intravenous; PK, pharmacokinetics; rHuPH20,
recombinant human hyaluronidase PH20; SC, subcutaneous.

healthy male volunteers and female patients with early
breast cancer.

Study Design
The selection of the SC pertuzumab doses for investi-
gation in part 1 (cohorts 2, 3, 4, 6, and 7) was based
on an IV pertuzumab population PK (popPK) model29

with the addition of SC absorption-related parameters
based on human SC trastuzumab PK.30 Using part
1 PK data, an SC pertuzumab dose was selected to
achieve a similar pertuzumab exposure to that of IV
pertuzumab at 420 mg (maintenance dose) and at
840 mg (loading dose). The selected maintenance dose
from part 1 was subsequently confirmed in part 2 of
the study in patients with early breast cancer. All par-
ticipants received a single dose of study treatment(s).

The selection of 600 mg SC trastuzumab for all
monotherapy (part 1, cohort 5), comixed (part 1, co-
horts 6, 7, and 8; part 2, cohort B) and coformulation
administrations (part 2, cohort C) was based on the
established, clinically approved dose.15,22,31

The impact of a lower concentration of rHuPH20
on PK was assessed in part 1, cohorts 7 and 8 (both
comixed). In cohort 7 both SC trastuzumab (600 mg
in 5-mL injection) and SC pertuzumab (1200 mg in
10-mL injection) contained 2000 U/mL rHuPH20
(total injection 15 mL with 2000 U/mL rHuPH20),
whereas in cohort 8, SC trastuzumab (600 mg in
5-mL injection) contained 2000 U/mL rHuPH20,

and SC pertuzumab (1200 mg in 10-mL injection)
contained 0 U/mL rHuPH20 (total injection 15 mL
with 667 U/mL rHuPH20).

If during part 1 of the study there was a PK interac-
tion between pertuzumab and trastuzumab when these
drugs were administered in a comixed SC injection, or
if the development of the FDC was not technically
feasible, only cohort A (coadministration) was to be
enrolled in part 2. Otherwise, cohorts B and C (and
not cohort A) were to be enrolled in part 2. This
allowed for the selection of an SC pertuzumab dose
and formulation option for further evaluation in a
phase III study while enrolling the smallest number of
subjects. Additionally, the comixed formulation (part 1,
cohorts 6, 7, and 8; part 2, cohort B), which was nearly
identical to the coformulation, was used as a surrogate
placeholder while manufacture of the coformulated
FDC was under way.

Subjects
For part 1, eligible healthy male volunteers were 18–
45 years of age, had a left ventricular ejection fraction
(LVEF) �55% with no history of cardiac conditions,
had a body mass index of 18–32 kg/m2, and had
normal intact thigh skin. For part 2, eligible female
patients with early breast cancer who had completed
standard (neo)adjuvant treatment >7 months prior
to study drug administration, per local practice and
guidelines, were �18 years of age, had an Eastern
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Cooperative Oncology Group Performance Status of
0, nonmetastatic adenocarcinoma of the breast, and
baseline LVEF�55%. Adjuvant endocrine therapy was
also permitted.

The sample sizes for both parts 1 and 2 were deter-
mined by using simulations, given the sampling time
schedule and assumptions on the PK parameters. The
uncertainty on the estimates of the fixed parameters
was expected to be lower than 30% for a number of
6 subjects per cohort in part 1 and lower than 20% with
20 additional patients receiving SC in part 2.

Procedures
Each healthy male volunteer or female patient with
early breast cancer received a single dose of assigned
study treatment, and all SC administrations were made
into the anterior thigh region. A single dose of SC
pertuzumab was given alone (part 1, cohorts 2–4) or
comixed (part 1, cohorts 6–8), where SC pertuzumab
was given mixed with SC trastuzumab 600 mg as a
single injection. Patients in part 1, cohort 1 received
a single dose of IV pertuzumab 420 mg, and patients
in part 1, cohort 5 received a single dose of SC
trastuzumab 600 mg. Patients in part 2, cohort B
received a single comixed injection of SC pertuzumab
and trastuzumab 600 mg as prepared by the pharmacist
at the study site. The cohort B dose was based on the
pertuzumab PK data from part 1 of the study and
the previously established trastuzumab dose. Patients in
part 2, cohort C received a single FDC of pertuzumab
and trastuzumab 600 mg, prepared as a ready-to-
use formulation for SC injection. The cohort C dose
was based on the pertuzumab PK data from part 1,
cohorts 2–4 and 6–8, and part 2, cohort B and the
previously established trastuzumab dose. The single SC
pertuzumab doses evaluated in cohorts B and C were
maintenance doses and were intended to be equivalent
to IV pertuzumab 420 mg maintenance doses. The
SC pertuzumab coadministration with SC trastuzumab
(2 separate SC injections) arm of the study was not
enrolled (part 2, cohort A) following the results of
part 1 of the study and the positive technical feasibility
assessment of manufacturing the ready-to-use FDC.

Different pertuzumab SC doses were administered
by adjusting the dosing volume. The concentrations
of pertuzumab and trastuzumab were 120 mg/mL,
and rHuPH20 was 2000 U/mL (cohorts 2–7) in the
SC dosing solutions. Cohorts 6 and 7 received co-
mixed SC pertuzumab and SC trastuzumab containing
2000 U/mL rHuPH20, the same concentration used
in marketed SC trastuzumab and SC rituximab. Co-
hort 8 received a lower concentration of rHuPH20
(667 U/mL), as 10 mL SC pertuzumab with no
rHuPH20was comixedwith 5mL SC trastuzumabwith
2000 U/mL rHuPH20.

Pertuzumab and trastuzumab PK samples for SC
administration were collected at predose; 6, 8, and
12 hours postdose; on days 2, 3, 5, 8, 10, 15, 22, 43,
and 85; and at follow-up (approximately 7 months after
study drug administration). Pertuzumab PK samples
for IV administration were collected at predose; 1.5
and 3 hours postdose; on days 2, 3, 5, 8, 15, 22, 35,
43, and 85; and at follow-up. The end of study was
defined as the date when the last subject’s last visit
occurred, and for each subject (healthy male volun-
teers and female patients with early breast cancer), the
screening period was up to 4 weeks, and follow-up was
performed approximately 7 months after study drug
administration.

Bioanalytical Methods and Data Handling
A validated high-performance immunoaffinity liquid
chromatography tandem mass spectrometry assay was
used to measure the concentration of pertuzumab and
trastuzumab in serum samples, where the minimum
quantifiable concentration for both analytes was
100 ng/mL.21 For trastuzumab, the assay showed
acceptable interassay precision (percent coefficient of
variation) and accuracy (percent difference) with ranges
of 3.07% to 8.44% and –8.08% to –1.47%, respectively.
For pertuzumab, the assay showed acceptable
interassay precision (percent coefficient of variation)
and accuracy (percent difference) with ranges of 3.18%
to 5.90% and –6.74% to –2.35%, respectively. The PK
results presented here for trastuzumab and pertuzumab
were based on the PK data collected throughout part
1 (until the end of day 85 or discontinuation) and part
2 (until the end of day 43 or discontinuation).

The PK results for rHuPH20 are based on PK data
collected on days 1 and 2 in parts 1 and 2 of the study.
rHuPH20 serum concentrations were measured by a
validated sandwich immunoassay using electrochem-
iluminescence with a minimum quantifiable concent-
ration of 0.6144 ng/mL. Standards and quality controls
were prepared by spiking human tripotassium ethylene-
diaminetetraacetic acid plasma with rHuPH20, and
then standards, controls, and samples were added to a
plate coated with a mouse anti-rHuPH20 monoclonal
antibody mixture. Biotin-labeled rabbit anti-rHuPH20
monoclonal antibody, SULFO-TAG Streptavidin
(Meso Scale Diagnostics LLC, Rockville, Maryland),
and MSD Read Buffer T (Meso Scale Diagnostics
LLC) were also added. Raw electrochemiluminescent
signals/counts at 620 nm were directly proportional to
the amount of rHuPH20 in calibrators as described
by a 5-parameter logistic Marquardt equation with
a weighting factor of 1/Y2. The interpolation of
electrochemiluminescent counts was performed using
Watson LIMS data reduction software (v7.3; Thermo
Fisher Scientific, Inc., Rockville, Maryland).
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The PK analysis population included all enrolled
patients who received a dose of the study drug and had
at least 1 PK sample collected.

PK Analyses and Clinical Trial Simulations to Select the SC
Pertuzumab Dose
Noncompartmental and statistical methods were used
to describe pertuzumab and trastuzumab PK data
following SC administration with rHuPH20, to con-
firm a lack of drug-drug interaction between SC per-
tuzumab and SC trastuzumab when comixed and to
assess the impact of rHuPH20 concentration on per-
tuzumab PK.

Noninferior loading and maintenance doses for
SC pertuzumab were evaluated by analyzing SC and
IV pertuzumab PK data in a nonlinear mixed-effects
model with NONMEM software (Version 7.2, ICON
plc, Dublin, Ireland), using the first-order conditional
estimation method with interaction. A 2-compartment
model was built to estimate pertuzumab PK pa-
rameters using the SC and IV results from part 1.
Absorption of the SC formulation was modeled as
first-order, and uncertainty in model parameters was
derived from 1000 bootstrap runs. Interindividual vari-
ability of clearance, central volume, and first-order
absorption rate constantweremodeled as diagonal. The
proportional residual error was estimated for SC and IV
pertuzumab independently in order to estimate σ most
accurately.

The popPK model was used to simulate 400
phase III clinical trials of 250 patients per arm receiv-
ing chemotherapy beginning in cycle 1 and 3 doses
of pertuzumab (1 loading and 2 maintenance) and
trastuzumab beginning in cycle 5 (all cycles are 21 days).
Per simulated trials, the GMR SC/IV and 90%CI
of cycle 7 Ctrough,ss (ie, cycle 8 predose) and AUCss

were calculated. The aim of the simulations at the
end of part 1 was to determine the dose that would
give a mean SC Ctrough,ss noninferior to IV Ctrough,ss.
The probabilities of the lower bound of the 90%CI
of the GMR being �0.8 (noninferiority criteria for
bioequivalence) were determined following different SC
pertuzumab doses (400, 500, 550, 600, and 700 mg).
The probabilities resulting from the simulations were
used to select the minimum SC pertuzumab dose with
sufficiently high probability (ie, �.099) of resulting in
noninferior exposure to IV pertuzumab (420 mg) in a
phase III study.

Following the pertuzumab SC dose decision in
part 1, the popPK model was refreshed with additional
PK data collected from part 1 (day 85) and part 2,
cohort B, the phase III trial simulations repeated, and
the resulting probabilities of the lower bound 90%CI of
the SC/IVGMR�0.8 redetermined. The popPKmodel
and clinical trial simulations were similarly refreshed

once part 2, cohort C data became available. The final
phase III trial simulations were based on the results
from part 1 and part 2, cohorts B and C.

The phase III trial simulations accounted for the
model uncertainty and inter- and intraindividual
variability. Individual PK exposures were simulated
by sampling the interindividual variability of the PK
models. Intraindividual variability was also included
by sampling the residual of the models. Different
treatment scenarios were simulated in separate phase
III trials, and geometric mean ratios of the compared
scenarios were calculated from the individual exposure
of each trial. To include uncertainty of the PK model,
the simulations were repeated 400 times using the PK
parameters sampled from the bootstrap runs of the
final PK models.

Safety Assessments
Safety was assessed in all subjects who received a
dose of study drug, from enrollment to clinical cut-
off (part 1, April 6, 2017; part 2, December 28,
2017). Safety was evaluated based on the incidence
and severity of adverse events (AEs) (per National
Cancer Institute Common Terminology Criteria for
Adverse Events [NCI-CTCAE] v4.03), LVEF, symp-
tomatic left ventricular systolic dysfunction (per New
York Heart Association classification), and changes in
clinical laboratory results. In an individual subject, the
administration of study treatment had to be stopped
if, during SC administration, the subject experienced a
severe drug-related AE or an NCI-CTCAE grade �3
hypersensitivity reaction. Overall, dosing should not
have been further administered in any other healthy
male volunteer or patient with early breast cancer if
any of the following events occurred (unless it was
obvious that the occurrence was not related to the
administration of the treatment): severe drug-related
AE, hypersensitivity reactions according to the NCI-
CTCAE (grade �3), LVEF drop of >10 percentage
points or to <50% (for healthy male volunteers), an
LVEF drop of >10 percentage points and to <50%
(for patients with early breast cancer). Results are
descriptive.

Results
Study Population and Demographics
Forty-eight healthy male volunteers were enrolled in
part 1 of the study and randomized into cohorts 1–8
(n = 6 per cohort). Healthy male volunteers’ ages
ranged from 18 to 38 years, and body weight ranged
from 54 to 105 kg across cohorts (Supplemental
Table S1). Each healthymale volunteer received a single
injection of study drug(s) according to his assigned
cohort.
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Figure 2. Mean serum pertuzumab concentration–time profiles (A), and geometric mean dose-normalized serum pertuzumab concentration–time
profiles (B) for pertuzumab with and without concomitant trastuzumab by cohort in healthy male volunteers (part 1). arHuPH20 concentration =
667 U/mL only. bCohorts 1, 3, and 4 (n = 18). cCohorts 6 and 7 (n = 12). Error bars represent the 95%CIs of the mean.GM indicates geometric mean;
IV, intravenous; rHuPH20, recombinant human hyaluronidase PH20; SC, subcutaneous.

Forty female patients with early breast cancer who
had completed standard (neo)adjuvant breast cancer
therapy were enrolled into part 2 of the study (n =
20 per cohort). The ages of patients in part 2 ranged
from 37 to 77 years, and body weight ranged from 52.5
to 119.5 kg across cohorts (Supplemental Table S1).
Each patient received SC pertuzumab and trastuzumab
either comixed (cohort B) or coformulated (cohort C)
and completed the day 43 study assessments.

PK—Part 1: Healthy Male Volunteers
As expected, the pertuzumab concentrations after an IV
420 mg dose followed a biphasic pattern with distinct

distribution and elimination phases (Figure 2A).
SC pertuzumab administration resulted in a time
to maximum serum concentration of 5–7 days. The
observed absolute bioavailability of SC pertuzumab in
healthy male volunteers was approximately 70%. Dose-
proportional increases in pertuzumab exposures were
observed across SC pertuzumab doses (Table 1).
Pertuzumab and trastuzumab PK parameters following
a noncompartmental analysis are also provided in
Table 1.

There was no apparent impact of the addition of
SC trastuzumab on the PK of SC pertuzumab when
the 2 antibodies were comixed (Figure 2B). There was
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Table 2. Pertuzumab PopPK Model Parameter Estimates

Model 1a: Part 1
Model 1b: Part 1 and Part 2,

Cohort B
Model 2: Part 1 and Part 2,

Cohorts B and C

(n = 48) (n = 20) (n = 20)

Parameter
Estimate
(%RSE)

Interindividual
Variability, %

Estimate
(%RSE)

Interindividual
Variability, %

Estimate
(%RSE)

Interindividual
Variability, %

Clearance (L/d) 0.176 (6.3) 25 0.181 (8.9) 37 0.176 (5.5) 35
Volume of distribution of central
compartment (L)

3.73 (11.2) 21 3.67 (15.7) 19 3.30 (10.5) 7.9

Distributional clearance (L/d) 0.372 (7.2) ... 0.315 (8.8) ... 0.280 (13.1) ...
Volume of distribution of
peripheral compartment (L)

2.25 (8.9) ... 2.42 (6.7) ... 2.43 (8.3) ...

Bioavailability 0.701 (7.9) ... 0.691 (10.1) ... 0.654 (6.8) ...
Apparent first-order absorption
rate constant (L/d)

0.528 (12.6) 51 0.367 (15.2) 70 0.289 (11.9) 68

Residual error for SC (%) 19 ... 25 ... 29 ...
Residual error for IV (%) 7.2 ... 7.0 ... 7.3 ...

IV indicates intravenous; popPK, population pharmacokinetics; RSE, relative standard error; SC, subcutaneous.

Table 3. Simulated GMR of Exposure and Probabilities of the Lower Bound of the 90%CI SC/IV GMR �0.8 at Different SC Pertuzumab Doses

SC Pertuzumab Doses (mg)

Parameter 400 500 550 600 700

Part 1
GMR (5th–95th percentiles)
Ctrough,ss 0.71 (0.63–0.78) 0.89 (0.78–0.97) 0.98 (0.86–1.08) 1.06 (0.93–1.18) 1.24 (1.10–1.37)
AUCss 0.68 (0.61–0.75) 0.85 (0.75–0.94) 0.94 (0.83–1.03) 1.01 (0.90–1.12) 1.19 (1.06–1.31)

Probability SC/IV GMR �0.8
Ctrough,ss <0.01 0.78 0.99 >0.99 >0.99
AUCss <0.01 0.70 0.97 >0.99 >0.99

Part 2
GMR (5th–95th percentiles)
Ctrough,ss 0.72 (0.64–0.82) 0.91 (0.80–1.03) 0.99 (0.88–1.15) 1.07 (0.93–1.24) 1.27 (1.12–1.45)
AUCss 0.67 (0.60–0.75) 0.84 (0.74–0.94) 0.92 (0.82–1.05) 1.00 (0.89–1.13) 1.18 (1.04–1.32)

Probability SC/IV GMR �0.8
Ctrough,ss <0.01 0.78 0.98 >0.99 >0.99
AUCss <0.01 0.59 0.91 >0.99 >0.99

AUCss indicates area under the serum concentration–time curve at steady state; Ctrough,ss, trough serum concentration at steady state; GMR, geometric mean
ratio; IV, intravenous; SC, subcutaneous.

no apparent impact of lowering the rHuPH20 concen-
tration from 2000 U/mL to 667 U/mL on the PK of
pertuzumab (Supplemental Figure S1) or trastuzumab
(data not shown). Plasma rHuPH20 concentrations
were below the limit of quantification at all time
points, indicating no quantifiable systemic exposure
of rHuPH20 at all doses used in this study (667–
2000 U/mL).

Pertuzumab popPK model parameter estimates and
interindividual variability based on the first popPK
model are shown in Table 2 (model 1a). SC per-
tuzumab PK was described by a clearance rate of
0.176 L/d (interindividual variability 25%), volume of
distribution of the central compartment of 3.73 L
(interindividual variability 21%), apparent first-order
rate constant of 0.528 L/d (interindividual variability

51%) and bioavailability of 0.701.Higher residual error,
in line with previous experience,30 was seen after SC
administration compared with IV, reflecting variability
in the absorption process.

Clinical trial simulations indicated that an SC per-
tuzumab dose of 550 mg resulted in noninferior
Ctrough,ss and AUCss >99% of the time when compared
with IV pertuzumab 420 mg (Table 3). Given the po-
tential higher variability of a phase III study in patients
with early breast cancer versus the observed variability
of the phase I study in healthy male volunteers as well
as the overall safety results for pertuzumab, 600 mg of
SC pertuzumab was selected to ensure that all patients
in the future phase III study achieve noninferior expo-
sures. Clinical trial simulations for the SC pertuzumab
dose of 600 mg are shown in Figure 3.
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Figure 3. Phase III clinical trial simulations of SC/IV GMR and 90%CI estimates using part 1 data. Circles represent the GMR (SC/IV) Ctrough point
estimates;horizontal solid lines represent the 90%CIs.Each circle/horizontal line represents a unique clinical trial simulation.Only 100 of the 400 clinical
trial simulations are shown for clarity. Vertical dashed lines represent GMR 0.8–1.25. Ctrough indicates trough serum concentration; GMR, geometric
mean ratio; IV, intravenous; SC, subcutaneous.

Although PK data from part 1 indicated that an
rHuPH20 concentration as low as 667 U/mLmight suf-
ficiently deliver SC pertuzumab and SC trastuzumab,
due to manufacturing and assay variability 1000 U/mL
rHuPH20 was selected to further explore its effects
in part 2 of the study. Therefore, SC pertuzumab
600 mg was selected as the dose to confirm in patients
with early breast cancer in part 2, cohort B in a co-
mixed formulation with SC trastuzumab 600 mg and
rHuPH20 1000 U/mL.

PK—Part 2: Patients With Early Breast Cancer
No drug-drug interactions were shown in part 1,
and the FDC for cohort C was technically feasible;
therefore, cohort A of part 2 of the study was not
enrolled.

PK parameters for part 2, cohort B (pertuzumab
SC 600 mg with 1000 U/mL rHuPH20) follow-
ing a noncompartmental analysis are provided in
Table 1. Pertuzumab exposures (observed single-dose
PK/noncompartmental single-dose Ctrough and AUC)
were similar between 600 mg SC (patients with early
breast cancer [part 2, cohort B]) and 420mg IV (healthy
male volunteers [part 1, cohort 1]) (Figure 4A). The
popPK model described above was refreshed with the
additional PK data collected in part 2 (cohort B).
Additionally, pertuzumab concentrations through day
85 in part 1 (healthy male volunteers) were available
at the time of the model refresh and were incorpo-
rated into the dataset. PopPK model parameter es-
timates and interindividual variability based on the

refreshed popPK model are shown in Table 2 (model
1b). PopPK model-based simulations and resulting
probabilities following the 600 mg SC pertuzumab dose
with 1000 U/mL rHuPH20 in part 2, cohort B were
nearly identical to the data obtained in part 1 healthy
male volunteers (data not shown).

Based on part 2 cohort B data, the FDC main-
tenance coformulated product was finalized as SC
pertuzumab 600 mg, SC trastuzumab 600 mg, and
rHuPH20 2000 U/mL. The pertuzumab PK pro-
file following an FDC single coformulated dose was
comparable with the comixed formulation used in
cohort B (Figure 4B). The popPK model was refreshed
with cohort C data, and model parameter estimates
and interindividual variability are shown in Table 2
(model 2). Exposure and half-life values for cohort C
following a noncompartmental analysis are provided in
Table 1. When clinical trial simulations were repeated
using the refreshed popPK model with all PK data
collected in part 1 and part 2, cohorts B and C, the
probability of meeting the phase III end point (lower
bound of the 90%CI of the pertuzumab SC/IV GMR
�0.8) following 3 FDC doses was determined to be
>0.99 for Ctrough,ss and AUCss.

The PK of SC pertuzumab was approximately dose
proportional (Table 1). Therefore, the FDC loading
coformulated product was finalized as SC pertuzumab
1200 mg, SC trastuzumab 600 mg, and rHuPH20
2000 U/mL. Additionally, Ctrough and AUC following
a pertuzumab 840 mg IV loading dose (historical per-
tuzumab popPKmodel)29 and pertuzumab 1200mg SC
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Figure 4. Mean serum pertuzumab concentration–time profiles following 420 mg IV (part 1, cohort 1) and 600 mg SC doses in female patients
with early breast cancer (part 2, cohort B) (A), and geometric mean dose-normalized serum pertuzumab concentration–time profiles for pertuzumab
comixed (part 2, cohort B) or coformulated (part 2, cohort C) as an SC fixed-dose combination with trastuzumab in female patients with early breast
cancer (B). Error bars represent the 95%CIs of the mean. GM indicates geometric mean; IV, intravenous; rHuPH20, recombinant human hyaluronidase
PH20; SC, subcutaneous.

dose (part 1 cohort 4) were found to be comparable
(data not shown).

Safety
Most subjects in part 1 (44/48; 91.7%) and all in part
2 (20/20; 100%) of the study experienced at least 1 AE
(Table 4), with the majority of AEs reported as grade 1
or 2. One grade 3 AE (diarrhea), not treatment-related,
and 2 cardiac disorder AEs (ejection fraction decrease
and electrocardiogram T-wave inversion) were reported
in part 2 of the study. No serious AEs, AEs of special
interest, fatal AEs, or AEs leading to discontinuation
of study drug were reported in part 1 or 2. No

new safety signals were identified for pertuzumab and
trastuzumab. The most commonAE reported across all
cohorts in part 1 was upper respiratory tract infection
(13/48; 27.1%). The most common AEs reported in
part 2 were headache (cohort B 13/20 [65.0%]; cohort
C 12/20 [60.0%]) and diarrhea (cohort B 6/20 [30.0%];
cohort C 17/20 [85.0%]).

One injection-site reaction was reported in part 1
(cohort 7, grade 2), and 13 in part 2 (Table 4). All
injection-site (any local morphological or physiological
change at or near the injection site), or injection-related
(systemic reaction in response to an injection), reactions
in parts 1 and 2 were grade 1 or 2. A summary of
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injection-site reactions in comixed and FDC cohorts
(part 1, cohorts 6–8, and part 2, cohorts B and C) is
given in Supplemental Table S2.

Discussion
This was a phase Ib dose-finding study of SC per-
tuzumab and SC trastuzumab in healthy male vol-
unteers and female patients with early breast cancer
who have completed their (neo)adjuvant treatment.
The study was designed to identify an SC pertuzumab
dose that is noninferior to IV pertuzumab (for Ctrough

and AUC) when administered with or without SC
trastuzumab.

Healthy male volunteers were used to study prese-
lected doses of pertuzumab in part 1 based on experi-
ence in the development of SC trastuzumab.31 Female
patients had undergone surgical removal of tumor
tissue, which might have affected PK, but there was no
anticipated difference in the PK profile between female
patients and healthy male volunteers. Healthy female
volunteers were not used in order to avoid the potential
formation of antidrug antibodies in individuals who
are more likely to require trastuzumab and pertuzumab
treatment for a future breast cancer diagnosis thanmale
equivalents.

A single SC pertuzumab dose, given at 600 mg to
early breast cancer patients, provided similar Ctrough

and AUC to those of a single dose of IV pertuzumab
given at 420 mg to healthy male volunteers. Model-
based clinical trial simulations reflect steady-state per-
tuzumab concentrations following 3 doses (1 loading
and 2 maintenance) of pertuzumab, which is cycle 7
in the planned phase III trial (chemotherapy begins
in cycle 1, and pertuzumab and trastuzumab IV or
SC begin in cycle 5; all cycles are 21 days). Per sim-
ulated trials of SC pertuzumab 600 mg, the GMR of
cycle 7 Ctrough,ss (ie, cycle 8 predose) and AUCss for
SC/IV were calculated. Although these clinical trial
simulations indicated that the lower dose of 550 mg SC
pertuzumab would be noninferior, given the potential
higher variability of a phase III study in patients with
early breast cancer versus the observed variability of
the phase Ib study in healthy male volunteers, as well
as supportive safety data from the study, 600 mg of
SC pertuzumab was selected. The IV pertuzumab PK
parameters estimated in part 1 of this study were
consistent with those reported previously.29

SC pertuzumab 600 mg in part 2 in patients with
early breast cancer provided similar Ctrough and AUC
values to the 420 mg IV and 600 mg SC cohorts
in healthy male volunteers in part 1, and the dose
proportionality through PK linearity confirms an SC
pertuzumab 1200 mg loading dose. Based on the PK
and safety findings of the current study, as well as clin-
ical experience with rHuPH20, 1200 mg pertuzumab

with 600 mg trastuzumab and 2000 U/mL rHuPH20,
and 600 mg pertuzumab with 600 mg trastuzumab
and 2000 U/mL rHuPH20, were recommended for
the loading and maintenance FDC SC coformulations,
respectively, to be studied in a phase III trial.

The findings of the popPKmodel from this phase Ib
study were further supported by an additional model
(data not shown). In the additional model, the histori-
cal, robust IV pertuzumab popPK data set in patients
was added to the IV pertuzumab data collected in 6
healthy male volunteers in the phase Ib study. The new
IV data set, coupled with the SC data from the current
study in healthy male volunteers and female patients
with early breast cancer produced similar pertuzumab
PK parameter estimates, as shown (Table 2). Using
healthy male volunteers (part 1, cohort 1) or historical
IV data gave slightly different GMR and CI estimates
in phase III trial simulations. An SC pertuzumab dose
that would likely maximize clinical benefit for patients
based on either scenario was selected. An exposure-
response analysis to compare efficacy and safety among
GMR/exposure quantiles in the phase III study is
planned.

Following single comixed and coformulated doses,
similar pertuzumab and trastuzumab PK and safety
profiles were observed when 2000, 1000, or 667 U/mL
rHuPH20 was used. Because different concentrations
of rHuPH20 were assessed in healthy male volun-
teers and female patients with early breast cancer—
2 distinctly different groups with a small number
of subjects each—a potential impact of 1000 or
667 U/mL rHuPH20 on pertuzumab PK could not
be excluded, particularly on Ctrough. However, plasma
rHuPH20 concentrations were below the limit of
quantification for all sampling time points, indicating
no quantifiable systemic exposure at the rHuPH20
doses used in this study. Although no pertuzumab
or trastuzumab PK differences were observed with
1000 U/mL rHuPH20, based on the PK and safety
findings of the current study, as well as clinical ex-
perience with trastuzumab or rituximab formulated
with rHuPH20, 1200 mg pertuzumab with 600 mg
trastuzumab and 2000 U/mL rHuPH20 or 600 mg
pertuzumab with 600 mg trastuzumab and 2000 U/mL
rHuPH20 was recommended for the loading and main-
tenance FDC SC coformulations, respectively, to be
studied in a phase III trial.

Safety results were generally consistent with the
known safety profile of combination treatment with IV
pertuzumab and IV or SC trastuzumab,3,32–34 with no
new safety signals identified. Most AEs were of low
intensity, and there were no serious AEs, deaths, or AEs
leading to study withdrawal. Although there were high
rates of upper respiratory tract infection seen in healthy
male volunteers, this may have been due to seasonal
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illness in the study country and/or the close proximity
of patients within the study unit.

Female patients with early breast cancer experienced
higher incidences of injection-site reactions compared
with healthy male volunteers following a comixed SC
injection of pertuzumab and trastuzumab. Given the
different subject populations and the small number
of subjects in each cohort, this result should be in-
terpreted with caution. The phase I/Ib dose-finding
study of SC trastuzumab similarly showed a higher
incidence of administration-site reactions in female
patients, although all but 2 of the events reported
overall in the study were of mild intensity.31 There
were also documented differences in the hypodermis
depending on body mass index, age, and sex. The
thickness of hypodermis increases with body mass, and
decreases with age.35 Women also tend to have a thicker
hypodermis compared withmen of the same bodymass
index and age.35

Patients in part 2, cohort C experienced higher levels
of diarrhea than those in part 2, cohort B. Diarrhea
is a known AE with pertuzumab,17 although clinical
experience has shown that diarrhea is more frequent
at the start of treatment, decreases over time, and can
be easily managed.36 All diarrhea events in cohort C
were of low intensity (grades 1 or 2), manageable,
and reversible; antidiarrheal treatment was required
for 3 patients only. Although the current study has a
small sample size, the data are consistent with those
of previous studies of pertuzumab and trastuzumab,
where the majority of diarrhea events were also low
intensity.5,36–38

Like trastuzumab, pertuzumab specifically binds to
the HER2 receptor. The specific and saturable interac-
tion of antibodies with their target influences the PK
disposition, and once target sites are saturated, linear
PK is observed.39 The popPK model for pertuzumab
has shown that pertuzumab PK is linear in the range of
clinical serum concentrations in this study, indicating
that all target sites were saturated. Therefore, it is ex-
pected that the maximal clinical benefit will be achieved
at these serum concentrations (with SC pertuzumab
600 mg). Because the approved IV pertuzumab regimen
is assumed to saturate HER2 receptor binding, predict-
ing maximum clinical efficacy with an SC pertuzumab
dose with a noninferior Ctrough,ss should be appropriate;
a noninferior Ctrough would ensure at least the same
degree of target saturation as with IV administration
and therefore ensure similar efficacy, as was seen with
the development of both SC trastuzumab22,26,40 and SC
rituximab.23,27

Conclusions
A loading dose of 1200 mg and maintenance dose
of 600 mg for SC pertuzumab are predicted to result

in an equivalent exposure to IV pertuzumab 840 mg
and 420 mg, respectively. No new safety signals for
SC pertuzumab administered alone, or comixed or
coformulated with trastuzumab, were identified in this
phase Ib study. The dose-finding processes used here for
SC pertuzumab were similar to those used successfully
in phase I studies for both SC trastuzumab31 and
SC rituximab.24,41 Development of pertuzumab and
trastuzumab as a ready-to-use coformulated FDC is
expected to further reduce the treatment burden on
patients and at the same time to improve efficiency of
treatment facility utilization. The PK and safety results
of this phase Ib study support further development of
anFDCof pertuzumab and trastuzumab for SC admin-
istration. With the doses identified here, the FDC will
be investigated in a planned phase III trial (WO40324)
in patients with HER2-positive early breast cancer.
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