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Case Presentation (1)

• 40 yo F presents with cT3N2 ER-/PR-/HER2 3+ L breast cancer.

• Received neoadjuvant ddAC-THP

• At surgery ypT2N1 (3.2cm + 3+ axillary nodes).

• Adjuvant trastuzumab emtansine started, adjuvant radiation delivered.

4 months into adjuvant trastuzumab emtansine, patient felt headache and “woozy”.
An MRI of the brain was performed.



Case Presentation (2)
• A PET/CT scan showed no evidence of non-CNS progression

• SRS was planned after multidisciplinary discussion at the weekly MSK Brain 
Metastasis Tumor Board

• Trastuzumab emtansine was continued

• Symptoms resolved, and initial follow-up MRI showed improvement in the 
frontal lobe metastasis.

3 months later, the patient experienced headache again and follow-up MRI was performed.



Symptomatic necrosis with antibody-drug conjugates and 
concurrent stereotactic radiotherapy for brain metastases

24 month risk of symptomatic radionecrosis:
No concurrent (within 3 wks) ADC: 9.4%

Concurrent ADC: 42%



Case Presentation (3)
• RN was managed with short course of corticosteroids with resolution

• Patient completed adjuvant trastuzumab emtansine

• 1 year later, she developed dizziness and gait instability, and brain MRI 
revealed further CNS progression, without non-CNS disease.



Treatment Options Discussed at Brain 
Metastases Tumor Board

• SRS to 3 larger supratentorial lesions and to posterior fossa

• Whole brain RT

• Systemic therapy alone and careful observation

– tucatinib/capecitabine/trastuzumab

• SRS to 3 larger supratentorial lesions and to posterior fossa followed by 
tucatinib/capecitabine/trastuzumab as “secondary prevention”

57% of patients were symptomatic, 43% asymptomatic
66% response rate, median PFS 6 months



Case Presentation (4)

• Patient underwent posterior fossa RT and SRS to the three dominant 
supratentorial lesions, and started tucatinib/capecitabine and trastuzumab 
to delay progression/treat non-irradiated smaller supratentorial metastases.

• After initial response in all lesions, she subsequently progressed 2.3 years 
later with a large temporal metastasis measuring 4.5cm, with edema, with 
midline shift. 

• She was felt to be appropriately managed with neurosurgical resection. 



Historical Management of Breast Cancer Brain Metastases:
Reliance on Locoregional Intervention



CNS: A privileged compartment 

O’Sullivan CC et al. Semin Oncol 2017
Steeg, Nature Reviews 2021

Tight junctions
PGP

ABC proteins

ABCB1 and ABCG2
Contribute to limited
CNS accumulation of 
TKI



Current treatment “algorithm” for HER2+ MBC:
Lines of therapy

• First: taxane + trastuzumab + pertuzumab

• Second: trastuzumab deruxtecan

• Third: capecitabine + trastuzumab + tucatinib or trastuzumab 
emtansine

• Beyond: Continue trastuzumab with other cytotoxic agents



Brain Metastases in HER2+breast cancer

Higher mortality 

Morbidity/QoL impact  

40-50% of pts with HER2 + 
MBC develop brain 
metastases 

Pestalozzi et al, Lancet Oncol 2013
Morikawa et al, Clin Breast Cancer 2018
Lin et al, Cancer 2008



Incidence of Brain Metastases after Early HER2+ Breast Cancer:
Not Associated with pCR to Neoadjuvant Rx

Ferraro E et al NPJ Breast Cancer 8:37, 2022

BM events: 2.0% 

Median time to 
development BM: 

6.5 mo (6.5-17) 

BM events: 2.4%

Median time to 
development BM: 

19 mo (4-58) 

pCR non-pCR 



Morikawa A…Seidman AD. Clin Breast Cancer 18(5):353-
61,2018

Outcomes for HER2+ BCBMs at MSKCC:
Signal for Improved Outcomes in the TKI Era



Binding Targets

Lapatinib Reversible HER1, HER2

Neratinib Irreversible Pan-HER

Pyrotinib Irreversible Pan-HER

Tucatinib Reversible HER2 specific

HER2-targeted tyrosine kinase inhibitors



TKI efficacy for HER2+ breast cancer BM 

Study Agent N CNS ORR TTP/PFS

Lin et al

JCO 2008
Lapatinib 39

2.6% (RECIST)

5.2% (50% volumetric 
reduction)

3.0 mo

Lin et al

CCR 2008

Lapatinib

Lapatinib/cape

237*

50

6% (composite criteria)

20% (optional extension)

2.4 mo

3.6 mo

Freedman 
et al.

2016 and 
2019

Neratinib/cape

Pre-rx: 40

Lap Naïve: 49

Lap treat: 12

8%

49%(RECIST 1.1)

33%  

1.9 mo

5.5 mo

3.1 mo

Lin at al 
2020

Tucatinib/H/ cape

Stable: 80

Active: 55

Untreated: 44

NA

47.3%(RECIST 1.1)

47.1% (RECIST 1.1)

13.9 mo**

9.5 mo

8.1 mo 

Yan et al

ASCO 
2021

Pyrotinib/cape
59 (RT-naive)

19 (POD to RT)

74.6%

42.1%

12.1 mo

5.6 mo

*mITT population
** CNS-PFS



Saura  et al. JCO 2020

OS: 24 vs 22.2 mo

Neratinib vs Lapatinib: NALA Trial 





HER2CLIMB: Preliminary Intracranial Efficacy

18

TUC+Tras+Cape, 

(N=55)

Pbo+Tras+Cap

e, (N=20)

Patients with Objective Response 

of Confirmed CR or PR, n

26 4

Confirmed ORR-IC, % (95% CI) 47.3 (33.7, 61.2) 20.0 (5.7, 43.7)

DOR-ICa, months (95% CI) 8.6 (5.5, 10.3) 3.0 (3.0, 10.3)

Lin et al, SABCS 2021

More frequent and more durable intracranial responses with tucatinib

P=0.03*
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Overall Survival in HER2-CLIMB
(comparator arm with No TKI)

Murthy RK, NEJM 2020
Lin NU, JCO 2020

OS: 21.9 vs 17.4 mo HR: OS: 18.1 vs 12 mo 

Overall population Brain Metastases sub-group

48.3 % of overall population
28.4 % with active CNS disease 



Intra-Operative Tumor and Serum Procurement for 
Studying CNS Drug PK and PD

Dr. Viviane Tabar and 
assisting 

Neurosurgical Fellow

RSAs Akheem Simmons, Brooke 
Crawford

PI Andrew  Seidman

Support: Department of Defense ERA of Hope Center of Excellence Grant



Therapeutic [5-FU] in brain metastases,
Variable and suboptimal [lapatinib]

Morikawa A…Seidman AD. Neuro-oncology 2015





Pulsatile High Dose EGFR-TKI in NSCLC Brain Metastases

• [Erlotinib] in CSF with standard dosing inadequate to kill EGFR 
mutant NSCLC cells1

• Pulsatile high-dose weekly erlotinib active in EGFR mutant 
NSCLC CNS metastases progressing despite conventional dose 
erlotinib2

• High dose gefitinib or erlotinib effective in non-CNS sites in 
EGFR-mut NSCLC pts with resistance to standard dose3

• Pulsatile high dose erlotinib and gefitinib increased CSF levels4

1Clarke JL et al J Neurooncol 2010
2Grommes C et al Neurooncol 2011
3Zhu Y et al Thoracic Cancer 2016
4Shriyan B et al Eur J Clin Pharmacol 2020



Pulsatile High Dose Lapatinib 3 days on 11 days off 
may be optimal in tandem with capecitabine

Morikawa A…Seidman AD. Neuro-Oncol 17(2):289-95, 2015





WinHER2 Study 
IRB 22-168

Window Of Opportunity Study of Preoperative Tucatinib In Patients with 
HER2+ Brain Metastases

PI: Seidman AD 
Co-PI: Moss N 

Advanced Oncology Research Fellow: Ferraro E



Cohort A (N=10)
CNS POD while on tucatinib

Cohort B (N=10)
tucatinib-naive patients

Patients with need of 
surgical resection of 
brain metastasis in 
HER2+ or mutant 
metastatic cancer 

-2 d-3 d -1 d Surgery

Plasma/serum samples 
for drug PK IHC/FISH and EM 

analysis of TJ and 
elements of BTB 

CSF cytology, 
CSF CTC, 

cfDNA 

WGS and 
scRNAseq

Cohort  C (N=8)
HER2 mut BC, HER2+/mut 

lung, colorectal and 
gastroesophageal cancer

CNS: central nervous system; CSF: cerebrospinal fluid; CTC: circulating tumor cells; POD: 
progression of disease; PK: pharmacokinetic; TJ: tight junctions; BTB: brain tumor barrier; 
EM: electron microscopy

Primary endpoint: Drug PK: CNS 
mets samples for intratumoral, 
plasma, surrounding brain and 

CSF drug concentration

Isogenic cell models 
based on new 
resistance mutations

-4 d

WinHER2 Study schema

DCE  MRI and 
correlation 
with PK

Dr. Holodny
Dr. Young 

IGO/Weigelt Lab

Chandarlapaty lab

Dr. Milner, 
WCMC

Dr 
Wilcox

De Stanchina Lab

Dr. Li 
Dr. 
Cytryn

Microenvironment sub-study (2023 METAVIVOR 
translational award): exploring cell elements of 

the tissue surrounding the BrM using EM and 
scRNA sequencing 





Primary Objective

To evaluate and compare PK of tucatinib by measurement of intratumoral and 
intertumoral brain metastases (in case of more than 1 metastases resected) and plasma 
levels in HER2 positive breast cancer with progressing BM while on tucatinib (resistant) 
(Cohort A) and in tucatinib naïve (sensitive) patients (Cohort B)

- [tucatinib] in the brain samples
- Ratio plasma/brain tissue 

- Ratio CSF/brain tissue *

Hypothesis: the development of tucatinib resistance may be associated with sub-
therapeutic tucatinib concentration/CNS penetration

In house PK analysis: De Stanchina Lab (Vanessa Thompson)

* CSF analysis is optional, expected patients N=10



Secondary Objectives
• PK analysis of Cohort C 

• To evaluate Genomic (WGS) and Transcriptomic (scRNAseq) landscape of BM to 
evaluate putative mechanism(s) of resistance 

• To compare genomic profile in the brain metastasis with plasma cfDNA and CSF 
cfDNA (the latter when available)

• To explore the association between PK and: 

- Efflux pump expression including Pgp, ABCB1 and ABCG2 in human brain micro-
vessels by immunohistochemistry (IHC)

- Immune biomarkers via IHC 

- Microenvironment element  and tight junction integrity and  via electron 
microscopy (Dr. Theresa Milner, Neuropathology, Cornell) 

- Perfusion DCE MRI Ktrans and VP 

• Safety of preoperative administration of tucatinib

Exploratory objective: CNS-PFS in patients enrolled in cohort B and cohort C who will 
continue tucatinib beyond the study period (at the discretion of their treating physician) 



PK representation

Convert plasma and tissue concentration both in nmol/L

Tucatinib: Molecular Weight. 480.5 g/mol

Ratio brain/plasma (calculate as mean of the time points)

Known = IC50: 275 ng/ml (8 nmol) for HER2 inhibition

https://www.sciencedirect.com/science/article/pii/S0923753420398355?via%3Dihub#bib11
Preclinical and clinical evaluation of the effect of gastric pH on exposure of ARRY-380 formulated as a crystalline freebase and a PVP-VA spray dried 

dispersion [abstract]

Proceedings of the American Association of Pharmaceutical Scientists (AAPS) Annual Meeting and Exposition, AAPS, San Antonio, TX (2013)

Abstract nr W5276
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Preliminary PK Results

This presentation is the intellectual property of the author. Please contact ferraroe@mskcc.org for permission to reprint and/or distribute

• 5 patients enrolled (all female, median age 48 [41-65])

- 1 in cohort A (MBC progressing on tucatinib) 

- 3 in cohort B (MBC tucatinib naïve)

- 1 in cohort C (CRC progressing on tucatinib)

• One resected lesion for each patient localized in the following sites: 

right cerebellar (PT#1-B)*, left cerebellar (PT#2-B)*, left occipital (PT#3-B), left frontal (PT#4-A) and 

right cerebellar (PT#5-C)    

Primary endpoint: tucatinib intracranial penetration  
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Notes: plasma [tucatinib] average concentration of the 4 the timepoints; tissue [tucatinib] expressed ng/ml after approximation of brain density to water density

* Pre-treated with SRS

MBC: metastatic breast cancer 

CRC: colorectal cancer

Cohort
N of 

patients
BM: plasma 
ratio (mean)

Standard 
deviation

A 1 9.8 -

B 3 10.6 7.2

C 1 7.6 -

Unpublished data 

mailto:ferraroe@mskcc.org
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Clinical Vignette: PT#5-C

2µm

56 yo F with metastatic HER2+ CRC (Fold-Change: 25.6), on 2nd line 

tucatinib trastuzumab for 11 months, with new diagnosis of right inferior 

cerebellar lesion of 3 x 2.3 cm

20 

X

Light microscopy  

Electron microscopy  

[Tuc]: 1660 ng/mL, tissue/plasma ratio 7.6  

rVP: 6.36rKtrans: 2.34 

Courtesy of Drs: R. Young, M. Rosenblum and T. Milner 

Unpublished data 

20 X



Frequency of MAPK and PI3K pathway alterations in the 

first 4 HER2+ resected breast cancer brain metastases

MAPK 

PIK3CA

Findings: 
All patients maintained HER2 amplification in the resected brain metastases 
Most common mutations were PIK3CA missense mutations (driver alterations) 
One tucatinib-naive patient had EGFR amplification and ERBB3 missense mutations and NF1 loss suggesting that the MAPK pathway is altered in 
multiple points
Pending: Extensive genomic assessment by WGS with the aim to capture potential differences across the cancer genome in BM pre -exposed and 
naïve to tucatinib. 

Legend: Each rectangle is a patient. Column 3 is the unique patient in cohort A (tucatinib resistant); all the other patients are tuc atinib-naïve.



Opportunity to recapitulate pre-clinical data





EM to examine micro-environment/BBB/BTB

Corti C et al. Cancer Treat Rev 
2022

Theresa Milner, PhD
Emanuela Ferraro, MD
Mayan Hirshkorn, PhD
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Challenges

• Eligible patients are often highly 

symptomatic with need of an urgent 

intervention that may pose logistic hurdles 

• Non-interventional nature of the study may 

affect the recruitment  

• Available radiologic techniques do not often 

distinguish between radiation necrosis and 

actual BrM progression

• There is a technical limitation of mass 

spectrometry in quantifying drug 

concentration in viable tumor vs. necrotic 

tissue

• Continue to enroll patients, aiming for a 

total of 10 patients in cohort A and 10 

patients in cohort B, to assess differences 

between tucatinib-resistant and tucatinib-

naive groups. 

• Enroll patients in cohort C and continue the 

drug post-operatively to investigate 

tucatinib activity in the brain for other tumor 

types

• As per the secondary endpoint, highlight 

the molecular and microenvironmental 

mechanisms of tucatinib resistance to 

inform new therapeutic strategies

Future directions 



Pre-operative T-DXd WoO (WOnDER-BT)
P

o
p

u
la

ti
o

n Her2+/low/mutant 
brain metastases, 
or recurrent 
glioblastoma with 
indicated 
intracranial 
resection

Exclusion for 
impaired PFT / CHF 
/ neutropenia / 
pregnancy

P
re

o
p

e
ra

ti
ve

-trastuzumab brain 
PET

Administration of 
T-DXd (5.4mg/kg;  
6.4mg/kg for 
gastric/GE 
patients)

Blood draw at 2+4h 
post infusion to 
inform Cmax

• Optional: 
Concomitant 
preop LP for CSF

In
tr

a
o

p
e

ra
ti

ve

Maximal safe 
resection C1D1-5

Extracapsular 
sampling where 
indicated and safe

Concurrent blood 
draw
• Optional: CSF P

o
st

o
p

e
ra

ti
ve

q3 month brain 
MRI as per clinical 
routine

*Patients may 
continue on T-DXd 
at the discretion of 
their oncologist/as 
tolerated

PI: Moss/Modi

Cohort A: 16 patients with Her2-expressing or solid tumors with activating ERBB2 mutations 
without prior T-DXd exposure
Cohort B: Up to 4 patients with the above diseases and prior T-DXd exposure
Cohort C: 4 patients with recurrent glioblastoma
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