
EDITORIAL
Antibodyedrug conjugates are active in patients with HER2-positive
breast cancer brain metastases: where do we go from here?
In this issue of ESMO Open, Hurvitz and colleagues1 report
an exploratory analysis of trastuzumab deruxtecan (T-DXd)
versus trastuzumab emtansine (T-DM1) in the subgroup of
82 patients with human epidermal growth factor receptor 2
(HER2)-positive metastatic breast cancer and baseline brain
metastases (BrMs) from the landmark DESTINY-Breast03
clinical trial. Impressively, the intracranial response rate
(i-ORR) was 65.7% with T-DXd versus 34.3% with T-DM1
confirming antibodyedrug conjugates (ADCs) as a promising
strategy in treating breast cancer BrMs.

Up to 50% of patients with advanced HER2-positive
breast cancer will develop BrMs.2 As patients survive
longer, the need for multiple non-cross-resistant regimens
with intracranial efficacy continues to increase, as do con-
cerns about late toxicities from both local and systemic
therapies. Historically, the evidence base for intracranial
activity of tyrosine kinase inhibitors such as lapatinib, ner-
atinib, and tucatinib has been the strongest.3-6 However,
accumulating data supporting the activity of HER2-targeted
ADCs in patients with BrMs challenge the assumption that
large molecules cannot have intracranial efficacy. Further,
the intriguing efficacy signals observed to date raise pointed
questions about how to integrate local and systemic ther-
apies for patients with BrMs and how to better design
current and future ADC clinical trials to account for the full
range of patients seen in daily clinical practice.

Several aspects of the DESTINY-Breast03 study design bear
special attention. Firstly, patients with clinically inactive/
asymptomatic BrMs not requiring treatment with cortico-
steroids or anticonvulsants were eligible. The study initially
allowed patients who had not received prior local therapy to
BrMs to enroll; however, a later protocol amendment
excluded these patients. Patients with progressive BrMs after
prior local therapy were also excluded. Using the current U.S.
Food & Drug Administration (FDA) definitions of active
versus stable BrMs, 39 patients (20 treated with T-DXd and
19 treated withT-DM1) had asymptomatic locally untreated
brain lesions that would be considered active; the remaining
patients had stable/treated BrMs at study entry. Assessment
of intracranial activity was not pre-planned but measure-
ment of BrMs was carried out retrospectively by blinded
independent central review. Brain magnetic resonance im-
aging scans were not required (computed tomography was
allowed) despite their clearly greater sensitivity for
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identifying new lesions. Finally, it is not clear whether and
how the central radiology reviewers accounted for lesions
that had recently received prior local therapy.

Even with these caveats in mind, the data are compelling.
The median progression-free survival (PFS) in patients with
baseline BrMs in DESTINY-Breast03 was 15.0 months [95%
confidence interval (CI) 12.5-22.2 months] for T-DXd versus
3.0 months (95% CI 2.8-5.8 months) for T-DM1 [hazard ratio
(HR) 0.25, 95% CI 0.31-0.45].7 These data confirm T-DXd as
the strongly preferred second-line choice for patients with
stable asymptomatic BrMs. Per protocol, central nervous
system (CNS) lesions were considered non-target only, and
so were not included in the RECIST measurements of target
lesions; however, CNS non-target progression was counted
as a PFS event. These data are in line with the PFS of the
BrM subgroup reported in the DESTINY-Breast01 clinical
trial of 18.1 months (95% CI 6.7-18.1 months).8 In DESTINY-
Breast03,9 T-DXd led to an astounding median PFS in the
intention-to-treat population of 28.8 months (95% CI 22.4-
37.9 months), which indicates inferior performance of pa-
tients with baseline BrMs and highlights the continued
needs of this population.

With respect to intracranial response, the observed i-ORR
in DESTINY-Breast03 was 65.7% with T-DXd versus 34.3%
with T-DM1 in this subset analysis. While the data are
encouraging, it should be noted that there was only a
minimum 2-week washout from stereotactic radiosurgery or
whole-brain radiotherapy required before study entry, and
the median time from prior CNS-directed radiation therapy
to study entry was only 1.6 months (range 0.5-45.2 months)
in the T-DXd arm and 3.4 months (range 0.5-80.1 months) in
the T-DM1 arm. CNS outcomes in patients with or without
prior CNS-directed local therapy were not separately re-
ported. Thus, it is not possible with the data as presented to
fully separate the causality of intracranial responses due to
the systemic therapy versus prior local therapy versus the
sequence of both modalities.

Measurement of intracranial response is particularly
relevant for patients with active BrMs (untreated/asymp-
tomatic or treated but progressive) for whom local therapy
is either not an option or delayed in hopes of systemic
treatment response in the CNS. TUXEDO-1 and DEBBRAH
are both small single-arm trials of T-DXd in active HER2-
positive breast cancer BrMs reporting intracranial
response rates between 44.4% and 73.3% in patients with
active BrMs.10,11 As patients with treated but progressive
BrMs were excluded from the DESTINY-Breast01, 02, and 03
trials, we await the results of the DESTINY-Breast12 trial
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(NCT04739761), which has enrolled w250 patients with
stable or active BrMs, to truly understand the efficacy in
relevant subsets of patients with BrMs.

Can T-DXd prolong time until intracranial disease pro-
gression in patients with prior HER2-positive BrMs? CNS-PFS
is the clinical endpoint assessing ability of systemic therapy
to prolong progression in the brain. In a recent pooled
analysis of 148 patients with baseline BrMs (treated/stable
or untreated/asymptomatic) from the DESTINY-Breast01-03
trials, T-DXd resulted in a CNS-PFS of 12 months in the sta-
ble BrMs population and 18.5 months in the untreated/
asymptomatic BrMs population outperforming the combined
control cohorts.12 These data also reflect the ability of T-DXd
to prolong disease progression in the brain particularly in
patients with asymptomatic/untreated BrMs, and evoke the
desire to further study our ability to delay CNS radiation in
such patients with multidisciplinary communication and
close monitoring. Despite these promising data, over 40% of
patients with BrM history on T-DXd still progressed first in
the brain indicating the continued need for novel secondary
prevention strategies as well as effective next-line therapies
for patients with BrMs.

The other highly active regimen for HER2-positive stable
and active BrMs (including treated/progressive) is tucatinib/
trastuzumab/capecitabine, as reported in the HER2CLIMB
clinical trial.13 The i-ORR of tucatinib, trastuzumab, and
capecitabine was 47% in a more heavily pretreated popu-
lation who had taxane, trastuzumab, pertuzumab, and
T-DM1 exposure. Tucatinib also prolonged overall survival in
the patients with BrMs with a median overall survival of
21.6 months for patients who received tucatinib versus 12.5
months for those who received placebo. Tucatinib also
reduced the risk of developing new BrMs as the site of first
progression or death by 45.1% (HR 0.55, 95% CI 0.36-
0.85).13 While cross-trial comparisons are tempting, it is
critical to note several major differences in the patient
populations enrolled in DESTINY-Breast03 versus HER2-
CLIMB. Overall, patients with BrMs at baseline constituted
w16% of the overall study population in DESTINY-Breast03,
and the BrMs subset analysis included only 39 patients (20
patients treated with T-DXd) with previously untreated
BrMs, and none with progressive BrMs after prior local
therapy. This is in sharp contrast to HER2CLIMB, in which
nearly half of the patients had history of BrMs, including
174 patients (28% of the overall study population) with
active BrMs at study entry.

Based on the data, we believe that T-DXd and tucatinib/
capecitabine/trastuzumab are both excellent options for
patients with BrMs. We favor T-DXd in the second line for
patients with extracranial progression who have stable
BrMs with low brain metastasis velocity, or those with small
asymptomatic/untreated lesions. We prefer tucatinib/
capecitabine/trastuzumab for patients with previously
treated but progressive lesions and those with high brain
metastasis velocity due to a paucity of data for T-DXd in this
population relative to the much larger published experience
with tucatinib to date. However, we would favor T-DXd over
2

other systemic options in patients who have progressed on
a tucatinib-based regimen.

Finally, as we reflect upon these data and other accu-
mulating evidence, what lessons can we apply to clinical
trial design moving forward?

Firstly, although T-DM1 was inferior to T-DXd in this subset
analysis, it is important to note that both ADCs demon-
strated evidence of intracranial efficacydindeed the i-ORR
to T-DM1 was an impressive 34.3%. The next-generation
properties of T-DXd such as potent chemotherapeutic
payload and high drugeantibody ratio (DAR) likely
contribute to its enhanced CNS efficacy.14 ADC homogeneity
and DAR are critical parameters for CNS penetration and
brain tumor efficacy in preclinical models.15 These data
contribute to a growing wealth of evidence that ADCs, as a
class, have CNS efficacy and strongly support the default
inclusion of patients with active and stable/treated BrMs in
all phases of ADC clinical trials, irrespective of the ability of
the compounds to penetrate an intact bloodebrain barrier in
preclinical models. Indeed, preclinical models of BrMs
appear to be much more predictive of clinical activity.
Notably, in a large, population-based database, by start of
second-line therapy (i.e. the patient population enrolled in
DESTINY-Breast03), 18% of hormone receptor-positive/HER2-
positive and 31% of hormone receptor-negative/HER2-
positive have been diagnosed with BrMs.16 Without more
concerted efforts to include patients with active BrMs in ADC
clinical trials, we are missing an important opportunity to
understand the efficacy of a crucial class of anticancer agents
in a patient population of high unmet medical need. In all
recent pivotal ADC trials in breast cancer including DESTINY-
Breast01-04, ASCENT, and TROPiCS-02, patients with active
BrMs were excluded (with the exception of the few asymp-
tomatic, previously untreated patients initially allowed on to
T-DXd trials until protocol amendments to exclude them), so
future prospective studies in this patient population must be
carried out, which take years to complete. TUXEDO-4
(NCT06048718) is ongoing and will assess T-DXd in active
HER2-low BrMs; DESTINY-Breast12 is assessing T-DXd in
active HER2-positive BrMs; and DATO-BASE (NCT06176261)
will assess efficacy of datopotamab deruxtecan in active
triple-negative breast cancer, hormone receptor-positive/
HER2-negative BrMs, and leptomeningeal disease. If these
patients were allowed and enrolled up front, these studies
would not be needed.

Next, we need to re-think the wording of eligibility criteria.
In an era where systemic therapies can be sufficiently effec-
tive in patients with HER2-positive BrMs to allow safe deferral
of local therapy, we should not require prior CNS-directed
local therapy in order to deem eligibility for clinical trials.
Finally, as we plan protocols, we should consider the data
elements needed to conduct BrM subset analyses
upfrontdincluding definitions of active versus stable BrMs,
frequency and type of required CNS imaging studies, collec-
tion of prior local therapy data, and pre-specified response
endpoints. For those committed to making a change into the
future, an increasing number of resources are available to
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provide guidance in designing studies to better include pa-
tients with BrMs into clinical trials.17,18

In summary, this exploratory analysis of the DESTINY-
Breast03 trial suggests that T-DXd is the premier ADC for
the treatment of patients with HER2-positive breast cancer
BrMs. The analysis underscores the pressing need to
investigate T-DXd in patients with HER2-low expressing
BrMs, active HER2-positive BrMs across other solid tumors,
and leptomeningeal disease as the next crucial steps, as
well as a move towards default inclusion of patients with
BrMs into clinical trials of ADCs across the board. These
investigations hold promise for improving outcomes and
expanding therapeutic options for patients facing these
challenging conditions as well as advancing our under-
standing of ADC potential in diverse clinical settings.
S. Sammons1,2,3 & N. U. Lin1,2,3*

1Medical Oncology, Dana-Farber Cancer Institute, Boston;
2Breast Oncology Program, Dana-Farber Brigham Cancer

Center, Boston;
3Harvard Medical School, Boston, USA
(*E-mail: Nancy_Lin@dfci.harvard.edu).

Available online 24 April 2024

https://doi.org/10.1016/j.esmoop.2024.102990
DOI of original article: https://doi.org/10.1016/

j.esmoop.2024.102924
FUNDING

None declared.

DISCLOSURE

SS reports institutional research support from AstraZeneca,
Relay Therapeutics, Seagen, and Sermonix, as well as per-
sonal fees from AstraZeneca, Daiichi-Sankyo, Gilead, Eli Lilly,
Incyclix, Pfizer, Sermonix, and Novartis. NUL reports insti-
tutional research support from Genentech (and Zion Phar-
maceutical as part of GNE), Pfizer, Merck, Seattle Genetics
(now Pfizer), Olema Pharmaceuticals, and AstraZeneca;
consulting honoraria from Puma, Seattle Genetics, Daiichi-
Sankyo, AstraZeneca, Olema Pharmaceuticals, Janssen,
Blueprint Medicines, Stemline/Menarini, Artera Inc., and
Eisai; royalties from Up to date (book); and travel support
from Olema Pharmaceuticals.
REFERENCES

1. Hurvitz SA, Kim S-B, Chung WP, et al. Trastuzumab deruxtecan versus
trastuzumab emtansine in HER2-positive metastatic breast cancer
patients with brain metastases from the randomized DESTINY-Breast03
trial. ESMO Open. 2024;9:102924.

2. Pestalozzi BC, Holmes E, de Azambuja E, et al. CNS relapses in patients
with HER2-positive early breast cancer who have and have not
Volume 9 - Issue 5 - 2024
received adjuvant trastuzumab: a retrospective substudy of the HERA
trial (BIG 1-01). Lancet Oncol. 2013;14(3):244-248.

3. Lin NU, Carey LA, Liu MC, et al. Phase II trial of lapatinib for brain
metastases in patients with human epidermal growth factor receptor
2-positive breast cancer. J Clin Oncol. 2008;26(12):1993-1999.

4. Hurvitz SA, Saura C, Oliveira M, et al. Efficacy of neratinib plus
capecitabine in the subgroup of patients with central nervous system
involvement from the NALA trial. Oncologist. 2021;26(8):e1327-
e1338.

5. Lin NU, Borges V, Anders C, et al. Intracranial efficacy and survival with
tucatinib plus trastuzumab and capecitabine for previously treated
HER2-positive breast cancer with brain metastases in the HER2CLIMB
trial. J Clin Oncol. 2020;38(23):2610-2619.

6. Freedman RA, Gelman RS, Anders CK, et al. TBCRC 022: a phase II trial
of neratinib and capecitabine for patients with human epidermal
growth factor receptor 2-positive breast cancer and brain metastases.
J Clin Oncol. 2019;37(13):1081-1089.

7. Hurvitz S, Kim S-B, Chung W-P, et al. Abstract GS3-01: Trastuzumab
deruxtecan (T-DXd; DS-8201a) vs. trastuzumab emtansine (T-DM1) in
patients (pts) with HER2þ metastatic breast cancer (mBC): subgroup
analyses from the randomized phase 3 study DESTINY-Breast03. Cancer
Res. 2022;82(4_Supplement):GS3-01.

8. Jerusalem G, Park YH, Yamashita T, et al. Trastuzumab deruxtecan (T-
DXd) in patients with HER2þ metastatic breast cancer with brain
metastases: a subgroup analysis of the DESTINY-Breast01 trial. J Clin
Oncol. 2021;39(suppl 15):526.

9. Hurvitz SA, Hegg R, Chung WP, et al. Trastuzumab deruxtecan versus
trastuzumab emtansine in patients with HER2-positive metastatic
breast cancer: updated results from DESTINY-Breast03, a randomised,
open-label, phase 3 trial. Lancet. 2023;401(10371):105-117.

10. Perez-Garcia JM, Vaz Batista M, Cortez P, et al. Trastuzumab deruxtecan
in patients with central nervous system involvement from HER2-
positive breast cancer: the DEBBRAH trial. Neuro Oncol. 2023;25(1):
157-166.

11. Bartsch R, Berghoff AS, Furtner J, et al. Trastuzumab deruxtecan in
HER2-positive breast cancer with brain metastases: a single-arm, phase
2 trial. Nat Med. 2022;28(9):1840-1847.

12. Hurvitz SA, Modi S, Li W, et al. 377O A pooled analysis of trastuzumab
deruxtecan (T-DXd) in patients (pts) with HER2-positive (HER2þ)
metastatic breast cancer (mBC) with brain metastases (BMs) from
DESTINY-Breast (DB) -01, -02, and -03. Ann Oncol. 2023;34(suppl 2):
S335-S336.

13. Lin NU, Murthy RK, Abramson V, 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 random-
ized clinical trial. JAMA Oncol. 2023;9(2):197-205.

14. Shastry M, Gupta A, Chandarlapaty S, Young M, Powles T, Hamilton E.
Rise of antibody-drug conjugates: the present and future. Am Soc Clin
Oncol Educ Book. 2023;43:e390094.

15. Anami Y, Otani Y, Xiong W, et al. Homogeneity of antibody-drug con-
jugates critically impacts the therapeutic efficacy in brain tumors. Cell
Rep. 2022;39(8):110839.

16. Sammons S, Leone J, Sanglier T, et al. Brain metastases in metastatic
breast cancer: prevalence per line of treatment and cumulative inci-
dence in a cohort of 18075 real-world patients. Presented at the 2023
San Antonio Breast Cancer Symposium. December 2023.

17. U.S. Food & Drug Administration. Cancer Clinical Trial Eligibility
Criteria: Brain Metastases. July 2020. Docket Number: FDA-2019-
D-0357. Available at: https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-
brain-metastases. Accessed March 4, 2024.

18. Camidge DR, Lee EQ, Lin NU, et al. Clinical trial design for systemic
agents in patients with brain metastases from solid tumours: a
guideline by the Response Assessment in Neuro-Oncology Brain Me-
tastases working group. Lancet Oncol. 2018;19(1):e20-e32.
3

mailto:Nancy_Lin@dfci.harvard.edu
https://doi.org/10.1016/j.esmoop.2024.102990
https://doi.org/10.1016/j.esmoop.2024.102924
https://doi.org/10.1016/j.esmoop.2024.102924
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref1
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref1
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref1
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref1
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref2
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref2
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref2
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref2
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref3
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref3
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref3
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref4
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref4
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref4
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref4
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref5
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref5
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref5
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref5
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref6
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref6
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref6
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref6
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/optAWpGv4oFh8
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref7
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref7
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref7
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref7
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref7
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref8
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref8
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref8
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref8
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref9
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref9
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref9
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref9
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref10
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref10
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref10
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref11
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref12
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref12
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref12
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref12
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref12
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref13
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref13
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref13
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref14
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref14
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref14
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref15
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref15
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref15
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref15
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-brain-metastases
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-brain-metastases
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-brain-metastases
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref17
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref17
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref17
http://refhub.elsevier.com/S2059-7029(24)00758-0/sref17

	Antibody–drug conjugates are active in patients with HER2-positive breast cancer brain metastases: where do we go from here?
	Funding
	Disclosure
	References


