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Abstract

Background. Patients with human epidermal growth factor receptor 2-positive (HER2-positive) cancers have a
high incidence of central nervous system (CNS) spread, but unfortunately systemic trastuzumab which targets the
HER2 receptor has little CNS penetration. The purpose of this study was to determine the maximum-tolerated dose
of intrathecal trastuzumab and its efficacy in patients with HER2-positive leptomeningeal disease (LMD).
Methods. This multicenter study enrolled 34 LMD patients in a combined phase l/ll study in treating patients with
intrathecal trastuzumab. Any HER2-positive histology was allowed in the phase |; the phase Il was limited to HER2-
positive breast cancer.

Results. Intrathecal trastuzumab was well-tolerated, with one dose limiting toxicity of grade 4 (arachnoiditis)
occurring at the 80 mg twice weekly dose. The recommended phase Il dose was 80 mg intrathecally twice weekly.
Twenty-six patients at dose level 80 mg were included in evaluation for efficacy: partial response was seen in 5
(19.2%) patients, stable disease was observed in 13 (50.0%), and 8 (30.8%) of the patients had progressive dis-
ease. Median overall survival (OS) for phase Il dose treated patients was 8.3 months (95% CI 5.2-19.6). The phase
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Il HER2-positive breast cancer patients median OS was 10.5 months (95% CI 5.2-20.9). Pharmacokinetic (PK)
studies were limited in the setting of concurrent systemic trastuzumab administration, however, did show
stable cerebrospinal fluid (CSF) concentrations with repeated dosing suggest that trastuzumab does not ac-

cumulate in the CSF in toxic concentrations.

Conclusion. This study suggests promise for potentially improved outcomes of HER-positive LMD patients
when treated with intrathecal trastuzumab while remaining safe and well-tolerated for patients.

e This is the largest prospective study of patients with human epidermal growth
factor receptor 2-positive (HER2-positive) leptomeningeal disease (LMD) treated

with intrathecal trastuzumab.

e Safety and efficacy are reported showing promise for treatment of these LMD
patients with intrathecal trastuzumab.

Importance of the Study

This original research is the largest prospective study
of patients with human epidermal growth factor re-
ceptor 2-positive (HER2-positive) leptomeningeal dis-
ease (LMD) treated with intrathecal trastuzumab and
includes both the phase | and phase Il of this clinical
trial along with critical pharmacokinetic data with intra-
thecal trastuzumab drug administration. In this study,
the safety profile and maximum-tolerated dose of in-
trathecal trastuzumab was determined followed by the
phase Il which revealed the potential clinical benefit
to this treatment and demonstrated potential improved

|
Background

Leptomeningeal metastasis (LM) is a serious and life-
threatening complication of many cancers. While the exact
incidence is unknown, it is estimated to affect 1%-8% of
all breast cancer patients, potentially the highest inci-
dence rate among solid tumors.’® Overexpression of
HER2 is observed in 25%-30% of patients with breast can-
cers.*Throughout the course of their disease, 30%-55% of
women with human epidermal growth factor receptor 2
(HER2, also known as erbB2, neu, and p185HER2)-positive
breast cancer will develop central nervous system (CNS)
metastases, often in the setting of well-controlled sys-
temic disease.>® Among breast cancer patients, risk fac-
tors for the development of LM include node positive
disease, tumors >2 cm, tumor grade 3 or higher, age less
than 35 years, and HER2-positive subtype.® As a result of
promising preclinical data in breast cancer, trastuzumab, a
monoclonal antibody that targets the HER2 receptor, was
tested in the clinic both as a single agent and in combina-
tion with chemotherapy. Its ability to delay progression in
HER2+ breast cancer and improve overall survival (OS) led
to its approval in the first line setting in the United States

survival outcome data as compared to historical con-
trols. The pharmacokinetics was analyzed as a correl-
ative assessment in this study. Understanding clinical
benefit and gaining insight into the pharmacokinetics
of this drug will not only help patients being treated for
HER2-postive LMD, but also provides an example on
conducting effective clinical research with crucial cor-
relative studies, in this case cerebrospinal fluid (CSF)
pharmacokinetics, to extract maximal scientific under-
standing and advancement.

in 1998 and in Europe in 2000 in HER2-positive breast
cancer patients. HER2 positivity has also been seen in
other malignancies such as esophageal cancer and other
gastrointestinal cancers' as well as gliomas,” which has
HER2-directed therapeutic implications.

It has been well-established that HER2-positive breast
cancer patients on trastuzumab can often develop relapsed
disease within the CNS. One study found that 34% of pa-
tients on trastuzumab developed CNS disease a median of
6 months from the onset of treatment, with half of the pa-
tients having stable or responding systemic disease; of the
patients with CNS disease, 19% had LM.'? An aggregate of
all trials suggests a 23%-48% rate of CNS involvement with
a median time to development of 4-12 months.%'3 Reasons
for CNS relapse with stable or responding systemic dis-
ease likely include the inability of trastuzumab to penetrate
the CNS due to its size (145 kDa). Pestalozzi and Brignoli
report a 300-fold difference in concentrations between
serum and cerebrospinal fluid (CSF) in patients when it is
given as a weekly intravenous regimen.™

Given prior success with systemically administered
trastuzumab and the potential to achieve better drug
bioavailability within the leptomeningeal space after
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intrathecal administration, this prospective phase /Il study
was designed to evaluate the safety, optimal dosing, and
early efficacy of intrathecal trastuzumab in patients with
HER2-positive cancer with LM. A secondary purpose of the
present study was to determine the pharmacokinetics of
intrathecally administered trastuzumab.

Methods

All patients were required to sign an IRB approved informed
consent in this multiinstitutional study (NCT01325207).The
phase | component consisted of a modified 3 + 3 dose es-
calation study. Patients were enrolled on clinical trial from
July 2011 to June 2016. At the time of the study design, there
existed only a few case reports and case series of patients
treated with intrathecal trastuzumab.'®'7 Each of these an-
ecdotal treatment regimens used varying doses of intra-
thecal trastuzumab at times in combination with systemic
therapies. Based on this data, we chose to treat patients
starting at a modest dose of intrathecal trastuzumab 10 mg
twice weekly and escalate to a maximum dose of 80 mg
intrathecally twice weekly. After cohorts 1 and 2, an accel-
erated phase | study was conducted for cohorts 3 and 4,
followed by a standard 3 + 3 study for cohort 5. In the ac-
celerated component, 1 patient was enrolled per cohort; if
a toxicity was seen in that patient, then the cohort would
be expanded to 6 patients to allow for 1/6 patients per co-
hort to have a dose limiting toxicity before dose escalation.
Cohort 5 enrolled a total of 6 patients. Intrathecal dosing
was as follows: cohort 1—10 mg, cohort 2—20 mg, cohort
3—40 mg, cohort 4—60 mg, and cohort 5—80 mg. Patients
were treated twice weekly for 4 weeks, then once a week
for 4 weeks, and then every 2 weeks. Dose limiting tox-
icity was assessed during the first 4 weeks of treatment.
Electrocardiogram testing was done prior to registration at
baseline and day 1 of each subsequent cycle. CTCAEv4.03
was used in reporting adverse events (AEs). Given that
trastuzumab is an FDA approved drug, there were no pre-
defined dose limiting toxicities outlined. Expected AEs
were defined as those events listed in the package insert
or within the investigational brochure and unexpected AEs
were those not listed within these two entities.

The phase | component allowed for any locally tested
HER2-positive systemic cancer histology as well as pri-
mary tumors (medulloblastoma, glioblastoma, and
ependymoma). There was no limit on prior systemic or
intrathecal chemotherapies and concurrent systemic
trastuzumab was allowed as were non-CNS penetrating

systemic therapies. Patients were required to be at least
18 years of age, able to undergo informed consent, have
a Karnofsky Performance Status (KPS) of at least 50 and
must have had CSF cytology confirmation of leptomenin-
geal disease (LMD) if not seen radiographically. Exclusion
criteria included patients who required concurrent whole
brain radiation therapy (WBRT) or any other concurrent
radiation therapy (with the exception of palliative radio-
therapy to a localized region in the spine for pain control,
ie, vertebral disease, pelvic bony disease). Patients with
any contraindication for Ommaya reservoir placement
were also excluded. Left ventricular ejection fraction (LVEF)
of at least 45% was required along with a life expectancy
of at least 8 weeks.There were no limitations on number of
prior systemic or intrathecal therapies.

The phase Il component of this study aimed to deter-
mine the radiological, cytological, and clinical responses
to intrathecal trastuzumab. As no validated measure of LM
response exists, the response was assessed using a com-
bination of three components. The components consisted
of clinical, radiographic (MRI brain and whole spine), and
CSF cytology responses, as outlined below inTable 1. MRI
of the brain and spine was done 4 weeks (after cycle 1) and
again after cycle 2 (after 8 weeks) with concurrent clinical
and cytologic evaluation. After cycle 2, these same three
assessments (imaging, cytologic, and clinical) were com-
pleted at least every 6-8 weeks (typically prior to every
odd numbered cycle). The phase Il study was conducted
with the phase | determined maximum-tolerated dose in
patients with a HER2-positive breast cancer histology. For
phase Il, a 2-stage Simon phase Il optimal design was used
with a Type | error rate of 10% and a Type Il error rate of
10%. Nine patients were to be observed in the first stage,
with at least one response needed to expand the phase Il
component. If this threshold was met, an additional 15 pa-
tients were to be enrolled. The actual response rate was
estimated using 95% confidence interval methods for
two-stage trials using all patients evaluable for response.
Response was assessed with MRI brain and spine done on
study prior to cycle 1 and cycle 2 and thereafter of every
odd cycle. One cycle was defined as 28 days. CSF cytology
was done on day 1 and 15 of cycle 1 for phase | patients.
For phase Il patients, CSF cytology was completed on day 1
and 15 of cycles 1 and 2. Thereafter CSF cytology was done
on day 1 of each cycle. Neurological exams were assessed
on day 1 and day 15 during cycle 1, and then day 1 of each
subsequent cycle.The phase Il component of this study ex-
clusively included HER2-positive breast cancer patients in
order to limit outcome variability that other primary his-
tology could produce.

Table1 Response assessment for leptomeningeal metastases as defined on protocol

Complete response (CR) = complete clinical response (CCR) + radiographic complete response (RCR) and stable or improved clinical

function

Partial response (PR) = CCR with stable imaging AND stable or improved clinical function OR

Partial response (PR) = RCR + stable cytology AND stable or improving clinical function

Stable disease (SD) = no change in cytology or imaging with stable clinical function

Progressive disease (PD) = progression in cytology, clinical function and radiographic findings
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The pharmacokinetics of the intrathecally adminis-
tered trastuzumab dose was determined in patients in
phase |. Matched CSF and venous blood samples were to
be obtained immediately before and 1, 2, 4, 6, 8, and 24 h
after administering dose 1 in week 1. All CSF samples were
obtained via Ommaya port. Patients were asked to partic-
ipate in additional sample collection 48 h post dose. They
were also asked to participate in additional optional collec-
tion immediately before administration of dose 2 in week 1
and 1-2 h after dose administration as well as immediately
before and 1-2 h after administering doses 3 through 8 in
weeks 2 through 4.

In terms of actual trastuzumab administrations, each
dose of trastuzumab was administered IT via Ommaya
reservoir over 2-5 min and 2-3cc of CSF was removed
prior to trastuzumab administration to flush the butterfly
line after IT trastuzumab. If the Ommaya had be removed
during treatment for any reason, trastuzumab was al-
lowed to be administered via lumbar puncture after day
3 of treatment and until a new one could be placed (al-
though this did not occur throughout the course of the
clinical trial). Treatment was held for patients whose plate-
lets were <50 000 or ANC < 1.0.

CSF and serum trastuzumab concentrations were
measured at Covance Laboratories (Chantilly, VA) using
an enzyme linked immunosorbent assay (ELISA). The
lower limits of quantitation for trastuzumab were 20 ng/
mL for CSF and 156 ng/mL for serum. The CSF pharma-
cokinetics were characterized by compartmental pharma-
cokinetic analysis. CSF trastuzumab concentration versus
time relationships were modeled using the SAAM Il soft-
ware system (SAAM Institute, Seattle, WA) implemented
on a Windows-based personal computer in those pa-
tients from whom at least four of the samples scheduled
to be obtained in the first 8 h after drug administration
had been collected.The systemic absorption from the CSF
was to be determined by a standard two-stage approach
if there were sufficient serum samples with measurable
trastuzumab concentrations. The CSF pharmacokinetics,
including apparent volume of distribution, clearance, and
half-life, were characterized by compartmental pharmaco-
kinetic analysis.

Results

A total of 34 patients were treated with intrathecal
trastuzumab in the combined phase /Il protocol from July
2011 to June 2016. Of the 34 patients, 26 were treated at
the recommended phase Il dose of 80 mg intrathecally
(n =2 carry over from the phase | and n = 24 from the ex-
pansion/phase ll). Patient characteristics are summarized
in Table 2. The median age of all patients was 51-year-old
(range 25-69). Median number of cycles administered was
2 cycles (1 cycle = 4 weeks) and median follow-up time was
10.5 months. Of the 26 phase |l patients, the median age
was 51 years (range 25-69 years). Most patients (25/26)
had previously had CNS directed therapy, and all but one
patient had prior brain directed radiation. These CNS dir-
ected therapies included 13 patients with prior LM directed
therapy, 13 patients with prior WBRT, 13 patients with prior
stereotactic radiosurgery, and 2 patients with prior intra-
thecal therapy. Ten patients were on systemic directed
therapy concurrently at the time of intrathecal therapy
treatment and 18 patients had concurrent brain paren-
chymal metastases.

As the phase | component was a modified 3 + 3 design,
3 patients were enrolled in the initial 10 mg intrathecal
trastuzumab cohort, 3 patients in the 20 mg cohort, and
one patient each in the 40 and 60 mg cohorts. At the highest
planned dose, 80 mg twice weekly, one dose limiting tox-
icity, a grade 4 arachnoiditis, was seen and deemed related
to intrathecal trastuzumab. After this grade 4 toxicity was
found, an additional 3 patients were enrolled at the same
80 mg dose level. Only 1 of the 6 patients in cohort 5 (the
80 mg dose cohort), experienced this same dose limiting
toxicity of grade 4 arachnoiditis at cycle 1. The Robert
H. Lurie Comprehensive Cancer Center Data Monitoring
Committee reviewed all of the phase | safety data and
agreed that the maximume-tolerated dose should be 80 mg
intrathecally as well as the recommended phase Il dose.
The more commonly seen side effects in patients treated
with intrathecal trastuzumab were grade 1 headache in
5 treated patients (15%), at least a grade 1 of nausea in
5 patients (15%), grade 1 emesis in 3 patients (9%), and

Table2 Baseline phase Il patient demographic and clinical characteristics

Characteristic (n = 26)

Range or percent of total n

Median age 51.0 Range (25-69)
Median number of cycles (1 cycle = 4 weeks) 2 Range (1-22)
Median follow-up 10.5 months Range (0.8-39.6)
Her2+ Bbeast cancer 23 88%

Prior intrathecal therapy 2 8%

Prior WBRT 13 50%

Prior SRS 13 50%
Concurrent brain mets 18 69%
Systemic directed therapy at registration 10 38%

New concurrent systemic therapy 5 19%
Previously treated for LM 13 50%
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meningismus in 2 patients (6%). There were no Ommaya
specific AEs to report. Twenty-six patients were then treated
with the recommended phase Il dose of 80 mg trastuzumab
intrathecally and were evaluable for the primary endpoint
of the phase Il study, disease response. Treatment-related
AEs and serious AEs are tabulated (Tables 3 and 4).

Table 2 highlights the key characteristics for patients
enrolled in the phase Il study. As there is not a validated
measure for disease response in LM, we utilized a re-
sponse scale integrating the three diagnostic components:
clinical response, cytologic response, and radiographic
response (Table 1). As the defined statistical target for ex-
pansion was met, the study continued to complete enroll-
ment of 26 patients. The best response seen in these 26
patients was: partial response in 5 patients (19.2%), stable
disease in 13 patients (50.0%), and progressive disease in
8 patients (30.8%), making the clinical benefit/disease con-
trol rate 69.2% defined as stable disease or better. Median
progression free survival (PFS) for the 26 patients in the
phase Il study was 2.2 months (95% Cl 1.0-7.4) and me-
dian OS was 8.3 months (95% Cl 5.2-19.6). Of these 26
patients, 23 carried a diagnosis of HER2-positive breast
cancer and the remaining 3 had HER2-positive solid tu-
mors of other histologies (1 lung adenocarcinoma, 1 co-
lorectal cancer, and 1 anaplastic ependymoma). In the
HER2-positive breast cancer patient subset, the median
PFS was 2.8 months (95% Cl 1.8-7.8) and median OS was
10.5 months (95% Cl 5.2-20.9). Figures 1 and 2 demonstrate
Kaplan—-Meier curves of PFS and OS.The specific response

in each domain per patient is outlined in detail in the sup-
plementary table given the complexity of response in LMD
and the lack of one central-validated response measure.
Ten patients (two after administration of a 10 mg dose,
two after a 20 mg dose, one after a 60 mg dose, and five
after an 80 mg dose) had CSF concentrations measured
in at least four of the samples scheduled to be obtained
in the first 8 h after administration of the first intrathecal
dose of trastuzumab to allow meaningful analysis.The CSF
pharmacokinetics of trastuzumab was well characterized
in these patients by a one-compartment pharmacokinetic
model. Representative fits of the pharmacokinetic model
to CSF trastuzumab concentration versus time relation-
ships of the 5 patients to whom 80 mg of trastuzumab was
administered intrathecally are illustrated in Figure 2. The
volume of distribution (mean + S.D) was 73 + 48 mL, the
CSF clearance was 14 + 5 mL/h, and the apparent CSF half-
life was 4.1 + 3.0 h.There were too few serum samples col-
lected after administration of the first intrathecal dose that
had trastuzumab concentrations above the limit of detec-
tion (156 ng/mL) to enable characterization of systemic ab-
sorption from the CSF after administration of the first dose.
CSF samples were obtained before and 1-2 h after ad-
ministration of intrathecal doses 3-8 in 3 of the patients
receiving 80 mg trastuzumab doses. All but two of the
concentrations measured in samples obtained before ad-
ministration of these doses were less than 10 pg/mL. The
average concentrations measured 1-2 h after these doses
ranged from 1.2 to 2.2 mg/mL, which are largely consistent

Table3 Combined results of phase 1/2 adverse events, at least possibly related to study treatment

Toxicity Grade 1
Noninfectious meningitis/arachnoiditis 1
Headache 3
Fatigue 1
Laryngitis

Fever 1
Nausea 1
Malaise 1
Vertigo 1
Anorexia 1

Grade 2 Grade 3 Grade 4
2 1

Table4 Combined results of phase 1/2 serious adverse events, deemed related to study treatment

Toxicity Grade 1
Noninfectious meningitis/arachnoiditis

Hydrocephalus

Nausea

Headache

Vomiting

Back pain

Extremity pain

Grade 2 Grade 3 Grade 4
1 1
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80mg Breast cancer patients
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Fig.1 (aand b) Progression free survival (PFS) and Overall Survival (0S) of the 23 HER2-positive breast cancer leptomeningeal disease patients
treated with 80 mg intrathecal doses of trastuzumab (median PFS = 2.8 months, median 0S= 10.5 months).

0.1

4 8 12 16 20 24
Hours

Trastuzumab CSF Concentrations pg/ml

Fig.2 Representative fits of the pharmacokinetic model to the ce-
rebrospinal fluid (CSF) trastuzumab concentrations measured up
to 24 h after administration of 80 mg intrathecally to 5 patients. The
symbols represent measured drug concentrations while the lines
represent the fits of the models to the data.

with the average concentration observed in the same pa-
tients 1 h after administration of dose 1, 1.4 mg/mL.

Serum trastuzumab concentrations were always meas-
urable before administration of doses after the first dose,
suggesting very delayed systemic absorption. The concen-
trations also tended to be slightly higher before each sub-
sequent dose, suggesting slight accumulation due to the
low systemic trastuzumab clearance.

Discussion

We conducted a phase I/ll study of intrathecal trastuzumab
in patients with HER2+ LM. Overall, intrathecal trastuzumab
was well-tolerated and the recommended phase Il dose

was 80 mg intrathecally beginning twice a week followed
by a tapering of frequency.The dosing schedule was 80 mg
twice weekly for 4 weeks, followed by weekly for 4 weeks
and then once every 1-2 weeks for maintenance therapy.
The median OS across all dose ranges and histologies was
8.76 months. At the recommended phase Il dose of 80 mg,
the response rate (19.2% for overall population, 17.9% for
HER2+ breast cancer population) and OS (of 8.34 months
for the overall population, 10.5 months for the HER2+
breast cancer population) from the time of study entry
reported in this study was favorable compared to estab-
lished historical controls (3.3-4.4 months) for the HER2-
positive breast cancer population with LM.'®-20 The trend
toward longer survival in the HER2+ breast cancer popu-
lation may reflect a better natural history compared to LM
from other HER2+ histologies.

One striking finding when evaluating the PFS and OS
in our phase Il study was the distinct gap between the
2.2-month median PFS and the 8.3-month median OS in
the entire cohort of the 26 HER2-postive cancer patients
with LM. The same discrepancy was seen in the 23 HER2-
positive breast cancer specific population with median PFS
of 2.8 months and median OS of 10.5 months, respectively.

The favorable OS observed is of particular interest con-
sidering the short PFS (1.89 months across all doses and
histologies, 2.15 months for all patients treated at 80 mg,
and 2.83 months for all HER2+ breast cancer patients
treated at 80 mg). Lack of a validated response assessment
for LM makes it difficult to make sense of clinical, radio-
graphic, or cytologically based endpoints. As the OS in
patients with LM is often driven by LM as opposed to sys-
temic disease, it may be rational to consider OS as the clin-
ical trial endpoint for defining efficacy in this disease state.

Given that there was not a control arm in our study, the
best comparator for OS in this population comes from his-
torical controls. One large contemporary study published
in 2014 looked at survival of all LM patients within a spe-
cified time period and reported the median OS of breast
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HER2-positive LM as 4.4 months.'® Another study reported
similar median OS of 3.3 months for both HER2-positive
and HER2-negative breast cancer LM patients.” Both
studies reported OS from time of initial LM diagnosis, un-
like our study which reported it from study enrollment, in
turn, shortening the time interval. Our observed median
0OS for HER2-postive breast cancer LM patients in this
study was favorable at 10.5 months. It can be argued that
LM patients that enroll on clinical trials have favorable
performance scores and may not be generalizable to the
overall LM population. Furthermore, the inclusion of con-
comitant systemic therapy could also impact these results.
At least 4 of the patients on study had systemic therapy
that could be considered CNS penetrating (3 patients on
lapatinib, 1 on high dose systemic methotrexate) which
could be a shortcoming to our study that could impact re-
sults. It could be beneficial in future studies to evaluate
neurologic versus nonneurologic cause of death to better
understand the impact of CNS directed therapy and even
consider as a study endpoint. In the future, we would sug-
gest more frequent concurrently timed comparators of
LMD diagnostics, including CSF cytology, CSF circulating
tumor cells, and CSF cell free DNA along with clinical and
radiographic findings to better capture response rate in a
setting of no current longitudinally validated measure for
response rate. Other clinical shortcomings included not
having complete data on systemic PFS, response, pattern
of recurrence, and having subsequent therapies after pa-
tients came off study therapy available only for a subset
of patients. In future studies, not only do the authors sug-
gest including these elements, but also more novel diag-
nostic tools such as circulating tumor DNA and circulating
tumor cells within the CSFE A subset of patients within this
clinical trial underwent these evaluations as substudy re-
ported on previously.?! Nonetheless, a near tripling of me-
dian OS in the present study compared to that of recently
reported survival in similar patients remains attractive for
further investigation. It can also be argued that patients in
our phase I/ll intrathecal trastuzumab study were largely
previously treated for both LM and brain parenchymal me-
tastases (prior WBRT n = 13, prior stereotactic radiosurgery
n =13, prior intrathecal therapy n = 2) and represent a re-
current CNS metastases population who would have less
favorable outcomes.

CSF  penetration of systemically administered
trastuzumab has been previously evaluated showing
overall poor CSF bioavailability.?? The CSF pharmacoki-
netics of the first intrathecally administered trastuzumab
dose in the present study was well characterized in patients
from whom at least 4 samples were obtained in the first
8 h after administration of dose 1 (Figure 2) despite CSF
not being well mixed in the classical sense (eg, as it is after
intravenous administration). Although the CSF may not
be well mixed, the study of another intraventricularly ad-
ministered antibody, rituximab, by Rubenstein et al. found
rapid craniospinal axis distribution with a rapid decline of
CSF concentrations similar to the decline of trastuzumab
concentrations observed in the present study.? The ob-
served half-life of trastuzumab in the CSF (4.1 h) cannot
be assumed to be a CSF elimination half-life because the
data from the present study did not lend themselves to
more complex characterization. For example, Rubenstein

et al. reported a multicompartmental model with a very
prolonged elimination half-life largely on the basis of CSF
concentrations measured 96 h post dose, which were not
available in the present study.?® The CSF half-life of the
present study is considerably shorter than the 18-to-30-
day elimination half-life of intravenously administered
trastuzumab.?*?® The short half-life, the resulting low
trough CSF concentrations before administration of re-
peated doses two or more days later, and the similar CSF
concentrations observed after repeated dosing suggest
that trastuzumab will not accumulate to toxic CSF con-
centrations with repeated dosing. Systemically absorbed
trastuzumab does accumulate because of its low systemic
elimination clearance is obvious from the slight progres-
sive increase in trough serum concentrations after re-
peated intrathecal doses.

The dosing regimen selected was based on the avail-
able case reports and case series that had been done be-
fore protocol development. Since that time, further reports
with alternative dosing and frequency schedules have
also been proposed and tested. Our study reports the first
phase Il findings with intrathecal trastuzumab. A European
phase | study was published in 2018 using weekly intra-
thecal trastuzumab dosing, with dose escalation from
30 mg to a ceiling dose of 150 mg (30, 60, 100, or 150 mg
dose levels). Weekly dosing was selected in this study
given the long half-life of trastuzumab versus our initial
twice weekly approach (which in later cycles is extended to
weekly and even later to every 1-2 weeks as maintenance
therapy). It is possible that sampling CSF from the site of
drug administration, the Ommaya reservoir, could poten-
tially add complications to the analysis and interpretation
of the pharmacokinetics. However, the CSF concentrations
and pharmacokinetic fits do not suggest that this was a
problem in this study. The safety data reported from this
study were similar to our findings with minimal safety con-
cerns in this once weekly dosing schema.?® Since this was
a phase | safety study, it was not powered for efficacy and
did not report response and survival findings. In this study,
the 16 treated patients had serum and CSF trastuzumab
concentrations measured using an ELISA, with the goal of
achieving a CSF concentration of at least 30 mg/mL, which
they achieved. Similar to our results, no true dose limiting
toxicities were found. This study offers an alternative treat-
ment schedule to the twice weekly dose that we studied.
Weekly dosing may allow a more convenient schedule;
however, its efficacy has not been compared to that of the
twice weekly dosing used in the present study and po-
tentially maintaining twice weekly dosing throughout the
treatment regimen may also be clinically more beneficial
and needs to be further explored in future studies. The
pharmacokinetic studies of our phase I/ll trial support the
twice weekly dosing.

Conclusion

Our phase l/ll study showed that intrathecal trastuzumab
was well-tolerated at an intrathecal dose of up to 80 mg
dosed twice weekly as initial therapy. Pharmacokinetic
studies demonstrated fairly rapid elimination from the CSF
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even in the setting of systemic administration, supporting
initial twice a week dosing. The median OS of 8.3 months
for all patients at the phase Il dose and 10.5 months in
HER2-positive breast cancer patients at the phase Il dose in
this study was favorable compared to well accepted histor-
ical controls, which reported median OS of approximately
3-4 months. Intrathecal trastuzumab may be a viable treat-
ment options for the often-challenging treatment of HER2-
positive LMD population.
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CNS metastases | HER2-positive metastases | leptomenin-
geal disease
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