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Treatment with trastuzumab deruxtecan in patients with
HER2-positive breast cancer and brain metastases and/or
leptomeningeal disease (ROSET-BM)
Naoki Niikura 1✉, Takashi Yamanaka2, Hironori Nomura3, Kazuhiro Shiraishi4, Hiroki Kusama5, Mitsugu Yamamoto6, Kazuo Matsuura7,
Kenichi Inoue8, Sachiko Takahara9, Shosuke Kita10, Miki Yamaguchi11, Tomoyuki Aruga12, Nobuhiro Shibata 13, Akihiko Shimomura14,
Yuri Ozaki15, Shuji Sakai16, Yoko Kiga17, Tadahiro Izutani17, Kazuhito Shiosakai18 and Junji Tsurutani19

Therapeutic options for breast cancer patients with brain metastases (BM)/leptomeningeal carcinomatosis (LMC) are limited. Here,
we report on the effectiveness and safety of trastuzumab deruxtecan (T-DXd) in human epidermal growth factor receptor 2-positive
breast cancer patients with BM. Data were analyzed for 104 patients administered T-DXd. Overall response rate (ORR), progression-
free survival (PFS), overall survival (OS), intracranial (IC)-ORR, and IC-PFS were evaluated. ORR by investigator assessment was 55.7%
(total population). Median PFS was 16.1 months; 12-month OS rate was 74.9% (total population). Median time-to-treatment failure
was 9.7 months. In 51 patients with BM imaging, IC-ORR and median IC-PFS by independent central review were 62.7% and
16.1 months, respectively. In 19 LMC patients, 12-month PFS and OS rates were 60.7% and 87.1%, respectively. T-DXd showed
effectiveness regarding IC-ORR, IC-PFS, PFS, and OS in breast cancer patients with BM/active BM, and sustained systemic and central
nervous system disease control in LMC patients.

Trial Registration: UMIN000044995.
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INTRODUCTION
Breast cancer is one of the most common causes of central nervous
system (CNS) metastases, including brain metastases (BM) and
leptomeningeal carcinomatosis (LMC), and patients with CNS
metastasis have a poor prognosis. The molecular subtype of breast
cancer has been shown to have an impact on the incidence of CNS
metastases. For example, the incidence of CNS metastasis was
found to be twice as high in patients with human epidermal growth
factor receptor 2 (HER2)-positive breast cancer compared with
HER2-negative breast cancer (21.8% vs 11.1%, respectively)1. For BM
specifically, the incidence has been reported to be as high as 31% in
patients with HER2-positive breast cancer2. Breast cancer patients
with BM and/or LMC have limited treatment options.
Guidelines for breast cancer treatment recommend local

therapy for patients with symptomatic BM, such as surgical
resection or irradiation, and to continue with the same anti-HER2
therapy if the systemic clinical benefit persists3–6. The European
Association of Neuro-Oncology–European Society for Medical
Oncology guidelines recommend systemic therapy based on the
primary tumor for most breast cancer patients, but there is a lack
of evidence to support this7.

Based on the results of the HER2CLIMB trial (NCT02614794),
combination therapy with tucatinib plus trastuzumab plus
capecitabine was approved by the Food and Drug Administration
(FDA) for the treatment of adult patients with unresectable,
advanced, or metastatic HER2-positive breast cancer, including
patients with BM, who have received at least one regimen of anti-
HER2 therapy for metastatic breast cancer8,9. In the DESTINY-
Breast01 study (NCT03248492), trastuzumab deruxtecan (T-DXd)
showed clinical activity in breast cancer patients with BM who had
received ≥2 prior anti-HER2-based regimens or who were
previously treated with trastuzumab emtansine (T-DM1)10,11. The
DESTINY-Breast03 trial showed higher progression-free survival
(PFS) and overall response rate (ORR) in HER2-positive breast
cancer patients with BM who were treated with T-DXd compared
with those treated with T-DM112,13. The results of the TUXEDO-1
and DEBBRAH trials also support the use of T-DXd in HER2-positive
breast cancer patients with BM14,15.
Of note, only patients with stable BM were included in the

DESTINY-Breast01 and 03 studies (n= 24 and n= 43, respectively),
and sample sizes of patients with active BM in the TUXEDO-1 and
DEBBRAH trials (n= 15 and n= 13, respectively) were small
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compared with the HER2CLIMB trial (174 patients with active BM).
There is currently a lack of solid evidence on the activity of T-DXd
in CNS metastases, and real-world data for T-DXd would be
particularly valuable due to weak prospective evidence.
This study aimed to evaluate the effectiveness and safety of

T-DXd for HER2-positive breast cancer patients with BM, including
those with symptomatic and asymptomatic BM and those with
active and stable BM or LMC, in the real-world clinical setting.

RESULTS
Patients
Among 344 sites that were surveyed for participation in the
present study, 220 sites responded. A total of 113 HER2-positive
breast cancer patients with BM (from 62 sites) who were treated
with T-DXd were enrolled in this study (Fig. 1). Among them, 104
patients were included in the total population and 89 patients
were included in the population with imaging data of the brain
lesion. The median follow-up duration was 11.2 (range, 0.9–17.0)
months.
The background patient characteristics are summarized in Table 1.

Symptomatic BM was observed in 32/104 (30.8%) patients. Among
the total population (N= 104), 73 (70.2%) patients had active BM
without LMC, 17 (16.3%) had active BM with LMC, 6 (5.8%) had stable
BM, 2 (1.9%) had only LMC, and 6 (5.8%) were not classified (image
not evaluated). In total, 41 (39.4%) patients were still under treatment.

Outcomes
In the total population (N= 104), the median PFS was 16.1 months
(95% confidence interval [CI], 12.0%– -) (Fig. 2A), and the 12-
month overall survival (OS) rate was 74.9% (95% CI, 64.5–82.6%)
(Fig. 2B). The OS was immature because of the short observation
period, and an additional analysis at 12 months is currently
underway.
The median time-to-treatment failure (TTF) was 9.7 months

(95% CI, 6.3–13.0%) (Fig. 2C). Discontinuation of treatment at the
time of data cut-off was observed in 57/104 (54.8%) patients, with
progressive disease causing the most discontinuations (26
[25.0%]) (Supplementary Table 1). Treatment was also discon-
tinued due to adverse events (AEs) in 23 (22.1%) patients (10
[9.6%] patients had Grade ≥3 AEs), among whom 19 (18.3%)
presented with interstitial lung disease (ILD) or lung disorders.

There were 5 (4.8%) and 2 (1.9%) patients who presented with
Grade 3, and Grade 4 ILD or lung disorders, respectively.
The ORR based on investigator assessment was 55.7%

(complete response [CR]: 5.2%) in the total population (n= 97),
51.7% (CR: 6.9%) in symptomatic BM patients (n= 29), and 57.4%
(CR: 4.4%) in asymptomatic BM patients (n= 68) (Supplementary
Table 2).
A total of 51 patients with brain lesion imaging data were

included in the intracranial (IC) evaluation by independent central
review (ICR). The best overall response based on ICR assessment is
summarized in Table 2. The median (95% CI) duration (days) from
the start of T-DXd treatment to the first brain imaging was 56.0
(43.0–64.0) days. In the population with imaging data of the brain
lesions (n= 51), the IC-ORR was 62.7% (Table 2). The median IC-
duration of response (DOR) was not reached, the 12-month IC-
DOR rate was 74.0%, and the median IC-PFS was 16.1 months
(12.2– -). The IC-clinical benefit rate (CBR) was 70.6% at 6 months.
A waterfall plot of the change in tumor size of brain lesion is
shown in Fig. 3.
The incidence of time-to-deterioration of CNS metastasis-

related symptoms was 85.2% (95% CI, 74.5–91.7%) at 12 months,
and the median time-to-deterioration of CNS metastasis-related
symptoms was not reached (- – -) in the total population (N= 104)
(Supplementary Fig. 1).

Subgroup analysis
The PFS and OS by breast cancer-specific Graded Prognostic
Assessment (GPA) score16,17 are shown in Supplementary Fig. 2.
Patients with poor prognosis by GPA did not differ from those
with good prognosis by GPA in terms of PFS and OS. Furthermore,
there were no differences in PFS and OS between patients with
active BM, stable BM, and LMC. The PFS and OS by classification of
BM are shown in Fig. 4A and B, respectively. The median IC-PFS
was 16.1 months (95% CI, 11.8%– -) in patients with analytical
active BM (n= 57). The IC-ORR (n= 51) was 62.7% (95% CI,
48.1–75.9%), and the median IC-PFS (n= 89) was 16.1 months
(95% CI, 12.2%– -) in the patients with evaluable IC imaging
(Supplementary Fig. 3).

LMC
The current data set included 19 patients with LMC (17 patients
with BM, 2 patients without BM), with 12-month PFS and OS rates

9 patients were ineligible
• Did not meet inclusion criteria

113 patients (62 sites) were enrolled

104 patients were eligible 
(total analysis population)

344 sites used T-DXd purchased 
from wholesalers1 in Japan in 2020

89 patients had brain imaging data that were available 
for assessing intracranial response

(brain imaging population)

15 patients without acceptable 
brain imaging2

124 sites: no response
135 sites: no eligible patients
23 sites: declined to participate 
in the study

Fig. 1 Patient disposition. 1This is the result of a survey by Daiichi Sankyo Co., Ltd. of ENHERTU® purchases at medical institutions and is not
information from medical institutions. 2No brain imaging data were submitted: 1 patient. No brain imaging data after initiation of T-DXd were
available: 14 patients. BC breast cancer, BM brain metastasis, T-DXd trastuzumab deruxtecan.
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of 60.7% (95% CI, 34.5–79.1%) and 87.1% (95% CI, 57.3–96.6%),
respectively. Nine patients with imaging data of the brain lesion
were included in the IC evaluation by ICR. In patients with BM and
LMC, the IC-ORR was 77.8% (7/9 patients).

DISCUSSION
This was a study of 104 HER2-positive breast cancer patients with
BM who were treated with T-DXd in a real-world clinical setting.
Our findings suggest that T-DXd may be a treatment option for
HER2-positive breast cancer patients with BM, including patients
with LMC and active and stable BM, who are characterized by poor
performance status.
In previous studies of the tyrosine kinase inhibitors lapatinib and

neratinib in HER2-positive breast cancer patients with BM, PFS was
less than 6 months and severe disease was not well controlled18,19.
In the phase 2 LANDSCAPE trial, lapatinib and capecitabine for
asymptomatic and oligosymptomatic patients with BM showed a
response rate of 66% and time to whole brain radiotherapy of
8.3 months20. Tucatinib, trastuzumab, and capecitabine combina-
tion showed a response rate of 47.3% compared with 20% in the
trastuzumab and capecitabine group among patients with active
BM in the HER2CLlMB study9. Median PFS was improved from
4.1 months to 9.5 months, and OS from 11.6 months to 20.7 months
with the addition of tucatinib. Based on this study, the combination
of tucatinib, trastuzumab, and capecitabine is now regarded as the
preferred systemic treatment option for active BM in patients with
HER2-positive breast cancer4,5,21.

Table 1. Baseline characteristics (total population).

Characteristic Value

N= 104

Sex

Male/female 1 (1.0)/103 (99.0)

Age, years

<65/ ≥ 65 75 (72.1)/29 (27.9)

HER2 status (IHC)a

0, 1+ /2+ /3+ 0 (0.0)/18 (17.3)/84 (80.8)

Unknown 2 (1.9)

HER2 status (ISH)

Positive/negative 29 (27.9)/1 (1.0)

Unknown 74 (71.2)

Estrogen receptor status

Positive/negative 59 (56.7)/44 (42.3)

Unknown 1 (1.0)

Progesterone receptor status

Positive/negative 43 (41.3)/61 (58.7)

Unknown 0 (0.0)

Surgery for primary breast cancer 71 (68.3)

Number of prior therapies for MBC

0–2CT 25 (24.0)

≥3 79 (76.0)

Median (Q1, Q3) 4.0 (3.0, 7.0)

Prior treatment for MBC

Trastuzumab 94 (90.4)

Pertuzumab 88 (84.6)

Trastuzumab emtansine 91 (87.5)

Lapatinib 37 (35.6)

Time from initial CNS diagnosis to start
of T-DXd, months, mean ± SD

22.6 ± 22.4

ECOG PS

0/1/2/3–4 27 (26.0)/54 (51.9)/12
(11.5)/4 (3.8)

Unknown 7 (6.7)

Visceral metastasis except the brain 79 (76.0)

Clinical presentation of BM

Symptomatic 32 (30.8)

Asymptomatic 72 (69.2)

Drug used for symptoms of BM

Steroids 15 (14.4)

Anti-epileptics 11 (10.6)

Local treatment for BMb

Treated 99 (95.2)

Whole-brain radiation 56 (53.8)

Within 30 days 6 (5.8)

Stereotactic irradiation 64 (61.5)

Surgery to remove a tumor 27 (26.0)

Untreated 5 (4.8)

Classification of BM by ICR

Active BM 90 (86.5)

Without LMC 73 (70.2)

With LMC 17 (16.3)

Stable BM 6 (5.8)

Only LMC 2 (1.9)

Table 1 continued

Characteristic Value

N= 104

Image not classified 6 (5.8)

Number of BM

1 18 (17.3)

2–4 28 (26.9)

5–9 17 (16.3)

≥10 27 (26.0)

Size of BM, cm (n= 55)

Mean ± SD 2.1 ± 0.9

Karnofsky PS

0–40 3 (2.9)

50–70 22 (21.2)

80–100 45 (43.3)

Unknown 34 (32.7)

GPA score

0–1 0 (0.0)

1.5–2.0 9 (8.7)

2.5–3.0 43 (41.3)

3.5–4.0 18 (17.3)

Unknown 34 (32.7)

Data are no. (%), unless otherwise stated.
BM brain metastasis, CNS central nervous system, ECOG Eastern Coopera-
tive Oncology Group, GPA Graded Prognostic Assessment, HER2 human
epidermal growth factor receptor 2, ICR Independent Central Review, IHC
immunohistochemistry, ISH in situ hybridization, LMC leptomeningeal
carcinomatosis, MBC metastatic breast cancer, PS performance status, SD
standard deviation, T-DXd trastuzumab deruxtecan.
aHER2 status was based on the primary tumor. Two patients with IHC
unknown were ISH+. One patient was IHC2+ and ISH−, but the brain
lesion removed by surgery was IHC3+.
bIncludes patients who have received multiple local treatments.
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Table 2. IC-ORR based on independent central review (brain imaging population).

IC-CR No. (%) IC-PR No. (%) IC-SD No. (%) IC-PD No. (%) IC-ORR % (95% CI) IC-CBR at 6 months % (95% CI)

Total (n= 51)a 0 (0.0) 32 (62.7) 16 (31.4) 3 (5.9) 62.7 (48.1–75.9) 70.6 (56.2–82.5)

Analytical classification of BM

Analytical active BM (n= 37) 0 (0.0) 20 (54.1) 16 (43.2) 1 (2.7) 54.1 (36.9–70.5) 62.2 (44.8–77.5)

Analytical stable BM (n= 5) 0 (0.0) 5 (100.0) 0 (0.0) 0 (0.0) 100.0 (47.8–100.0) 100.0 (47.8–100.0)

LMC (n= 9) 0 (0.0) 7 (77.8) 0 (0.0) 2 (22.2) 77.8 (40.0–97.2) 88.9 (51.8–99.7)

Clinical presentation of BM

Symptomatic (n= 19) 0 (0.0) 11 (57.9) 7 (36.8) 1 (5.3) 57.9 (33.5–79.7) 63.2 (38.4–83.7)

Asymptomatic (n= 32) 0 (0.0) 21 (65.6) 9 (28.1) 2 (6.3) 65.6 (46.8–81.4) 75.0 (56.6–88.5)

Steroid use at baseline

Yes (n= 11) 0 (0.0) 5 (45.5) 5 (45.5) 1 (9.1) 45.5 (16.7–76.6) 54.5 (23.4–83.3)

No (n= 40) 0 (0.0) 27 (67.5) 11 (27.5) 2 (5.0) 67.5 (50.9–81.4) 75.0 (58.8–87.3)

BM brain metastasis, CBR clinical benefit rate, CI confidence interval, CR complete response, IC intracranial, LMC leptomeningeal carcinomatosis, ORR overall
response rate, PD progressive disease, PR partial response, SD stable disease.
aOf the 89 patients, 12 patients had no target lesions and 26 patients were not evaluable for intracranial response.
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Despite assumptions that monoclonal antibodies do not cross
the blood–brain barrier, a radioisotope form of trastuzumab,
imaging [64Cu] DOTA-trastuzumab, has been shown to localize in
the BM of patients with HER2-positive metastatic breast cancer. In
the PATRICIA study, pertuzumab plus high-dose trastuzumab
(6 mg/kg weekly) in patients with progressive BM showed clinical
benefit. The CNS ORR was 11% with four partial responses
(median DOR, 4.6 months). The CBR at 4 and 6 months were 68%
and 51%, respectively22. Clinical data on the potential activity of
antibody–drug conjugates in stable and active BM were reported.
The response rate with single-agent T-DM1 was 49.3% in the
KAMILLA study, including the subset of patients with measurable
BM without previous local radiotherapy23. In the DESTINY-Breast03
trial, which included 43 patients with stable BM, the PFS was
15 months, and the response rate was 80%12. The TUXEDO-1 trial
was a single-arm prospective study of patients with newly
diagnosed or progressive active BM treated with T-DXd. The
response rate was 73.3% (11/15), median PFS was 14 months, and
median OS was not reached at a median follow-up of 12 months14.
The median PFS in the present study (16.1 months) was
comparable to that in the BM subgroup of the DESTINY-Breast03
study (15 months) and numerically longer than that in the BM
subgroup of the HER2CLIMB trial (9.5 months). Although the
proportion of patients with BM was small, the IC-ORR was 62.7% in
patients with measurable BM. The IC-CBR was 70.6% in the present
study, suggesting that clinical benefit could be obtained in most
patients. The median IC-PFS was higher (16.1 months) compared
with that reported in the HER2CLIMB trial (9.9 months)8,9. In a
recent retrospective multicenter cohort study of 17 patients with
mainly HER2-positive metastatic breast cancer with BM24, the CNS-
ORR and the 12-month CNS-PFS were reported to be 73% (11/15)
and 74.7%, respectively, which is slightly higher than the IC-ORR
and 12-month IC-PFS in the present study (62.7% and 64.3%,
respectively).
Of note, our study included patients with poor Karnofsky

performance status scores who are usually excluded from
prospective trials, such as those with GPA scores of 1.5–2.016,17.
Our study showed no differences in PFS and OS between GPA
score subgroups, meaning that T-DXd showed consistent

effectiveness in terms of PFS and ORR in breast cancer patients
with poor prognosis. The effectiveness of T-DXd for the treatment
of IC lesions of breast cancer patients with active BM was similar to
that in patients with stable BM, and T-DXd may provide some
clinical benefit in patients with both active and stable BM.
Our data suggest a longer PFS in patients with LMC compared

with that reported in previous studies. An analysis of the
Epidemiological Strategy and Medical Economics MBC database
showed a median OS of 5.6 months in patients with HER2-positive
LMC25. In a previous phase 2 single-arm study that evaluated the
efficacy of the combination of tucatinib plus trastuzumab and
capecitabine in patients with HER2-positive breast cancer and
newly diagnosed LMC, the median time to CNS progression was
6.9 months, and the median OS time was 11.9 months26. In the
present study, both the median PFS and median OS in patients
with LMC were not reached. PFS and OS at 12 months were 60.7%
and 87.1%, respectively, in patients with LMC. These findings
suggest that T-DXd was effective in patients with LMC, who were
not responsive to local therapy and in whom pharmacotherapy
was not expected to be effective. A recent retrospective study of
eight evaluable patients with HER2-positive metastatic breast
cancer and LMC showed a durable response with T-DXd27; 50%
(4/8) of patients achieved partial response, 50% (4/8) had stable
disease, and the median OS was 10.4 months. The response was
centrally reviewed using the EORTC/RANO revised LM scorecard28.
Of note, the DEBBRAH trial is still ongoing and is recruiting a small
cohort of patients with LMC, which will provide prospective data
on this rare subgroup15.
In this study, the most common AE leading to treatment

discontinuation was ILD (18.3%), and this incidence of ILD was
slightly higher than that reported in the DESTINY-Breast01 study
(13.6%)10. This difference in the incidence of ILD is consistent with
the results of an integrated analysis of DESTINY-Breast01 and
DS8201-A-J101 (unpublished data) in which the incidence of ILD
in Japanese patients was higher than that in the overall
population. This is also supported by a pooled analysis of nine
phase 1 and 2 T-DXd monotherapy studies in which enrollment in
Japan was a significant risk factor for ILD29. No novel AEs leading
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to treatment discontinuation were observed in breast cancer
patients with BM who were treated with T-DXd.
The present study has some limitations. This was not a

prospective study. Because the presence or absence of BM was
determined by the investigator, the possibility of reporting bias
cannot be ruled out as to whether all BM patients were reported.
LMC was diagnosed on imaging by ICR, and the presence of tumor
cells in spinal fluid was not confirmed. The frequency of imaging
evaluation was not specified, so the ORR and PFS may have been
overestimated. For greater objectivity, the event onset in time-to-
deterioration of CNS metastasis-related symptoms was defined as
the date of treatment initiation and was not reported by
physicians. Therefore, the impact of pharmacotherapy for
symptom management may not have been properly assessed. In
addition, as the response in patients with LMC was based on
RECIST-based assessment of parenchymal BM lesion, the results
regarding drug effectiveness should be interpreted with caution.
Furthermore, the present study was conducted only in Japanese
patients, which limits the generalizability of current findings to
other ethnicities.
In conclusion, T-DXd was effective in breast cancer patients with

BM, regardless of the presence of active or stable BM or the
presence of LMC, indicating that IC tumors may be controlled by
T-DXd. T-DXd has a manageable AE profile and may have survival
benefits in breast cancer patients with BM who have a poor
prognosis (low Karnofsky performance status score). In a small
number of breast cancer patients with LMC, sustained systemic
disease control was achieved with T-DXd. The ongoing DESTINY-
Breast12 study (NCT04739761) will confirm the efficacy of T-DXd
for active BM in patients with HER2-positive breast cancer.

METHODS
Study design
This was a multicenter, retrospective, medical chart review study.
To avoid selection bias, a questionnaire was sent to all 344 medical
institutions in Japan regarding usage of T-DXd (ENHERTU®, Daiichi
Sankyo Co., Ltd., Tokyo, Japan and AstraZeneca, Cambridge, UK)
for the treatment of HER2-positive breast cancer especially in
patients with BM as of December 31, 2020, of which 62 medical
institutions had eligible patients for this study and agreed to
participate in the study. Data from HER2-positive breast cancer
patients with BM who received T-DXd treatment between May 25,
2020, and April 30, 2021, were collected from each participating
institution using a medical record retrieval system. The principal
investigators checked the medical records for all extracted
patients, and using the continuous survey method, all the research
patients who met all the inclusion criteria and did not fulfill the
exclusion criteria were selected. The data cut-off date for survival
and other information was October 31, 2021; data entry began on
November 12, 2021, and information from medical records was
entered retrospectively.
The protocol was approved by the centralized authority (Ethics

Review Committee at Tokeikai Kitamachi Clinic, reference number:
DSY08309), as well as the individual ethics committees at each
study center (see Supplementary Table 3). The study was
conducted in accordance with the Declaration of Helsinki and
adhered to local ethical guidelines. The present study was
conducted using an opt-out approach. As this study was non-
interventional and non-invasive, the need to obtain informed
consent from patients was waived as per local ethical guidelines.
This study was registered at UMIN-CTR Clinical Trials under the
identifier number UMIN000044995 (date of trial registration: July
29, 2021).

Patients
The inclusion criteria were patients aged ≥20 years at the
beginning of T-DXd treatment, with pathologically documented
HER2-positive breast cancer, and with BM (including stable BM
after local treatment, BM before local treatment, and symptomatic
BM). Patients who expressed a desire not to participate in the
study prior to data fixation and those who had received T-DXd
from participation in a clinical trial were excluded.

Outcomes
The following outcomes were evaluated for the total population:
TTF, PFS, ORR based on investigator assessment, OS, and time-to-
deterioration of CNS metastasis-related symptoms. The following
outcomes were evaluated for the population with imaging data of
the brain lesion: IC-ORR, IC-PFS, IC-DOR, and IC-CBR. Each of the
outcomes is defined in Supplementary Table 4.

ICR and analytical classification
Brain imaging data (i.e., MRI or CT) of brain lesions from study
patients were subjected to ICR to determine the effectiveness of
treatment with T-DXd. The ICR consisted of three independent
radiologists (a chairperson and two members) who were skilled in
Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1
evaluation to maintain a certain standard of evaluation. Two ICR
members evaluated half of the images each, and the chairperson
made an overall judgment of the results. All brain images are
collected centrally. For each study patient, comprehensive assess-
ment data at the time of visit and the date of imaging at each time
point (visits at which response or progression was confirmed/not
confirmed) were determined by ICR. BM was classified into
analytical active BM, analytical stable BM, and LMC by the ICR as
follows. The detailed criteria are shown in Supplementary Table 5.

Analytical active BM by ICR
According to ICR, patients with increasing/growing tumors in two
brain imaging comparisons before T-DXd administration were
defined as “active by ICR”. In this study, those who had not
undergone whole brain radiotherapy within 30 days before T-DXd
administration and excluding LMC were defined as “analytical
active BM”.

Analytical stable BM by ICR
The patients who were not classified as active and/or LMC by ICR
were defined as “stable by ICR”. In this study, those who were
defined as stable by ICR and radiated active BM were defined as
“analytical stable BM”.

LMC by ICR
Patients judged to have LMC by ICR were classified as “active with
LMC” or “only LMC” and were defined as “LMC” in the analysis.

Statistical methods
The analysis populations in the present study included the total
population, defined as the population who met all the inclusion
criteria and did not meet the exclusion criteria (if a patient declined
study enrollment before data lock, the patient was excluded from
the analysis population), and the population with imaging data of
the brain lesion, defined as the population who had multiple
imaging data of the brain lesion which were evaluable for IC
response assessed by ICR among the total population.
Regarding background patient characteristics, frequencies and

percentages were calculated for categorical variables and summary
statistics were calculated for continuous data. For OS, TTF, IC-DOR, IC-
PFS, and time-to-deterioration of CNS metastasis-related symptoms,
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the median duration and its 95% CIs were calculated using the
Kaplan–Meier method. The point estimates of survival (6 and
12 months) and their 95% CIs were calculated. For ORR, IC-ORR,
and IC-CBR, point estimates and their 95% CIs were calculated.
Subgroup analyses were performed according to the presence or
absence of concomitant BM symptoms and patients’ background
characteristics, among others. All statistical analyses were performed
using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA).

DATA AVAILABILITY
The datasets used in the current analysis are available from the corresponding author
upon reasonable request.

Received: 10 March 2023; Accepted: 13 September 2023;

REFERENCES
1. Darlix, A. et al. Impact of breast cancer molecular subtypes on the incidence,

kinetics and prognosis of central nervous system metastases in a large multi-
centre real-life cohort. Br. J. Cancer 121, 991–1000 (2019).

2. Kuksis, M. et al. The incidence of brain metastases among patients with meta-
static breast cancer: a systematic review and meta-analysis. Neuro Oncol. 23,
894–904 (2021).

3. Ramakrishna, N. et al. Recommendations on disease management for patients
with advanced human epidermal growth factor receptor 2-positive breast cancer
and brain metastases: ASCO Clinical Practice Guideline Update. J. Clin. Oncol. 36,
2804–2807 (2018).

4. Gennari, A. et al. ESMO clinical practice guideline for the diagnosis, staging and
treatment of patients withmetastatic breast cancer. Ann. Oncol. 32, 1475–1495 (2021).

5. Vogelbaum, M. A. et al. Treatment for brain metastases: ASCO-SNO-ASTRO
guideline. J. Clin. Oncol. 40, 492–516 (2022).

6. Yamauchi, C. et al. The Japanese Breast Cancer Society Clinical Practice Guideline
for radiation treatment of breast cancer, 2018 edition. Breast Cancer 27, 9–16
(2020). Erratum in: Breast Cancer 28, 988 (2021).

7. Le Rhun, E. et al. EANO-ESMO Clinical practice guidelines for diagnosis, treatment
and follow-up of patients with leptomeningeal metastasis from solid tumours.
Ann. Oncol. 28, iv84–iv99 (2017).

8. Murthy, R. K. et al. Tucatinib, trastuzumab, and capecitabine for HER2-positive
metastatic breast cancer. N. Engl. J. Med. 382, 597–609 (2020). Erratum in: N. Engl.
J. Med. 382, 586 (2020).

9. Lin, N. U. et al. Tucatinib vs placebo, both in combination with trastuzumab and
capecitabine, for previously treated ERBB2 (HER2)-positive metastatic breast
cancer in patients with brain metastases: Updated exploratory analysis of the
HER2CLIMB randomized clinical trial [published online December 1, 2022]. JAMA
Oncol. 9, e225610 (2022).

10. Modi, S. et al. Trastuzumab deruxtecan in previously treated HER2-positive breast
cancer. N. Engl. J. Med. 382, 610–621 (2020).

11. Jerusalem, G. H. M. et al. Trastuzumab deruxtecan (T-DXd) in patients with HER2+
metastatic breast cancer with brain metastases: a subgroup analysis of the
DESTINY-Breast01 trial. J. Clin. Oncol. 39, 526 (2021).

12. Hurvitz, S. A. Rapid Readout: Trastuzumab deruxtecan (T-DXd) versus trastuzu-
mab emtansine (T-DM1) in patients with HER2+ metastatic breast cancer: Sub-
group analyses from the randomized phase 3 study DESTINY-Breast03. San
Antonio Breast Cancer Symposium 2021. GS3-GS01 https://www.onclive.com/
view/trastuzumab-deruxtecan-t-dxd-versus-trastuzumab-emtansine-t-dm1-in-
patients-with-her2-metastatic-breast-cancer-destiny-breast03.

13. Jacobson, A. Trastuzumab deruxtecan improves progression-free survival and
intracranial response in patients with HER2-positive metastatic breast cancer and
brain metastases. Oncologist 27, S3–S4 (2022).

14. Bartsch, R. et al. Trastuzumab deruxtecan in HER2-positive breast cancer with
brain metastases: a single-arm, phase 2 trial. Nat. Med. 28, 1840–1847 (2022).

15. Pérez-García, J. M. et al. Trastuzumab deruxtecan in patients with central nervous
system involvement from HER2-positive breast cancer: the DEBBRAH trial. Neuro
Oncol. 25, 157–166 (2023).

16. Sperduto, P. W. et al. Summary report on the graded prognostic assessment: An
accurate and facile diagnosis-specific tool to estimate survival for patients with
brain metastases. J. Clin. Oncol. 30, 419–425 (2012).

17. Sperduto, P. W. et al. Effect of tumor subtype on survival and the graded prog-
nostic assessment for patients with breast cancer and brain metastases. Int. J.
Radiat. Oncol. Biol. Phys. 82, 2111–2117 (2012).

18. Freedman, R. A. et al. Translational Breast Cancer Research Consortium (TBCRC) 022: A
Phase II trial of neratinib for patients with human epidermal growth factor receptor
2-positive breast cancer and brain metastases. J. Clin. Oncol. 34, 945–952 (2016).

19. Lin, N. U. et al. Multicenter phase II study of lapatinib in patients with brain metastases
from HER2-positive breast cancer. Clin. Cancer Res. 15, 1452–1459 (2009).

20. Bachelot, T. et al. Lapatinib plus capecitabine in patients with previously
untreated brain metastases from HER2-positive metastatic breast cancer
(LANDSCAPE): a single-group phase 2 study. Lancet Oncol. 14, 64–71 (2013).

21. Le Rhun, E. et al. EANO-ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up of patients with brain metastasis from solid tumours. Ann. Oncol.
32, 1332–1347 (2021).

22. Lin, N. U. et al. Pertuzumab plus high-dose trastuzumab in patients with pro-
gressive brain metastases and HER2-positive metastatic breast cancer: primary
analysis of a phase II study. J. Clin. Oncol. 39, 2667–2675 (2021).

23. Montemurro, F. et al. Trastuzumab emtansine (T-DM1) in patients with HER2-
positive metastatic breast cancer and brain metastases: Exploratory final analysis
of cohort 1 from KAMILLA, a single-arm phase IIIb clinical trial. Ann. Oncol. 31,
1350–1358 (2020).

24. Kabraji, S. et al. Preclinical and clinical efficacy of trastuzumab deruxtecan in
breast cancer brain metastases. Clin. Cancer Res. 29, 174–182 (2023).

25. Carausu, M. et al. Breast cancer patients treated with intrathecal therapy for lepto-
meningeal metastases in a large real-life database. ESMO Open 6, 100150 (2021).

26. Murthy, R. K. et al. Abstract PD4-02: Safety and efficacy of a tucatinib-
trastuzumab-capecitabine regimen for treatment of leptomeningeal metastasis
(LM) in HER2-positive breast cancer: Results from TBCRC049, a phase 2 non-
randomized study. Cancer Res. 82, PD4–PD02 (2022).

27. Alder, L. et al. Durable responses in patients with HER2+ breast cancer and
leptomeningeal metastases treated with trastuzumab deruxtecan. NPJ Breast
Cancer 9, 19 (2023).

28. Le Rhun, E. et al. Prospective validation of a new imaging scorecard to assess
leptomeningeal metastasis: a joint EORTC BTG and RANO effort. Neuro Oncol. 24,
1726–1735 (2022).

29. Powell, C. A. et al. Pooled analysis of drug-related interstitial lung disease and/or
pneumonitis in nine trastuzumab deruxtecan monotherapy studies. ESMO Open
7, 100554 (2022).

ACKNOWLEDGEMENTS
This work was supported by Daiichi Sankyo Co., Ltd. The funder was involved in the
design of the study, review and approval of the manuscript, and decision to submit
the manuscript for publication. We thank Michelle Belanger, MD, of Edanz
(www.edanz.com), for providing medical writing support, which was funded by
Daiichi Sankyo Co., Ltd. Some results of the present study were presented as an
abstract at the San Antonio Breast Cancer Symposium (SABCS), which took place in
San Antonio, Texas, on December 6–10, 2022.

AUTHOR CONTRIBUTIONS
N.N., T.Y., Y.K., T.I., K. Shiosakai, and J.T. contributed to the study design, conduct or
collection; data analysis and interpretation; and writing or reviewing the manuscript.
H.N., K. Shiraishi, H.K., M. Yamamoto, K.M., K.I., S.T., S.K., M. Yamaguchi, T.A., N.S., A.S.,
and Y.O. contributed to the study design, conduct or collection and writing or
reviewing the manuscript. S.S. contributed to the data analysis and interpretation and
writing or reviewing the manuscript. All authors gave their final approval of the
manuscript to be submitted. N.N., T.Y., and J.T. had full access to all the data in the
study and takes responsibility for the integrity of the data and the accuracy of the
data analysis.

COMPETING INTERESTS
N.N. reports consulting or advisory roles for AstraZeneca K.K., Chugai Pharmaceutical
Co., Ltd., and Daiichi Sankyo Co., Ltd; and has received lecture fees from AstraZeneca
K.K., Eisai Co., Ltd., Pfizer Japan Inc., Chugai Pharmaceutical Co., Ltd., Daiichi Sankyo
Co., Ltd., Eli Lilly Japan K.K., and Nippon Kayaku Co., Ltd; and research funding from
Pfizer Japan Inc., Chugai Pharmaceutical Co., Ltd., Daiichi Sankyo Co., Ltd., Eli Lilly
Japan K.K., and Nippon Kayaku Co., Ltd. T.Y. has received lecture fees from
AstraZeneca K.K., Chugai Pharmaceutical Co., Ltd., Daiichi Sankyo Co., Ltd., Eisai Co.,
Ltd., Eli Lilly Japan K.K., Kyowa Kirin Co., Ltd., Novartis Pharma K.K., and Pfizer Japan
Inc. K.I. has received research funding from Daiichi Sankyo Co., Ltd., AstraZeneca K.K.,
Chugai Pharmaceutical Co., Ltd., MSD K.K., and Ono Pharmaceutical Co., Ltd.
MYamaguchi has received speakers’ bureau from Pfizer Japan Inc., Novartis Pharma
K.K., Taiho Pharmaceutical Co., Ltd., Eli Lilly Japan K.K., MEDICON Co., Ltd., Kyowa Kirin
Co., Ltd., Chugai Pharmaceutical Co., Ltd., and Daiichi Sankyo Co., Ltd. TA has received
speakers’ bureau from Chugai Pharmaceutical Co., Ltd., Pfizer Japan Inc., Eli Lilly Japan

N. Niikura et al.

7

Published in partnership with the Breast Cancer Research Foundation npj Breast Cancer (2023)    82 

https://www.onclive.com/view/trastuzumab-deruxtecan-t-dxd-versus-trastuzumab-emtansine-t-dm1-in-patients-with-her2-metastatic-breast-cancer-destiny-breast03
https://www.onclive.com/view/trastuzumab-deruxtecan-t-dxd-versus-trastuzumab-emtansine-t-dm1-in-patients-with-her2-metastatic-breast-cancer-destiny-breast03
https://www.onclive.com/view/trastuzumab-deruxtecan-t-dxd-versus-trastuzumab-emtansine-t-dm1-in-patients-with-her2-metastatic-breast-cancer-destiny-breast03
http://www.edanz.com


K.K., and AstraZeneca K.K. N.S. reports consulting or advisory roles for Kyowa Kirin Co.,
Ltd., and Chugai Pharmaceutical Co., Ltd; and has received speakers’ bureau from
Daiichi Sankyo Co., Ltd., Kyowa Kirin Co., Ltd., Pfizer Japan Inc., Eisai Co., Ltd., Yakult
Honsha Co., Ltd., Taiho Pharmaceutical Co., Ltd., Takeda Pharmaceutical Co., Ltd.,
AstraZeneca K.K., Merck Biopharma Co., Ltd., Bayer Yakuhin, Ltd., Eli Lilly Japan K.K.,
Ono Pharmaceutical Co., Ltd., and Nippon Kayaku Co., Ltd.; and research funding
from Daiichi Sankyo Co., Ltd., Ono Pharmaceutical Co., Ltd., and MSD K.K. JT reports
consulting or advisory roles for Daiichi Sankyo Co., Ltd., AstraZeneca K.K., Eisai Co.,
Ltd., Eli Lilly Japan K.K., and Seagen Inc.; and has received speakers’ bureau from
Daiichi Sankyo Co., Ltd., Eisai Co., Ltd., Eli Lilly Japan K.K., and Kyowa Kirin Co., Ltd.;
and research funding from Daiichi Sankyo Co., Ltd., AstraZeneca K.K., Eisai Co., Ltd., Eli
Lilly Japan K.K., Seagen Inc., Kyowa Kirin Co., Ltd., Sant Joan de Déu Research
Foundation, and West Japan Oncology Group. YK, TI, and KShiosakai are employees
of Daiichi Sankyo Co., Ltd. H.N., K. Shiraishi, H.K., M. Yamamoto, K.M., S.T., S.K., A.S.,
Y.O., and S.S. have no conflicts of interest to disclose.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41523-023-00584-5.

Correspondence and requests for materials should be addressed to Naoki Niikura.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://
creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

N. Niikura et al.

8

npj Breast Cancer (2023)    82 Published in partnership with the Breast Cancer Research Foundation

https://doi.org/10.1038/s41523-023-00584-5
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Treatment with trastuzumab deruxtecan in patients with HER2-positive breast cancer and brain metastases and/or leptomeningeal disease (ROSET-BM)
	Introduction
	Results
	Patients
	Outcomes
	Subgroup analysis
	LMC

	Discussion
	Methods
	Study design
	Patients
	Outcomes
	ICR and analytical classification
	Analytical active BM by ICR
	Analytical stable BM by ICR
	LMC by ICR
	Statistical methods

	DATA AVAILABILITY
	References
	Acknowledgements
	Author contributions
	Competing interests
	ADDITIONAL INFORMATION




