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Abstract

Purpose The NeoSphere trial evaluated pertuzumab in the
neoadjuvant setting [early breast cancer (EBC)] with path-
ological complete response (pCR) as the primary efficacy
end point. This analysis of pertuzumab aimed to (1) com-
pare its pharmacokinetics (PK) in patients with EBC ver-
sus advanced cancers, (2) to further evaluate PK drug—drug
interactions (DDIs) when given in combination with tras-
tuzumab, and (3) to assess the relationship between expo-
sure and efficacy to assess the clinical dosing regimen in
the EBC patients.

Methods Pertuzumab serum concentration data from 180
patients in NeoSphere were compared to historical observa-
tions and potential DDI was assessed, by applying simula-
tion techniques using a population PK model. The impact
of pertuzumab exposure on pCR rate was evaluated using a
logit response model (n = 88).

Results The observed PK matched the population PK
model simulations, confirming that the PK in neoadjuvant
EBC appear to be in agreement with the historical observa-
tions. No evidence of a DDI effect of trastuzumab or doc-
etaxel on pertuzumab was observed supporting the doses
when given in combination. In NeoSphere >90% of EBC
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patients achieved the non-clinical target serum concentra-
tion. There was no association between the pertuzumab
serum concentration and pCR within the range observed in
this study (20-100 pg/mL) supporting no dose adjustments
needed for patients with lower exposure.

Conclusions This analysis further supports the lack of DDI
between the two therapeutic proteins and the appropriate-
ness of the approved fixed non-body-weight-adjusted pertu-
zumab dose in the treatment of neoadjuvant EBC with per-
tuzumab in combination with trastuzumab and docetaxel.

Keywords Pertuzumab - Exposure-response -
Pharmacokinetics - Early breast cancer - HER2 -
Neoadjuvant

Introduction

Pertuzumab (PERJETA®, F. Hoffmann-La Roche, Basel,
Switzerland) is a recombinant, humanized, immunoglobu-
lin (Ig)Glk monoclonal antibody, which targets human
epidermal growth factor receptor 2 (HER2). Pertuzumab
is the first in a new class of targeted cancer treatments
called HER2 dimerization inhibitors. Non-clinical data
indicate that pertuzumab and trastuzumab (Herceptin®, F.
Hoffmann-La Roche, Basel, Switzerland) bind to distinct
epitopes on the HER2 without competing with each other
and have distinct mechanisms for disrupting HER?2 signal-
ing [1, 2]. These mechanisms are complementary and result
in augmented anti-proliferative activity in vitro and in vivo
when pertuzumab and trastuzumab are given in combina-
tion [3-5]. By binding to the subdomain II of the extracel-
lular domain of HER2, pertuzumab prevents heterodimeri-
zation of HER2 with other members of the HER family
(HER1, HER3, and HER4). As a result, ligand-activated
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Table 1 Covariates and pCR response by treatment group in NeoSphere

Treatment group A B C D Total
Trastuzumab + + + -

Docetaxel + + - +

Pertuzumab - + + +

No. of patients 41 49 45 45 180

No. of samples, serum pertuzumab® NA 99 85 89 273

Age (years) 51 (37-74) 50 (28-74) 52 (22-68) 49 (27-10) 50 (22-74)
Race (a/b/h/w/m/i)° 11/0/0/29/1/0 10/1/0/37/0/1 8/0/0/37/0/0 8/1/1/33/1/1 37/2/1/136/2/2
Baseline weight (kg) 64.2 (40.5-102) 61 (45-99.1) 68 (35-104.9) 61.7 (44-90) 63.6 (35-104.9)
LBW (kg) 44.4 (32.2-52.7) 43.8 (36.7-55.5) 45.6 (29.3-55.8) 43.9 (33.5-56.1) 44.6 (29.3-56.1)
Albumin (g/dL) 4.2 (3.6-5) 4.4 (3.1-5) 4.4 (3.6-5) 4.4 (3.8-5.3) 4.4 (3.1-5.3)
SGPT (IU/L) 17 (3-49) 17 (6-72) 18 (5-56) 20 (11-43) 18 (3-72)

pCR (NA/No/Yes) 2/30/9 0/24/25 4/35/6 1/35/9 7/124/49

Continuous covariates were shown as median (range)

LBW lean body weight; NA not applicable; pCR pathological complete response; No number

# Included 15 predose serum pertuzumab samples (5 in Arm B, 4 in Arm C and 6 in Arm D). Predose samples were not used for the PK analysis

b Asian/Black/Hispanic/White/Mixed/Indian or Alaska native

downstream signaling is blocked by pertuzumab. Pertu-
zumab is also capable of activating antibody-dependent
cell-mediated cytotoxicity (ADCC) similar to trastuzumab
[6]. Pertuzumab in combination with trastuzumab and doc-
etaxel was shown to significantly improve progression-free
survival (PFS) and overall survival (OS) in patients with
first-line metastatic HER2-positive breast cancer, which led
to its approval [7] in the USA in 2012 and in the European
Union in 2013 with intravenous dosing at a fixed (non-
weight-based dose) loading dose of 840 mg, followed by
420 mg on a every three-week (q3w) schedule [7-11]. In
the pivotal trial, CLEOPATRA, no DDI between pertu-
zumab and trastuzumab and between pertuzumab and doc-
etaxel was detected in a limited number of patients evalu-
ated [12].

NeoSphere, a Phase II, multicenter study spread across
16 countries for HER2-positive breast cancer patients, was
conducted to assess the activity of pertuzumab (PERJETA®)
by comparing the therapeutic effects of the conventional
combination of trastuzumab (Herceptin®) plus docetaxel
with the combination of pertuzumab with either docetaxel
or trastuzumab, or both, in a neoadjuvant setting. This clin-
ical trial was a four-arm study evaluating the efficacy and
safety of neoadjuvant treatment regimens in female patients
with locally advanced, inflammatory or early-stage HER2-
positive breast cancer. Before surgery, patients were rand-
omized to receive four cycles of one of the following four
treatment arms: (A) trastuzumab + docetaxel, (B) trastu-
zumab 4 docetaxel 4 pertuzumab, (C) trastuzumab + per-
tuzumab, and (D) pertuzumab + docetaxel. Post-surgery
patients in arm A, B, and D received three cycles of 5-fluo-
rouracil, epirubicin, and cyclophosphamide (FEC) and
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trastuzumab to complete 1-year treatment (17 cycles in
total). Patients in arm C received four cycles of docetaxel
followed by three cycles of FEC and trastuzumab to com-
plete 1-year treatment (21 cycles in total). The primary end
point was pathological complete response (pCR) evaluated
after Cycle 4. Pertuzumab increased the pCR response rate
in patients when used in combination with trastuzumab and
docetaxel (Table 1) [6]. Overall, in the NeoSphere study,
a significantly higher proportion of women given neoadju-
vant pertuzumab and trastuzumab plus docetaxel achieved
pCR in the breast than did those given trastuzumab and
docetaxel alone, leading to its approval in the USA and
in the European Union in 2013 and 2015, respectively.
Although pertuzumab plus docetaxel was efficacious, the
combination of chemotherapy with both antibodies was
more active than chemotherapy with either antibody alone
[9]. A 5-year analysis showed that patients achieving a total
pCR with all groups combined had a longer PFS compared
with patients that did not achieve total pCR, thus suggest-
ing that pCR could be an early indicator of long-term out-
come in early-stage HER2-positive breast cancer [13].

The objectives of this analysis were to: (1) compare
pertuzumab PK between the neoadjuvant population
(early breast cancer [EBC]) in NeoSphere to a popula-
tion of patients with tumor types including the first-line
metastatic breast cancer (MBC) population, (2) to further
explore the potential impact of trastuzumab and docetaxel
on pertuzumab PK, and (3) perform an exposure—response
(E-R) analysis to explore whether an E-R trend existed at
the administered pertuzumab dose to further support selec-
tion of the clinical dosing regimen in the target patient
population.
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Materials and methods
Data included in the analysis

Pertuzumab serum concentrations were assessed in this
study using optional biomarker sample repository (BSR;
voluntary consented samples) blood samples collected on
Days 14-21 (window of collection requested) post-dose on
Cycles 2 and 4, based on the informed consent form (ICF).
The trial was conducted in full accordance with the guide-
lines for Good Clinical Practice and the Declaration of Hel-
sinki and met local institutional requirements and standards
for clinical research. All patients provided written informed
consent. Details of the study design of the NeoSphere trial
have been described [6]. All NeoSphere patients who had
pertuzumab serum concentration data available during
Cycle 2 and/or Cycle 4 were included in the PK analysis,
and all patients with available pertuzumab serum concen-
tration data from Cycle 2 and/or Cycle 4 as well as pCR
assessments from Cycle 4 were included in the exposure—
response analysis. BSR blood samples were obtained
from 180 patients: Arm A, n = 41; Arm B, n = 49; Arm
C, n = 45; and Arm D, n = 45; patients in Arm A by
design did not receive pertuzumab treatment. A validated
enzyme-linked immunosorbent assay (ELISA) that allowed
the quantification of pertuzumab in the presence of tras-
tuzumab was used for the analysis of the samples in this
study [12]. The minimum quantifiable serum concentration
in human serum was 0.150 pg/mL for pertuzumab.

Pharmacokinetic analysis

The pertuzumab serum concentration data collected in
NeoSphere were analyzed using the published pertuzumab
population PK model [14]. In this population PK model,
pertuzumab PK was described by a two-compartment lin-
ear model with a clearance (CL), central volume of distri-
bution (Vc), and terminal elimination half-life of 0.235 L/
day, 3.11 L, and 18 days, respectively. Lean body weight
(LBW) and baseline serum albumin concentration were
identified as statistically significant covariates influencing
pertuzumab PK.

To assess the agreement of the observed PK data in
NeoSphere with the historical PK data based on the pop-
ulation PK model, a visual predictive check (VPC) and
numerical predictive check (NPC) were performed. In the
VPC, a total of 1000 trial replicates were simulated using
the observed covariates (LBW and baseline albumin) and
dose regimens for each patient, the model parameter esti-
mates, and simulated patient-specific random effects. In the
NPC, 1000 replicates were simulated for each patient using

patient-specific covariates, dose regimens, and random
inter-individual variability.

PK DDIs between pertuzumab and trastuzumab together
with the docetaxel effect on pertuzumab PK were exam-
ined by comparing pertuzumab C,,, as well as individual
PK parameters between different treatment groups. Pertu-
zumab individual PK parameters (i.e., empirical Bayesian
estimates, EBEs) of the NeoSphere patients were gener-
ated using the population PK model. Analysis of variance
(ANOVA) was used to compare PK parameters among dif-
ferent treatment groups, using a p value <0.01 as criteria of
significance.

Exposure-response analysis

The exposure-response relationship was evaluated
between Cy,,qn serum pertuzumab concentrations and pCR
response. Observed and model-predicted serum  Cion
at Cycle 2 were used as a measure of exposure as more
patients had observed PK measurements in that cycle com-
pared to Cycle 4. Given that samples for pertuzumab PK
were collected between Days 14 and 21 post-dose, model-
predicted Cycle 2 C,,, provided less variable results and
therefore were used for the primary analysis.

The impact of pertuzumab exposure on pCR response
was evaluated using a logit response model with a linear
drug effect model according to:

Log(P/(1 — P)) = Ep + Slope X Ciough

where E| is the pCR rate of the control group (Arm A) and

Slope is the linear drug effect parameter. A slope that is
significantly (p < 0.05) different from zero based on a log-
likelihood ratio criterion would suggest a change of pCR
response rate with exposure.

Software

All data preparation, graphical presentations, and expo-
sure-response analysis were performed using S-PLUS soft-
ware, version 6.2 (TIBCO Software Inc., Palo Alto, CA).
All PK analyses were implemented using NONMEM, ver-
sion 7.1 (ICON Development Solutions, Hanover, MD).

Results

In total, there were 180 patients with a BSR blood sample
collected; 139 in the pertuzumab-containing arms (Arms
B, C, and D) and 41 in the trastuzumab plus docetaxel arm
(Arm A). Of the 180 patients, 173 had Cycle 4 pCR assess-
ments available.
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Fig. 1 Observed versus simulated pertuzumab serum concentrations
by treatment group. The dashed lines represent 97.5th and 2.5th per-
centiles based on simulations by the population PK model and the
observed lean body weight and albumin distributions in NeoSphere.

Pertuzumab pharmacokinetic analysis

The pertuzumab Cycle 2 mean observed serum Ci,,o, Was
70 pg/mL with 98% (130 of 133) of patients in Arms B,
C, and D achieving the PK target serum Ciq, 0f > 20 pg/
mL a PK target identified historically based on non-clin-
ical data. The individual model-predicted mean Cigp
at Cycle 2 was 60 pg/mL with 97% (130 of 134) of the
patients achieving a predicted Cq,y, serum concentration
of >20 pg/mL.

The observed pertuzumab serum concentrations in
NeoSphere matched the covariate-adjusted population
PK model simulations as assessed by the VPC and NPC,
demonstrating that the PK data in NeoSphere patients are
comparable with PK data observed previously in patients
with various metastatic solid tumors. The inter-individual

@ Springer

The solid lines are the population PK model predictions for a patient
with the median values of lean body weight and albumin for each
treatment group. The open circles represent C,q, SETUmM concentra-
tions observed for NeoSphere patients

variability of pertuzumab individual pharmacokinetic
parameters by treatment groups is represented in Online
Resource 1. NeoSphere patients had a slightly lower
median LBW (44.6 vs. 49.2 kg) and a higher median serum
albumin (4.4 vs. 3.9 g/dL)) compared to the population used
to build the pertuzumab population PK model and thus
needs to be accounted for when comparing the PK. The
VPC results are shown in Fig. 1, where the observed per-
tuzumab data (circles) in NeoSphere fall within the covar-
iate-adjusted simulated pertuzumab concentrations for the
historical population (thin lines) for each treatment arm.
Overall, NPC suggests that the observed NeoSphere PK
percentiles are in line the corresponding percentiles of the
historical data as predicted by the model (95.7, 79.1, 39.9,
14.3, 5.0% for the 95, 75, 50, 25, 5th simulated percentile).
The slight deviation in NPC can be attributable to the small
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Fig. 2 Predicted pertuzumab C,g, Serum concentrations at Cycles
2 and 4. The circles represent predicted C,, SErum concentrations
of individual patients, and the squares represent the mean value of the

sample size. The individual-predicted Cy,q, Serum concen-
trations were well correlated with the observed Cioh, SUp-
porting the use of model-predicted Cy,,, for DDI and ER
assessment.

PK DDIs between pertuzumab and trastuzumab
together with the docetaxel effect on pertuzumab were
assessed by comparing model-predicted Cy,g Serum
concentrations at Cycles 2 and 4 as well as individual
model-predicted pertuzumab PK parameters of Neo-
Sphere patients in the different treatment groups. As
shown in Fig. 2, the model-predicted C,,, concentra-
tions appear similar across treatment groups, which were
confirmed by ANOVA at either Cycle 2; p = 0.232 or
Cycle 4; p = 0.039. The same analysis was performed
using observed Cy,,., concentrations and yielded con-
sistent results (Cycle 2, p = 0.458; Cycle 4, p = 0.033),
Online Resource 2.

The individual model-predicted pertuzumab PK param-
eters did not appear to differ between patients with or
without trastuzumab as observed in Fig. 3. An ANOVA
test confirmed that pertuzumab CL and Vc values were
similar between patients with or without trastuzumab
(p = 0.264 for CL and p = 0.956 for Vc, comparing
Arms B and D) and patients with or without docetaxel
(p = 0.016 for CL and p = 0.823 for Vc, comparing Arms
B and C). Collectively the analyses showed no evidence
of a DDI effect of trastuzumab on pertuzumab PK or of
docetaxel in the presence of trastuzumab on pertuzumab
PK.
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group. The short lines represent Cy;, for a patient with the median
values of lean body weight and albumin for each treatment group

Exposure-response (ER) analysis

The ER population consisted of 173 patients that had both
PK and pCR assessments available. Eighty-eight (88)
patients from treatment groups A and B with week 4 pCR
assessments were used in the ER analysis of pertuzumab.
In each treatment group, the pCR rates of patients with PK
results were similar to those of the overall treated patients
for each arm of the study [6].

The pCR rate versus the model-predicted pertuzumab
Cirougn S€Tum concentrations at Cycle 2 are illustrated in
Fig. 4. The patients included in the plot comprised of two
groups: Arm A treated with trastuzumab + docetaxel and
Arm B treated with trastuzumab + docetaxel + pertu-
zumab combined together for the analysis. The model-
predicted pertuzumab C,,, serum concentrations ranged
from 3.4 to 103.2 pg/mL. Forty-six of 49 (94%) patients
treated with pertuzumab (Arm B) had a predicted Ciyon
pertuzumab serum concentration of >20 pg/mL, the target
efficacious exposure based on non-clinical efficacy models.

The pCR rate was higher in patients treated with per-
tuzumab plus trastuzumab and docetaxel compared with
patient treated with trastuzumab and docetaxel (p < 0.05);
however, there was no significant impact (p = 0.996) on
the probability of pCR response with an increase in per-
tuzumab serum concentration (Ci,,e,) beyond 20 pg/mL
(Fig. 4, panel A). An analysis using observed pertuzumab
concentrations collected during Days 14-21 of Cycle 2
yielded very similar results (Online Resource 3).
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Fig. 3 Pertuzumab individual pharmacokinetic parameters by treat-
ment group. The circles represent pharmacokinetic parameters of
individual patients, and the squares represent the mean value of the

Discussion

The NeoSphere clinical trial was a four-arm study con-
ducted to assess the activity of pertuzumab in neoadjuvant
(EBC) setting with pCR as the primary efficacy end point
(Table 1). In the NeoSphere study, a significantly higher
proportion of women given neoadjuvant pertuzumab and
trastuzumab plus docetaxel achieved pCR in the breast than
did those given trastuzumab and docetaxel alone, with pCR
rates of approximately 46% and 30%, respectively [6, 13].
The objectives of this analysis were to compare pertuzumab
PK between the EBC population (neoadjuvant treatment) in
NeoSphere and a population of patients with other tumor
types including the first-line MBC population, to explore
the potential impact of trastuzumab and docetaxel on pertu-
zumab PK, and to assess the relationship between exposure
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group. The short lines represent the parameters for a patient with the
median values of lean body weight and albumin for each treatment

group

(Cyougn) and response (pCR) of pertuzumab (in combina-
tion with trastuzumab and docetaxel) in neoadjuvant treat-
ment of EBC. pCR was selected as the outcome variable
in our E-R analysis as it was the primary end point in the
trial, later analyses showed a correlation between pCR and
DFS/EFS, further supporting the utility of pCR as an end
point. In the NeoSphere trial, the safety and tolerability of
the triple regimen of pertuzumab, trastuzumab, and doc-
etaxel were similar to those of trastuzumab plus docetaxel
[15] and no unique safety signals were identified that could
be attributed to pertuzumab exposure. Therefore, an ER
analysis with respect to safety was not conducted.

As expected due to differences in demographics (100%
females versus 62% females) and health status (EBC ver-
sus advanced solid tumors), the patients enrolled in the
NeoSphere trial displayed LBW and albumin levels which
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serum concentrations (in combination with trastuzumab and doc-
etaxel). Square symbols represent percent pCR (pathological com-
plete response) of the patients grouped by pertuzumab serum con-
centration into third tiles (separated by vertical dashed lines).
The group with zero pertuzumab serum concentration refers only
to all patients in Arm A. Error bars represent 2 x standard error
2 x Vi (px(1 — p)/n)]. The open circles represent the response status
of individual patients (0% = non-responder, 100% = responder)

were lower and higher, respectively, compared to the pop-
ulation PK model population, resulting in CL values that
were slightly lower compared to the reference model. The
PK model predictions of pertuzumab serum concentrations
matched the observed serum concentrations after correct-
ing for these baselines covariate differences. Pertuzumab
PK in the EBC population in NeoSphere appear to be in
agreement with the PK in patients with other tumor types,
including the first-line MBC population, when adjusted for
these characteristics.

The potential impact of trastuzumab or docetaxel on
the pharmacokinetics of the pertuzumab was examined by
comparing the individual model-predicted and observed
Clrough and model-predicted PK parameters of pertuzumab
among different treatment groups. The analyses showed
that there was no evidence of impact of trastuzumab or
of docetaxel in the presence of trastuzumab on the PK of
pertuzumab. These results were not surprising since per-
tuzumab and trastuzumab are known to recognize differ-
ent epitopes on the HER2 extracellular domain and do not
compete for the same binding site [2, 16, 17]. Moreover,
monoclonal antibodies (mAbs) and small molecules such
as docetaxel are largely eliminated by distinct routes. Doc-
etaxel is mainly metabolized by hepatic cytochrome P450
isoenzymes [18, 19], whereas mAbs are primarily elimi-
nated through large-capacity, non-specific, Fc receptor-
mediated IgG clearance mechanisms and through specific,
target-mediated drug disposition pathways [20]. Addi-
tionally, these results are consistent with the results of a

previous study that showed no DDI between pertuzumab
and docetaxel and between pertuzumab and trastuzumab in
the first-line MBC setting [12].

The pertuzumab clinical dosing regimen of a 840 mg
fixed loading dose followed by 420 mg every three weeks
was selected based on PK and safety data from studies
where pertuzumab was administered as a single agent to
patients with advanced refractory solid tumors, includ-
ing ovarian cancer, metastatic breast cancer (low HER2
expressing), and hormone-refractory prostate cancer.
Results from these clinical studies, from population phar-
macokinetic analyses [21], and from dose—response studies
in non-clinical xenograft models were used to determine
the dose of pertuzumab used in late-stage clinical stud-
ies. In single ascending dose studies utilizing pertuzumab
doses of 0.5-25 mg/kg [22, 23] and also in Phase II studies
where patients were treated with either 420 mg q3w (fol-
lowing a loading dose of 840 mg) or 1050 mg q3w (with
no initial loading dose) as a single agent or in combination
with other chemotherapeutic agents, the maximum toler-
ated dose (MTD) was not reached and no clear dose—safety
or dose—efficacy relationship was observed. In oncology,
especially for chemotherapeutic agents, the MTD is often
carried forward into Phase III studies. However, given
that pertuzumab is a targeted monoclonal antibody and
the MTD was not reached, the dose for Phase III studies
was selected based on achievement of the clinical target
pertuzumab concentrations (steady-state Cy,e, cONCEN-
tration of >20 pg/mL in 90% of patients) that resulted in
maximal suppression of tumor growth in non-clinical xeno-
graft dose—response studies [24]. In the NeoSphere study,
the majority of patients (>90%) achieved the target serum
concentrations. Consistent with the non-clinical xenograft
studies, the ER analysis suggested that there was no asso-
ciation between pCR rate and pertuzumab concentrations
within the observed concentration range of approximately
20-100 pg/mL, supporting no dose adjustments needed for
patient with lower exposure. This analysis further supports
the appropriateness of the fixed, non-weight-based pertu-
zumab dose of 840 mg followed by 420 mg q3w in the neo-
adjuvant treatment of early breast cancer patients.

Acknowledgements This was a collaborative study between Fon-
dazione Michelangelo and F. Hoffmann-La Roche Ltd, Basel, Swit-
zerland. The study received funding from F. Hoffmann-La Roche Ltd
and from Genentech, Inc., a member of the Roche Group, South San
Francisco, CA, USA. Genentech, Inc., provided support for third-
party writing assistance for this manuscript. The authors acknowl-
edge the contributions of clinical pharmacologist Dr. Michael Brew-
ster (Roche Products Limited, Welwyn, UK), Principal Investigator
Professor Luca Gianni (San Raffacle Hospital—Research Institute,
Milan, Italy), and Clinical Scientist Dr. Graham Ross (Roche Prod-
ucts Limited, Welwyn, UK; currently at AstraZeneca, Melbourn,
Cambridge, UK) during the conduct of the study, Shweta Vadhavkar
for statistical programming support, the Roche study operations team,

@ Springer



360

Cancer Chemother Pharmacol (2017) 79:353-361

and the BioAnalytical Sciences group at Genentech, Inc., for sample
management and assay support. The authors would also like to thank
all participating patients and their families.

Compliance with ethical standards

Conflict of interest AQ is a salaried employee of Genentech, Inc.,
and owns stock in Roche Holding Ltd. HL was employed as con-
sultant of Quantitative Solutions, who was contracted to conduct the
PKPD analysis. JYJ is a salaried employee of Genentech, Inc. DRW
was an employee of Quantitative Solutions, which received monies
from many companies in the pharmaceutical industry for consulting
services. MCB is a salaried employee of Genentech, Inc. VM is a sala-
ried employee of, and owns stock in Roche. LV declares no conflict of
interest. IN is a salaried employee of Genentech, Inc., and owns stock
in Roche Holding Ltd. BL is a salaried employee of Genentech, Inc.,
and hold stock in Roche Holding Ltd. AG is a salaried employee of
Genentech, Inc., and owns stock in Roche Holding Ltd.

Ethical approval All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards. For this type of analysis, formal consent is not required.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Baselga J, Swain SM (2009) Novel anticancer targets: revisiting
ERBB2 and discovering ERBB3. Nat Rev Cancer 9:463—475

2. Scheuer W, Friess T, Burtscher H, Bossenmaier B, Endl J,
Hasmann M (2009) Strongly enhanced antitumor activity
of trastuzumab and pertuzumab combination treatment on
HER2-positive human xenograft tumor models. Cancer Res
69:9330-9336

3. Spiridon CI, Ghetie MA, Uhr J, Marches R, Li JL, Shen GL,
Vitetta ES (2002) Targeting multiple Her-2 epitopes with mono-
clonal antibodies results in improved antigrowth activity of a
human breast cancer cell line in vitro and in vivo. Clin Cancer
Res 8:1720-1730

4. Spiridon CI, Guinn S, Vitetta ES (2004) A comparison of the
in vitro and in vivo activities of IgG and F(ab’)2 fragments of a
mixture of three monoclonal anti-Her-2 antibodies. Clin Cancer
Res 10:3542-3551

5. Nahta R, Hung MC, Esteva FJ (2004) The HER-2-targeting anti-
bodies trastuzumab and pertuzumab synergistically inhibit the
survival of breast cancer cells. Cancer Res 64:2343-2346

6. Gianni L, Pienkowski T, Im YH, Roman L, Tseng LM, Liu MC,
Lluch A, Staroslawska E, Haba-Rodriguez J, Im SA, Pedrini JL,
Poirier B, Morandi P, Semiglazov V, Srimuninnimit V, Bianchi
G, Szado T, Ratnayake J, Ross G, Valagussa P (2012) Effi-
cacy and safety of neoadjuvant pertuzumab and trastuzumab in

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

women with locally advanced, inflammatory, or early HER2-
positive breast cancer (NeoSphere): a randomised multicentre,
open-label, phase 2 trial. Lancet Oncol 13:25-32

Swain SM, Kim S, Cortés J, Ro J, Semiglazov V, Campone
M, Ciruelos E, Ferrero J, Schneeweiss A, Knott A, Clark E,
Ross G, Benyunes MC, Baselga J (2013) Pertuzumab, tras-
tuzumab, and docetaxel for HER2-positive metastatic breast
cancer (CLEOPATRA study): overall survival results from a
randomised, double-blind, placebo-controlled, phase 3 study.
Lancet Oncol 14:461-471

Baselga J, Swain SM (2010) CLEOPATRA: a phase III evalu-
ation of pertuzumab and trastuzumab for HER2-positive meta-
static breast cancer. Clin Breast Cancer 10:489-491
Amiri-Kordestani L, Wedam S, Zhang L, Tang S, Tilley A,
Ibrahim A, Justice R, Pazdur R, Cortazar P (2014) First FDA
approval of neoadjuvant therapy for breast cancer: pertuzumab
for the treatment of patients with HER2-positive breast cancer.
Clin Cancer Res 20:5359-5364

Baselga J, Cortés J, Kim SB, Im SA, Hegg R, Im YH, Roman L,
Pedrini JL, Pienkowski T, Knott A, Clark E, Benyunes MC, Ross
G, Swain SM, CLEOPATRA Study Group (2012) Pertuzumab
plus trastuzumab plus docetaxel for metastatic breast cancer. N
Engl J Med 366:109-119

Swain SM, Baselga J, Kim SB, Ro J, Semiglazov V, Campone
M, Ciruelos E, Ferrero JM, Schneeweiss A, Heeson S (2015)
Pertuzumab, trastuzumab, and docetaxel in HER2-positive meta-
static breast cancer. N Engl J Med 372:724-734

Cortés J, Swain SM, Kudaba I, Hauschild M, Patel T, Grincuka
E, Masuda N, McNally V, Ross G, Brewster M, Marier JF, Trinh
MM, Garg A, Nijem I, Visich J, Lum BL, Baselga J (2013)
Absence of pharmacokinetic drug-drug interaction of pertuzumab
with trastuzumab and docetaxel. Anticancer Drugs 24:1084-1092
Gianni L, Pienkowski T, Im YH, Tseng LM, Liu MC, Lluch A,
Starostawska E, de la Haba-Rodriguez J, Im SA, Pedrini JL,
Poirier B, Morandi P, Semiglazov V, Srimuninnimit V, Bianchi
GV, Magazzu D, McNally V, Douthwaite H, Ross G, Valagussa
P (2016) 5-year analysis of neoadjuvant pertuzumab and trastu-
zumab in patients with locally advanced, inflammatory, or early-
stage HER2-positive breast cancer (NeoSphere): a multicentre,
open-label, phase 2 randomised trial. Lancet Oncol 17:791-800
Garg A, Quartino A, Li J, Jin J, Wada DR, Li H, Cortés J,
McNally V, Ross G, Visich J, Lum B (2014) Population pharma-
cokinetic and covariate analysis of pertuzumab, a HER2-targeted
monoclonal antibody, and evaluation of a fixed, non-weight-
based dose in patients with a variety of solid tumors. Cancer
Chemother Pharmacol 74:819-829

Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L, Tubi-
ana-Hulin M, Chan S, Grimes D, Anton A, Lluch A, Kennedy
J, O’Byrne K, Conte P, Green M, Ward C, Mayne K, Extra JM
(2005) Randomized phase II trial of the efficacy and safety of
trastuzumab combined with docetaxel in patients with human
epidermal growth factor receptor 2-positive metastatic breast
cancer administered as first-line treatment: the M77001 study
group. J Clin Oncol 23:4265-4274

Cho HS, Mason K, Ramyar KX, Stanley AM, Gabelli SB, Den-
ney DW Jr, Leahy DJ (2003) Structure of the extracellular region
of HER2 alone and in complex with the Herceptin Fab. Nature
421:756-760

Franklin MC, Carey KD, Vajdos FF, Leahy DJ, de Vos AM, Sli-
wkowski MX (2004) Insights into ErbB signaling from the struc-
ture of the ErbB2-pertuzumab complex. Cancer Cell 5:317-328
Baker SD, Sparreboom A, Verweij J (2006) Clinical pharmacoki-
netics of docetaxel: recent developments. Clin Pharmacokinet
45:235-252

Royer I, Monsarrat B, Sonnier M, Wright M, Cresteil T
(1996) Metabolism of docetaxel by human cytochromes P450:


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Cancer Chemother Pharmacol (2017) 79:353-361

361

20.

21.

22.

interactions with paclitaxel and other antineoplastic drugs. Can-
cer Res 56:58-65

Keizer RJ, Huitema AD, Schellens JH, Beijnen JH (2010) Clini-
cal pharmacokinetics of therapeutic monoclonal antibodies. Clin
Pharmacokinet 49:493-507

Ng CM, Lum BL, Gimenez V, Kelsey S, Allison D (2006)
Rationale for fixed dosing of pertuzumab in cancer patients
based on population pharmacokinetic analysis. Pharm Res
23:1275-1284

Agus DB, Gordon MS, Taylor C, Natale RB, Karlan B, Men-
delson DS, Press MF, Allison DE, Sliwkowski MX, Lieberman
G (2005) Phase I clinical study of pertuzumab, a novel HER

23.

24.

dimerization inhibitor, in patients with advanced cancer. J Clin
Oncol 23:2534-2543

Yamamoto N, Yamada Y, Fujiwara Y, Yamada K, Fujisaka Y,
Shimizu T, Tamura T (2009) Phase I and pharmacokinetic study
of HER2-targeted rthuMAb 2C4 (Pertuzumab, RO4368451)
in Japanese patients with solid tumors. Jpn J Clin Oncol
39:260-266

Malik MA, Totpal K, Balter I, Sliwkowski MX, Pelletier N,
Reich M, Crocker L, Friess T, Bauer S, Fiebig HH, Allison DE
(2003) Dose response studies of recombinant humanized mono-
clonal antibody 2C4 in tumor xenograft models. Proc Am Assoc
Cancer Res 44:150 (abstract 773)

@ Springer



	Pharmacokinetic and exposure–response analyses of pertuzumab in combination with trastuzumab and docetaxel during neoadjuvant treatment of HER2+ early breast cancer
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Data included in the analysis
	Pharmacokinetic analysis
	Exposure–response analysis
	Software

	Results
	Pertuzumab pharmacokinetic analysis

	Exposure–response (ER) analysis
	Discussion
	Acknowledgements 
	References


