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Abstract

Background: Trastuzumab emtansine (T-DM1) is a second-line standard therapy for patients with human epidermal
growth factor receptor 2 (HER2)-positive metastatic breast cancer. Evidence regarding post–T-DM1 treatments is
currently lacking. We evaluated the effectiveness of post–T-DM1 drug therapy in patients with HER2-positive,
unresectable and/or metastatic breast cancer.

Methods: In this multicenter, retrospective, observational study, real-world clinical data of female patients with
HER2-positive breast cancer who had a history of T-DM1 treatment were consecutively collected from five sites in
Japan. We investigated the effectiveness of post–T-DM1 therapy by evaluating the real-world progression-free
survival (rwPFS), time to treatment failure (TTF), overall survival (OS), objective response rate (ORR), and clinical
benefit rate (CBR). Tumor response was assessed by investigators according to Response Evaluation Criteria in Solid
Tumors (RECIST version 1.1) guidelines. Subgroup and exploratory analyses according to background factors were
also undertaken.
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Results: Of the 205 patients who received T-DM1 treatment between 1 January 2014 and 31 December 2018, 128
were included in this study. Among the 128 patients analyzed, 105 (82%) patients received anti-HER2 therapy and
23 (18%) patients received regimens without anti-HER2 therapy. Median (95% confidence interval [CI]) rwPFS, TTF,
and OS were 5.7 (4.8–6.9) months, 5.6 (4.6–6.4) months, and 22.8 (18.2–32.4) months, respectively. CBR and ORR
(95% CI) were 48% (38.8–56.7) and 23% (15.1–31.4), respectively. Cox-regression analysis showed that an ECOG PS
score of 0, a HER2 immunohistochemistry score of 3+, recurrent type, ≥12 month duration of T-DM1 therapy, and
anti-HER2 therapy were independent variables for rwPFS. An exploratory subgroup analysis of regimens after T-DM1
showed that those with anti-HER2 therapy had a median rwPFS of 6.3 and those without anti-HER2 therapy had a
median rwPFS of 4.8 months.

Conclusions: In the real-world setting in Japan, several post–T-DM1 regimens for patients with unresectable and/or
metastatic HER2-positive breast cancer, including continuation of anti-HER2 therapy, showed some effectiveness;
however, this effectiveness was insufficient. Novel therapeutic options are still needed for further improvement of
PFS and OS in later treatment settings.

Trial registration: UMIN000038296; registered on 15 October 2019.

Keywords: Retrospective observational study, HER2-positive, Unresectable and/or metastatic breast cancer, KBCSG-
TR 1917, T-DM1/trastuzumab emtansine

Background
Human epidermal growth factor receptor 2 (HER2) is a
growth factor receptor gene that is amplified in approxi-
mately 15–20% of breast cancers, and HER2 protein
overexpression on the plasma membrane of tumor cells
reportedly correlates with a poor prognosis [1–6].
Trastuzumab, a HER2-targeting monoclonal antibody,

was approved in 1998 and has improved outcomes in
patients with HER2-positive breast cancer [7, 8]. Follow-
ing trastuzumab approval, other HER2-targeted drugs
have subsequently been approved for use in these pa-
tients, including lapatinib [9, 10] and pertuzumab [11,
12]. These therapies have been reported to prolong
progression-free survival (PFS) and overall survival (OS),
and to be more efficacious than conventional chemo-
therapies [11–16]. Based on the outcomes of the CLEO-
PATRA trial [12], pertuzumab + trastuzumab + taxane
is currently recommended as first-line therapy in HER2-
positive metastatic breast cancer [17].
The EMILIA trial investigated the use of trastuzumab

emtansine (T-DM1) as a second-line therapeutic to fol-
low treatment with trastuzumab and a taxane [13]. Add-
itionally, the TH3RESA trial demonstrated that patients
who had previously been treated with two or more regi-
mens experienced an increase in objective response rate
(ORR) and a prolongation of PFS and OS with T-DM1
treatment [14, 15]. T-DM1 is now the standard of care
for patients with HER2-positive metastatic breast cancer
who were previously treated with trastuzumab + taxane
[18]. However, the development of T-DM1 resistance,
either through reduced HER2 expression, reduced T-
DM1 binding, or other subversive signaling abnormal-
ities, remains a challenge [19]. For example, we previ-
ously reported several cases where tumors became

HER2-negative after T-DM1 treatment [20]. Currently,
there are no established treatment options to follow T-
DM1 therapy that have shown adequate evidence in
real-world settings. Therefore, we planned the present
study to establish real-world evidence to support clinical
treatment decisions. In this multicenter, retrospective
observational study conducted by the Kinki Breast Can-
cer Study Group-Translational Research (KBCSG-TR),
we aimed to examine real-world effectiveness following
T-DM1 discontinuation (post–T-DM1 treatment) in pa-
tients with HER2-positive, unresectable and/or meta-
static breast cancer.

Methods
Study design and patient population
The KBCSG-TR 1917 study (UMIN000038296) was a
multicenter, retrospective, observational study con-
ducted in patients with HER2-positive, unresectable
and/or metastatic breast cancer. The data cut-off date
for all analyses was 31 July 2019. Electronic medical re-
cords from five sites in Japan were used to identify pa-
tients who had received T-DM1 treatment (either as a
single-agent or in a combination therapy regimen) be-
tween 1 January 2014 and 31 December 2018.
The inclusion criteria were as follows: women aged

≥20 years at the start of post–T-DM1 treatment; patho-
logical diagnosis of HER2-positive, unresectable and
metastatic breast cancer (immunohistochemistry [IHC]
3+, IHC 2+ and in situ hybridization [ISH]+, or IHC not
evaluated and ISH+) according to the Japanese Breast
Cancer Society “General rules for clinical and patho-
logical recording of breast cancer” [21] at the time of
diagnosis; and initiation of at least one line of drug ther-
apy (anti-HER2 targeted therapy, molecular targeted
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therapy, chemotherapy, or endocrine therapy) for HER2-
positive, unresectable and/or metastatic breast cancer
between 1 January 2014 and 31 December 2018 immedi-
ately after T-DM1 treatment discontinuation. The exclu-
sion criteria were as follows: patient had received an
approved or new investigational drug without a breast
cancer indication (as defined in Japan) in any clinical
trial immediately following T-DM1 treatment discon-
tinuation; or expression (prior to the database lock) of
the intention not to participate in this study using the
opt-out approach.
We considered that the median PFS in the control

group (treatment of the physician’s choice) in the
TH3RESA trial was 3.3 months [15], and thus deter-
mined that a 4-month observation period for real-world
PFS (rwPFS) assessment would be sufficient.

Ethics approval
This retrospective observational study involving human
participants was conducted in accordance with the eth-
ical principles found in the Declaration of Helsinki, the
Ethical Guidelines for Medical and Health Research In-
volving Human Subjects, and in compliance with the
study protocol and all applicable local and national eth-
ical guidelines. This study was approved by the ethic
screening committee of Osaka Prefectural Hospital
Organization Osaka International Cancer Institute. As a
non-interventional study with no invasive procedures or
human-derived specimens, informed consent was neither
required nor obtained from study participants; the opt-
out approach was employed to ensure that patients had
the opportunity to refuse the registration of their infor-
mation in this study.

Patient registration and data collection
Patients with breast cancer who had a history of T-DM1
treatment were identified by study investigators using
the medical record search system at each study site.
Once extracted, patient records were checked and those
who met all of the inclusion criteria and none of the ex-
clusion criteria were considered as study participants.
Eligible patients were then consecutively registered from
3 September 2019 to 22 November 2019. Anonymized
data from the medical records of all patients registered
in the study were entered into the DATATRAK ONE®
system (DATATRAK Int., Mayfield Heights, OH, USA).

Study outcomes
Outcome assessments included rwPFS, time-to-
treatment failure (TTF), OS, ORR, and clinical benefit
rate (CBR). rwPFS was selected as the outcome measure
due to the nature of the study design (using electronic
medical records), and was in line with previous, similar,
analyses [22].

Tumor responses were assessed by the study investiga-
tors in patients with measurable target lesions, ideally
complying with the Response Evaluation Criteria in Solid
Tumors (RECIST) guidelines (version 1.1). Cancer pro-
gression was diagnosed by the attending physician at the
time of treatment. In this study, priority was given to the
attending physician over the study investigator’s assess-
ment of documented cancer progression based on RECI
ST (version 1.1). rwPFS was counted from the start date
of post–T-DM1 drug therapy to the date of the first
documented cancer progression (after the start date of
post–T-DM1 drug therapy) or the date of all-cause
death, whichever occurred first. The last date of docu-
mented rwPFS was the earliest occurring date of the fol-
lowing: post-treatment start date, last visit date, or data
cut-off date. TTF was defined as the time from the start
date of post–T-DM1 drug therapy to the date of the de-
cision on treatment discontinuation by the attending
physician (including disease progression and treatment
toxicity). OS was defined as the time from the start date
of post–T-DM1 drug therapy to the date of death from
any cause. ORR was defined as the percentage of the pa-
tient population with the best tumor response (complete
response [CR] or partial response [PR]). The CBR was
defined as the percentage of the patient population
whose best tumor response was CR or PR or who con-
tinued treatment for at least 6 months (from the start
date of post–T-DM1 drug therapy). Additional details
can be found in Additional File 1.

Statistical analysis
The sample size was set to allow each participating insti-
tution to register all eligible patients during the study
period. Prior to starting the study, we conducted a sur-
vey at each study site and from this were able to esti-
mate the number of patients considered feasible to
enroll during the study period. Assuming that five facil-
ities could enroll 20 patients per facility, we expected a
total enrolment of 100 patients.
Descriptive statistics were calculated for summaries of

patient characteristics. The median survival for rwPFS,
TTF, and OS was calculated using the Kaplan–Meier
method to estimate the survival curve and the log-rank
test to compare the groups; point estimates of survival
rates at 6, 12, 18, 24, and 36months, as well as their 95%
confidence intervals (CI) were calculated using Green-
wood’s formula. For rwPFS, univariate and multivariate
Cox-regression analyses were performed as exploratory
analysis; for selection of variables in the multivariate
analysis, “previous pertuzumab” and “regimens after T-
DM1” were entered using the forced entry method,
whereas other variables were selected using the stepwise
method. For ORR and CBR, point estimates and 95%
CIs were calculated using the Clopper–Pearson method.
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rwPFS, TTF, OS, ORR, and CBR for subgroup analysis
were calculated using the same statistical methods de-
scribed for the whole population.
Subgroup analyses included study outcome assessments

stratified according to Eastern Cooperative Oncology
Group Performance Status (ECOG PS; unknown vs 0, ≥ 1
vs 0), central nervous system (CNS) metastases (yes vs
no), visceral metastases (yes vs no), hormone receptor sta-
tus (positive vs negative), HER2 status (IHC3+ vs IHC2+/
ISH+ IHC unknown/ISH+), number of treatment lines be-
fore T-DM1 (≥ 2 vs < 2), history of pertuzumab treatment
(yes vs no), best response to T-DM1 treatment (CR or PR
vs others), and regimens after T-DM1 (anti-HER2 therapy
vs without anti-HER2 therapy).
Missing values were not imputed. Statistical analyses

were performed using SAS software, version 9.4 (SAS In-
stitute Inc., Cary, NC, USA). All tests were two-sided,
with p < 0.05 considered statistically significant.

Results
Study population
Patient disposition is shown in Fig. 1. Briefly, 205 pa-
tients who had received T-DM1 within the study period
of 1 January 2014 and 31 December 2018 were identified
from the medical records search. After evaluation
against the inclusion/exclusion criteria, 138 patients
were registered. The main reason for exclusion was that
the start date of post–T-DM1 treatment did not occur
within the study period. Ten registered patients were ex-
cluded from the analysis and the main reason for exclu-
sion was that patients did not meet the inclusion criteria
after completing T-DM1 treatment. The data collected
for the remaining 128 patients were analyzed; the

analysis population with measurable lesions included
111 patients.
Table 1 shows the patients’ characteristics as well as

those stratified by regimen type following T-DM1 treat-
ment and type of metastatic cancer, and those stratified
by recurrent / de novo cancer are shown in Add-
itional File 1. In the total analysis population, the median
(range) age was 59.0 (27–84) years. All patients were fe-
male with HER2-positive breast cancer (IHC3+, 81%
[n = 104]), and 65% (n = 83) were hormone receptor-
positive. Recurrent disease was reported for 64% (n = 82)
of patients (total analysis population), and 36% (n = 46)
had de novo disease (defined as Stage IV [Any T + Any
N +M1] or recurrence within 6 months of the start of
initial treatment). Regarding prior anti-HER2 therapies
before T-DM1 (total analysis population), trastuzumab,
pertuzumab, and lapatinib had been received by 94%
(n = 120), 56% (n = 72), and 28% (n = 36) of patients, re-
spectively. Regarding prior chemotherapy, 84% (n = 108)
had received taxane-based therapy and 50% (n = 64) had
received anthracycline-based therapy (Table 1). The me-
dian (range) T-DM1 treatment duration was 5.1 (0.0–
41.4) months. Forty-six (36%) patients had a best tumor
response of CR or PR with T-DM1 treatment. The most
common reason for T-DM1 discontinuation was disease
progression (80%).
At the start of post–T-DM1 treatment, 67 patients

(52%) had an ECOG PS score of 0, 25 patients (20%)
had a score of 1, nine patients (7%) had a score of ≥2,
and 27 patients (21%) had an unknown score. The meta-
static sites at post–T-DM1 treatment initiation (total
analysis population) were as follows: visceral (70%, n =
89), skin/subcutaneous soft tissue/lymph node (59%, n =

Fig. 1 Patient disposition. A Aged≥ 20 years at the start of drug therapy following T-DM1 treatment discontinuation. B Not pathologically
diagnosed with unresectable and/or metastatic human epidermal growth factor receptor 2 (HER2)-positive breast cancer. C Did not start at least
one line of drug therapy (anti-HER2 therapy, molecular targeted therapy, chemotherapy, and endocrine therapy) for unresectable and/or
metastatic HER2-positive breast cancer following T-DM1 treatment discontinuation between 1 January 2014 and 31 December 2018. D At least
one line of drug therapy (anti-HER2 therapy, molecular targeted therapy, chemotherapy, and endocrine therapy) was started for unresectable
and/or metastatic HER2-positive breast cancer following T-DM1 treatment discontinuation, but the start date was 1 January 2019 or later. T-DM1
trastuzumab emtansine
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Table 1 Patient demographic characteristics according to regimen after T-DM1

All
(N = 128)

Regimen after T-DM1

Anti-HER2 therapy
(n = 105)

Without anti-HER2 therapy
(n = 23)

Age (years)

Median (range) 59.0 (27–84) 60.0 (36–84) 57.0 (27–78)

≥ 60 years 62 (48.4) 54 (51.4) 8 (34.8)

ECOG PS

0 67 (52.3) 57 (54.3) 10 (43.5)

1 25 (19.5) 20 (19.0) 5 (21.7)

≥ 2 9 (7.0) 6 (5.7) 3 (13.0)

Unknown 27 (21.1) 22 (21.0) 5 (21.7)

Hormone receptor status

Positive 83 (64.8) 66 (62.9) 17 (73.9)

Negative 43 (33.6) 38 (36.2) 5 (21.7)

Unknown 2 (1.6) 1 (1.0) 1 (4.3)

HER2 status

IHC3+ 104 (81.3) 83 (79.0) 21 (91.3)

IHC2+ and ISH+ 21 (16.4) 19 (18.1) 2 (8.7)

IHC not performed and ISH + a 3 (2.3) 3 (2.9) 0 (0.0)

Type of metastatic breast cancer

De novob 46 (35.9) 39 (37.1) 7 (30.4)

Recurrent 82 (64.1) 66 (62.9) 16 (69.6)

Disease-free interval (months), median (range)c 39.59 (7.9–198.3) 39.59 (7.9–198.3) 42.00 (9.9–193.8)

Metastatic stie at initial metastatic diagnosis

Liver 42 (32.8) 34 (32.4) 8 (34.8)

Lung 36 (28.1) 33 (31.4) 3 (13.0)

Bone 44 (34.4) 37 (35.2) 7 (30.4)

Peritoneal dissemination 7 (5.5) 6 (5.7) 1 (4.3)

Ascites 0 (0.0) 0 (0.0) 0 (0.0)

CNS 5 (3.9) 5 (4.8) 0 (0.0)

Skin/subcutaneous soft tissues 17 (13.3) 14 (13.3) 3 (13.0)

Lymph nodes 60 (46.9) 50 (47.6) 10 (43.5)

Others 6 (4.7) 5 (4.8) 1 (4.3)

Drug therapy prior to T-DM1 treatment

Anti-HER2 therapy

Trastuzumab 120 (93.8) 99 (94.3) 21 (91.3)

Pertuzumab 72 (56.3) 58 (55.2) 14 (60.9)

Lapatinib 36 (28.1) 28 (26.7) 8 (34.8)

None 6 (4.7) 5 (4.8) 1 (4.3)

Chemotherapy

Anthracycline-based 64 (50.0) 50 (47.6) 14 (60.9)

Taxane-based 108 (84.4) 88 (83.8) 20 (87.0)

Paclitaxel 56 (43.8) 42 (40.0) 14 (60.9)

Docetaxel 80 (62.5) 67 (63.8) 13 (56.5)

Neither anthracycline nor taxane 19 (14.8) 16 (15.2) 3 (13.0)
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76), bone (41%, n = 53), and CNS (13%, n = 17). Overall,
characteristics in the population with measurable lesions
were similar to those in the total analysis population.

Treatment regimens
Treatment regimens after T-DM1 (total analysis popula-
tion) are shown in Table 2. Among the 128 patients ana-
lyzed, 105 (82%) patients received anti-HER2 therapy and
23 (18%) patients received regimens without anti-HER2
therapy. The following treatment regimens were used for
patients who received anti-HER2 therapy: pertuzumab-
containing therapy (28%) including a combination of

pertuzumab with trastuzumab ± chemotherapy or endo-
crine therapy, trastuzumab-containing therapy (excluding
pertuzumab) (27%), and lapatinib + capecitabine therapy
(27%).

Efficacy outcomes
The median (range) follow-up time was 15.5 (0.5–57.4)
months. The median rwPFS (95% CI; number of events)
was 5.7 months (4.8–6.9; 109) (Fig. 2A) and the median
TTF (95% CI; number of events) was 5.6 months (4.6–
6.4; 117). The median OS (95% CI; number of events)
was 22.8 months (18.2–32.4; 65) (Fig. 2B). Among the

Table 1 Patient demographic characteristics according to regimen after T-DM1 (Continued)

All
(N = 128)

Regimen after T-DM1

Anti-HER2 therapy
(n = 105)

Without anti-HER2 therapy
(n = 23)

Capecitabine/S-1 47 (36.7) 34 (32.4) 13 (56.5)

No. of chemotherapy treatments before T-DM1 in any setting

0 13 (10.2) 11 (10.5) 2 (8.7)

1 36 (28.1) 32 (30.5) 4 (17.4)

2 25 (19.5) 21 (20.0) 4 (17.4)

≥ 3 54 (42.2) 41 (39.0) 13 (56.5)

Duration from initial metastatic diagnosis to the start of T-DM1 treatment (months)

Median (range) 22.00 (0.03–174.9) – –

Best response with T-DM1

CR, PR 46 (35.9) 42 (40.0) 4 (17.4)

SD, non-CR/non-PD, PD 80 (62.5) 62 (59.0) 18 (78.3)

Unknown 2 (1.6) 1 (1.0) 1 (4.3)

Duration of T-DM1 treatment (months)

Median (range) 5.09 (0.03–41.4) 5.78 (0.7–41.4) 2.33 (0.03–26.5)

< 6 months 74 (57.8) 54 (51.4) 20 (87.0)

≥ 6 to < 12 months 30 (23.4) 29 (27.6) 1 (4.3)

≥ 12months 24 (18.8) 22 (21.0) 2 (8.7)

Reason for T-DM1 treatment discontinuation

Disease progression 102 (79.7) 82 (78.1) 20 (87.0)

Toxicity 21 (16.4) 19 (18.1) 2 (8.7)

Other 5 (3.9) 4 (3.8) 1 (4.3)

Metastatic site at start of drug therapy after T-DM1 treatment discontinuation

Viscera 89 (69.5) 72 (68.6) 17 (73.9)

Skin/subcutaneous soft tissues/lymph nodes 76 (59.4) 64 (61.0) 12 (52.2)

Bone 53 (41.4) 42 (40.0) 11 (47.8)

CNS 17 (13.3) 15 (14.3) 2 (8.7)

Other 9 (7.0) 8 (7.6) 1 (4.3)

Data are n (%) unless otherwise indicated
aThe study protocol states that “IHC3+ or IHC2+/ISH+ tumors are defined as HER2-positive”. However, at the case review meeting, it was determined that study
patients with “IHC not performed and ISH+” who underwent anti-HER2 therapy were to be regarded as HER2-positive
bDefined as Stage IV (Any T + Any N +M1) or recurrence within 6 months after the start of initial treatment
cA single missing case was excluded from recurrent cases
CNS central nervous system, CR complete response, ECOG PS Eastern Cooperative Oncology Group Performance Status, HER2 human epidermal growth factor
receptor 2, IHC immunohistochemistry, ISH in situ hybridization, PD progressive disease, PR partial response, SD stable disease, T-DMI trastuzumab emtansine
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111 patients with measurable lesions, one patient (0.9%)
achieved CR and 24 (22%) achieved PR, with an ORR of
23% (25/111; 95% CI: 15.1–31.4). SD was achieved in 34
patients (31%), 44 had PD (40%), and eight (7%) had an
unknown response. The CBR (95% CI) was 48% (38.8–
56.7).

Subgroup analysis
Subgroup analysis revealed that rwPFS was longer (per
the 95% CI) in patients with the following characteris-
tics: an ECOG PS score of 0 (6.7 months [95% CI: 5.4–
7.4]) vs an ECOG PS score of ≥1 (3.9 months [95% CI:
2.1–5.8]), HER2 IHC 3+ (6.2 months [95% CI: 5.1–7.1])
vs IHC 2+/ISH+ and IHC unknown/ISH+ (3.9 months

[95% CI: 2.1–6.7]), no history of pertuzumab treatment
(7.1 months [95% CI: 5.7–7.9]) vs history of pertuzumab
treatment (4.9 months [95% CI: 4.0–5.8]), and anti-
HER2 therapy (6.3 months [95% CI: 5.1–7.2]) vs regi-
mens without anti-HER2 therapy (4.8 months [95% CI:
1.9–5.9]). Other subgroup outcomes of TTF, OS, ORR,
and CBR are shown in Additional File 1.

Exploratory analysis of clinical factors associated with
rwPFS
To determine clinical variables associated with better
median rwPFS, univariate and multivariate Cox-
regression analyses were performed. An ECOG PS score
of 0 (≥1 vs 0: hazard ratio 1.81, 95% CI; 1.16–2.84), re-
current type (HR = 0.68, 95% CI; 0.42–0.97), a HER2 im-
munohistochemistry score of 3+ (HR = 0.52, 95% CI;
0.31–0.86), more than 12 months duration of T-DM1
treatment (≥ 12 months vs < 6 months: HR = 0.55, 95%
CI; 0.32–0.96), and anti-HER2 therapy (HR = 0.48, 95%
CI; 0.28–0.83) were identified as independent variables
for rwPFS in both analyses (Table 3). Kaplan–Meier
curves for each subgroup are shown in Fig. 3A–E. The
median rwPFS for anti-HER2 therapy was significantly
better than that of regimens without anti-HER2 therapy
(p = 0.004, Fig. 3A). Interestingly and unexpectedly,
rwPFS tended to be shorter in the de novo type than re-
current type (p = 0.058) (Fig. 3E).

Discussion
In this multicenter, retrospective, observational study,
we found that among 128 patients with HER2-positive
metastatic breast cancer in real-world clinical practice,
82% were treated with post–T-DM1 regimens that in-
cluded anti-HER2 therapy and 18% were treated with
post–T-DM1 regimens without anti-HER2 therapy. We
report a median rwPFS and OS for post–T-DM1 therapy

Table 2 Treatment regimen stratified by whether the patient
was treated with or without anti-HER2 therapy

All
(N = 128)

Anti-HER2 therapy 105 (82.0)

Trastuzumab + pertuzumab + chemotherapy 32 (25.0)

Trastuzumab + pertuzumab + endocrine therapy 1 (0.8)

Trastuzumab + pertuzumab 3 (2.3)

Trastuzumab + chemotherapy 16 (12.5)

Trastuzumab + endocrine therapy 9 (7.0)

Trastuzumab alone 10 (7.8)

Lapatinib + capecitabine 34 (26.6)

Regimens without anti-HER2 therapy 23 (18.0)

Bevacizumab + paclitaxel 12 (9.4)

Other chemotherapy 5 (3.9)

Everolimus + exemestane 2 (1.6)

Endocrine alone 4 (3.1)

Data are n (%)
HER2 human epidermal growth factor receptor 2

Fig. 2 Product-limit survival estimates for (A) real-world progression-free survival and (B) overall survival. CI confidence interval, OS overall survival,
rwPFS real-world progression-free survival
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of 5.7 and 22.8 months, respectively; patients with meas-
urable lesions had an ORR of 23%. Both the PFS and
ORR were similar to the data previously reported in the
control arms of several recent global clinical trials, in-
cluding the NALA, SOPHIA, monarcHER, and HER2-
CLIMB studies [23–27].
In the present study, a subgroup analysis revealed that

treatment regimens including anti-HER2 therapy
achieved better outcomes than those that did not in-
clude anti-HER2 therapy. Several previous studies have
reported a benefit for trastuzumab beyond progression
strategy [28, 29]. A report from Germany of patients
with HER2-positive early and advanced breast cancer
found that continuing trastuzumab treatment, combined
with capecitabine beyond progression, significantly

improved ORR and PFS compared with capecitabine
treatment alone, which supports the continued use of
anti-HER2 therapy [28]. Additionally, the findings from
a retrospective review of patients who received trastuzu-
mab for HER2-positive metastatic breast cancer showed
that PFS on first-line trastuzumab-based therapy was a
clinically relevant predictive factor for OS when patients
were treated with trastuzumab after progression [29]. A
retrospective study conducted in the US [30] investi-
gated the clinical outcomes of lapatinib treatment in pa-
tients who had been treated with pertuzumab +
trastuzumab and/or T-DM1; those patients had a TTF
of 6.0 months, which is comparable with the rwPFS re-
ported in our study. In the most recent Clinical Practice
Guidelines for systemic treatment of breast cancer

Table 3 Univariate/multivariate Cox-regression analysis for real-world progression-free survival

Univariate
(N = 128)

Multivariatea

(N = 126)

HRb 95% CI p value HRb 95% CI p value

Age (years)

≥ 60 vs < 60 0.70 0.478–1.024 0.066 – – –

ECOG PS

Unknown vs 0 1.22 0.748–1.991 0.425 0.95 0.555–1.621 0.848

≥ 1 vs 0 1.81 1.161–2.824 0.009 1.81 1.158–2.843 0.009

Recurrent / de novo, recurrent vs de novo 0.68 0.461–1.017 0.061 0.64 0.423–0.968 0.034

CNS metastasis, yes vs no 1.02 0.577–1.790 0.956 – – –

Visceral metastasis, yes vs no 1.08 0.715–1.623 0.724 – – –

Hormone receptor status, positive vs negative 0.97 0.650–1.449 0.883 – – –

HER2 status, IHC 3+ vs IHC 2+/ISH + or IHC unknown/ISH+ 0.60 0.374–0.961 0.034 0.52 0.307–0.864 0.012

Number of treatment lines before T-DM1 treatment, ≥ 2 vs < 2 1.01 0.688–1.491 0.949 – – –

History of pertuzumab treatment, yes vs no 1.55 1.054–2.286 0.026 1.28 0.855–1.903 0.232

History of lapatinib treatment, yes vs no 0.94 0.620–1.439 0.789 – – –

Regimen with anthracyclines and/or taxanes before T-DM1

Yes (both) vs no (both) 1.38 0.784–2.421 0.265 – – –

Yes (either one) vs no (both) 1.57 0.876–2.810 0.130 – – –

Best response during T-DM1 treatment

CR or PR vs SD, non-CR/non-PD, PD, or unknown 0.70 0.468–1.040 0.077 – – –

Duration of T-DM1 treatment

≥ 12months vs < 6 months 0.57 0.339–0.959 0.034 0.55 0.318–0.959 0.035

6–12 months vs < 6months 0.60 0.377–0.940 0.026 0.65 0.401–1.064 0.087

Duration from the last day of T-DM1 to the start of the next regimen

≥ 2 months vs < 1month 0.71 0.405–1.245 0.233 – – –

1–2 months vs < 1month 1.28 0.843–1.942 0.247 – – –

Regimens after T-DM1

Anti-HER2 therapy vs without anti-HER2 therapy 0.50 0.305–0.814 0.005 0.48 0.282–0.826 0.008
aStepwise method was applied after forcibly inserting “History of pertuzumab treatment” and “regimens after T-DM1”
bHR with reference to the second comparator
CNS central nervous system, CI confidence interval, CR complete response, ECOG PS Eastern Cooperative Oncology Group Performance Status, HER2 human
epidermal growth factor receptor 2, HR hazard ratio, IHC immunohistochemistry, ISH in situ hybridization, PD progressive disease, PR partial response, SD stable
disease, T-DM1 trastuzumab emtansine
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(Japanese Breast Cancer Society; 2018 edition [31]), con-
tinuation of anti-HER2 therapy is recommended as
third-line or later in metastatic settings. The results of
our study suggest that continuation of anti-HER2 ther-
apy is an important option after T-DM1 treatment;
therefore, this study supports the recent clinical guide-
lines from the Japanese Breast Cancer Society [31].
This study revealed that even among patients with

HER2-positive breast cancer in Japan, some patients re-
ceive drug regimens without anti-HER2 therapy. For

patients who had discontinued T-DM1 treatment after
less than 6 months, there was a tendency to select a regi-
men without any anti-HER2 therapy, which is associated
with shorter rwPFS post–T-DM1. Unlike in the West
[32, 33], bevacizumab is approved in Japan for inoper-
able or recurrent breast cancer [34]. Bevacizumab + pac-
litaxel was the most frequently prescribed treatment (12/
23 patients) as chemotherapy in combination with beva-
cizumab, which can be used not only as first-line in
Japan but also as second-line or greater chemotherapy

Fig. 3 Product-limit survival estimates for real-world progression-free survival in each subgroup; (A) anti-HER2 therapy vs others, (B) HER2 IHC3+
vs others, (C) ECOG PS 0 vs≥ 1 vs unknown, (D)≥ 12 months duration of T-DM1 vs 6–12 months vs < 6months, and (E) recurrent vs de novo. CI
confidence interval, ECOG PS Eastern Cooperative Oncology Group Performance Status, HER2 human epidermal growth factor receptor 2, IHC
immunohistochemistry, T-DMI trastuzumab emtansine
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[31]. Among the available treatment options in Japan,
this suggests that physicians are selecting bevacizumab +
paclitaxel for patients with tumors that have low sensi-
tivity to anti-HER2 therapy, based on the evidence from
studies conducted in patients with HER2-negative tu-
mors [35].
Our study showed better rwPFS in patients who had

recurrent vs de novo cancer. Possible reasons for the
high malignancy of de novo tumors are as follows: (1)
the proportion of patients with liver metastasis, which is
considered high risk at the time of initial metastasis
diagnosis, was high; and (2) a high proportion of patients
had brain metastasis at the time that post–T-DM1 treat-
ment was initiated. Our study did not collect data re-
lated to tumor size or other factors, so further
exploration of this is needed.
An ECOG PS of 0 (vs ≥ 1) and tumors that were

IHC3+ for HER2 (vs IHC2+/ISH+ and IHC unknown/
ISH+) have been reported as prognostic factors [36, 37].
It is known that ECOG PS is related to the continuation
of treatment and that high HER2 expression is related to
sensitivity to anti-HER2 therapy. In the comparator
group of our study, efficacy was still insufficient (median
rwPFS: 3.9 months) and new treatment options are
needed. The HER2CLIMB study recently reported that
the addition of tucatinib to trastuzumab and capecita-
bine improved both PFS and OS in heavily pretreated
patients with HER2-positive breast cancer, including
those with CNS metastases [26]. Data from the DEST
INY-Breast01 study showed that trastuzumab deruxte-
can provided sustained antitumor activity in a popula-
tion of patients with heavily pretreated HER2-positive
metastatic breast cancer [38]. The PRECIOUS trial
(NCT02514681) is currently being conducted by the
Japan Breast Cancer Research Group to evaluate the effi-
cacy of pertuzumab re-treatment in patients with HER2-
positive metastatic breast cancer previously treated with
pertuzumab + trastuzumab + chemotherapy [39]. There-
fore, to improve patient outcomes and prolong survival,
clinicians must continue to evaluate new treatments and
expand their knowledge of how treatment sequencing
may impact subsequent efficacy.
This study had several limitations. As with any retro-

spective observational study, we relied on accurate
record-keeping from treating physicians. Additionally,
the sample size was limited and the study only included
data from Japanese patients at five study sites; therefore,
the results may not be entirely representative of the gen-
eral population, potentially limiting their generalizability.
However, as mentioned above, these data were collected
at core cancer treatment hospitals. The data presented
herein are specific to the real-world setting in Japan and
these findings should be interpreted carefully in the case
of real-world settings in other countries. Larger studies

would be useful to confirm these findings and to expand
on the subgroup analyses.

Conclusion
We conclude that the results of this study represent the
real-world treatment patterns and outcomes of post–T-
DM1 therapy in Japan for patients with unresectable
and/or metastatic HER2-positive breast cancer. Our re-
sults showed that continuation of anti-HER2 treatment
and higher expression of HER2 were important factors
for longer rwPFS, even in later lines of therapy for pa-
tients with HER2-positive breast cancer. However novel
therapeutic options are still needed to further improve
both PFS and OS in the real world. Future studies clari-
fying the real-world treatment situation for new anti-
HER2 therapies for HER2-positive breast cancer are
expected.
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