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Patritumab deruxtecan in leptomeningeal 
metastatic disease of solid tumors: the phase 
2 TUXEDO-3 trial

Leptomeningeal metastatic disease (LMD) is a severe complication of solid 
cancers with poor outcomes and limited treatment options. The antibody–
drug conjugate patritumab deruxtecan (HER3-DXd) demonstrated efficacy 
in breast and lung cancers, and HER3 is involved in central nervous system 
metastases, particularly in parenchymal colonization. In this study, we 
investigated HER3-DXd efficacy and safety in patients with LMD in cohort 3 
of the TUXEDO-3 phase 2 trial. Key eligibility criteria included age ≥18 years, 
treatment-naive LMD or LMD progressing after radiotherapy from any solid 
tumor and Eastern Cooperative Oncology Group performance status of 
0–2. Between January and July 2024, 20 evaluable patients (nine with type 
I and 11 with type II LMD) were accrued and received HER3-DXd 5.6 mg kg−1 
intravenously every 3 weeks. Main primary tumor types included breast 
(60%) and lung (30%) cancers. Median follow-up time was 5.4 months. 
The primary endpoint was met with 65.0% patients alive after 3 months. 
The Kaplan–Meier-estimated 3-month and 6-month overall survival rates 
were 69.6% and 58.9%, respectively. Overall response rate was 11.1% for 
intracranial, 30.8% for extracranial and 26.3% for overall lesions. Clinical 
benefit rate was 50.0% for intracranial, 38.5% for extracranial and 47.4% for 
overall lesions. Neurological symptoms and quality of life remained stable 
or improved during study treatment. No new neurological adverse events 
were observed. The most common adverse events of any grade were anemia 
(nine (40.9%) patients, one (4.5%) grade ≥3), nausea (seven (31.8%) patients, 
no grade ≥3), neutropenia (six (27.3%) patients, three (13.6%) grade ≥3), 
diarrhea (six (27.3%) patients, one (4.5%) grade ≥3), asthenia (six (27.3%) 
patients, no grade ≥3) and thrombocytopenia and headache (five (22.7%) 
patients, one (4.5%) grade ≥3 each). TUXEDO-3 showed clinically relevant 
HER3-DXd activity in patients with LMD. ClinicalTrials.gov identifier: 
NCT05865990.
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observed in the phase 2 HERTHENA-Lung01 trial (NCT04619004) 
enrolling patients with advanced EGFR-mutated NSCLC. Among 30 
of 225 patients accrued to this trial with non-irradiated parenchymal 
BMs at baseline, an intracranial objective response rate of 33.3% (95% 
confidence interval (CI), 17.3–52.8) was observed and confirmed per 
central radiology review15. To our knowledge, data on the activity of 
HER3-DXd in patients with LMD are not available so far.

Given the high unmet clinical need in patients with CNS metas-
tases, established intracranial activity of T-DXd, the biological impli-
cation of HER3 overexpression in CNS tumors and the preliminary 
evidence of CNS activity of HER3-DXd, we performed the prospec-
tive, international, multicenter, single-arm phase 2 TUXEDO-3 trial 
(NCT05865990) to investigate CNS activity of HER3-DXd in active 
breast and lung cancer BMs and LMD of various tumor types. Here 
we report the results of cohort 3, which was specifically designed to 
prospectively evaluate the efficacy and safety of HER3-DXd in patients 
with LMD from any solid tumor.

Results
Patient characteristics
Between 25 January 2024 and 2 July 2024, a total of 20 patients (18 female 
and two male) with newly diagnosed and untreated LMD from any 
advanced solid tumor met all the inclusion criteria and were enrolled 
from seven sites across Austria and Spain. According to the eligibility 
criteria, patients with progressing LMD after radiotherapy were also 
allowed; however, there were no cases of progressing LMD during the 
enrollment process, and patients with newly diagnosed LMD were 
finally included in the study. Of the enrolled patients, nine (45%) had 
type I and 11 (55%) had type II LMD, and 14 (70%) had advanced disease at 
diagnosis. The primary tumor locations were breast in 12 (60%) patients, 
lung in six (30%) patients, melanoma in one (5%) patient and ovary in 
one (5%) patient. The median number of previous treatment lines in 
advanced disease was two (range, 0–6). Previous treatment included 
ADCs (35%), tyrosine kinase inhibitors (TKIs) (20%) or chemotherapy 
combined with immunotherapy (20%). The median age at inclusion 
was 51.5 years (range, 40–66); Eastern Cooperative Oncology Group 
performance status (ECOG PS) was 0 in six (30%) patients; and 12 (60%) 
patients had neurological symptoms at baseline. Two (10%) patients 
did not have evaluable CNS lesions at baseline, and seven (35%) patients 
did not have evaluable extracranial lesions at baseline. Twelve patients 
(60%) had visceral disease, and six (30%) had brain-only disease. Patient 
characteristics are summarized in Table 1.

Two additional female patients also received at least one cycle 
of HER3-DXd but had to be replaced because medical monitoring 
revealed that one specific inclusion criterion had not been met at 
enrollment (both patients had received previous systemic treatment 
for LMD before enrollment) (Supplementary Table 1). As described 
in the Clinical Study Protocol and the Statistical Analysis Plan, these 
patients were excluded from the intention-to-treat (ITT) population but 
were included in the safety analyses (n = 22). At data cutoff (28 February 
2025) and a median follow-up time of 5.4 months (range, 0.8–12.0), four 
(20%) patients were still on treatment. The main reasons for treatment 
discontinuation were death due to clinical progressive disease in six 
(30%) patients, but with no evidence of radiological progression, and 
radiologically proven progression of disease in seven (35%) patients. 
Reasons for treatment termination were progressive disease (50%) 
and patient’s decision (5%). A CONSORT diagram is provided in Fig. 1.

Primary outcome analysis
In the first stage of this trial (stage I, enrollment between 25 January 
2024 and 8 May 2024), four out of the 10 planned participants were alive 
3 months after treatment initiation, meeting the predefined threshold 
for the interim analysis. Consequently, the study progressed to the 
second stage, with the accrual of 10 additional patients (stage II enroll-
ment, concluding on 2 July 2024).

Leptomeningeal metastatic disease (LMD) is defined as the spread of 
cancer cells to the leptomeninges or the cerebrospinal fluid (CSF) in 
the subarachnoid space1,2. LMD has been reported to occur in up to 
10% of patients with solid cancers, most commonly in lung cancer, 
breast cancer and melanoma. LMD is associated with high morbidity 
and may cause debilitating neurological symptoms, such as headache, 
radicular pain, nausea, gait difficulties, cranial nerve palsies, radicu-
lar signs and others. Prognosis is poor, with median overall survival 
(OS) reported across tumor types ranging from 4 weeks to 6 weeks in 
untreated patients and from 2 months to 6 months in patients respond-
ing to currently available treatments. Therapeutic options are limited 
and based mainly on low level of evidence, as patients with LMD are 
systematically excluded from clinical trials, and only few prospective 
studies specifically enrolled patients with LMD1,2. In addition, the inci-
dence of LMD among patients with breast cancer has increased due to 
OS improvements after using chemotherapy and targeted therapies 
with poor central nervous system (CNS) penetration3. The main treat-
ment options recommended in clinical practice guidelines include 
radiotherapy, intrathecal or intravenous pharmacotherapy and pallia-
tive care, with treatment algorithms considering patient performance 
status, type of LMD (type I, which requires positive CSF cytology or 
positive LMD biopsy, and type II, which requires only clinical findings 
and neuroimaging4,5), primary tumor type and molecular subtype and 
prior therapies1,2,5. To date, the prognosis remains dismal, and novel 
treatment opportunities are urgently needed for patients with LMD2.

Human epidermal growth factor receptor 3 (HER3/ErbB3) belongs 
to a family of receptor tyrosine kinases with oncogenic properties6,7. 
Binding of HER3 to its ligands heregulin or NRG-2 leads to a change in 
its conformation, which facilitates heterodimerization with other ErbB 
family members, most importantly HER2, and activation of signal trans-
duction. Through this mechanism, HER3 activation promotes tumor 
growth, proliferation, invasion, metastasis and chemotherapy resistance. 
HER3 expression has been observed in several tumor types, such as lung 
cancer, breast cancer, melanoma and others8,9. HER3 has recurrently been 
described to facilitate CNS colonization by cancer cells10–13. We previously 
showed frequent overexpression of HER3 in 75% and 73% of brain metas-
tases (BMs) of breast cancer and non-small-cell lung cancer (NSCLC), 
respectively14. Of note, HER3 expression was more frequent in CNS metas-
tases than in extracranial tumor sites in patients with NSCLC12,14.

Patritumab deruxtecan (HER3-DXd) is an antibody–drug conju-
gate (ADC) developed for intravenous application and consisting of 
a fully human anti-HER3 IgG1 antibody attached to topoisomerase 
I inhibitor payloads via a tetrapeptide-based cleavable linker with 
a drug-to-antibody ratio of 8:1. HER3-DXd has shown a manageable 
safety profile characterized by a treatment-related discontinuation 
rate due to adverse events (AEs) of approximately 10%, gastrointestinal 
and hematologic toxicities as the most common treatment-emergent 
adverse events (TEAEs) and evidence of relevant anti-tumor activity 
in clinical trials in EGFR-mutated NSCLC and breast cancer15,16. The 
clinical development of HER3-DXd is ongoing, with several clinical 
trials evaluating its efficacy, including the phase 3 HERTHENA-Lung02 
(ref. 17), the phase 2 HERTHENA-PanTumor01 (ref. 18) and the phase 2 
HERTHENA-Breast01 (ref. 19) trials.

Although it was widely thought that ADCs are large and complex 
molecules that do not readily cross the intact blood–brain barrier20, 
substantial and clinically relevant activity of ADC has been documented 
in BMs and also LMD21. Based on high intracranial response rates against 
parenchymal BMs seen in several studies, including the TUXEDO-1 
(NCT04752059), DEBBRAH (NCT04420598) and DESTINY-Breast12 
(NCT04739761) trials22–25, the HER2-targeting ADC trastuzumab der-
uxtecan (T-DXd) is recommended for therapy of patients with active 
BMs of HER2-positive breast cancer in contemporary clinical practice 
guidelines26. Small studies have also indicated favorable activity of 
intravenous T-DXd monotherapy in patients with breast cancer with 
LMD27,28. For HER3-DXd, preliminary evidence of CNS activity was 
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At data cutoff (28 February 2025), median treatment duration was 
3.4 months (range, 0.0–11.5). Thirteen out of 20 patients were alive 
after 3 months of treatment initiation, and the 3-month OS rate was 
65%, meeting the primary objective of the study. The primary tumors 
of these 13 patients were breast cancer in eight (61.5%), lung cancer in 
three (23.1%), melanoma in one (7.7%) and ovarian cancer in one (7.7%), 
and the 3-month OS rate by tumor type was 66.7% (8/12) in breast 
cancer, 50% (3/6) in lung cancer, 100% (1/1) in ovary cancer and 100% 
(1/1) in melanoma. The Kaplan–Meier-estimated 3-month OS rate was 
69.6% (95% confidence interval (CI): 52.0–93.2; P < 0.001) (Fig. 2a). Of 
these 13 alive patients after 3 months of treatment initiation, six (46.2%) 
had type I LMD and seven (53.8%) had type II LMD, and the 3-month 
Kaplan–Meier OS rate was 66.7% (95% CI: 28.2–87.8) and 71.6% (95% CI: 
35.0–89.9), respectively (Fig. 2b). Specifically, the 3-month Kaplan–
Meier OS rate was 66.7% (95% CI: 33.7–86.0) in patients whose primary 
tumor location was the breast and 62.5% (95% CI: 14.2–89.3) in patients 
whose primary tumor location was the lung (Extended Data Fig. 1). Of 
note, the two patients who were not included in the ITT population 
were alive after 3 months of having started the treatment.

Secondary outcome analysis
Efficacy endpoints. Investigator-assessed confirmed objective 
response rate (ORR) for intracranial lesions occurred in two of 18 (11.1% 
(95% CI: 1.4–34.7)) patients with parenchymal CNS lesions at baseline. 
Regarding extracranial and overall disease assessment, ORR was 30.8% 
(95% CI: 9.1–61.4; 4/13) and 26.3% (95% CI: 9.2–51.2; 5/19), respectively. 
None of the responder patients had received previous ADCs. Clinical 
benefit rate (CBR) for intracranial lesions was 50.0% (95% CI: 26.0–74.0; 
9/18) and for extracranial and overall disease assessments was 38.5% 
(95% CI: 13.9–68.4; 5/13) and 47.4% (95% CI: 24.5–71.1; 9/19), respectively. 
Disease control rate (DCR) for intracranial lesions was 61.1% (95% CI: 
35.8–82.7; 11/18) and for extracranial and overall disease assessments 
was 69.2% (95% CI: 38.6–90.9; 9/13) and 68.4% (95% CI: 43.5–87.4; 13/19), 
respectively (Extended Data Fig. 2). Median time to response (TTR) for 
intracranial disease was 1.8 months (95% CI: 1.6–1.9) and for extracranial 
and overall lesions was 2.0 months (95% CI: 1.9–2.1) and 2.0 months (95% 
CI: 1.6–2.1), respectively. Median duration of response (DoR) could 
not be calculated due to insufficient events. Median progression-free 
survival (PFS) for intracranial, extracranial and overall lesions was 
9.9 months (95% CI: 1.6–not achieved (NA), 9/20), 6.8 months (95% CI: 
2.1–NA, 10/20) and 6.2 months (95% CI: 3.0–NA, 12/20), with the upper 
bound of the CI not estimable due to insufficient events. Median OS 

Table 1 | Patient characteristics at baseline

Characteristic n (%)

Sex

  Female 18 (90)

  Male 2 (10)

Age: median (min; max)

Age at baseline (years) 51.5 (40.0; 66.0)

ECOG PS

  0 6 (30)

  1 9 (45)

  2 5 (25)

Primary tumor location

  Breast 12 (60)

    HER2 2 (10)

    Luminal 4 (20)

    Triple-negative 6 (30)

    Lung 6 (30)

    Ovary 1 (5)

    Melanoma 1 (5)

LMD type

  Type I 9 (45)

  Type II 11 (55)

Status of LMD

  Progressing after local therapy 0 (0)

  Untreated 20 (100)

Advanced disease at diagnosis

  Yes 14 (70)

  No 6 (30)

Visceral disease

  Yes 12 (60)

  No 7 (35)

  No lesions at baseline 1 (5)

Brain-only disease

  Yes 6 (30)

  No 13 (65)

  No lesions at baseline 1 (5)

Bone or liver metastases

  Yes 10 (50)

    Bone metastases 6 (30)

    Liver metastases 9 (45)

  No 10 (50)

Neurological symptoms at baseline

  Yes 12 (60)

  No 8 (40)

Previous ADCs

  Yes 7 (35)

    Trastuzumab deruxtecan 1 (5)

    Sacituzumab govitecan 5 (25)

    Mivertuximab soravtansine 1 (5)

  No 13 (65)

Characteristic n (%)

Previous tucatinib

  Yes 0 (0)

  No 20 (100)

Previous chemotherapy + immunotherapy

  Yes 4 (20)

  No 16 (80)

Previous TKIs

  Yes 4 (20)

    Osimertinib 3 (15)

    Tepotinib 1 (5)

    Crizotinib 1 (5)

    Sotorasib 1(5)

  No 16 (80)

Previous treatment lines in advanced disease: median 
(min; max)

2 (0; 6)

Table 1 (continued) | Patient characteristics at baseline
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was 10.5 months (95% CI: 2.1–NA), and the Kaplan–Meier-estimated 
3-month and 6-month OS rates were 69.6 months (95% CI: 44.5–85.1) 
and 58.9 months (95% CI: 34.3–77.0), respectively. The Kaplan–Meier 
curves for PFS displaying the respective results for intracranial, extrac-
ranial and overall disease are shown in Extended Data Fig. 3 for all 
patients and in Extended Data Fig. 4 for those with breast and lung 
cancers. Efficacy endpoint results are summarized in Table 2.

Of note, according to the study protocol, CSF sampling was not  
mandatory, and its follow-up was conducted in only two patients. 
Therefore, no results regarding the evolution of cell counts over time 
are available.

Neurologic function and quality of life. Twelve out of 20 (60%) patients 
had neurologic symptoms at baseline. At data cutoff, neurologic func-
tion evaluation as per Neurologic Assessment in Neuro-Oncology 
(NANO) scale reported two (10%) patients with neurologic response, 
11 (55%) patients with neurologic stability and no patients with neuro-
logic progression. The remaining seven (35%) patients could not be 
assessed due to the absence of post-baseline evaluations. QLQ-C30 
and QLQ-BN20 questionaries were assessed to evaluate quality of life 
(QoL). Changes occurring during the follow-up using the QLQ-C30 
questionnaire are shown in Extended Data Fig. 5 (for all patients) and in 
Supplementary Fig. 1 (per patient). Similarly, changes occurring during 
the follow-up using the QLQ-BN20 questionnaire are shown in Extended 
Data Fig. 6 (for all patients) and in Supplementary Fig. 2 (per patient).

Safety. TEAEs of any grade were observed in 21 (95.5%) patients (15 
(68.2%) grade ≥3) (Tables 3 and 4). The most common TEAEs of any grade 
were the following: anemia (nine (40.9%) patients, one (4.5%) grade ≥3), 
neutropenia (six (27.3%) patients, three (13.6%) grade ≥3), thrombocy-
topenia (five (22.7%) patients, one (4.5%) grade ≥3), diarrhea (six (27.3%) 
patients, one (4.5%) grade ≥3), headache (five (22.7%) patients, one 
(4.5%) grade ≥3), nausea (seven (31.8%) patients, no grade ≥3) and asthe-
nia (six (27.3%) patients, no grade ≥3) (Table 4). Treatment-related TEAEs 
were reported in 18 (81.8%) patients; the most common were nausea  
(six (27.3%) patients, no grade ≥3), anemia (seven (31.8%) patients, no 
grade ≥3), neutropenia (six (27.3%) patients, three (13.6%) grade ≥3) and 
thrombocytopenia (four (18.2%) patients, no grade ≥3) (Supplementary 
Table 2). Serious TEAEs were reported in 11 (50.0%) patients; the most 
common were headache and seizure (two (9.1%) patients, one (4.5%) 
grade ≥3) (Supplementary Table 3). Serious treatment-related TEAEs 
were reported in four (18.2%) patients, and three (13.6%) were grade ≥3 
AEs, including dyspnea, interstitial lung disease (ILD) and febrile neu-
tropenia (one (4.5%) patient each), all of which resolved (Supplemen-
tary Table 4). Respective patients with dyspnea and ILD discontinued 

treatment due to these TEAEs, whereas the patient with febrile neutro-
penia received no intervention; all patients fully recovered.

Dose interruption and permanent discontinuation of HER3-DXd 
because of TEAEs occurred in six (27.3%) patients and one (4.5%) patient, 
respectively. Dose reductions of HER3-DXd due to TEAEs occurred in 
two (9.1%) patients. There were no deaths due to HER3-DXd (Table 3).

Pre-planned exploratory analysis
HER3 expression on baseline tumor tissue samples was examined in 
15 available samples (two from the brain and 13 from extra-CNS sites) 
and assessed to evaluate whether there was correlation with efficacy 
endpoints (ORR, CBR, DCR, PFS and OS). The data did not reveal any 
correlation between the variables in any of the cases, as shown in  
Supplementary Fig. 3 and in Supplementary Table 5.

Subgroup analyses for response and progression endpoints were 
not performed due to the small number of samples in each subgroup 
with the only exception of OS analysis, which was assessed by baseline 
breast cancer phenotype reported by sites (Extended Data Fig. 7).

Discussion
To our knowledge, TUXEDO-3 is the first prospective clinical trial 
reporting activity of HER3-DXd in patients with LMD. The primary end-
point was met, with 65% of the ITT population alive beyond 3 months 
after enrollment. The predefined 25% threshold considered to indicate 
clinically relevant activity was clearly surpassed at a median follow-up 
time of 5.4 months. In addition, important clinical secondary endpoints, 
including symptom assessments and patient-reported outcomes, show 
the ability of the investigational agent to maintain or even improve 
patient well-being. Furthermore, radiological assessments document 
objective responses of parenchymal BMs, thus substantiating the evi-
dence for the meaningful CNS efficacy of HER3-DXd. Overall, our data 
show clinically relevant activity of HER3-DXd in patients with LMD of 
solid cancers and may open the path to novel treatment options for this 
condition characterized by high morbidity and mortality.

Treatment options for patients with LMD are limited, and, in clini-
cal practice, radiotherapy or intrathecal pharmacotherapy are often-
times primarily considered. In this context, it is of interest to note that, 
although our trial allowed inclusion of patients with newly diagnosed 
LMD or LMD progressing after radiotherapy, only patients previously 
untreated for LMD were enrolled. Moreover, we observed a consider-
ably higher accrual rate than initially projected, which allowed us to 
complete enrollment within 6 months. This enrollment pattern reflects 
the high unmet clinical need to identify new therapies for patients with 
LMD and supports the conduct of clinical trials with novel investiga-
tional agents in a first-line treatment setting.

Assessed for eligibility (n = 28)

Accrued (n = 22)

Received HER3-DXd (n = 22)

Full analysis population (n = 20)
• Excluded due to not meeting inclusion
criteria (n = 2)
Safety analysis population (n = 22)

Excluded (n = 6)
• Not meeting inclusion criteria (n = 6)

Discontinued HER3-DXd (n = 17) due to:
• Progression (n = 14)
• Other reasons di�erent than progression (n = 3)

Enrollment

Treatment

Follow-up

Analysis

Fig. 1 | CONSORT flow diagram. Flow-chart showing the number of patients in cohort 3 of TUXEDO-3 who were enrolled, treated, followed-up and included  
for analysis.
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Like previous trials, the inclusion criteria of our study allowed 
patients with LMD from any solid cancer in order to reflect the pres-
entation of this condition across primary tumor entities as well as the 
evidence for HER3-DXd activity in various malignancies. In line with 
the epidemiology of LMD, most patients had breast or lung cancer, 
with only one patient each having melanoma and ovarian cancer as the 
primary tumor. Because confirmed responses to HER3-DXd have been 
seen across a wide range of baseline tumor HER3 membrane H-scores, 

clinical activity of HER3-DXd has so far not shown direct correlation with 
baseline tumoral HER3 expression levels15,16,29. In this sense, HER3-DXd 
has been demonstrated to enable a higher bystander effect than other 
previous ADCs, and a high expression of HER3 may not be necessary 
to make HER3-DXd more effective29. Because of this, together with the 
fact that no validated methods for assessment of HER3 in CSF samples 
are available, we enrolled patients irrespective of HER3 expression. 
This strategy is in line with that of other trials investigating HER3-DXd, 
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Fig. 2 | Kaplan–Meier OS curves. Curves are shown for all patients with LMD (n = 20) (a) and for patients stratified by LMD subtype (b). Shaded areas represent 95% CI. 
mOS, median overall survival.
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such as HERTHENA-Breast01 (ref. 19), HERTHENA-Lung01 (ref. 15) 
or HERTHENA-Lung02 (ref. 17). However, the repeatedly suggested  
role of HER3 in CNS colonization provides a biological rationale for 
targeted treatment of secondary CNS involvement, particularly of 
breast and lung cancer. In addition, the analyses to find associations 
between HER3 expression and treatment response in this study were 
limited by the small sample size. Our results substantiate the role of 
HER3 as a relevant treatment target that should be further investigated 
in future studies.

Systemic treatments have increasingly been investigated in 
patients with LMD. Recent trials have reported promising outcomes 
with TKIs, such as osimertinib; immune checkpoint inhibitors, such 
as pembrolizumab, ipilimumab and nivolumab; and the ADC T-DXd1. 
However, differences in design, and particularly the choice of dif-
ferent primary endpoints, preclude meaningful comparison of the 
available clinical trial results. Given the difficulty of reliably assessing 
response to treatment in patients with LMD, we chose 3-month OS 
rate as the primary endpoint for our trial. This endpoint was used 
by two other recent clinical trials that met their predefined objec-
tives and showed activity of systemically applied immune checkpoint 
inhibitors in this indication29,30. The 3-month OS rate of 65% and the 
Kaplan–Meier-estimated 3-month OS rate of 69.6% observed in our 
trial are higher than 60% achieved with pembrolizumab29 and 44% 
seen with the combination of ipilimumab and nivolumab30. However, 
differences of important baseline characteristics among the patients 
enrolled in those trials, including the distribution of primary tumor 
types, status of extracranial disease, clinical performance status and 
prior therapies, need to be acknowledged. For reliable definition of 
recommendations for the choice of specific systemic treatments for 
patients with LMD, prospective and adequately powered comparative 
studies will be necessary.

Although TUXEDO-3 is, to our knowledge, the first trial investigat-
ing HER3-DXd in patients with LMD, data in this disease setting are avail-
able for another ADC, as the activity of the related ADC T-DXd targeting 
HER2 in patients with LMD was investigated in a few small studies, and 
results corroborate evidence of T-DXd activity in LMD. The prospective 

multicohort phase 2 DEBBRAH trial enrolled a total of seven patients 
in cohort 5 specifically designed to assess T-DXd in patients with previ-
ously untreated pathologically confirmed LMD of HER2-positive and 
HER2-low breast cancer. In this small patient population, a median OS 
of 13.3 months, meeting the prespecified primary endpoint (median 
OS ≥6 months), was reported27. In the ROSET-BM study, 12-month PFS 
and OS were 60.7% and 87.1%, respectively, among 19 patients with LMD 
of HER2-positive breast cancer treated with T-DXd31. In a case series 
of eight patients with heavily pre-treated HER2-positive metastatic 
breast cancer and progressing LMD, all eight patients derived clinical 
benefit from T-DXd, and four (50%) patients had an objective partial 
response based on evaluations using the European Organization for 
Research and Treatment of Cancer (EORTC)/Response Assessment in 
Neuro-Oncology for Leptomeningeal Metastasis (RANO-LM) Revised 
Scorecard32. In another retrospective series of patients with LMD of 
various HER2-expressing tumor types, partial responses using the 
EORTC/RANO-LM Revised Scorecard were observed in six of 18 (33%) 
patients33. Taken together, the available data show that ADC as a sub-
stance class may have meaningful clinical activity in patients with LMD 
and should be further investigated in additional clinical trials. Further 
prospective and adequately powered studies are needed to compare 
the efficacy of T-DXd and HER3-DXd in patients with LMD and to inform 
future clinical practice guidelines.

Response assessment in patients with LMD is unreliable given the 
lack of clearly measurable disease manifestations in most patients1. 
LMD may present only as thin or diffuse contrast enhancement on 
magnetic resonance imaging (MRI) scans or with difficult-to-quantify 
amounts of tumor cells in CSF samples derived by lumbar punctures. 
As secondary endpoints, we included radiographic response assess-
ment of parenchymal BMs and extracranial tumor manifestations in 
our trial. Using Response Assessment in Neuro-Oncology for Brain 
Metastases (RANO-BM) criteria, we documented objective and con-
firmed partial responses in two of 18 (11.1%) evaluable patients as well 
as a CBR of 50.0% and a DCR of 61.1%. These findings provide further 
support for the relevant CNS activity of HER3-DXd also noted in sub-
group analyses of the HERTHENA-Lung01 trial15 and in cohorts 1 and 2 
of TUXEDO-3, although higher intracranial response rates of 23–33% 
were documented in those studies. For extracranial tumors, we saw 
objective responses per Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 in four of 13 (30.8%) patients, which is in line with 

Table 2 | Secondary endpoints as per RANO-BM for 
intracranial lesions and as per RECIST version 1.1 for 
extracranial and overall lesions

Endpoint RANO-BM
(intracranial lesions; 
n = 18)*

RECIST version 1.1
(extracranial lesions; 
n = 13)*

RECIST version 1.1
(overall lesions; 
n = 19)*

ORR; 
% (95% CI); 
events

11.1 (1.4–34.7); 2/18 30.8 (9.1–61.4); 4/13 26.3 (9.2–51.2); 
5/19

CBR; 
% (95% CI); 
events

50.0 (26.0–74.0); 9/18 38.5 (13.9–68.4); 5/13 47.4 (24.5–71.1); 
9/19

DCR; 
% (95% CI); 
events

61.1 (35.8–82.7); 11/18 69.2 (38.6–90.9); 9/13 68.4 (43.5–87.4); 
13/19

TTR; months 
(95% CI)

1.8 (1.6–1.9) 2.0 (1.9–2.1) 2.0 (1.7–2.1)

DoR; months 
(95% CI); 
events

NA (NA–NA); 0/1 4.8 (3.9–NA); 2/4 4.8 (4.6–NA); 3/5

PFS; months 
(95% CI); 
events

9.9 (1.6–NA); 9/20 6.8 (2.1–NA); 10/20 6.2 (3.0–NA); 12/20

*Two patients did not have intracranial lesions at baseline; seven patients did not have 
extracranial lesions at baseline; and one patient did not have any lesions at baseline. CBR, 
clinical benefit rate; CI, confidence interval; DCR, disease control rate; DoR, duration of 
response; NA, not achieved; ORR, overall response rate; PFS, progression-free survival; 
RANO-BM, response assessment in neuro-oncology for brain metastases; RECIST, response 
evaluation criteria in solid tumors; TTR, time to response.

Table 3 | Summary of AEs in patients with LMD from any 
solid tumor

Types of AEs, n (%) n = 22

AEs 21 (95.5%)

TEAEs 21 (95.5%)

HER3-DXd-related TEAEs 18 (81.8%)

Serious TEAEs 11 (50.0%)

  Serious HER3-DXd-related TEAEs 4 (18.2%)

Grade 3–5 TEAEs 15 (68.2%)

  Grade 3–5 HER3-DXd-related TEAEs 7 (31.8%)

AESIs 1 (4.5%)

  HER3-DXd-related AESIs 1 (4.5%)

Death due to TEAEs 0 (0.0%)

  Death due to HER3-DXd-related TEAEs 0 (0.0%)

TEAEs leading to dose reduction 2 (9.1%)

TEAEs leading to dose interruption 6 (27.3%)

TEAEs leading to permanent discontinuation 1 (4.5%)

 AEs: AEs, adverse events; AESIs, adverse events of special interest; HER3-DXd, patritumab 
deruxtecan; TEAEs, treatment-emergent adverse events.
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the extracranial response rates of up to 30% that have been reported for 
lung and breast cancer, respectively15,16. The median OS observed in our 
trial cohort of patients with LMD was 10.5 months and was 11.9 months 
in patients with advanced EGFR-mutated NSCLC without evidence of 
LMD enrolled in the HERTHENA-Lung01 trial15.

Regarding potential cross-resistance between topoisomerase I 
inhibitors, our results suggest no responses in patients pre-treated 
with T-DXd or sacituzumab govitecan (SG). None of the patients who 
showed radiological response based on the established criteria had 
received prior T-DXd, SG or other ADCs. In relation to the primary 
objective of this cohort, zero of one patient who had received prior 
T-DXd, two of five patients who had received prior SG and one of one 
patient who had received prior mirvetuximab were alive after 3 months 
of treatment initiation, suggesting potential variability in responses 
depending on prior treatment.

Concerning toxicity, no new safety signals were seen, and the 
safety profile of HER3-DXd in our patient cohort reflects that reported 
in other trials15,16. Notably, the rates of AEs affecting the nervous sys-
tem, such as headache or dizziness, were not more common or severe 
than in trials using HER3-DXd in patients without CNS involvement. In 
addition to standard toxicity evaluations, we implemented structured 
assessments of neurological symptoms and QoL domains using stand-
ardized tools in our trial. We documented neurological stability or 
improvement in all evaluable patients as well as improvements in global 
health status, emotional functioning and cognitive functioning over 
the treatment period with HER3-DXd. These results are encouraging, 
as treatment recommendations for patients with LMD need to consider 
the palliative setting with high symptom burden and impaired QoL.

In conclusion, this study is, to our knowledge, the first prospective 
clinical trial investigating the novel HER3-targeting ADC HER3-DXd in 
patients with LMD. Cohort 3 of TUXEDO-3 met its primary endpoint and 
shows favorable results in a range of important secondary endpoints. 
Overall, our data indicate that HER3-DXd may be a useful treatment 
option with a manageable safety profile that may improve the progno-
sis and the symptomatic burden of patients with LMD. As limitations, 
the small sample size, the heterogeneous patient population, missing 
QoL data during follow-up and the relatively limited follow-up time on 
this cohort of patients need to be acknowledged because they limit 
subgroup analyses and may affect the interpretation of long-term 
outcomes, and further studies are warranted to define the optimal 
role of HER3-DXd in patients with LMD.
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Methods
TUXEDO-3 is an international, multicenter, single-arm, multicohort, 
phase 2 clinical trial evaluating the efficacy and safety of HER3-DXd 
in (1) patients with metastatic breast cancer with active BMs (that is, 
untreated or progressing after local treatment) (cohort 1); (2) patients 
with advanced NSCLC with active BMs (cohort 2); or (3) patients with 
treatment-naive LMD or LMD progressing after radiotherapy from 
any advanced solid tumor (cohort 3). In this paper, we report the 
results of cohort 3. The TUXEDO-3 study was conducted in accord-
ance with the Declaration of Helsinki, the International Conference 
on Harmonization Good Clinical Practice guidelines and applicable 
regulations and laws from the recruiting countries (Austria and Spain). 
The study was approved by the ethics committee of the Instituto Valen-
ciano de Oncología, Valencia (Spain). Written informed consent was 
obtained from each patient. None of patients received compensation 
for participation in the study. The trial is registered at ClinicalTrials.
gov (NCT05865990) and the European Union Clinical Trials Register 
(EudraCT no. 2023-503251-10-00).

Patients
Cohort 3 from the TUXEDO-3 trial consisted of patients with LMD 
from any advanced solid tumor. Key inclusion criteria were as fol-
lows: male or female patients ≥18 years of age with histologically 
documented solid tumor of any type and treatment-naive LMD or 
recurrence of LMD after radiotherapy; no need for immediate local 
treatment; either type I LMD, defined by positive CSF cytology or 
leptomeningeal biopsy, or type II LMD, defined by clinical findings 
and neuroimaging only, according to clinical practice guidelines 
jointly provided by the European Association of Neuro-Oncology 
(EANO) and the European Society for Medical Oncology (ESMO)5; life 
expectancy ≥6 weeks; left ventricular ejection fraction (LVEF) ≥ 50% 
as determined by multigated acquisition (MUGA) scan or echocar-
diogram; Karnofsky Performance Status (KPS) ≥ 70%; ECOG PS 0–2 
(following the scale: 0 as fully active, 1 as light activity but limited 
with strenuous tasks, 2 as self-care but unable to work, 3 as staying 
in bed >50% of the day, 4 as completely disabled and 5 as deceased); 
and be able to understand the purpose of the study and give written 
informed consent. Key exclusion criteria were as follows: previous 
systemic therapy with any anti-HER3 directed drug; allergy or hyper-
sensitivity to HER3-DXd or its components; treatment with approved 
or investigational cancer therapy within 14 days prior to initiation of 
study drug; LVEF < 50%; concurrent malignancy or malignancy within 
5 years of study enrollment with the exception of carcinoma in situ of 
the cervix, non-melanoma skin carcinoma or stage I uterine cancer; 
CNS disorders; active cardiac disease or a history of cardiac dysfunc-
tion or conduction abnormalities within 6 months prior to the study; 
any serious medical condition or abnormality in clinical laboratory 
tests; current infection with hepatitis B virus, hepatitis C virus or HIV; 
major surgical procedure or significant traumatic injury within 21 days 
prior to randomization; and participants who are unable or unwilling 
to comply with the requirements of the protocol. A detailed list of all 
the inclusion and exclusion criteria can be found in Supplementary 
Table 6. In addition, given that these patients had LMD from any solid 
tumor, visceral disease was defined as metastatic involvement exclud-
ing organs with CNS lesions.

Study procedures
In this study, HER3-DXd was administered intravenously at the stand-
ard dose of 5.6 mg kg−1 body weight on day 1 of each 21-day cycle until 
progression, unacceptable toxicity, death or withdrawal for any other 
reason. Before the first administration of the study drug, cranial MRI, 
bone scan and computed tomography (CT) scan of the chest and abdo-
men were carried out, if required to confirm LMD and according to 
local guidelines and clinical routine. Tumor staging investigations 
were conducted whenever disease progression was suspected. Cranial 

MRI and CT of the chest and abdomen were performed within 14 days 
of the next treatment cycle. At the investigator’s discretion, CT scans, 
MRI, CSF sampling and/or bone scans were obtained at any time when 
clinically indicated or if progressive disease was suspected. Imaging 
continued to be performed until radiologic evidence of disease pro-
gression, the start of new anti-cancer treatment, withdrawal of consent, 
death or the end of the study, whichever occurred first.

HER3, HER2, estrogen receptor (ER) and progesterone receptor 
(PgR) expressions were determined from baseline tissue samples 
during routine clinical diagnosis. Slides with 4-μm-thick, freshly cut 
tissue from formalin-fixed, paraffin-embedded (FFPE) tissue blocks 
were used. The expression of HER3 was determined in all patient 
samples using a proprietary assay developed by Ventana Medical Sys-
tems (Roche Tissue Diagnostics) and the primary antibody anti-HER3 
SP438 clone (Roche Diagnostics) for immunohistochemical (IHC) 
staining. Slides from FFPE tissue blocks were stained with hematoxylin 
II and rabbit monoclonal negative control. The presence of HER3 was 
scored using the OptiView DAB IHC Detection Kit (Roche Tissue Diag-
nostics). The samples were scored for membrane percent positivity 
and intensity of 0 (no intensity), 1+ (weak intensity), 2+ (moderate 
intensity) or 3+ (strong intensity). HER3 expression was quantified 
using H-scores. The expression of HER2, ER and PgR was determined 
only in breast cancer patient samples using VENTANA anti-HER2/neu 
(4B5), CONFIRM anti-ER (SP1) and CONFIRM anti-PgR (1E2) clones (all 
Roche Diagnostics), respectively. Antibody dilutions were performed 
following the manufacturer’s instructions. An ultraView detection kit 
was used together with a BenchMark ULTRA system (Ventana Medical 
Systems), and visualization was performed using diaminobenzidine. 
All assessments were conducted by a pathologist. HER2-positive cases 
were classified following the 2023 American Society of Clinical Oncol-
ogy (ASCO)–College of American Pathologists (CAP) guideline34. 
The samples included in this study were managed and processed by 
the biobank of the Ramón y Cajal Hospital-IRYCIS (Madrid, Spain, 
National Biobank Registry B.0000678), certified by ISO 9001:2015, 
following standardized procedures and using high-level databases 
of security.

Endpoints
The primary endpoint of the TUXEDO-3 study for the third cohort of 
patients was the 3-month OS rate, defined as the rate of patients alive at 
3 months after the start of the study treatment. Secondary endpoints 
included investigator-assessed ORR as per RANO-BM for intracranial 
lesions and as per RECIST version 1.1 for extracranial and overall lesions; 
investigator-assessed CBR, DCR, TTR, DoR and PFS as per RANO-BM for 
intracranial lesions and as per RECIST version 1.1 for extracranial and 
overall lesions; safety and toxicity of HER3-DXd according to National 
Cancer Institute Common Terminology Criteria for Adverse Events 
(NCI-CTCAE) version 5.0; QoL and neurocognitive function at cycles 
1, 3, 5 and 8 and end of treatment using the EORTC QoL questionnaire 
(QLQ-C30) and the brain cancer–specific questionnaire (QLQ-BN20); 
and neurologic function at cycles 1, 3, 5 and 8 and end of treatment 
using the NANO scale of patients treated with HER3-DXd. Efficacy 
endpoints were analyzed according to HER3 expression levels in all 
patients. For those with breast cancer as the primary tumor, efficacy 
was also assessed based on ER, PgR and HER2 expression levels.

Statistical analyses
TUXEDO-3 is a single-arm, non-comparative phase 2 trial that evaluated 
the safety and efficacy of HER3-DXd in BMs from metastatic breast 
cancer (cohort 1) and advanced NSCLC (cohort 2) and in LMD from 
any solid tumor (cohort 3). For the third cohort, the primary endpoint 
was the number of patients alive after 3 months of treatment initiation 
(3-month OS) in the ITT population. We planned to assign 20 patients 
to this cohort. The protocol specified one interim analysis with 10 
evaluable patients, based on Simon’s two-stage design. The study 
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would continue with the second stage if one or more patients alive 
after 3 months was observed. The critical value for the final analysis in 
this cohort was three or more patients out of 20 alive after 3 months. 
The null hypothesis could have been rejected if 15% or more of patients 
were alive at 3 months. This design yielded a type I error rate of 10% 
and a power of 88% to reject the null hypothesis. P values and 95% CIs 
using the Koyama and Chen method35 were estimated. Efficacy end-
points were assessed in all patients who received at least one dose of 
the study drug and met the inclusion criteria. ORR, CBR and DCR were 
estimated with 95% Clopper–Pearson CI. CBR was defined as the rate 
of patients with objective response, including confirmed complete 
or partial responses or stable disease (SD) for at least 24 weeks. DCR 
was defined as the rate of patients with objective response or SD. DoR 
and TTR were analyzed in all patients who had an objective response 
and were summarized with median and with 95% CI. PFS, OS and the 
estimated 3-month OS rate were estimated using the Kaplan–Meier 
method, reporting the number of events and the median with 95% CI. 
Results from QoL questionnaires were summarized with median and 
95% CI. Descriptive statistics were used for summarizing safety data. 
The association between biomarker expression and HER3-DXd activity 
was assessed using the Wilcoxon rank-sum test (Mann–Whitney U-test) 
for binary variables and Cox regression for time-to-event variables. 
HER3 expression was analyzed as a continuous variable because there 
was not a validated cutoff to categorize HER3 expression into groups 
(for example, expression versus no expression and low expression 
versus high expression). The Wald test was used for hypothesis testing. 
Two-sided P values with alpha ≤ 0.05 level of significance were used 
for all analyses, except for those involving HER3 expression due to the 
exploratory nature of this analysis. Data analysis was performed using 
R software (version 4.3.2) within the RStudio environment (version 
2023.12.2 + 402).

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Data collected within the TUXEDO-3 study will be made available to 
researchers upon reasonable request. Access to the data is controlled to 
ensure the protection of participant privacy and compliance with appli-
cable data protection laws and regulations. Data will be shared upon 
revision and approval based on scientific merit by the TUXEDO-3 man-
agement group (which includes a qualified statistician) of a detailed 
proposal for their use. The data required for the approved, specified 
purposes and the trial protocol will be provided after the completion 
of a data-sharing agreement that will be set up by the study sponsor 
(MEDSIR). All data provided will be anonymized to respect the privacy 
of patients who have participated in the trial. Estimated timeframe for 
response will be within 30 days. Requests for data should be addressed 
to the corresponding author (M.P.; matthias.preusser@meduniwien.
ac.at).
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Extended Data Fig. 1 | Kaplan-Meier overall survival curve for study participants in patients with LMD from breast and lung cancers. Shaded areas represent 
95%CI. CI: Confidence Intervals, LMD: Leptomeningeal disease, mOS: Median overall survival, NA: Not achieved, OS: Overall survival.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-025-03744-1

Extended Data Fig. 2 | Percentage of patients with overall response rate (ORR), clinical benefit rate (CBR) and disease control rate (DCR) in patients with 
leptomeningeal disease from any solid tumor. Green bars represent central nervous system (CNS) lesions, orange bars represent extra-CNS lesions, and purple bars 
represent overall lesions.
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Extended Data Fig. 3 | Kaplan Meier curves for progression-free survival of 
intracranial lesions as per RANO-BM criteria (A), and extracranial (B) and 
overall lesions (C) as per RECIST v1.1 criteria for patients with leptomeningeal 

disease from any solid tumor. Shaded areas represent 95% CI. CI: Confidence 
interval, mPFS: median progression-free survival, NA: Not achieved, PFS: 
Progression-free survival.
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Extended Data Fig. 4 | Kaplan Meier curves for progression-free survival of intracranial lesions as per RANO-BM criteria (A), and extracranial (B) and overall 
lesions (C) as per RECIST v1.1 criteria for patients with breast and lung cancers. Shaded areas represent 95% CI. CI: Confidence interval, mPFS: median progression-
free survival, NA: Not achieved, PFS: Progression-free survival.
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Extended Data Fig. 5 | Parameters assessed using the EORTC QLQ-C30 questionnaire to evaluate the quality of life in patients with leptomeningeal disease from 
any solid tumor. The questionnaires were carried out during the treatment period in cycles 1, 3, 5 and 8, and end of treatment. N represents the number of patients 
assessed in each cycle.
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Extended Data Fig. 6 | Parameters assessed using the EORTC QLQ-BN20 questionnaire to evaluate the quality of life in patients with leptomeningeal disease from 
any solid tumor. The questionnaires were carried out during the treatment period in cycles 1, 3, 5 and 8, and end of treatment. N represents the number of patients 
assessed in each cycle.
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Extended Data Fig. 7 | Kaplan Meier curves for overall survival in breast cancer 
patients with leptomeningeal disease by breast cancer subtype. Twelve out 
of the 20 participants in cohort 3 had breast cancer. In 3 of these 12 participants 
with breast cancer, the expression of hormonal receptors and HER2 could not be 

evaluated. Shaded areas represent 95% CI. CI: Confidence interval, HER2: Human 
epidermal growth factor receptor 2, mOS: median overall survival, NA: Not 
achieved, OS: Overall survival, TNBC: Triple-negative breast cancer.
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