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Abstract
Purpose  Intravenous trastuzumab, pertuzumab, and docetaxel are first-line standard of care for patients with HER2-positive 
metastatic breast cancer (mBC). MetaPHER is the first study assessing the safety and tolerability of subcutaneous trastuzumab 
plus intravenous pertuzumab and chemotherapy in a global patient population with HER2-positive mBC.
Methods  In this open-label, single-arm, multicenter, phase 3b study, eligible patients were ≥ 18 years old with histologically/
cytologically confirmed previously untreated HER2-positive mBC. All received ≥ 1 subcutaneous trastuzumab 600 mg fixed 
dose plus intravenous pertuzumab (loading dose: 840 mg/kg; maintenance: 420 mg/kg) and docetaxel (≥ 6 cycles; initial 
dose 75 mg/m2) every 3 weeks. The primary objective was safety and tolerability; secondary objectives included efficacy.
Results  At clinical cutoff, 276 patients had completed the study; median duration of follow-up was 27 months. The most 
common any-grade adverse events were diarrhea, alopecia, and asthenia; the most common grade ≥ 3 events were neutro-
penia, febrile neutropenia, and hypertension. There were no cardiac deaths and mean left ventricular ejection fraction was 
stable over time. Median investigator-assessed progression-free survival was 18.7 months; objective response rate was 75.6%.
Conclusions  Safety and efficacy with subcutaneous trastuzumab plus intravenous pertuzumab and docetaxel in mBC are 
consistent with historical evidence of intravenous trastuzumab with this combination. Findings further support subcutane-
ous administration not affecting safety/efficacy profiles of trastuzumab in HER2-positive BC with increased flexibility in 
patient care. A fixed-dose combination of pertuzumab and trastuzumab for subcutaneous injection has recently been approved 
for the treatment of HER2-positive early/mBC, further addressing the increasing relevance of and need for patient-centric 
treatment strategies.
Trial registration  NCT02402712
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PH FDC SC	� Fixed-dose combination of pertuzumab 
and trastuzumab for subcutaneous 
injection

rHuPH20	� Recombinant human hyaluronidase

Introduction

In previously untreated patients with human epidermal 
growth factor receptor 2 (HER2)-positive metastatic breast 
cancer (mBC), the pivotal phase 3 CLEOPATRA study dem-
onstrated improved progression-free survival (PFS: 18.5 
vs. 12.4 months, hazard ratio [HR] 0.62; 95% confidence 
interval, 0.51–0.75; P < 0.001), as assessed by an independ-
ent review facility, with first-line intravenous fixed-dose 
pertuzumab (P IV), weight-based intravenous trastuzumab 
(H IV), and docetaxel (D IV) compared with placebo,  
H IV, and D IV. Statistical significance for improved overall 
survival (OS) with P IV plus H IV and D IV was reached 
in a secondary interim analysis and further confirmed after 
an additional year (at 30-month follow-up: not reached 
vs. 37.6 months, HR 0.66; at 4 years’ follow-up: 56.5 vs. 
40.8 months, HR 0.68) [1–3]. Based on these results, H IV 
plus P IV and D IV is the first-line standard of care for these 
patients [4]. The CLEOPATRA end-of-study analysis at 
99-month follow-up (maximum 120 months) has continued 
to show the improved OS benefit of this regimen (57.1 vs. 
40.8 months, HR 0.69) and confirmed the consistency of its 
long-term safety, including maintained cardiac safety, com-
pared with placebo, H IV, and D IV [5].

Despite the benefit of H IV in HER2-positive mBC [6], 
the current IV formulation involves dose calculations, asep-
tic preparation of infusion fluids, long infusion durations 
(~ 30–90 min), and placement of a central line for adminis-
tration [7, 8]. Subcutaneous trastuzumab (H SC) contains a 
fixed dose of 600 mg of H co-formulated with 2000 U/m of 
recombinant human hyaluronidase (rHuPH20), a permeant 
enhancer that allows absorption and dispersion of large fluid 
volumes through degradation of hyaluronan [9]. It can be 
administered in ~ 2–5 min and has been shown to reduce 
patient chair and active healthcare professional time, com-
pared with H IV (20.9 vs. 77.8 min [P < 0.0001] and 5.1 vs. 
20.8 min [P < 0.0001], respectively) [8, 10]. In contrast to  
H IV, a loading dose and weight-adjusted dose are not 
required for H SC. Phase 2 and 3 studies have also reported 
higher patient preference and healthcare professional sat-
isfaction with H SC compared with H IV, in both HER2-
positive early breast cancer (eBC) and mBC (PrefHer and 
MetaspHer, respectively) [11–13].

In the pivotal phase 3 HannaH study, H SC was non-
inferior to H IV in patients with HER2-positive eBC, based 
on co-primary endpoints of pathologic complete response 
in the breast and serum trough concentration at pre-dose 

cycle 8 [14]. Event-free survival and OS, as well as safety, 
were also shown to be comparable between the two arms 
[14–17]. SafeHer further supported safety and tolerability 
of H SC as adjuvant therapy with concurrent or sequential  
chemotherapy for HER2-positive eBC; MetaspHer showed 
similar results in the metastatic setting [13, 18–20]. SAP-
PHIRE showed similar safety and tolerability of H SC com-
pared with H IV plus P IV and a taxane in the metastatic 
setting; however, this was a study of only 50 patients and 
such results have not yet been demonstrated globally.

Here, we report results from the primary and final analy-
sis of MetaPHER (NCT02402712). To our knowledge, 
this is the largest study to evaluate safety and tolerabil-
ity of first-line H SC plus P IV and D IV in patients with  
HER2-positive mBC.

Materials and methods

Study design and patients

MetaPHER was an open-label, single-arm, multicenter, 
phase 3b study. Full details of the study design are provided 
in the trial protocol in the supplementary materials (Online 
Resource 1). Eligible patients were aged ≥ 18 years with his-
tologically or cytologically confirmed HER2-positive mBC 
previously untreated with systemic non-hormonal anti-cancer  
therapy. Prior treatment with ≤ 2 lines of hormonal therapy, 
one of which could be in combination with everolimus, was 
permitted. Hormonal therapy concomitant with the use of 
P IV and H IV was permitted after chemotherapy discon-
tinuation. Additional inclusion criteria included baseline left 
ventricular ejection fraction (LVEF) ≥ 50%. Key exclusion 
criteria were prior adjuvant/neoadjuvant treatment with any 
anti-HER2 agent other than H for BC, a disease-free inter-
val of < 6 months from completion of adjuvant/neoadjuvant 
systemic non-hormonal treatment to recurrence of BC, and 
radiographic (computer tomography or magnetic resonance 
imaging) evidence of uncontrolled (symptomatic or requir-
ing treatment with continuous corticosteroids) central nerv-
ous system metastases.

Treatment

All patients received ≥ 1 dose of H SC (fixed-dose 600 mg) 
plus P IV (loading dose: 840 mg/kg; maintenance dose: 
420 mg/kg) every 3 weeks. D IV was also administered 
every 3 weeks for ≥ 6 cycles with a recommended initial 
dose of 75 mg/m2; continuation after cycle 6 was at the dis-
cretion of the treating physician and patient. The dose of 
docetaxel could be escalated to 100 mg/m2 if well tolerated. 
Granulocyte colony-stimulating factor was used according 
to product license and approved prescribing information for 
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docetaxel and American Society of Clinical Oncology clini-
cal guidelines [21]. Treatment was continued until disease 
progression, unacceptable toxicity, withdrawal of consent, 
death, or predefined study end.

Endpoints

The primary objective was evaluation of safety and toler-
ability. Adverse events (AEs) and cardiac AEs were graded 
according to the National Cancer Institute’s Common Termi-
nology Criteria for Adverse Events (NCI-CTCAE) version 
4.0 [22]. Heart failures were classified according to the New 
York Heart Association Functional Classification system.

Secondary objectives were evaluation of efficacy 
(investigator-assessed PFS, OS, and investigator-assessed  
objective response rate [ORR]) and incidence of anti-H and 
anti-rHuPH20 antibody formation. Investigator-assessed 
PFS and ORR were determined using Response Evaluation 
Criteria In Solid Tumors version 1.1.

Statistics

The planned sample size was 400 patients. The primary 
objective was assessed at 24 months after enrollment of 
the last patient, with analyses performed in all patients who 
received ≥ 1 dose of any study drug. The Kaplan–Meier 
method was used to estimate the medians of PFS and OS. 
All results are descriptive.

Results

Patients and treatment exposure

A total of 418 patients were enrolled in the study at  
88 locations across 12 countries (May 6, 2015–February 
23, 2017); 412 patients received ≥ 1 cycle of treatment and 
were analyzed for safety; median duration of follow-up was 
27 months. At the date of clinical cutoff for final analysis 
(February 22, 2019), 276 patients had completed the study 
and 160 remained on treatment (Fig. 1).

The mean age of patients was 55.6  years (standard 
deviation: 11.7) (Online Resource 2). All patients enrolled 
had HER2-positive disease and most had visceral disease 
(n = 306 [74.3%]) and estrogen receptor- and/or progester-
one receptor-positive hormonal status [n = 290 (70.4%)]. 
Approximately half of patients did not receive prior neo-
adjuvant or adjuvant treatment; 131 patients (31.8%) had 
received prior H therapy.

The median numbers of cycles for H SC, P IV, and D IV 
were 22.0, 21.5, and 6.0, respectively. The maximum num-
ber of cycles for H SC and P IV was 63; that of D IV was 

18. Among the 195 patients who received ≥ 1 anti-cancer 
treatment after study treatment discontinuation and disease 
progression, 160 (82.1%) were treated with HER2-targeted 
therapies (Online Resource 3). From first cycle onwards,  
100 patients (24.3%) were treated with prophylactic granu-
locyte colony-stimulating factor (253 treatments received).

Safety

A safety overview is provided in Table 1. Any-grade and 
grade ≥ 3 AEs occurred in 406 (98.5%) and 221 (53.6%) 
patients, respectively. The most common any-grade AEs 
were diarrhea (n = 261 [63.3%]), alopecia (n = 193 [46.8%]), 
and asthenia (n = 137 [33.3%]) (Table 2). The most com-
mon grade ≥ 3 AEs were neutropenia (n = 52 [12.6%]), 
febrile neutropenia (n = 35 [8.5%]), and hypertension (n = 25 
[6.1%]) (Table 2). Investigator-reported administration-
related and local injection site reactions occurred in 87 
patients (21.1%) (Table 2); H SC-related reactions occurred 
in 21 patients (5.1%), and all were grade 1. Serious AEs 
were reported in 107 patients (26.0%), treatment-related AEs 
in 399 patients (96.8%), AEs leading to withdrawal from 
any study treatment in 87 patients (21.1%; most frequently 
withdrawal of D IV [76/87; 87.4%]), and AEs leading to 
interruption of any study treatment in 147 patients (35.7%) 
(Table 1).

There were 87 deaths (21.1%) (Table 1). Most common 
causes were disease progression (n = 73 [17.7%]), AEs 
(n = 9 [2.2%]), and other causes occurring after treatment 
discontinuation determined to have an “unknown” cause by 
the investigator (n = 5 [1.2%]). AEs leading to death were 
“unexplained death” (n = 4), aortic dissection, lactic acido-
sis, community-acquired pneumonia (without neutropenia), 
B-cell lymphoblastic leukemia, and suicide (n = 1 each).

Three patients (0.7%) had grade ≥ 3 cardiac AEs 
(Table 1), which were supraventricular tachycardia (n = 1) 
and left ventricular dysfunction (n = 2). Serious AEs sug-
gestive of congestive heart failure occurred in one patient 
(0.2%) (Table 1) in the form of left ventricular dysfunction; 
there were no cardiac deaths (Table 1). Mean LVEF was sta-
ble over time (Online Resource 4), with decreases at cycles 
60 and 63 and during safety follow-up at weeks 120 and 144; 
notably, small numbers of patients were assessed at these 
timepoints. Table 3 provides a summary of significant LVEF 
declines (reduction of ≥ 10% from baseline to LVEF < 50%). 
Median baseline LVEF was 64% and median post-baseline 
worst LVEF was 58%. Of the 396 patients with LVEF meas-
urements at baseline and ≥ 1 post-baseline visit, 40 (10.1%) 
had a significant LVEF drop.

Patients were also analyzed by hormone receptor status 
and treatment with hormonal therapy. The most common 
any-grade AEs for patients with hormone receptor-positive 
BC who received hormonal therapy were diarrhea (n = 83 
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[64.8%]), alopecia (n = 59 [46.1%]), and asthenia (n = 48 
[37.5%]). The most common grade ≥ 3 events for the same 
subgroup were febrile neutropenia (n = 16 [12.5%]), neu-
tropenia (n = 13 [10.2%]), and diarrhea (n = 9 [7.0%]). In 
both cases, this was found not to differ from patients with 
hormone receptor-positive BC who did not receive hormonal 
therapy. Patients with hormone receptor-positive BC that 
received ≥ 1 dose of H IV/P IV after D IV discontinuation 
showed a low incidence of grade ≥ 3 events that also did not 
differ depending on hormonal therapy.

Efficacy

Median investigator-assessed PFS was 18.7  months  
(234 events [56.8%]) (Fig.  2a). Median OS was not 
reached by study end (87 events [21.1%]), and OS rates at 
12 and 24 months were 92.89% and 81.13%, respectively 
(Fig. 2b). ORR was 75.6%; 42 (12.5%) and 212 (63.1%) 
patients achieved a complete and partial response, respec-
tively (Online Resource 5). The clinical benefit rate was 
92.0% (309 patients). At 2 years, investigator-assessed PFS 
was greater for those given hormonal therapy compared 

with those that were not (55 events [53.8%] vs. 99 events 
[33.2%]).

Anti‑drug antibodies for H SC

Fifty-six (14.1%) and 95 (24.0%) patients were positive for 
anti-drug antibodies (ADAs) at baseline and post-baseline, 
respectively (Online Resource 6). Of the 95 patients with 
post-baseline ADAs, these were treatment-induced in 82 and 
treatment-enhanced in 13; 42/82 patients with treatment-
induced ADAs had transient ADAs, while 40 had persis-
tent ADAs. The median time to ADA onset was 3 weeks, 
and titers ranged from 1.00 to 512.00. Two patients (2.1%) 
had administration-related reactions (ARRs), both were  
H SC-related and occurred within 24 h of administration. 
Seventeen of the 300 patients who were ADA-negative post-
baseline (5.7%) also had ARRs. In both cases, no patients 
experienced ARRs grade ≥ 3.

Anti-rHuPH20 antibodies post-baseline were observed in 
11/396 patients.

Fig. 1   Patient dispositions.  
H SC subcutaneous trastu-
zumab, FUP follow-up period, 
P IV intravenous pertuzumab, 
PSP patient support program, 
PTAP post-trial access program, 
SoC standard of care
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Discussion

In this primary and final analysis of 412 patients with 
HER2-positive mBC, the safety profile of first-line H SC 
plus P IV and D IV was tolerable and consistent with that 
of CLEOPATRA, in which H was delivered intravenously 
within the same combination regimen and in a similar 
patient population [1–3, 5]. No new safety signals were 
identified and AEs of particular interest to P + H therapy, 
including diarrhea, rash, mucosal inflammation, and febrile 
neutropenia, occurred less frequently in MetaPHER than in 
the CLEOPATRA secondary interim OS analysis [2]. The 
incidence of AEs was similar whether patients received addi-
tional hormone therapy or not, with diarrhea and febrile neu-
tropenia the most common any-grade and grade ≥ 3 events, 
respectively.

Cardiac safety was further assessed in MetaPHER. 
Although grade ≥ 3 cardiac AEs and serious AEs sugges-
tive of congestive heart failure were more frequent in the 
CLEOPATRA secondary analysis, no cardiac deaths were 
reported in either study [2]. Baseline and post-treatment 
median LVEFs were also similar. Although a higher propor-
tion of patients had significant LVEF declines in MetaPHER, 
the majority of events were grade 1 or 2 and asymptomatic, 
and did not lead to study drug discontinuation.

Though efficacy results here were exploratory, investiga-
tor-assessed PFS and ORR findings support results observed 
with first-line H IV plus P IV and D IV in CLEOPATRA 
[2]. Median PFS was 18.7 months in MetaPHER and the 
CLEOPATRA secondary analysis [2]; ORRs were also 

Table 1   Safety summary

a Any event related to any study treatment component (H SC, P IV, or 
D IV)
b Events classified as System Organ Class “Cardiac Disorders”
c Serious events classified using the SMQ “Cardiac Failure”
d Deaths with SOC Cardiac Disorders as the primary cause
AE adverse event, CHF congestive heart failure, D IV intravenous 
docetaxel, H SC subcutaneous trastuzumab, P IV intravenous pertu-
zumab, SMQ Standardized MedDRA Query
Data are number of patients (%)

H SC + P IV + D IV
(N = 412)

Any AE 406 (98.5)
Grade ≥ 3 AE 221 (53.6)
Serious AE 107 (26.0)
Death 87 (21.1)
 Death due to disease progression 73 (17.7)
 Death due to AEs 9 (2.2)
 Death due to other causes 5 (1.2)

Related AEa 399 (96.8)
AE leading to drug withdrawala 87 (21.1)
AE leading to drug interruptiona 147 (35.7)
Cardiac AE
 Grade ≥ 3 cardiac AEb 3 (0.7)
 Serious AE suggestive of CHFc 1 (0.2)
 Cardiac deathd 0

Table 2   Any-grade and 
grade ≥ 3 AEs and investigator-
reported AEs

AE adverse event, ARR​ administration-related reactions, D IV intravenous docetaxel, H SC subcutaneous 
trastuzumab, P IV intravenous pertuzumab
Data are number of patients (%)

H SC + P IV + D IV
(N = 412)

Any grade Grade ≥ 3

AE
 Leukopenia 29 (7.0) 15 (3.6)
 Febrile neutropenia 35 (8.5) 35 (8.5)
 Neutropenia 75 (18.2) 52 (12.6)
 Diarrhea 261 (63.3) 21 (5.1)
 Mucositis 68 (16.5) 3 (0.7)
 Interstitial lung disease 5 (1.2) 1 (0.2)
 Rash 68 (16.5) 4 (1.0)
 Hypersensitivity, anaphylaxis 1 (0.2) 1 (0.2)

Investigator-reported AE
 ARR and local injection site reactions 87 (21.1) 5 (1.2)
 ARR and local injection site reactions: Only H SC-related 21 (5.1) 0
 ARR and local infusion site reactions: Only P IV infusion-related 22 (5.3) 1 (0.2)
 ARR and local infusion site reactions: Only D IV infusion-related 48 (11.7) 4 (1.0)



472	 Breast Cancer Research and Treatment (2021) 187:467–476

1 3

similar, although the number of patients achieving com-
plete response was slightly higher in CLEOPATRA vs. 
MetaPHER [1, 2].

The incidence of post-treatment ADAs to H SC (24%) 
was higher in MetaPHER than in HannaH (14.9%) [14]; 
pre-existing ADAs from previous H IV treatment at base-
line or increased anti-framework antibodies from H + P may 
explain this. Analysis of safety by immunogenicity status 
indicated no noticeable association between the presence of 
treatment-emergent ADAs for H SC and increased frequency 
or severity of ARRs.

Despite MetaPHER and CLEOPATRA including simi-
lar numbers of de novo patients with no prior therapy for 
BC (n = 205 [49.8%] and n = 218 [54.2%], respectively), 
the proportion who received H treatment prior was higher 
in our study (n = 131 [31.8%] vs. n = 47 [11.7%]) [1]. This 
is reflective of the fact that when the CLEOPATRA study 
design was developed, use of H as adjuvant treatment for 
BC was not as common. Race/ethnic group also differed 
between CLEOPATRA and our study, with MetaPHER 
including fewer Asians (n = 2 [0.5%] vs. n = 125 [31.1%]) 
and more White individuals (n = 347 [84.2%] vs. n = 245 
[60.9%]). These differences, as well as differences in study 
design/procedures (e.g., different versions of NCI-CTCAE 
for AE grading, and MetaPHER permitting concomitant use 
of hormonal therapy with study drug and excluding patients 
with disease-free interval of < 6 months vs. 12 months for 

CLEOPATRA), reflect differences in scope and timing of 
this study vs. CLEOPATRA [1].

The findings from the present study further add to the 
body of evidence indicating that SC administration does not 
affect the safety and efficacy profiles of H in HER2-positive 
BC. In particular, results from MetaPHER further confirm 
that a bridging approach based on pharmacokinetics is effec-
tive in the development of SC formulations of monoclonal 
antibodies. In specific circumstances, it may allow extrapola-
tion of data across indications in a regimen-agnostic manner, 
which could save time and resources in the development 
of future SC formulations. In fact, the HannaH study first 
demonstrated that H SC had non-inferior drug exposure 
compared to H IV, as well as non-inferior efficacy and com-
parable safety, in the neoadjuvant setting and in combina-
tion with chemotherapy in patients with HER2-positive eBC 
[14–17]. Based on the known efficacy, safety, and pharma-
cokinetic similarities of H IV across eBC and mBC and the 
consistent role of HER2 overexpression in driving tumor 
growth across the HER2 spectrum, the consistent results 
from MetaPHER of H SC in mBC and in combination with 
a P-based regimen were not surprising.

The relevance of SC formulations for patients and physi-
cians is increasing and opportunities for more flexible care 
outside of the traditional hospital setting are emerging. In 
that regard, H SC has demonstrated an acceptable safety pro-
file both when administered in the hospital and at home [23], 

Table 3   Summary of significant LVEF declines, overall and by treatment phase

a n = 411
b n = 398
c n = 396
d n = 385
e n = 162
AE adverse event, D IV intravenous docetaxel, H SC subcutaneous trastuzumab, LVEF left ventricular ejection fraction, P IV intravenous  
pertuzumab
Data are median (range) or number of patients (%)

H SC + P IV + D IV

Overall
(N = 412)

Treatment phase
(n = 387)

Post-treatment 
phase
(n = 387)

Median baseline LVEF (range) 64 (50–83)a

Median overall post-baseline worst value (range) 58 (30–74)b 59.0 (30–74) 60.0 (34–75)
Patients with baseline and ≥ 1 post-baseline value measured
 Increase or no change 89 (22.5)c 93 (24.2)d 65 (40.1)e

 Decrease of < 10% points from baseline 182 (46.0)c 178 (46.2)d 61 (37.7)e

 Decrease of ≥ 10% points from baseline 125 (31.6)c 114 (29.6)d 36 (22.2)e

Patients with LVEF < 50% and decrease ≥ 10% points from baseline 40 (10.1)c 37 (9.6) 13 (8.0)
 LVEF 45%–50% and decreased ≥ 10% points from baseline 21 (5.3)c 21 (5.5) 4 (2.5)
 LVEF < 45% and decreased ≥ 10% points from baseline 22 (5.6)c 19 (4.9) 9 (5.6)
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and a public/private partnership in Italy (HERHOME) has 
recently been initiated to deliver H SC therapy in a patients’ 
home [24–26]. A fixed-dose combination of P + H for SC 
injection (PH FDC SC) has been recently approved by the 
US Food and Drug Administration and European Medicines 
Agency for the treatment of patients with HER2-positive 
eBC and mBC [27, 28], based on the demonstration of  
non-inferior pre-dose cycle 8 P and H serum trough con-
centration and comparable efficacy and safety to the IV 
formulations in patients with HER2-positive eBC [29]. PH 
FDC SC provides increased flexibility in patient care than 
H SC as both H and P can be administered subcutaneously 
in minutes rather than hours. Similar benefits to H SC vs. H 
IV, including reduced patient clinic time, improved comfort 

during administration, and greater patient preference, were 
also reported with PH FDC SC [30].

Conclusions

As MetaPHER was a single-arm study, no comparator arm is 
available for direct comparisons of H SC plus P IV and D IV 
with H IV plus P IV and D IV. However, safety and efficacy 
results from this large cohort of patients with HER2-positive 
mBC in our study are consistent with the results of H IV 
plus P IV and D IV in CLEOPATRA and further support 
the conclusion of the pivotal HannaH study for H SC in eBC 
[1–3, 5, 14]. Together, these results indicate that efficacy and 
safety of H given within standard regimens including P for 
HER2-positive eBC and mBC are not affected by adminis-
tration route. Results in the present study also complement 
evidence of increased flexibility of H SC to patients with 
BC, shortening administration time, and reducing patient 
clinic time. This novel route of administration of H is the 
first step in taking patients with HER2-positive BC to the 
next level of treatment convenience, opening the door to 
homecare therapy options.
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