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YAMAMOTO ET AL.

Abstract

No standard options existed for human epidermal growth factor receptor 2 (HER2)-
positive advanced breast cancer that progresses after second-line trastuzumab emtan-
sine therapy before 2020. The purpose of this study was to examine the efficacy of
pertuzumab retreatment after disease progression following pertuzumab-containing
therapy for HER2-positive locally advanced or metastatic breast cancer for the first time.
This randomized, open-label, multicenter phase Il trial was undertaken in 93 sites in
Japan. Eligible patients with HER2-positive breast cancer who had received pertuzumab,
trastuzumab, and chemotherapy as first- and/or second-line therapy were randomly as-
signed (1:1) to: (i) pertuzumab, trastuzumab, and physician's choice chemotherapy (PTC),
or (i) trastuzumab and physician's choice chemotherapy (TC). The primary end-point
was investigator-assessed progression-free survival (PFS). Between August 1, 2015 and
December 31, 2018, 219 patients were randomized to PTC (n = 110) or TC (n = 109).
Median follow-up was 14.2 months (interquartile range, 9.0-22.2), and median PFS was
5.3 months (95% confidence interval [Cl], 4.0-6.6) with PTC and 4.2 months (95% Cl, 3.2-
4.8) with TC (stratified hazard ratio 0.76 [95% Cl upper limit 0.967]; p = 0.022). Progression-
free survival was improved by adding pertuzumab in all prespecified subgroups. The PTC
arm showed a trend towards better overall survival and duration of response, but similar
objective response and health-related quality of life. The incidence of treatment-related
adverse events was similar between groups except for diarrhea. Pertuzumab retreatment
contributes to disease control for HER2-positive locally advanced or metastatic breast

cancer previously treated with pertuzumab-containing regimens.

KEYWORDS

1 | INTRODUCTION

Current standard of care for HER2-positive advanced breast can-
cer involves HER2-targeted combinations for first-line treatment,
specifically consisting of trastuzumab, pertuzumab, and a taxane.l?
For HER2-positive advanced breast cancer that progresses during
or after such first-line therapy, T-DM1 is strongly recommended,
based on two large phase Il trials.>* Subsequent treatment op-
tions exist but there is no single standard of care for third-line or
later treatment. Until approximately 2019, further HER2-targeted
therapy-based treatment was recommended, including lapatinib
plus capecitabine or trastuzumab, trastuzumab and combinations of
chemotherapy, or endocrine therapy (if hormone receptor-positive)
for HER2-positive disease but with insufficient evidence to recom-
mend one particular regimen. However, since 2020, several promis-
ing options after T-DM1 have been reported, including the addition
of tucatinib to trastuzumab and capecitabine,’ trastuzumab derux-
tecan,® and margetuximab plus chemotherapy.” These provide sur-
vival benefits and antitumor activity, including in particular clinical
or genetic subgroups.

Continual trastuzumab treatment is effective following progres-
sion of HER2-positive advanced breast cancer.®? Clinical practice
guidelines recommend subsequent anti-HER2 treatment for pro-
gression beyond anti-HER2 therapy for patients with HER2-positive

advanced breast cancer, heavily pretreated, HER2-positive, pertuzumab, trastuzumab

advanced breast cancer.»? However, the efficacy or safety of se-
quential dual HER2 blockade with pertuzumab and trastuzumab
after progression is underreported. Pertuzumab retreatment is one
of the most important issues in treatment sequencing for HER2-
positive advanced breast cancer previously exposed to pertuzumab,
especially from the viewpoint of resistance to anti-HER2 Abs. Also,
it is unclear whether retreatment with pertuzumab and trastuzumab
in combination with chemotherapy is effective after T-DM1.

The purpose of this study was to evaluate the efficacy and safety
of pertuzumab, trastuzumab, and chemotherapy as pertuzumab re-
treatment compared with trastuzumab and chemotherapy in locally
advanced or metastatic breast cancer patients previously treated

with pertuzumab.

2 | MATERIALS AND METHODS
2.1 | Trial design and patients

This multicenter, open-label, randomized controlled, phase Il trial
recruited participants from 93 institutes in Japan (Table S1). Eligible
women aged 20years or older with histologically confirmed inva-
sive breast cancer, HER2-positive status confirmed by immuno-
histochemical analysis (3+ indicating positive status) and/or in situ
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hybridization (amplification ratio 2.0 indicating positive status), and
history of pertuzumab and trastuzumab-containing chemotherapy
for locally advanced or metastatic breast cancer (although the latest
regimen before enrolment must not include pertuzumab) were en-
rolled. Full inclusion criteria, as well as exclusion criteria, are detailed
in Table S2.

This study was carried out in accordance with the Declaration
of Helsinki and the Ethical Guidelines for Clinical Research of the
Japanese Ministry of Health, Labor and Welfare. An independent
ethics committee for each participating site approved the protocol
and any modifications. Each participant provided written informed
consent before enrolment.

2.2 | Randomization and masking
Eligible patients were randomly assigned at baseline (1:1) to receive
either PTC or TC. A minimization approach ensured treatment arms
were balanced with respect to predefined patient factors as well
as patient numbers in each group. Treatment stratification factors
were estrogen receptor status (positive/negative), duration of pre-
vious pertuzumab therapy (first-line, <180days/>180days; second-
line, <120days/2120days), previous number of regimens for locally
advanced or metastatic breast cancer (2/3), and site of metastases
(visceral/nonvisceral).

Uniform random numbers for randomization were generated by
a computer program with the Mersenne twister method used for
the generation algorithm. The allocation system was tested before
study initiation to ensure it met plan requirements. As there was no
placebo arm, neither clinicians nor patients were masked to treat-
ment allocation.

2.3 | Procedures
Pertuzumab was given intravenously as an 840 mg loading dose fol-
lowed by 420mg maintenance doses every 3weeks. Trastuzumab
was given intravenously as an 8 mg/kg loading dose followed by
6 mg/kg maintenance doses every 3weeks. Physician's choice of
chemotherapy agents were chosen by investigators before rand-
omization and options, the safety of which had been confirmed in
combination with pertuzumab and trastuzumab, consisted of doc-
etaxel,1° paclitaxel,11 nab—paclitaxel,12 vinorelbine,*® eribulin,**
capecitabine,15 or gemcitabine.16 Doses were given every 3weeks
based on results of previous clinical trials for HER2-positive meta-
static breast cancer, as detailed in Table S3. Treatment continued
until tumor progression was observed, an intolerable AE occurred,
or consent was withdrawn. Subsequent unrestricted treatment after
protocol treatment was possible at the discretion of the attending
physician.

Tumor assessment for target and nontarget lesions was car-
ried out at screening, every 6 weeks for 6 months after enrolment,
every 9weeks thereafter, and at the end of treatment. Evaluation
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of treatment effect and disease progression was undertaken with
RECIST version 1.1, with all patients undergoing at least chest and
abdominal computed tomography or MRI at screening and tumor
evaluation throughout the study as at screening.18 Clinical progres-
sion was defined when the investigator determined that exacerba-
tion was detected by methods other than those defined in RECIST
version 1.1, and included ultrasonography, bone scintigraphy, PET
determination, worsening of subjective symptoms, and elevated

tumor markers.

24 | Outcomes

The primary end-point was PFS, as assessed by investigators.
Progression-free survival was defined as the period from registra-
tion to the date of disease progression or death from any cause.
Disease progression is equivalent to tumor progression, as defined
in RECIST version 1.1, or clinical progression as described above.

Secondary end-points were PFS in patients with T-DM1 as the
latest regimen, ORR, DoR, OS, HR-QolL, and safety-related end-
points. Objective response rate was defined as the proportion of
patients with measurable disease whose best overall response was
either CR or PR as assessed by the attending physician. Duration of
response was defined as the period from the day of first overall re-
sponse (CR or PR) to the first day of objective confirmation of recur-
rence, death, or disease progression by investigators' assessment.
Overall survival was defined as the period from registration to the
date of death regardless of cause.

Health-related quality of life was primarily evaluated using the B-
TOI, which is the total score of physical well-being, functional well-
being, and breast cancer subscale among the domains that make up
the FACT-B,Y an index for HR-QoL used in previous clinical trials.?°
The B-TOI scores in the PTC and TC were analyzed such that the
time from enrolment to the time at which a clinically meaningful
decrease in B-TOI score (=5 points) represented the TTD for each
patient.?!

Safety was monitored continuously using the Japan Clinical
Oncology Group/NCl's Common Terminology Criteria for Adverse
Events version 4.0.17 Left ventricular ejection fraction measurement
was undertaken by the echocardiogram/multigated acquisition scan
method at the time of screening, every four cycles, and at the end
of treatment. Of the AEs, infusion reaction, neutrophil count reduc-
tion, diarrhea, stomatitis, cardiac events, and skin-related events
were reported in terms of all severity grades, and other AEs were

reported as grade 3 or higher.

2.5 | Statistical analysis

The target sample size was calculated according to the results of the
TH3RESA trial,3 which based the sample size calculation on a median
PFS for physician's choice of chemotherapy of 4.0 months. This study
hypothesized that PTC will increase the median PFS to 5.5 months,
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| Screened, n =230 l

Excluded, n=11

| Randomly assigned, n =219 |

I

[
| PER + TRA + CT (PTC) |

TRA+ CT (TC)
n=109

ITT population
n=109

Consent withdrawn before
treatment, n =2

Consent withdrawn before

n=110
Duplicate registration, n = 1
No written IC, n =1
ITT population
n=108
treatment, n =2
Progression before start of treatment,

n=1 exceeded, n=1

Number of previous regimens

No history of PER for LAIMBC, n = 1

Number of previous regimens
exceeded, n =2

No history of PER treatment
for LAIMBC, n =1

Did not receive allocated
treatment, n =1

Safety FASA
population population
n=105 n=104

Safety FAS
population population
n=108 n=106

FIGURE 1 Selection of 219 women with HER2-positive advanced breast cancer treated with pertuzumab (PER)+trastuzumab
(TRA)+chemotherapy (CT) (PTC) or TRA+CT (TC). FAS, full analysis set; IC, informed consent; ITT, intention-to-treat; LA/MBC, locally

advanced/metastatic breast cancer

representing a change of 1.5 months over standard therapy, with
325 PFS events providing an 86.5% power to detect an HR of 0.739
for PFS at a one-sided 5% level of significance. Assuming 333 eligi-
ble patients were needed and a drop-out rate of 10%, a total of 370
patients were to be enrolled

For the primary end-point analysis, PFS assessed by inves-
tigators was based on the ITT population and estimated by the
Kaplan-Meier method with between-group differences compared
using the stratified log-rank test. The Cox proportional hazards
model was used to calculate the hazard ratio of the PTC arm to the
TC arm and the upper limit 95% CI (one-sided significance level
set at 0.05). For the secondary end-points analysis, including PFS
in patients who had immediate prior T-DM1 treatment, DoR, and
OS, the hypothesis test was exploratory, so an unstratified log-
rank test was also carried out along with the stratified log-rank
test. Sensitivity analysis was based on the FAS and undertaken
by the same method used to analyze the ITT population as de-
scribed above. The FAS consisted of all registered patients who
started the study according to the allocation procedure and had at
least some data. However, patient data were reviewed to exclude
patients whose pre-enrolment objective data did not meet the
selection criteria and those who withdrew consent before post-
registration treatment. For the response rate analysis, the point
estimate of the difference between groups was calculated along
with the upper limit 95% Cl using the Xz—test.

Regarding HR-QolL, the analysis population comprised all pa-
tients undergoing a baseline FACT B-TOI assessment and more than
one postbaseline assessment. Time to deterioration for each patient
was calculated using the Kaplan-Meier method, which was then
used to calculate the median TTD value for each treatment group
with intergroup comparisons undertaken using a stratified log-rank
test. In addition, the hazard ratio of TTD and two-sided 95% ClI be-
tween the groups were calculated using the Cox proportional hazard
model, with treatment as the stratification factor.

The significance level for comparison tests was set at 0.05
(one-sided) for primary and secondary end-point analyses and
0.05 (two-sided) for the HR-QoL analysis with no adjustments
made for multiplicity and no imputation methods applied for miss-
ing data.

Statistical analysis was undertaken using SAS version 9.0 (SAS).

This study is registered with ClinicalTrials.gov (NCT02514681),
(jRCTs041180153),

Information

Clinical  Trials

Medical

the Japan Registry of

and the University Hospital Network

(UMINO00018202).

3 | RESULTS

3.1 | Patient characteristics

In total, 219 patients were enrolled and randomized (PTC, n = 110;
TC, n = 109) between August 1, 2015 and December 31, 2018 (data
cut-off: July 31, 2019). Figure 1 summarizes the patient disposition fol-
lowing randomization. The median (interquartile range) follow-up time
was similar in the PTC (14.4 [9.0, 21.0] months) and TC (14.2 [8.7, 22.5]
months) arms (p = 0.926). In general, demographic and other baseline
characteristics were similar between treatment arms (Table 1).

3.2 | Efficacy

After a median follow-up period of 14.2 months, 90 (83.3%) pa-
tients in the PTC arm and 94 (86.2%) patients in the TC arm had
PFS events. Fourteen of 90 PFS events (15.6%) in the PTC arm and
16 of 94 PFS events (17.0%) in the TC arm were judged to be clini-
cal progression (Table S4). The PTC regimen was associated with a
significant improvement in median PFS (5.3 months [95% Cl, 4.0-
6.6]) compared with TC (4.2 months [95% Cl, 3.2-4.8]; stratified HR
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TABLE 1 Demographic and baseline clinical characteristics

of 219 women with HER2-positive advanced breast cancer
treated with pertuzumab + trastuzumab + chemotherapy (PTC) or
trastuzumab +chemotherapy (TC)

PTC TC

Characteristic (N = 108) (N =109)
Age, years; median (min, max) 57 (27,81) 60 (32, 83)
ECOG performance status, n (%)

0 78(72.2) 73 (67.0)

1,2 30(27.8) 36 (33.0)
Estrogen receptor, n (%)

Positive 58(53.7) 64 (58.7)

Negative 50 (46.3) 45 (41.3)
Visceral disease involvement, n (%) 73 (67.6) 75 (68.8)
Location of metastatic site, n (%)

Lung 32(29.6) 33(30.3)

Liver 22 (20.4) 19 (17.4)

Bone 21(19.4) 24 (22.0)

Brain 1(0.9) 1(0.9)
Measurable disease, n (%) 90 (83.3) 92 (84.4)

Number of previous CT regimens, n (%)

2 61(56.5) 65 (59.6)
3 46 (42.6) 42 (38.5)
4 1(0.9) 1(0.9)
5 0(0) 1(0.9)
Duration of previous pertuzumab exposure as first-line therapy,®
days
<180 19 (17.6) 20 (18.3)
2180 65 (60.2) 66 (60.6)
Duration of previous pertuzumab exposure as second-line therapy,
days
<120 4(3.7) 2(1.8)
2120 19 (17.6) 20(18.3)
Previous exposure to anti-HER2 therapy for LA/MBC,? n (%)
Pertuzumab 107 (99.1) 108 (99.1)
Trastuzumab 107 (99.1) 108 (99.1)
T-DM1 104 (96.3) 108 (99.1)
Lapatinib 15 (13.9) 15(13.8)
Others 9(8.3) 8(7.3)
T-DM1 as the latest regimen before 82 (75.9) 89 (81.7)

randomization

Abbreviations: CT, chemotherapy; ECOG, Eastern Cooperative
Oncology Group; LA/MBC, locally advanced/metastatic breast cancer;
max, maximum; min, minimum; T-DM1, trastuzumab emtansine.

20ne case in each treatment group did not receive pertuzumab for
LA/MBC, but received pertuzumab during the perioperative period.

0.76 [one-sided 95% CI upper limit, 0.967]; p = 0.022; Figure 2A).
According to a prespecified subgroup analysis, the benefit of PTC
in relation to improvement in PFS was present for all subgroups
(Figure 3).

Among patients treated with T-DM1 as the latest regimen, me-
dian PFS also showed a similar trend towards improvement with PTC
(median PFS 5.3 months [95% Cl, 3.7-6.6] for PTC compared with
4.2 months [95% Cl, 3.2-5.3] for TC; unstratified HR 0.80 [one-sided
95% Cl upper limit, 1.06]; p = 0.095; Figure 2B).

Thirty-five (32.4%) patients in the PTC arm died compared with
49 (45.0%) patients in the TC arm. Median OS showed a trend to-
wards improvement with PTC (median PFS 28.8 months [95% ClI,
21.2-NR] for PTC compared with 23.4 months [95% Cl, 19.1-27.1]
for TC; unstratified HR 0.71 [one-sided 95% CIl upper limit, 1.03];
p = 0.062; Figure 2C).

The ORR in the PTC arm (19.5 [95% CI upper limit, 27.9]1%) was
similar to that in the TC arm (20.7 [95% Cl upper limit, 29.1]%; odds
ratio 0.957 [95% Cl upper limit, 1.778]; Table 2). However, the DoR
in the PTC arm (8.3 [95% CI upper limit, 18.2] months) was longer
than in the TC arm (4.1 [95% Cl upper limit, 13.4] months; stratified
HR 0.66 [one-sided 95% Cl upper limit, 1.369]; unstratified HR 0.49
[one-sided 95% Cl upper limit, 0.945]; Table 2).

3.3 | Safety

Duration of treatment exposure for patients who received PTC was
longer than for patients who received TC (median [minimum, maxi-
mum] number of cycles on study treatment 7.0 (0, 54) for PTC arm vs.
5.0%2% for TC arm; Table S5). Differences between treatment groups
in terms of physician's choice of chemotherapy mainly related to
eribulin (more common with PTC) and vinorelbine (more common
with TC, Table S5). There were no statistically significant differ-
ences between the two groups in the frequency of AEs of grade 3 or
higher, serious AEs, death from AEs, treatment discontinuation due
to AEs, or chemotherapy dose reduction due to AEs (Table 3). One
AE-related death was recorded each in the PTC arm (drug-induced
lung injury) and TC arm (respiratory failure).

Regarding AEs of special interest, any-grade diarrhea was more
common in the PTC arm, in which one patient with cardiac dys-
function was also recorded (Table 3). However, there was no sta-
tistical difference in the transition of LVEF values between the two
groups (Figure S1). Grade 3 or higher AEs, other than those of spe-
cial interest, occurred at a similar frequency in the PTC and TC arms
(Tables S6 and S7).

3.4 | Heath-related quality of life

In terms of HR-QolL, the analysis population was comprised of 87
(80.6%) patients in the PTC arm and 91 (83.5%) patients in the TC
arm. Overall, there were 51 events (58.6%) in the PTC arm and 46
events (50.5%) in the TC arm. The median TTD was 2.8 (95% Cl, 1.6~
4.3) months with active treatment and 4.3 (95% Cl, 2.9-6.0) months
with control treatment (stratified HR 1.28 [95% ClI, 0.856-1.903];
Figure 4). However, the difference between groups was nonsignifi-
cant according to the log-rank test (p = 0.231).
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FIGURE 2 Survival among

219 women with HER2-positive
advanced breast cancer treated

with pertuzumab + trastuzumab

+ chemotherapy (PTC) or

trastuzumab + chemotherapy (TC). (A)
Progression-free survival assessed by
investigators (intention-to-treat [ITT]
population). (B) Progression-free survival
in patients treated with trastuzumab
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population). (C) Overall survival (ITT
population). Cl, confidence interval; HR,
hazard ratio
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3.5 | Sensitivity analysis

According to a sensitivity analysis using the FAS population (PTC
arm, n = 104; TC arm, n = 106; Figure 1), patient background char-
acteristics were well balanced between the two treatment groups
(Tables S8, S9, S10). As assessed by investigators, PFS in patients
with T-DM1 as the latest regimen, ORR, DoR, and OS in the FAS
population were similar to those for the ITT population (Tables S11,
S12; Figures S2, S3, S4). Table S12 summarizes the effectiveness re-
sults in the ITT and FAS populations.

Time since randomization (months)

4 | DISCUSSION

This is the first report to assess the efficacy and safety of pertu-
zumab retreatment in patients previously treated with pertuzumab
in combination with TC for HER2-positive locally advanced or meta-
static breast cancer. Pertuzumab added to standard trastuzumab
and chemotherapy significantly improved PFS without HR-QolL de-
terioration for that setting. Retreatment with pertuzumab did not
improve ORR, but stable disease was 10% higher and progressive
disease was 7% lower, and the DoR was prolonged by 4 months. This
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Unstratified HR for disease

Subgroups Event/N progression or death (95% CI)
PTC TC

-_— )
)

All population 90/108 94/109 —a—) 0.75 (0.58-0.96)
)
)

Age <65 years 65/77 67/73 —a—) 0.68 (0.51-0.92)
)

265 years 25/31 27/36 l—l—i—l: 0.84 (0.53-1.33)
)

ECOG PS 0 67/78 62/73 —— 0.64 (0.47-0.86)
)
)

1,2 23/30 32/36 l—:rl—l 1.11 (0.70-1.74)
)

Estrogen receptor Positive 52/58 55/64 —a 0.82 (0.59-1.13)
)
[}

Negative 38/50 39/45 —a— 0.68 (0.46—1.00)
)
)

Number of previous 2 54/61 57/65 —a—) 0.66 (0.48-0.91)
CT regimens for H
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)

Visceral metastases Yes 66/73 68/75 I—I—i 0.74 (0.55-0.99)
)

No 24/35 26/34 I—I—i—! 0.72 (0.45-1.16)
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FIGURE 3 Prespecified progression-free survival subgroup analysis among 219 women with HER2-positive advanced breast cancer
treated with pertuzumab (PER) +trastuzumab +chemotherapy (PTC) or trastuzumab + chemotherapy (TC). Cl, confidence interval; CT,
chemotherapy; HR, hazard ratio; LA/MBC, locally advanced/metastatic breast cancer; PS, performance status

leads to the thought that there is a PFS prolongation effect of per-
tuzumab retreatment. This study also showed that, among patients
who had received T-DM1, dual HER2 blockade with pertuzumab and
trastuzumab tended to prolong PFS more than single HER2 blockade
with trastuzumab.

The rationale for dual HER2 blockade by adding pertuzumab to
trastuzumab in breast cancer could be related to inhibition of HER3

as a potential therapeutic target,22

Human epidermal growth factor
receptor 2 forms a heterodimer or homodimer with the HER family
and activates intracellular signals, such as the PI3K pathway and the
MAPK pathway. Among these dimers, the ligand-dependent HER2-
HER3 signal has the strongest proliferative activity.?>?* Trastuzumab
can block ligand-independent HER2-HER3 signals,?® but cannot
block ligand-dependent HER2-HER3 signals. Pertuzumab, in con-
trast, can block ligand-gated HER2-HER3 signals.26 The combi-
nation of both can block a wide range of HER2 signals.?”% In the
CLEOPATRA study undertaken in the first-line setting for patients
with HER2-positive metastatic breast cancer, the addition of pertu-
zumab to trastuzumab in combination with docetaxel significantly
improved PFS and OS versus addition of placebo.10 A subgroup
study of CLEOPATRA using outcomes similar to those in the present
trial also concluded that combining pertuzumab with trastuzumab

and docetaxel had no adverse impact on HR-QoL.%° Following pro-
gression after first-line trastuzumab-based dual blockade therapy,
T-DM1 has become the standard second-line treatment based on
high quality evidence from several studies such as TH3RESA® and
EMILIA.*?? The Marianne trial, which examined the effect of adding
pertuzumab to T-DM1, failed to show that pertuzumab and T-DM1

was superior to T-DM1 in first-line treatment.%°

Although no com-
parative studies of T-DM1 versus pertuzumab and T-DM1 in second-
or later-line treatment have been carried out, T-DM1 monotherapy is
still the most recommended second-line treatment. In in vitro and in
vivo studies, pertuzumab and trastuzumab significantly suppressed
tumor growth activity and tumor growth of T-DM1-resistant HER2-
positive cell lines compared to single treatment with trastuzumab or
pertuzumab.31 The present open-label randomized controlled trial
provided results that support this basic research.

Few effective options are available for HER2-positive advanced
breast cancer that progresses after second- or later-line therapy.
However, recent studies have sought to address this therapeutic
need. Tucatinib, an oral, selective inhibitor of the HER2 tyrosine
kinase, has been investigated for heavily pretreated HER2-positive
metastatic breast cancer previously treated with trastuzumab, per-
tuzumab, and T-DM1 and shown promising PFS and OS results,
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TABLE 2 Summary of best overall response, overall
response rate, and duration of response by investigator
assessment (measurable disease) among 219 women
with HER2-positive advanced breast cancer treated with
pertuzumab + trastuzumab + chemotherapy (PTC) or
trastuzumab + chemotherapy (TC)

PTC TC
(N =90) (N=92)
Best overall response, n (%)
CR 0(0.0) 0(0.0)
PR 17 (18.9) 18 (19.6)
SD 57 (63.3) 49 (53.3)
PD 13(14.4) 20(21.7)
Unknown 1(1.1) 3(3.3)
Missing 2(2.2) 2(2.2)
Overall response rate 17 (19.5) 18 (20.7)

(CR+PR), n (%)
(upper limit 95% Cl) (27.9) (29.1)

QOdds ratio for overall 0.957 (1.778)

response (upper limit

95% Cl)

Duration of response n=17 n=18
(CR+PR)

Median (upper limit 95% Cl), 8.3(18.2) 4.1 (13.4)
months

Unstratified HR (95% CI 0.490 (0.945)
upper limit)

Stratified HR (95% Cl upper 0.656 (1.369)
limit)

Abbreviations: Cl, confidence interval; CR, complete response; HR,
hazard ratio; PD, progressive disease; PR, partial response; SD, stable
disease.

including in patients with brain metastases.’ Margetuximab is a
chimeric, Fc-engineered, immune-activating mAb with enhanced
innate and adaptive immunity compared with trastuzumab. A ran-
domized trial (SOPHIA) showed that margetuximab plus chemother-
apy improved median PFS by investigator assessment compared
with trastuzumab (5.7 vs. 4.4 months; HR 0.70 [95% Cl, 0.56-0.87];
p = 0.001). These results are similar to those of the present trial
although, in contrast, the ORR in the SOPHIA trial favored mar-
getuximab treatment whereas the DoR was not significantly dif-
ferent between treatment groups. Trastuzumab deruxtecan, an
Ab-drug conjugate of trastuzumab, has shown promising results
in an open-label, single-group, multicenter, phase Il study in HER2-
positive metastatic breast cancer previously treated with T-DM1.6
However, trastuzumab deruxtecan was associated with interstitial
lung disease among approximately 14% of patients, which would re-
quire careful monitoring. Also, data from larger, randomized studies
of trastuzumab deruxtecan are awaited to fully understand its role
in these patients.

Although emerging treatment options after T-DM1 exist, not all
countries have ready or affordable access to these drugs. Therefore,

from a practical prescribing perspective, these study results show
that retreatment with HER2 dual blockade is effective and an op-
tion for third- or fourth-line treatment in countries where the above
drugs are not available. Furthermore, as use of this combination is
established, side-effects related to anti-HER2 therapy are readily
predictable. Of particular importance, there is no clear guideline on
how to treat recurrence in patients who have received pertuzumab
and/or T-DM1 in the neoadjuvant and adjuvant settings. Recently,
based on the results of the Neosphere and TRYPHAENA trials,"’z’33
which showed the additional effect of pertuzumab as preoperative
treatment, and the APHINITY trial,®* which showed the additional
effect of pertuzumab as postoperative treatment, the use of per-
tuzumab in neoadjuvant and/or adjuvant settings is widely used.
Furthermore, the KATHERINE study® verified the effect of post-
operative T-DM1 on residual invasive disease after completion of
taxane-based neoadjuvant chemotherapy plus anti-HER2 therapy
using trastuzumab and underlies the increasing use of T-DM1 in this
setting. However, there are few data on anti-HER2 therapy for re-
current disease in patients who receive pertuzumab perioperatively
or T-DM1 postoperatively and more data are needed to address the
efficacy of PTC specifically in this patient population. Based on this
background and the findings of this study, dual HER2 blockade with
pertuzumab and trastuzumab is expected to be more effective than
single HER2 blockade with trastuzumab for postoperative recur-
rence among patients treated with pertuzumab and trastuzumab be-
fore and/or after surgery. Furthermore, PTC is expected to be more
effective than trastuzumab and chemotherapy in recurrent patients
during or after postoperative T-DM1 for residual invasive tumor
after neoadjuvant anti-HER2 therapy.

The main limitations of this study are the open-label study design
and the fact that the planned enrolment has not yet been reached.
Furthermore, there is a slight bias between the two groups in the
chemotherapy selection with, in particular, more eribulin coadmin-
istered in the PTC group. This study used available medications and
one person assigned to the TC group was actually treated with per-
tuzumab. Furthermore, cross-over was allowed and, including the
above issues, a total of seven patients with eligibility violations were
included in the ITT analysis. However, in the sensitivity analysis using
the FAS, the PFS assessed by the attending physician was also sig-
nificantly prolonged in the pertuzumab-containing group. However,
this limitation is likely to underestimate rather than overestimate the
true treatment effect of the dual blockade therapy. The introduc-
tion of new drugs has dramatically changed the landscape of post-
operative and recurrent treatment for HER2-positive breast cancer,
but this result seems to be extremely important for considering the
treatment resistance mechanism of pertuzumab in combination with
trastuzumab. Currently, we are undertaking translational research to
assist selection of cases that require pertuzumab addition.

In conclusion, these results suggest that retreatment with pertu-
zumab as third- or fourth-line chemotherapy could be considered for
patients with HER2-positive locally advanced or metastatic breast

cancer previously treated with pertuzumab-containing regimens.
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TABLE 3 Summary of adverse events (AEs) among 219 women with HER2-positive advanced breast cancer treated with
pertuzumab + trastuzumab + chemotherapy (PTC) or trastuzumab +chemotherapy (TC)

AEs, n (%) PTC (N = 105) TC (N = 108) p value
Grade 23 AE 65 (61.9) 75 (69.4) 0.253
Serious AE 19 (18.1) 23(21.3) 0.608
Death due to AE 1(1.0) 1(0.9) 1.000
Treatment discontinuation due to AE 19 (18.1) 11 (10.2) 0.115
Dose reduction of chemotherapeutic agents due to 26 (24.8) 27 (25.0) 1.000
grade >3 AE
LVEF (<50% or = 15% reduction from baseline) 3(2.9) 0(0.0) 0.118
AEs of special interests, n (%) All grade Grade 23 All grade Grade 23
Stomatitis 24 (22.9) 2(1.9) 17 (15.7) 2(1.9)
Diarrhea 22(21.0) 3(2.9) 7 (6.5) 1(0.9)
Neutropaenia 82 (78.1) 48 (45.7) 79 (73.1) 52(48.1)
Febrile neutropaenia 16 (15.2) 16 (15.2) 18 (16.7) 18 (16.7)
Infusion reaction 2(1.9) 0(0.0) 0(0.0) 0(0.0)
Cardiac dysfunction 1(1.0) 0(0.0) 0(0.0) 0(0.0)
Skin and subcutaneous disorder 24 (22.9) 0(0.0) 18 (16.7) 2(1.9)

Abbreviations: LVEF, left ventricular ejection fraction.

1.01 — PTC(n=87)
@ ——TC (n=91)
[
o 0.81
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et Log-rank test p=0.231
s HR 1.28 (95% Cl 0.86-1.90)
0.4 1
0
= A —
9 T .
= 021
o
0 4

0 3 6 9 12 15 18 21
Time since randomization (months)
No. at risk (censored)
PTC 87(0) 30(12) 13(12) 6(6) 2(4) 1(1) 1(0) 0(1)
TC 91(0) 36(20) 12(15) 8(4) 3(3) 1(2) O0(1) 0(0)

FIGURE 4 Time to deterioration in Functional Assessment of
Cancer Therapy - Breast Trial Outcome Index (intention-to-treat
population) among women with HER2-positive advanced breast
cancer treated with pertuzumab + trastuzumab + chemotherapy
(PTC) or trastuzumab +chemotherapy (TC). Cl, confidence interval;
HR, hazard ratio
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