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Abstract
Background Trastuzumab emtansine (T-DM1) treatment for human epidermal growth factor receptor-2 (HER2)-positive 
metastatic breast cancer after taxane with trastuzumab and pertuzumab is standard therapy. However, treatment strategies 
beyond T-DM1 are still in development with insufficient evidence of their effectiveness. Here, we aimed to evaluate real-
world treatment choice and efficacy of treatments after T-DM1 for HER2-positive metastatic breast cancer.
Methods In this multi-centre retrospective cohort study involving 17 hospitals, 325 female HER2-positive metastatic breast 
cancer patients whose post-T-DM1 treatment began between April 15, 2014 and December 31, 2018 were enrolled. The 
primary end point was the objective response rate (ORR) of post-T-DM1 treatments. Secondary end points included disease 
control rate (DCR), progression-free survival (PFS), time to treatment failure (TTF), and overall survival (OS).
Results The median number of prior treatments of post-T-DM1 treatment was four. The types of post-T-DM1 treatments 
included (1) chemotherapy in combination with trastuzumab and pertuzumab (n = 102; 31.4%), (2) chemotherapy concomi-
tant with trastuzumab (n = 78; 24.0%), (3), lapatinib with capecitabine (n = 63; 19.4%), and (4) others (n = 82; 25.2%). ORR 
was 22.8% [95% confidence interval (CI): 18.1–28.0], DCR = 66.6% (95% CI 60.8–72.0), median PFS = 6.1 months (95% 
CI 5.3–6.7), median TTF = 5.1 months (95% CI 4.4–5.6), and median OS = 23.7 months (95% CI 20.7–27.4).
Conclusion The benefits of treatments after T-DM1 are limited. Further investigation of new treatment strategies beyond 
T-DM1 is awaited for HER2-positive metastatic breast cancer patients.
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Introduction

Recent developments in diagnostic accuracy and drug thera-
pies have improved the outcomes of early-stage breast can-
cer patients [1, 2]. However, ~ 20% of breast cancer patients 
have a poor prognosis due to metastasis [3–5]. Metastatic 

spread has been estimated to be the primary cause of 90% 
of cancer-related deaths [6]. In routine clinical practice, the 
treatment regimens for metastatic breast cancer are deter-
mined based on a combination of immunohistochemical 
analyses of oestrogen receptor (ER), progesterone recep-
tor (PgR), and human epidermal growth factor 2 (HER2) 
expression [7–9]. HER2-positive metastatic breast cancer 
was previously associated with a worse prognosis due to 
aggressive tumour progression and shorter patient survival 
[10]. However, the treatment strategy of HER2-overex-
pressing metastatic breast cancer changed drastically after 
trastuzumab was approved by the Food and Drug Adminis-
tration (FDA) in 1998 [11–13]. Following this, additional 
HER2-targeted agents, such as lapatinib, pertuzumab, and 

Supplementary Information The online version contains 
supplementary material available at https ://doi.org/10.1007/s1228 
2-020-01192 -y.

 * Toshimi Takano 
 takano@toranomon.gr.jp

Extended author information available on the last page of the article

http://orcid.org/0000-0001-7068-7117
http://crossmark.crossref.org/dialog/?doi=10.1007/s12282-020-01192-y&domain=pdf
https://doi.org/10.1007/s12282-020-01192-y
https://doi.org/10.1007/s12282-020-01192-y


582 Breast Cancer (2021) 28:581–591

1 3

trastuzumab emtansine (T-DM1), were approved for the 
treatment of HER2-positive metastatic breast cancers [14]. 
In 2019–2020, FDA also approved trastuzumab deruxtecan 
(T-Dxd), tucatinib, and neratinib for HER2-positive meta-
static breast cancer.

T-DM1 is an antibody–drug conjugate that incorporates 
the effectiveness of trastuzumab with the cytotoxic activ-
ity of the microtubule-inhibitory agent emtansine (DM1). 
T-DM1 inhibits the HER2 signalling pathway, resulting 
in cessation of cancer cell proliferation. Moreover, the use 
of T-DM1 avoids the exposure of chemotherapy to normal 
tissues by targeting chemotherapy delivery, specifically to 
HER2-overexpressing cancer cells. Recent clinical trials 
indicate that T-DM1 is useful for the treatment of HER2-
positive metastatic breast cancer patients. In the EMILIA 
trial that assessed the efficacy of T-DM1 in HER2-positive 
metastatic breast cancer, T-DM1 significantly prolonged 
progression-free and overall survival with less toxicity com-
pared with lapatinib plus capecitabine in patients previously 
treated with trastuzumab and a taxane [15]. Results from the 
MARIANNE study involving patients with HER2-positive 
metastatic breast cancer showed that the median response 
duration was 12.5 months in patients who were treated with 
trastuzumab plus taxane, 20.7 months in those treated with 
T-DM1, and 21.2 months in patients treated with T-DM1 
plus pertuzumab [16].

Since T-DM1 was approved as a new agent based on 
these clinical studies in 2014, the use of T-DM1 for HER2-
positive metastatic breast cancer after taxane with trastu-
zumab and pertuzumab has been established as standard 
therapy. However, treatment strategies beyond T-DM1 are 
still in development as there is insufficient evidence regard-
ing their current status in this setting. In this multi-centre 
cohort study, we aimed to clarify the real-world treatment 
choice and efficacy of treatments after T-DM1 for HER2-
positive metastatic breast cancer.

Patients and methods

Study design

This study was an observational retrospective multi-centre 
cohort study involving 17 hospitals which participated in the 
West Japan Oncology Group (WJOG). The study was regis-
tered in the UMIN Clinical Trial Registry (UMIN000037747) 
and approved by the ethics committee in all 17 sites. Data 
from each facility were collected by the data centre at WJOG 
using an electronic data capture system.

HER2-positive metastatic breast cancer patients who had 
received T-DM1 were included in this trial. We defined the 
treatments after treatment with T-DM1 as “post-T-DM1 
treatments.” The main eligibility criteria were as follows: 

(1) metastatic breast cancer, (2) HER2-positive breast can-
cer, and (3) patients whose post-T-DM1 treatments initiated 
between January 1, 2014 and December 31, 2018. Patients 
who received investigational drugs as the post-T-DM1 treat-
ment were excluded from the current study. ER and PgR are 
considered positive if 1% or more of the tumour cells dem-
onstrate positive nuclear staining by immunohistochemistry. 
The definition of HER2 positive is “HER2 3 + ” or “HER2 
ISH positive”.

Outcomes of interest

The analysis was designed to evaluate clinical backgrounds 
and the effectiveness of post-T-DM1 treatments in HER2-
positive metastatic breast cancer patients in practice in 
Japan. The primary end point was objective response rate 
(ORR), and secondary end points included disease control 
rate (DCR), progression-free survival (PFS), time to treat-
ment failure (TTF), and overall survival (OS).

The ORR is the percentage of patients with a complete 
response (CR) or partial response (PR) in the best overall 
response. The DCR is the proportion of patients with CR, 
PR, or stable disease (SD) in the best overall response. PFS 
was calculated starting from the start date of the treatment 
and ending with the earliest event of disease progression 
or death. Deterioration of the disease was defined as the 
day clinically judged as progressive disease (PD), regardless 
of imaging. The therapeutic effect was mainly calculated 
following the response evaluation criteria in solid tumours 
(RECIST), with an additional aid by the attending physician. 
TTF was calculated starting from the start date of the target 
treatment and ending with the earliest event of disease pro-
gression or treatment discontinuation. OS was defined as the 
time from the date of diagnosis until the last date for which 
survival status data were available (last follow-up date: June 
31st, 2019). All deaths were considered events regardless of 
the reason.

Pa�ents registered in the study
total n = 328

Pa�ents included in the 
whole analysis
n = 325

Pa�ents with target lesion
n = 290

Pa�ents excluded
(found ineligible a�er 
registra�on)
n = 3

Pa�ents without target 
lesion
n =35

Fig. 1  Flow diagram of the patient population
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The number of prior treatments was determined as fol-
lows. Single use of anti-HER2 drugs was not counted as a 
treatment line, whereas single use of endocrine therapy or 
chemotherapy was counted as one treatment line. T-DM1 
was counted as one line of chemotherapy. Pre- and post-
operative chemotherapies and endocrine therapies were not 
included.

Statistical analysis

For patient backgrounds, frequencies and percentages were 
calculated for categorical data, and descriptive statistics val-
ues were calculated for quantitative data.

ORR and DCR were calculated for populations with tar-
get lesions, and 95% confidential intervals (CIs) were cal-
culated based on the Clopper–Pearson method. PFS, TTF, 
and OS were calculated for the overall population, and the 
survival curves were estimated using the Kaplan–Meier 
method. The CIs for median survival and survival rates 
were calculated according to the Brookmeyer and Crowley 
method and Greenwood’s formula, respectively. The date of 
disease progression was defined as the date clinically deter-
mined as PD.

The subgroup analyses were pre-planned with the fol-
lowing parameters: T-DM1 resistant or refractory, Eastern 
Cooperative Oncology Group Performance Status (ECOG 
PS) of 0 or 1, the presence or absence of brain metasta-
ses, age under 65 or 65 and up, best overall response for 
T-DM1 CR/PR/SD or PD, prior therapy with or without 
pertuzumab, positive or negative ER and PgR status, the 
presence or absence of visceral metastases at the start of 
post-T-DM1 treatment, and the number of treatment lines 
before T-DM1 of zero and one or two or more. “Resistant” 
was defined as cases that once showed SD, PR, or CR but 
eventually resulted in PD. The category “refractory” was 
defined as cases in which the response of T-DM1 treatment 
was PD from the beginning. Visceral metastases refer to 
liver or lung/pleural metastases.

Statistical significance was defined as a p value less than 
0.05. Statistical analyses were performed using SAS version 
9.4 (SAS Institute, North Carolina, USA).

Results

Patient characteristics

A flow diagram of the included patients is shown in Fig. 1. 
Of the 328 enrolled patients, 325 patients were included in 
the final analysis. Of all cases analysed, 290 patients had a 
target lesion (89.2%).

A summary of patient characteristics is shown in Table 1 
and Supplemental Table 1. All patients were female, and 

the median age was 59 years (range 25–96). Of the 325 
patients, there were 182 (56%) ER-positive cases. The 
number of patients with de novo stage IV was 124 (38.2%), 
and 201 (61.8%) experienced recurrence. There were 273 
(84%) patients with an ECOG PS of 0 or 1 at the start of 
post-T-DM1 therapy. Brain metastases occurred in 61 cases 
(18.8%). The number of patients previously treated with 
pertuzumab, taxane, or anthracycline was 217 (66.8%), 279 
(85.8%), and 102 (31.4%), respectively. The median line of 
post-T-DM1 treatment was 4 (range 2 to more than 10).

Clinical benefit of post‑T‑DM1 treatment

We analysed ORR and DCR in 290 cases with a target lesion 
(Table 2). The ORR was 22.8% (95% CI 18.1–28.0%), and 
DCR was 66.6% (60.8–72.0%). CR occurred in 0.7% of 
patients. 

Survival was analysed in the entire population (n = 325) 
with a median follow-up time of 16.3 months (95% CI 
14.3–18.2). Median PFS was 6.1 months (95% CI 5.3–6.7) 
with a 1-year PFS rate of 24.8% (Fig. 2a). The median TTF 
was 5.1 months (95% CI 4.4–5.6) with a 1-year TTF rate 
of 19.8% (Fig. 2b). Median OS was 23.7 months (95% CI 
20.7–27.4) with a 1-year OS rate of 75.4% and 3-year OS 
rate of 33.4% (Fig. 2c).

The selected post-T-DM1 treatment was as follows 
(Table 3 and Supplemental Table 2): (1) chemotherapy in 
combination with trastuzumab and pertuzumab (n = 102; 
31.4%), (2) chemotherapy concomitant with trastuzumab 
only (n = 78; 24.0%), (3) lapatinib with capecitabine (n = 63; 
19.4%), and (4) others (n = 82; 25.2%). Chemotherapy used 
with trastuzumab and pertuzumab in descending order were 
taxane, eribulin, and vinorelbine, while chemotherapies used 
with trastuzumab only included gemcitabine and capecit-
abine. Anthracycline was selected in 17 cases (5.2%). Of 
217 cases with previous pertuzumab use, pertuzumab was 
administered again in 67 cases as post-T-DM1 treatment.

To determine the effectiveness of each treatment, we eval-
uated the following three groups individually: chemotherapy 
concomitant with trastuzumab and pertuzumab, chemother-
apy concomitant with trastuzumab only, and lapatinib with 
capecitabine. Patients treated with chemotherapy in combi-
nation with trastuzumab and pertuzumab showed the highest 
ORR of 27.1% (95% CI 18.5–37.1), while ORR of chemo-
therapy in combination with trastuzumab, and lapatinib with 
capecitabine were 17.9% (95% CI 9.6–29.2) and 20.0% (95% 
CI 10.4–33.0), respectively. Those treated with lapatinib 
with capecitabine showed the highest DCR of 74.5% (95% 
CI 60.1–85.3) due to the percentage of the SD population 
accounting for more than 50%, whereas DCR of chemo-
therapy in combination with trastuzumab and pertuzumab, 
and chemotherapy in combination with trastuzumab were 
67.7% (95% CI 57.4.6–76.9) and 58.2% (95% CI 45.5–70.2), 
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Table 1  Patient characteristics 
of eligible cohort (n = 325)

Characteristics Number of cases (n = 325) %

Sex
 Male 0 0.0%
 Female 325 100.0%

Age Median (min—max) 59 (25–96)
 < 40 19 5.8%
 40–64 200 61.5%
 65–74 74 22.8%
 75 or more 32 9.8%

Menopause
 Pre 39 12.0%
 Post 230 70.8%
 Unknown 56 17.2%

Stage
 De novo Stage IV 124 38.2%
 Recurrence 201 61.0%

Operation
 Yes 230 70.8%
 No 95 29.2%

ER
 Positive 182 56.0%
 Negative 143 44.0%
 Unknown 0 0.0%

PgR
 Positive 114 35.1%
 Negative 209 64.3%
 Unknown 2 0.6%

HER2 score
 0 0 0.0%
 1 + 1 0.3%
 2 + 77 23.7%
 3 + 246 75.7%
 Missing value 1 0.3%

HER2 ISH
 − 5 1.5%
 + 87 26.8%
 Unknown 233 71.7%

Pertuzumab use in treatment before T-DM1
 Yes 217 66.8%
 No 108 33.2%

Taxane use in treatment before T-DM1
 Yes 279 85.8%
 No 46 14.2%

Anthracycline use in treatment before T-DM1
 Yes 102 31.4%
 No 223 68.6%

Number of treatment before T-DM1 median (min–max) 2 (0–≥ 10)
 0 or 1 120 36.9%
 2 or more 205 63.1%

PS at starting post-T-DM1 treatment
 0 102 31.4%
 1 171 52.6%
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respectively. The survival curves of each treatment were 
almost identical (Supplemental Fig.1). Furthermore, the 
OS survival curves were slightly worse in the lapatinib with 
capecitabine group. Detailed patient backgrounds showed 
that patients with T-DM1 best response PD were 39.7% 
in lapatinib with capecitabine, 31.4% in chemotherapy in 
combination with trastuzumab and pertuzumab, and 30.8% 
in chemotherapy in combination with trastuzumab. As for 
patients with brain metastasis, these were 31.7%, 14.7%, and 
15.4%, respectively (Data not shown).

Use of post‑T‑DM1 treatment in subgroup analysis

Prespecified subgroup analyses of ORR showed consistent 
results across subgroups as follows (Fig. 3): age (younger 
than 65 = 24.2%, 65 or older = 19.6%), response to T-DM1 
(CR/PR/SD = 24.0%, PD = 19.8%), T-DM1 best response 
(resistance = 25.7%, refractory = 20.9%), ER status (posi-
tive = 23.1%, negative = 24.2%), PgR status (positive = 21%, 
negative = 23.4%), the presence of visceral metastasis (with 
metastasis = 22.6%, without metastasis = 23.1%), and treat-
ment line before T-DM1 (fewer than two = 26.4%, two or 
more = 20.7%). Subgroup analyses of TTF and PFS also 
showed consistent results across all subgroups (Supple-
mental Fig. 3 and 4). Patients with previous pertuzumab 
use showed similar results (ORR = 19.3%, DCR = 64.1%, 
PFS = 5.9 months, TTF = 4.6 months, and OS = 23 months) 
with those without previous pertuzumab use (ORR = 29.6%, 
DCR = 71.4%, PFS = 6.5 months, TTF = 5.6 months, and 
OS = 24.2  months). Subgroup analyses of pertuzumab 
rechallenge consisting of 217 cases with previous per-
tuzumab use showed the following results: the pertu-
zumab rechallenge group (ORR = 19%, DCR = 63.5%, 
PFS = 5.5 months, TTF = 4.6 months, and OS = 29.7 months) 
and the pertuzumab non-rechallenge group (ORR = 19.4%, 

Table 1  (continued) Characteristics Number of cases (n = 325) %

 2 or more 18 5.5%
 Unknown 34 10.5%

Presence of metastasis
 Yes 314 96.6%
 No 11 3.4%

Metastatic cites (multiple selection allowed)
 Liver 110 33.8%
 Lung or pleural 162 49.8%
 Brain 61 18.8%
 Others 224 68.9%

Presence of target lesion
 Yes 290 89.2%
 No 35 10.8%

Table 2  ORR and DCR of post T-DM1 (n = 290)

Treatment line: median 4 (2–≥ 10)
CR complete response, PR partial response, SD stable disease, PD 
progressive disease, NE not evaluable, ORR overall response rate, 
DCR disease control rate, 95% CI 95% confidence interval

Number of cases 
(n = 290)

% 95% CI

CR 2 0.7
PR 64 22.1
SD 127 43.8
PD 81 27.9
NE 16 5.5
ORR 66 22.8 (18.1–28.0)
DCR 193 66.6 (60.8–72.0)

Table 3  Types of post T-DM1 treatment (n = 325)

CTx chemotherapy, HTx hormonal therapy

Number of cases 
(n = 325)

%

Lapatinib + capecitabine 63 19.4%
Trastuzumab + pertuzumab + CTx 102 31.4%
Trastuzumab + pertuzumab + HTx 3 0.9%
Trastuzumab + pertuzumab 2 0.6%
Trastuzumab + CTx 78 24.0%
Trastuzumab + HTx 10 3.1%
Trastuzumab 11 3.4%
Anthracycline 17 5.2%
other CTx 24 7.4%
HTx 6 1.8%
Others 9 2.8%
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DCR = 64.3%, PFS = 4.5 months, TTF = 6.0 months, and 
OS = 22.1 months) (Table 4).

Some trends were observed in subgroup analyses. Regard-
ing ORR, patients without brain metastasis showed ORR of 
25.5% (95% CI 20.1–31.6), as compared with 10.9% (95% 
CI 4.1–22.2) in cases with brain metastasis. Patients with de 

novo stage IV breast cancer showed ORR of 30.4% (95%CI: 
22–39.8), while those with recurrence showed 18.0% (95% 
CI 12.6–24.4) (Fig. 3). Subgroup analyses of DCR, TTF, 
PFS, and OS are shown in Supplemental Fig. 2–5.

Discussion

In this study, we evaluated the treatment choice and effi-
cacy of post-T-DM1 treatments in real-world practice. We 
found that chemotherapy in combination with trastuzumab 
and pertuzumab was the most commonly selected post-T-
DM1 treatment, and the efficacy of post-T-DM1 treatment 
was relatively limited (ORR = 22.8%, PFS = 6.1 months, and 
OS = 23.7 months). This study results provided insights into 
understanding the current practice patterns for patients who 
had prior treatment with T-DM1.

The efficacy of post-T-DM1 treatment in this study is 
lower than that of T-DM1 as the second-line therapy for 
HER2-positive metastatic breast cancer in the EMILIA study 
(ORR = 43.6%, PFS = 9.6 months, OS = 30.9 month). With a 
very limited effect of PFS at 6 months, third-line treatment 
for HER2-positive breast cancer requires further improve-
ment. As will be described later, the development of new 
drugs is being carried out for this purpose, and promising 
drugs are appearing. Second, regarding the subgroup analy-
sis, some trends seen in the results of this study are consist-
ent with the results of other HER2-positive metastatic breast 
cancer trials. Greater ORR can be expected with patients 
without brain metastasis, and patients with de novo stage 
IV. Greater DCR can be expected when the prior T-DM1 
resulted in a good response. With better PS and response 
to prior T-DM1 therapy, patients may likely achieve longer 
overall survival. Although the effect of third-line treatment 
is limited, it is expected that the current treatment is to some 
extent efficient on patients in these subgroups. Third, the 
patients in the group of laptainib with capecitabine as post-
T-DM1 treatment tended to have inferior OS. Based on the 
patient background, it is surmised that this is due to two 
factors: that there were many cases with (1) low response to 
prior T-DM1, and (2) brain metastasis.

At least two implications from the subgroup analyses 
can be pointed out. First, previous pertuzumab use may not 
affect the effect of post-T-DM1. In our study, previous per-
tuzumab use did not affect ORR, DCR, PFS, TTF and OS. 
In post hoc analysis of T-DXd, previous pertuzumab use 
did not affect the results either [17]. But the possibility that 
treatment after pertuzumab can be less effective has been 
suggested [18–20], though it was based on small and obser-
vational studies examining the efficacy of T-DM1 in patients 
with previous pertuzumab. Thus, further investigation is 
warranted to evaluate the influence of previous pertuzumab 
use over post-T-DM1 treatment.

a . Progression-free survival (PFS)

Median PFS:  6.1 (5.3-6.7) m
1y PFS: 24.8 %

Months

ytilibaborPlavivruS

Number at risk

b. Time to treatment failure (TTF)

Median TTF:  5.1 (4.4-5.6) m
1y TTF: 19.8 %

Months

ytilibaborP lavivruS

Number at risk

325 225 138 91 54 37 23 16 14 6 5 4 3 3 2 1 1 0

c. Overall survival (OS)

Median OS:  23.7 (20.7-27.4) m
1y OS: 75.4 %
3y OS: 33.4 %

Months

ytilibaborPlavivruS

Number at risk

325 307 281 245 211 178 147 122 101 87 72 64 47 31 26 17 14 6 0

Fig. 2  Survival curves of post-T-DM1 treatments (n = 325). a Pro-
gression-free survival (PFS) b Time to treatment failure (TTF). c 
Overall survival (OS)
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Second, we examined the effect of pertuzumab rechal-
lenge. At this time, there is no evidence of the rechallenge 
effect of pertuzumab, and the guidelines do not recom-
mend rechallenge. All results of the subgroup analyses 
were consistent between the pertuzumab rechallenge group 
and non-rechallenge group. OS tends to be better in pertu-
zumab rechallenge group, though evaluation in a prospec-
tive study is necessary. The results of an ongoing multi-
centre randomized phase-three study examining the effect 

of pertuzumab rechallenge are awaited (PRECIOUS study: 
UMIN000018202) [21]. For the above two points, we are 
planning additional post hoc analysis using the propensity 
score matching method.

There has recently been remarkable progress in the 
development of new drugs for HER2-positive metastatic 
breast cancer [22]. These include tyrosine kinase inhibi-
tors (neratinib and tucatinib), novel antibody–drug conju-
gates (trastuzumab-deruxtecan; T-DXd), novel anti-HER2 

Fig. 3  Subgroup analysis of ORR (n = 290)
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antibodies (margetuximab), and combination therapies of 
immune checkpoint inhibitors and anti-HER2 drugs. Some 
of these agents are primarily being developed for the treat-
ment after T-DM1. DESTINY-Breast01 [23], HER2CLIMB 
[24], NALA [25], and SOPHIA [26] clinical trials of T-DXd, 
tucatinib, neratinib, and margetuximab, respectively, have 
recently reported promising results. By offering real-world 
evidence on the current use of post-T-DM1 therapies, our 
results provide an opportunity for the reinterpretation of 
studies and implications for the understanding of these four 
studies.

The results of the current study complement the DES-
TINY-Breast01 trial, which lacked a control arm. The 
patients enrolled in the DESTINY trial had prior T-DM1 and 
had median of six lines of previous treatments. Regardless of 
the heavily treated population, the study showed markedly 
positive results, including an ORR of 60.9%, DCR of 97.3%, 
and PFS of 16.4 months. Although a direct comparison is 
not readily applicable, higher response rate and longer PFS 
have been shown despite the heavily treated and less treat-
able population background compared with our study; thus 
the advantage of T-DXd has been more evident. T-DXd is a 
highly promising treatment, even though careful monitoring 
and management are still required for adverse events, such 
as interstitial pneumonia.

The patients in the intervention group in HER2CLIMB 
received tucatinib with trastuzumab and capecitabine. 
Adding tucatinib to trastuzumab and capecitabine resulted 
in better PFS and OS outcomes than adding a placebo. 
Specifically, the ORR was 41% vs. 23%, PFS was 7.8 vs. 
5.6 months, and OS was 21.9 vs. 17.4 months at a median of 
three previous treatments. PFS of the control arm in HER-
2CLIMB was shorter than that of our study, which may be 
attributed to the large number of cases of brain metasta-
sis included in this trial (18.8% in our study and ~ 46% in 

HER2CLIMB). Taking this into account, the ORR and PFS 
of HER2CLIMB are considered to be very high.

The NALA trial compared neratinib (an irreversible pan-
HER tyrosine kinase inhibitor) plus capecitabine with lapa-
tinib plus capecitabine in patients with stage IV HER2-pos-
itive metastatic breast cancer who had received two or more 
previous HER2-directed therapies. The ORR was 32.8% vs. 
26.7%, and the median PFS and OS were 5.6 months vs. 5.5 
and 21 months vs. 18.7, respectively. In the NALA trial, the 
number of patients who received T-DM1 and pertuzumab 
as prior anti-HER2 therapy was relatively small at 54% and 
42%, respectively, which may account for the shorter prog-
nosis in this trial.

The SOPHIA trial compared margetuximab plus chemo-
therapy with trastuzumab plus chemotherapy in HER2-
positive metastatic breast cancer patients after one to three 
prior anti-HER2 therapies. Margetuximab is an Fc-modified 
anti-HER2 monoclonal antibody that showed enhanced anti-
body-dependent cell-mediated cytotoxicity compared with 
trastuzumab in in vitro studies. Margetuximab prolonged 
PFS (6.9 vs. 5.1 months) and showed a higher ORR (22% vs. 
16%) compared with trastuzumab. Similar to trastuzumab, 
its safety was acceptable. Infusion-related reactions were 
more common with margetuximab, but these were managea-
ble with premedication. Our studies differ in that all patients 
received pertuzumab as a pre-treatment in SOPHIA. The 
publication of this paper is highly anticipated, preferably 
with the details of other patient backgrounds.

Our results are consistent with the results of these tri-
als in that all conventional treatments have low efficacy in 
terms of ORR, PFS. The current study adds to a positive 
perspective that new drugs are expected to prolong overall 
survival. Furthermore, our real-world evidence on the cur-
rent use of post-T-DM1 treatments contributes to an in-depth 

Table 4  Effects of pertuzumab rechallenge in post T-DM1 treatment (ORR and DCR, n = 192, TTF, PFS, and OS, n = 217)

ORR overall response rate, DCR disease control rate, TTF time to treatment failure, PFS progressive-free survival, OS overall survival, 95% CI 
95% confidence interval. ORR and DCR were calculated for populations with target lesions, and 95% confidential intervals (CIs) were calculated 
based on the Clopper–Pearson method. PFS, TTF, and OS were calculated for the overall population, and the survival curves were estimated 
using the Kaplan–Meier method. The CIs for median survival and survival rates were calculated according to the Brookmeyer and Crowley 
method and Greenwood’s formula, respectively

Response Pertuzumab rechallenge (n = 63) Pertuzumab non-rechallenge (n = 129)

Events/total % 95% CI Events/total % 95% CI

ORR 12/63 19 (10.2–30.9) 25/129 19.4 (13.0–27.3)
DCR 40/63 63.5 (50.4–75.3) 83/129 64.3 (55.4–72.6)

Survival Pertuzumab rechallenge (n = 67) Pertuzumab non-rechallenge (n = 150)

Events/total Months 95% CI Events/total Months 95% CI

TTF 56/67 4.6 (3.0–7.8) 141/150 4.5 (3.7–5.8)
PFS 54/67 5.5 (4.4–10.2) 133/150 6 (4.9–6.7)
OS 27/67 29.7 (18.8–51.6) 82/150 22.1 (18.3–26.3)
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understanding and renewed evaluation of preceding trials on 
promising drugs under development.

We recognized several limitations of this study. First, due 
to the retrospective nature of this study, heterogeneity in the 
patient population and differences in treatment choice are 
inevitable. Because of the absence of a comparative treat-
ment group, only limited comparisons with prior clinical 
trial results are possible. Second, because this study col-
lected clinical data from daily practice, there may have been 
differences in timing and tumour evaluation methods, which 
may have affected our results. Third, as for selection bias, 
countermeasures were taken to ensure that the patients were 
registered not only from cancer specialized institutions, but 
also from other non-specialized institutions, thereby reduc-
ing referral filter bias. Additionally, selection bias within 
institutions was reduced because all eligible cases were reg-
istered impartially. Fourth, no information on adverse events 
was collected.

In conclusion, we found that post-T-DM1 treatments 
showed modest anti-tumour activity. Further investigation of 
new treatment strategy beyond T-DM1 is awaited for HER2-
positive metastatic breast cancer patients.
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