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Abstract

Purpose PUFFIN (NCT02896855), a Chinese bridging study in patients with previously untreated HER2-positive locally
recurrent or metastatic breast cancer, assessed consistency of efficacy and safety of pertuzumab plus trastuzumab and
docetaxel versus placebo, trastuzumab, and docetaxel, with CLEOPATRA (NCT00567190).

Methods Eligible patients, n =243, were randomized 1:1, stratified by visceral disease and hormone receptor status, to
pertuzumab, trastuzumab, and docetaxel or placebo, trastuzumab, and docetaxel. Primary endpoint: investigator-assessed
progression-free survival (PFS). Secondary endpoints: safety and overall survival (OS). After primary analysis, patients
could cross over to the pertuzumab arm.

Results Updated median PFS: 16.5 months (pertuzumab arm) and 12.5 months (placebo arm), with a hazard ratio (HR) of
0.60 [95% confidence interval (CI) 0.45, 0.81; p=0.0008]. Median OS was not reached in either arm; the OS HR was 0.68
(95% CI1 0.45, 1.03; p=0.0658). Safety was similar in both arms with no new safety signals: 73.8% (pertuzumab arm) and
69.2% (placebo arm) experienced grade >3 adverse events. No heart failure, symptomatic left ventricular systolic dysfunc-
tion, or left ventricular ejection fraction decline of <40% were reported.

Conclusions The PUFFIN final analysis showed, per the primary analysis, that overall efficacy of pertuzumab plus trastu-
zumab and docetaxel was consistent with CLEOPATRA. Safety remained consistent with the known pertuzumab profile.
Overall, PUFFIN contributes to the totality of data with pertuzumab in previously untreated HER2-positive locally recurrent
or metastatic breast cancer and supports the favorable benefit-risk profile of pertuzumab in Chinese patients.

Trial registration: ClinicalTrials.gov, NCT02896855, registered 7 September 2016.
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Pla Placebo with an additional 20 + months of follow-up of efficacy and
RECIST  Response Evaluation Criteria in Solid Tumors AE reporting.

Introduction Methods

Pertuzumab and trastuzumab (PERJETA® and Herceptin®;
F. Hoffmann-La Roche Ltd, Basel, Switzerland) are mono-
clonal antibodies that bind to different domains on human
epidermal growth factor receptor 2 (HER2). The differ-
ence in binding creates complementary antitumor activity
by inhibiting signaling and promoting antibody-dependent
cellular cytotoxicity [1, 2].

Pertuzumab plus trastuzumab and docetaxel in patients
with previously untreated HER2-positive locally recurrent
or metastatic breast cancer was shown to improve progres-
sion-free and overall survival (PFS and OS) significantly
compared with placebo plus trastuzumab and docetaxel
in CLEOPATRA (NCT00567190). At CLEOPATRA’s
primary analysis, independently assessed median PFS was
18.5 months in the pertuzumab arm and 12.4 months in the
placebo arm. The PFS hazard ratio (HR) was 0.62 [95% con-
fidence interval (CI) 0.51, 0.75; p<0.001] and OS data were
immature at the first analysis [3]. At the second OS analy-
sis, median OS was immature in the pertuzumab arm and
37.6 months in the placebo arm, with a HR of 0.66 (95% CI
0.52, 0.84; p=0.0008) [4]. In the final OS analysis, median
OS was 56.5 months and 40.8 months in the respective arms,
with a HR of 0.68 (95% CI 0.56, 0.84; p <0.001) [5]. At the
8-year end-of-study analysis, median OS was 57.1 months
and 40.8 months, respectively, with a HR of 0.69 (95% CI
0.58, 0.82; p<0.0001) [6].

Exploratory analyses of safety showed a higher propor-
tion of patients from Asia [China (including Hong Kong)
plus Japan, Korea, the Philippines, Singapore, and Thailand]
experienced adverse events (AEs) than patients from Europe,
North America, and South America combined. The most
common AE was febrile neutropenia, which the authors
postulated may have been related to increased diarrhea and
mucosal inflammation. Despite these differences, compara-
ble survival benefits across regions were observed [7].

PUFFIN (NCT02896855) was a Chinese bridging study
to evaluate the efficacy and safety of pertuzumab and to
determine consistency with CLEOPATRA. The primary
analysis showed that efficacy data were consistent with
CLEOPATRA. Median investigator-assessed PFS was
14.5 months and 12.4 months in the pertuzumab and pla-
cebo arms, respectively; OS was relatively immature. The
PFS HR was 0.69 (95% CI 0.49, 0.99), which was simi-
lar to the investigator-assessed PFS HR in CLEOPATRA;
0.62 (95% C10.51, 0.75) [3]. Safety was consistent with the
known pertuzumab profile [8]. We present the final analysis
of PUFFIN, including updated PFS, OS, and safety data,

@ Springer

PUFFIN was a phase III, randomized, double-blind,
placebo-controlled study conducted across 15 centers in
China. The protocol was approved by the institutional review
board at each participating site. Informed consent was pro-
vided from all participants. The study design, eligibility cri-
teria, procedures, assessments, and statistical methods have
been reported previously in the primary analysis [8].

Eligible patients were aged > 18 years with HER2-pos-
itive (centrally confirmed immunohistochemistry 3 4 or
in situ hybridization-positive), locally recurrent or metastatic
breast cancer. Patients were eligible if they had not received
prior treatment for metastatic disease (except for one
hormonal regimen before randomization), no prior treatment
with HER2-targeting therapies (except trastuzumab in the
neoadjuvant or adjuvant settings) or tyrosine kinase inhibi-
tors, and were disease-free for > 12 months. Hormone recep-
tor status was centrally confirmed. Further inclusion criteria
included a left ventricular ejection fraction (LVEF) of > 55%
at baseline and an Eastern Cooperative Oncology Group Per-
formance Status (ECOG PS) of 0 or 1. Patients were eligible
if they had measurable or non-measurable disease.

Patients were excluded if they had prior exposure to
doxorubicin of > 360 mg/mz, had a history of LVEF decline
to <50% during or after trastuzumab in the neoadjuvant or
adjuvant settings, or if they had any other conditions that
were not controlled and could affect the patient’s ability to
comply with the study.

Procedures

Randomization was 1:1, using visceral disease and hormone
receptor status to stratify patients to pertuzumab (840 mg
loading dose, followed by 420 mg every 3 weeks), trastu-
zumab (8 mg/kg loading dose, then 6 mg/kg every 3 weeks),
and docetaxel (75 mg/m? every 3 weeks) or placebo, tras-
tuzumab, and docetaxel arms; all drugs were given intra-
venously. The HER2-targeted therapies were given until
disease progression or unacceptable toxicity. The docetaxel
dose could be reduced to 55 mg/m? if febrile neutropenia or
severe or cumulative cutaneous reactions occurred. Discon-
tinuation of docetaxel was at the discretion of the patient and
treating physician after completion of cycle 6.

After the primary analysis, patients could cross over from
the placebo arm to the pertuzumab arm due to pertuzumab
showing a clinically significant improvement over placebo.
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Statistical methods

PFS and OS were estimated using the Kaplan—Meier
approach. HR and 95% CIs were estimated by a Cox pro-
portional hazard model using the stratification factors. To
compare the two arms, a two-sided stratified log-rank test
was used. Statistical testing was considered exploratory.
Safety analyses were descriptive.

Results
Study population

From 13 September 2016 to 28 September 2017, 243 eligible
patients were randomized: 122 and 121 to the pertuzumab
and placebo arms, respectively [8], as shown in Fig. 1. One
patient randomized to the placebo arm discontinued prior
to treatment. The safety population comprised 122 and 120
patients in the respective arms. After the primary analysis,
12 patients crossed over from the placebo arm to the per-
tuzumab arm. Clinical cut-off for this final analysis was 23
October 2020. Median follow-up was 39.3 months in the
pertuzumab arm and 33.4 months in the placebo arm. Base-
line demographics and disease characteristics were balanced
between arms [8]. Eleven patients received ovarian function
suppressors, two of whom received them during the study.

Fig. 1 Disposition of patients

Five patients underwent an oophorectomy, only one during
the study.

Progression-free survival

Updated median investigator-assessed PFS was 16.5 months
(95% C112.7,20.2) in the pertuzumab arm and 12.5 months
(95% C110.4, 14.6) in the placebo arm (Fig. 2a). The strati-
fied HR was 0.60 (95% CI 0.45, 0.81; p=0.008) and the
unstratified HR was 0.63 (95% CI 0.47, 0.85; p=0.0019).
The number of patients who had a PFS event was 84/122
(68.9%) in the pertuzumab arm and 99/120 (81.8%) in the
placebo arm. Subgroup analyses are shown in Fig. 2b and
were consistent with the overall results.

Overall survival

Median OS was not reached in either arm. The stratified HR
was 0.68 (95% CI 0.45, 1.03; p=0.0658) and the unstrati-
fied HR was 0.70 (95% CI 0.46, 1.06; p=0.0864) (Fig. 3a).
There were 40 OS events (32.8%) in the pertuzumab arm
and 50 (41.3%) in the placebo arm. Subgroup analyses are
shown in Fig. 3b and were consistent with the overall results.
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b Pla+H+D P+H+D
(n=121) (n=122)
Total Median Median 95% P+H+D  Pla+H+D
Baseline risk factors n n Events (months) n Events (months) HR Walid CI better  better
All patients 243 121 99 12.5 122 84 16.5 0.63 (0.47,0.85) l-.-t
Sex 1
Female 243 121 99 12.5 122 84 16.5 0.63 (0.47,0.85) ..*..
Age group (years) 1
<65 215 103 86 11.0 112 78 16.6 0.58 (0.43,0.80) HiH
265 28 18 13 18.7 10 6 13.3 0.98 (0.37,2.59) I—:—I
Disease type 1
Non-visceral 69 35 23 18.7 34 15 NE 0.54 (0.28, 1.05) —al—
Visceral 174 86 76 11.1 88 69 14.5 0.63 (0.45,0.87) l-*-t
Hormone receptor status !
ER- and PgR-negative 101 48 38 8.4 53 39 14.7 0.64 (0.41,1.00) —i—
ER- and/or PgR-positive 142 73 61 12.6 69 45 18.0 0.62 (0.42,0.91) i
ECOG PS at baseline !
0 106 49 39 10.4 57 37 19.0 0.52 (0.33,0.82) —
1 137 72 60 12.6 65 47 14.7 0.73  (0.50, 1.07) i—h—
Prior treatment status !
Adjuvant or neoadjuvant !
therapy 162 86 75 11.2 76 55 16.5 0.57 (0.40,0.81) I-d-l
De novo 81 35 24 17.6 46 29 18.0 0.81 (0.47,1.40) e
Treatment-free interval group :
< 2years 47 26 24 6.3 21 18 13.3 0.67 (0.36, 1.25) —p—
> 2 years 76 39 35 12.5 37 23 19.2 0.43  (0.25,0.75) ——
HER2 IHC/FISH result :
IHC 2+/FISH-positive 63 29 23 12.6 34 26 13.3 0.73 (0.42,1.29) -
IHC 3+/FISH any 171 88 72 12.4 83 54 19.0 0.58 (0.41,0.83) HlH
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«Fig. 2 Investigator-assessed PFS in a the intention-to-treat popula-
tion and b subgroups. CI confidence interval, D docetaxel, ECOG PS
Eastern Cooperative Oncology Group Performance Status, ER estro-
gen receptor, FISH fluorescence in situ hybridization, H trastuzumab,
HER?2 human epidermal growth factor receptor 2, HR hazard ratio,
IHC immunohistochemistry, P pertuzumab, PFS, progression-free
survival, PgR progesterone receptor, Pla placebo

Treatment exposure

Prior to crossover, the median number of pertuzumab or
placebo cycles administered to patients was 22.0 (range 1-4)
and 17.0 (range 1-68), over the respective median dura-
tion of 66.1 weeks (range 3-225) and 52.3 weeks (range
3-207). The median number of trastuzumab cycles in the
pertuzumab and placebo arms was 22.0 (range 1-74) and
17.0 (range 1-74), respectively. Both arms had a similar
median number of docetaxel cycles, with 7.0 (range 1-26)
in the pertuzumab arm and 6.5 (range 1-22) in the placebo
arm. The median dose of each was 900.0 mg and 826.1 mg.
Following crossover, the median number of pertuzumab
cycles was 6.0 (range 4-8), with a median duration of
18.1 weeks (range 12-24).

Safety

A summary of the safety profile is shown in Table 1. The
number of patients who experienced>1 AE was 121/122
(99.2%) in the pertuzumab arm and 115/120 (95.8%)
in the placebo arm. The most common AE in both arms
was leukopenia, reported in 91/122 patients (74.6%) and
87/120 patients (72.5%), respectively. In the pertuzumab
arm, AEs with an incidence > 5% higher than with placebo
were anemia, alopecia, diarrhea, pyrexia, cough, hypoka-
lemia, hyperglycemia, and stomatitis. There were 111/122
patients (91.0%) in the pertuzumab arm and 104/120 patients
(86.7%) in the placebo arm who experienced AEs with a
causal relationship to HER2-targeted therapies. Grade >3
AEs were experienced by 90 patients (73.8%) in the pertu-
zumab arm and 83 patients (69.2%) in the placebo arm, with
the most common being blood and lymphatic system disor-
ders, particularly neutropenia and leukopenia. The number
of patients who experienced serious AEs was 30 (24.6%) in
the pertuzumab arm and 23 (19.2%) in the placebo arm; the
most common were neutropenia and febrile neutropenia. The
number of patients who withdrew from treatment due to AEs
relating to either pertuzumab or placebo was seven (5.7%)
and two (1.7%), respectively. AEs were associated with the
deaths of two patients (1.7%) in the placebo arm and four
patients (3.3%) in the pertuzumab arm. AEs of interest to
pertuzumab are reported in Table 2. No heart failure, symp-
tomatic left ventricle systolic dysfunction, or LVEF decline
of <40% were reported; two patients in the pertuzumab arm
experienced grade 2 ejection fraction decreases, which were

reported as AEs of special interest, and led to the discontinu-
ation of pertuzumab in both patients. A safety summary for
the crossover population is shown in Table 3. There were
very few AEs in the crossover group, with five (41.7%)
patients experiencing > 1 AE, with only one grade >3 AE
(large intestine polyp).

Discussion

PUFFIN previously met its primary objectives, demonstrat-
ing consistency of efficacy with CLEOPATRA [8]. The
stratified PFS HR had decreased since the primary analysis
[0.60 (95% CI 0.45, 0.81) and 0.69 (95% CI 0.49, 0.99),
respectively], with an increased reliability of a narrower CI,
and remained consistent with the CLEOPATRA intention-
to-treat (ITT) population [HR=0.62 (95% C10.51, 0.75)] [3,
8]. The updated median PFS was closer to the CLEOPATRA
ITT population, further demonstrating consistency. As dis-
cussed in the primary manuscript, it is important to note
that PFS was investigator-assessed per Response Evalua-
tion Criteria in Solid Tumors (RECIST) v1.1 in PUFFIN,
whereas in CLEOPATRA, PFS was independent review
facility-assessed per RECIST v1.0. The OS HR values were
also similar between PUFFIN and CLEOPATRA’s second
OS analysis [4]. However, CLEOPATRA had a longer fol-
low-up period; therefore, PUFFIN would require a longer
follow-up period to show greater differences between arms
and to evaluate median OS. The OS analyses were based on
the ITT population, the 12 crossover patients were included
in the placebo group for the analysis as randomly assigned.
Given the small number of crossover patients, these analyses
were not adjusted for crossover to the pertuzumab group.
However, they are likely to be conservative in estimating the
overall treatment effect.

Subgroup analyses showed consistency with the overall
PFS and OS results. Compared with the primary PFS sub-
group analysis, the final analysis showed an overall shift
toward the pertuzumab group having improved PFS and OS,
with little difference between disease type, hormone receptor
status, and low or high HER? status. Patients aged > 65 years
showed no difference in PFS between arms. Subgroup analy-
ses showed that patients in the < 65 years age group [PFS
HR=0.58 (95% CI 0.43, 0.80) and OS HR=0.60 (95% CI
0.39, 0.94)] had better outcomes with pertuzumab. Patients
who were >2 years treatment-free had improved PFS over
patients who were <2 years treatment-free [HR =0.43
(95% C1 0.25, 0.75) vs. HR=0.67 (95% CI 0.36, 1.25)].
However, the OS subgroup analysis showed patients who
were < 2 years treatment-free had improved OS over patients
who were > 2 years treatment-free [HR =0.30 (95% CI 0.10,
0.92) vs. HR=0.68 (95% CI 0.32, 1.46)]. Patients with de
novo disease had poorer OS with pertuzumab compared
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De novo 81 35 11 NE 46 18 NE 1.22  (0.58, 2.59) —H—
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Fig.3 OS in a the intention-to-treat population and b subgroups.
CI confidence interval, D docetaxel, ECOG PS Eastern Cooperative
Oncology Group Performance Status, ER estrogen receptor, FISH
fluorescence in situ hybridization, H trastuzumab, HER2 human epi-
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dermal growth factor receptor 2, HR hazard ratio, /HC immunohis-
tochemistry, OS overall survival, P pertuzumab, PgR progesterone
receptor, Pla placebo
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Table 1 Safety summary in

. ; Pertuzumab plus trastuzumab Placebo plus trastuzumab
the safety population prior to plus docetaxel (n=122) plus docetaxel (n=120)
crossover

Grade>1 AEs 121 (99.2) 115 (95.8)
AEs leading to death 2 (1.7) 4(3.3)
Grade >3 AEs 90 (73.8) 83 (69.2)
AE:s leading to withdrawal from pertuzumab 7(5.7) 2 (1.7)
or placebo
Serious AEs 30 (24.6) 23 (19.2)
Most common AEs (all grades)?
Leukopenia 91 (74.6) 87 (72.5)
Neutropenia 88 (72.1) 85 (70.8)
Anemia 67 (54.9) 58 (48.3)
Alanine aminotransferase increased 45 (36.9) 56 (46.7)
Aspartate aminotransferase increased 45 (36.9) 49 (40.8)
Alopecia 50 (41.0) 40 (33.3)
Diarrhea 56 (45.9) 28 (23.3)
Pyrexia 29 (23.8) 21 (17.5)
Asthenia 25 (20.5) 20 (16.7)
Cough 26 (21.3) 17 (14.2)
Pain 19 (15.6) 22 (18.3)
Upper respiratory tract infection 18 (14.8) 16 (13.3)
Nausea 15 (12.3) 15 (12.5)
Edema peripheral 12 (9.8) 18 (15.0)
Decreased appetite 15 (12.3) 14 (11.7)
Blood bilirubin increased 14 (11.5) 14 (11.7)
Nail discoloration 12 (9.8) 15 (12.5)
Hypokalemia 18 (14.8) 8 (6.7)
Vomiting 13 (10.7) 11 (9.2)
Hyperglycemia 14 (11.5) 8 (6.7)
Hypoesthesia 13 (10.7) 8 (6.7)
Thrombocytopenia 9(7.4) 12 (10.0)
Weight increased 4(3.3) 16 (13.3)
Stomatitis 15 (12.3) 4(3.3)
Most common grade >3 AEs®
Neutropenia 71 (58.2) 70 (58.3)
Leukopenia 60 (49.2) 57 (47.5)
Febrile neutropenia 5@4.1) 5(4.2)
Hypertension 5@4.1) 3(2.5)
Anemia 6(4.9) 1(0.8)
Diarrhea 5@4.1) 2 (1.7)
Pneumonia 4 (3.3) 1(0.8)

Data are number of patients, n (%)

Table includes AEs with onset from first dose of study drug through 42 days after last dose of study drug
AF adverse event

*Reported in > 10% of patients in either arm

PReported in> 3% of patients in either arm

with placebo [HR =1.22 (95% CI 0.58, 2.59)]; this con-  Additionally, both CLEOPATRA and a retrospective study
flicts with CLEOPATRA [HR=0.65 (95% CI 0.51, 0.82)], of patients with de novo, HER2-positive, metastatic breast
which showed that patients with no previous treatment had ~ cancer concluded that trastuzumab as a first-line treatment
better prognosis with pertuzumab than with placebo [6]. can improve OS in these patients [6, 9]. Despite PUFFIN
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Table 2 AEs of interest to
pertuzumab therapy in the
safety population

Pertuzumab plus trastuzumab plus
docetaxel (n=122)

Placebo plus trastu-
zumab plus docetaxel

(n=120)
Diarrhea 56 (45.9) 28 (23.3)
Grade>3 5@4.1) 2(1.7)
Rash 36 (29.5) 22 (18.3)
Grade>3 2 (1.6) 3(2.5)
Leukopenia 96 (78.7) 89 (74.2)
Grade>3 74 (60.7) 73 (60.8)
Leukopenia infection 6(4.9) 3(2.5)
Grade>3 1(0.8) 0
Febrile neutropenia 5@4.1) 54.2)
Grade>3 5@4.1) 54.2)
Febrile neutropenia infection 0 0
Grade >3 0 0
Anaphylaxis and hypersensitivity 2 (1.6) 1(0.8)
Grade>3 0 1(0.8)
Infusion-related reactions 41 (33.6) 29 (24.2)
Grade>3 4(3.3) 3(2.5)
Mucositis 32(26.2) 12 (10.0)
Grade>3 4(3.3) 0
Interstitial lung disease 2 (1.6) 4(3.3)
Grade >3 0 0

Data are number of patients, n (%)

AEs to monitor, i.e., AEs that the health authorities requested to be monitored closely (usually potential

risks or missing information)

AE adverse event

Table 3 Safety summary in the safety population who crossed over to
pertuzumab

Pertuzumab plus tras-
tuzumab plus docetaxel

(n=12)
Patients with>1 AEs 541.7)
AE:s (all grades)
Aspartate aminotransferase increase 2 (16.7)
Alanine aminotransferase increase 1(8.3)
Blood alkaline phosphate increase 1(8.3)
Blood creatinine increase 1(8.3)
Hyperglycemia 1(8.3)
Hypoalbuminemia 1(8.3)
Hypokalemia 1(8.3)
Large intestine polyp 1(8.3)
Neutropenia 1(8.3)
Peripheral arterial occlusion disease 1(8.3)
Grade>3 AEs
Large intestine polyp 1(8.3)

Data are number of patients, n (%)

Table includes AEs with onset from first dose of study drug through
42 days after last dose of study drug

AE adverse event

@ Springer

showing poorer OS in a subset of patients, new anti-HER2
therapies and regimens may provide improved clinical out-
comes following disease progression [10—13]. Furthermore,
the development of screening techniques (such as liquid
biopsy) can identify targetable genomic alterations that can
be utilized to determine an optimal treatment regimen in
patients [14].

The overall safety profile was consistent with the primary
analysis, with few AEs reported that required additional
follow-up in either arm, and no new safety signals. Leu-
kopenia remained the most common AE in the study, fol-
lowed by neutropenia. Grade >3 AEs remained balanced
between arms, with neutropenia, leukopenia, febrile neu-
tropenia, anemia, and diarrhea being the most reported
(with the addition of hypertension and pneumonia since the
primary analysis). No new cardiac AEs were reported since the
primary analysis. Comparing the safety profile to the Asian
population in CLEOPATRA'’s exploratory analysis, the rates
of AEs of special interest to pertuzumab were lower, specifi-
cally diarrhea (45.9% vs. 74.4% vs.) and febrile neutropenia
(4.1% vs. 25.6%) [7]. This suggests that AE management
has improved over time, with rates similar to the overall
population in CLEOPATRA (diarrhea 66.8% and febrile
neutropenia 13.8%) [3]. Therefore, the safety profile
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remained consistent with that observed in the primary analy-
sis and CLEOPATRA ITT population, and with the estab-
lished pertuzumab safety profile.

Conclusions

This final analysis of PUFFIN showed, as with the primary
analysis, that overall efficacy was consistent with that of
the ITT population in CLEOPATRA. Safety of pertuzumab
remained consistent with the known pertuzumab profile.
Overall, PUFFIN contributes to the totality of data with
pertuzumab in previously untreated HER2-positive locally
recurrent or metastatic breast cancer and supports the favora-
ble benefit-risk profile of pertuzumab in Chinese patients.
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