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Abstract

Background. Recurrent atypical teratoid/rhabdoid tumor (AT/RT) is, most often, a fatal pediatric malignancy with
limited curative options.

Methods. We conducted a phase Il study of Aurora kinase A inhibitor alisertib in patients aged <22 years with re-
current AT/RT. Patients received alisertib once daily (80 mg/m? as enteric-coated tablets or 60 mg/m? as liquid for-
mulation) on Days 1-7 of a 21-day cycle until progressive disease (PD) occurred. Alisertib plasma concentrations
were measured in cycle 1 on Days 1 (single dose) and 7 (steady state) and analyzed with noncompartmental phar-
macokinetics. Trial efficacy end point was >10 participants with stable disease (SD) or better at 12 weeks.

Results. SD (n = 8) and partial response (PR) (n= 1) were observed among 30 evaluable patients. Progression-free
survival (PFS) was 30.0% + 7.9% at 6 months and 13.3% + 5.6% at 1 year. One-year overall survival (OS) was 36.7% +
8.4%.Two patients continued treatment for >12 months. PFS did not differ by AT/RT molecular groups. Neutropenia
was the most common adverse effect (n = 23/30, 77%). The 22 patients who received liquid formulation had a
higher mean maximum concentration (C__ ) of 10.1 + 3.0 pM and faster timeto C__ (T, _ =12+ 0.7 h) than those
who received tablets (C =5.7 +2.4uM,T__ =3.4+ 1.4 h).
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Conclusions. Although the study did not meet predetermined efficacy end point, single-agent alisertib was
well tolerated by children with recurrent AT/RT, and SD or PR was observed in approximately a third of the

patients.

e Aurora kinase A inhibitor alisertib is a potential therapeutic option in AT/RT.

e Alisertib yielded stable disease in a proportion of children with recurrent AT/RT.

e Treatment response did not vary by AT/RT molecular groups.

Importance of the Study

Atypical teratoid/rhabdoid tumor (AT/RT) is a devas-
tating pediatric cancer with a high mortality. It is char-
acterized by loss of SMARCB1/INI1tumor suppressor
function and subsequent activation of Aurora kinase
A, which regulates mitotic spindle and cell division. In
this phase Il study, children with recurrent AT/RT re-
ceived the Aurora kinase A inhibitor alisertib once daily
for 7 days of a 21-day cycle until disease progression
occurred or intolerable toxicity. The trial efficacy end

Atypical teratoid/rhabdoid tumor (AT/RT) is a highly ma-
lignant cancer that occurs predominantly in children aged
<3 years." Despite exhibiting very aggressive behavior, AT/
RT is thought not to be affected by recurrent genetic alter-
ations, except in members of the chromatin remodeling
SWI/SNF complex genes SMARCB1 (INI1) or SMARCA4
(BRG1).>* Although our understanding of the biological
underpinnings of AT/RT has expanded®, novel therapies
targeting the mechanisms of cancer development in AT/RT
are lacking.

Aurora kinase A (encoded by AURKA) regulates the for-
mation and stability of the mitotic spindle during the cell
cycle.b Aurora kinase A inhibition, thus, causes mitotic
delays, chromosome mis-alignment, and segregation,
leading to cell death.” AURKA expression is upregulated
in AT/RT and malignant rhabdoid tumors following inac-
tivation of SMARCB1 tumor suppressor gene. SMARCB1
encodes the INI1 protein, which represses expression of
AURKA, among other genes, in a cell type-specific manner,
and knockdown of AURKA induces mitotic arrest and apop-
tosis in rhabdoid cell lines but not in healthy nonmalignant
cells.8 Although INI1 represses AURKA expression in tumor
and healthy cells, its repression of AURKA in healthy dip-
loid cells does not induce cleavage of caspase-3 and does
not decrease their survival, thereby potentially sparing
healthy tissues of any adverse effects. Alisertib (MLN8237)
is a selective, potent, and reversible small-molecule inhib-
itor of Aurora kinase A that has been studied in adult can-
cers.”¥10 Alisertib has also been studied in children with
solid tumors and leukemias, and a maximum tolerated and
recommended phase Il dosing has been established.” "2

point of >10 participants with stable disease or better at
12 weeks was not reached. Nevertheless, 9 of 30 parti-
cipants had stable disease, including one with partial
response by central independent imaging review and
2 who were on treatment for >12 months. Neutropenia
was the most common side effect. These findings indi-
cate that alisertib may help some children with AT/RT by
prolonging survival and/or serving as a bridge to other
therapies.

We previously reported durable response with use of
alisertib in the treatment of 4 children with recurrent AT/
RT."® However, no efficacy data with alisertib for treatment
of pediatric brain and spinal cord cancers from clinical
trials have been reported.

We conducted a phase Il study (SJATRT, NCT02114229)
of single-agent alisertib in patients aged <22 years with re-
current/progressive AT/RT or malignant rhabdoid tumors
who experienced treatment failure to at least one frontline
therapy. Here, we report the outcomes of the AT/RT cohort
(A1 stratum) as a whole, as well as by AT/RT molecular
groups: ATRT-MYC (MYC), ATRT-SHH (SHH), and ATRT-
TYR (TYR). We also report treatment outcomes for patients
with germline alterations leading to cancer predisposition
syndromes.

I
Materials and Methods

Study Design

SJATRT is a multi-arm Phase |l trial sponsored by St.
Jude Children’s Research Hospital (St. Jude) and Takeda
Pharmaceuticals. Eligible patients include AT/RT and extra-
CNS MRT and are enrolled in separate strata based on dis-
ease stage (newly diagnosed vs. recurrent), clinical risk
classification, and disease location. In this manuscript we
report the final results of Stratum A1 which enrolled pa-
tients younger than 22 years with recurrent or progressive
AT/RT. The study design assessed the efficacy of alisertib
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against fixed thresholds for the dual primary outcomes
of 12-week disease stabilization or sustained objective re-
sponse rates (ie, complete response [CR] and partial re-
sponse [PR] rate). Patients must have had radiographically
measurable disease, which was defined by at least one le-
sion measurable in two dimensions or a positive CSF cy-
tology for tumor cells within 2 weeks before enroliment.
Enrollment in the trial required immunohistochemical
confirmation of the loss of INI1 or BRG1 protein expres-
sion or molecular confirmation of biallelic SMARCB1 or
SMARCA4 loss of function mutation in tumor cells either
at the time of initial diagnosis or at progression. The study
participants must have had adequate organ function, a per-
formance score of at least 60, and recovery from acute ad-
verse effects of prior chemotherapy, immunotherapy, or
radiation therapy. Written informed consent was obtained
from parents or legal guardians and from participants aged
14-17 years. In addition, assent was obtained from partici-
pants 7-13 years old. The study was conducted in accord-
ance with the World Medical Association Declaration of
Helsinki principles and ethical guidelines. The study was
approved by the Institutional Review Board (IRB) of St.
Jude and five other participating hospitals.

CR was defined as the disappearance of all radiologi-
cally discernible lesions and two consecutively negative
CSF cytology findings (for those with initially positive cy-
tology findings). We defined PR as >50% reduction in size
of the target lesions, as measured by the products of max-
imum perpendicular diameters. In the presence of more
than one target lesion, we defined PR as a >50% reduced
sum of the products of the maximum perpendicular diam-
eters of all measurable target lesions or two consecutively
negative CSF cytology findings (for those with initially pos-
itive cytology findings) plus a <50% reduced tumor size.
Progressive disease (PD) was defined as >25% increase in
the size of any measurable lesion, appearance of new ra-
diographic lesion, or conversion of negative CSF cytology
to positive, confirmed by two consecutive cytologic evalu-
ations. Responses not meeting criteria for CR, PR, or PD
were defined as stable disease. A CR or PR confirmed by
repeat MRI and/or CSF sampling after at least two addi-
tional courses of therapy was termed sustained objective
response.

Tumor DNA methylation, molecular subgroups, and
germline analysis were performed as previously de-
scribed.” We classified AT/RTs to the MYC, SHH, and
TYR molecular groups by using Infinium Methylation
EPIC BeadChips arrays (lllumina) and the German
Cancer Research  Center classifier (https://www.
molecularneuropathology.org/mnp).'® All patients with ad-
equate tumor tissues for DNA methylation profiling and
paired germline samples were included in our biological
analyses, and the associated patient outcomes were cor-
related to molecular group and pathogenic or likely patho-
genic (P/LP) germline alterations (GLA), as specified in the
exploratory analyses of the study.

Aurora Kinase A Immunohistochemistry

Immunohistochemistry on human tumor samples was
performed using a 1:100 dilution of anti-Aurora A Kinase

(Abcam, ab52973) diluted in BOND antibody diluent
(Roche Tissue Diagnostics, 251-018) and detected using
BOND Refine Polymer DAB (Leica Biosystems, DS9800) de-
tection kits. The qualitative staining levels were scored as
0 (no staining), 1 (weak/focal staining), and 2 (widespread
staining) immunoreactivity as previously described.

Treatment Plan

Alisertib was provided and distributed by Takeda (formerly
Millennium) Pharmaceuticals. Alisertib was administered
p.o. once daily on Days 1-7 of a 21-day cycle at a dose of
80 mg/m? in enteric-coated tablets (ECTs) or at a dose of
60 mg/m? as liquid solution (p.o. or nasogastric/G-tube),
followed by 14 days of rest. Up to 35 total cycles were to
be administered to achieve a total duration of therapy of
24 months or until PD occurred or unacceptable toxicities
developed.The liquid was administered at least 1 h before
or 2 h after a meal and was rounded off to the nearest mil-
ligram. ECTs were administered whole and without any re-
striction of oral intake. If vomiting occurred within 30 min
of taking the ECT or within 15 min of the liquid, the dose
was repeated. Coadministration of alisertib with proton
pump inhibitors or H2 blockers was not permitted due to
the possibility of increased absorption of alisertib.

The criteria to begin a new cycle of therapy included an
absolute neutrophil count >500/mm?, hemoglobin >8 g/dL
(with or without transfusion support), and platelet count >50
000/mm? (without transfusion support). In addition, all other
clinical toxicities considered by the investigator to be related
to alisertib therapy must have resolved to <Grade 2 before a
new cycle of therapy was initiated. If treatment was delayed
>2 weeks (ie, a rest period >4 weeks) because of incomplete
recovery from treatment-related toxicity, the dose of alisertib
was reduced to 60 mg/m? for ECTs and to 45 mg/m? for the
liquid solution when therapy resumed. If start of subsequent
cycles of therapy was delayed again for 2 additional weeks
beyond the stated recovery period (ie, 4-week rest period)
after the first dose reduction, treatment was discontinued.

Safety

All adverse effects were graded according to the Common
Terminology Criteria for Adverse Events v4.0 of the
National Cancer Institute for toxicity and performance
reporting.

Pharmacokinetics

Plasma pharmacokinetic studies of p.o. alisertib admin-
istered as ECT or liquid solution were performed for all
consenting patients to evaluate the pharmacokinetics of
alisertib. On Day 1 of the first cycle, serial blood sam-
ples were collected at the following times: predose,
0.5, 1, 1.5, 4, 6 (x0.5), 24 (+4), and 48 (+6) h (prior to the
Day 3 dose). To obtain the 24- and 48-h time points, the
alisertib dose on Day 2 was held. On Day 7 of the first
cycle, alisertib steady-state serial blood samples were
collected at the following time points: predose, 1.5, 4,
and 24 (+4) h after the final dose. Whole-blood samples
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(1 ml/sample) were collected in K,-EDTA tubes, inverted
several times to mix, immediately aliquoted, and centri-
fuged at 10 000 rpm for 2 min. The plasma supernatant
was stored at —-80°C within 1 h of sample collection until
further analysis.

CSF pharmacokinetic studies were performed in con-
senting patients with external access to CSF (ie, ommaya
reservoir). On Days 1 and/or 7 of the first cycle, either a
single or serial CSF samples were collected predose and at
1.5, 4 (+0.5), and 24 (+4) h after the alisertib dose. A simul-
taneous plasma sample was obtained at the time of all CSF
sample collections. The CSF samples (0.5 ml/sample) were
stored at —-80°C within 1 h of sample collection until fur-
ther analysis. All plasma and CSF samples were assayed
at St. Jude for alisertib with a previously published high-
performance liquid chromatography with tandem-mass
spectrometric detection method.'®The lower limit of quan-
tification was 5 ng/ml (ie, 0.0096 uM) for analysis of plasma
and CSF concentrations.

Alisertib concentration-time data were analyzed with
classic noncompartmental pharmacokinetic techniques
with Phoenix WinNonlin v8.0 (Certara USA, Inc., Princeton,
NJ).The peak concentration (C,;,,) and time to Cy; 5, (Tyax)
were determined directly from the concentration-time
profile. The last three measurable concentration-time
data points in the serial sampling window were used to
define the log-linear terminal slope (), and the terminal
half-life (t,,) was calculated as t,,, = In(2)/8.The area under
the concentration versus time curve from time zero to
the last measurable sampling time point (AUC_;,..,) was
calculated by using the linear-up/log-down trapezoidal
rule. The AUC,,,., .. was calculated as the ratio of the last
measurable time point to §.The total AUC__ was obtained
by using the sum of AUC ;. and AUC,__. _.The bovine
serum albumin (BSA)-normalized apparent oral clearance
(CL/F) was calculated as the BSA-normalized dose divided
by AUC,_. Alisertib plasma C,;,y, Tyyax: @nd AUC obtained
after a single alisertib dose and at steady state were com-
pared between the two drug formulations (liquid solution
vs ECT) with Mann-Whitney tests (significance deter-
mined as P<.05).

Study Endpoint and Statistical Analysis

The primary aims of the A1 stratum of the SJATRT study
were to estimate the sustained objective response rate
and the rate of disease stabilization, and to determine
whether the efficacy signal was sufficient to merit con-
tinued investigation of alisertib in patients with recurrent
AT/RT. Sustained objective responses were defined as CR
or PR occurring within the first 10 cycles (approximately 30
weeks) of treatment and sustained for 2 additional cycles
(approximately 6 weeks). To count towards success cri-
teria, disease stabilization needed to last a minimum of
12 weeks as confirmed by MRI and CSF analysis, when
indicated. The design was based on a bivariate binomial
outcome '8 with unacceptable and versus desirable sus-
tained objective response rates were of 5% versus 25%,
respectively, and unacceptable vs desirable 12-week SD
rates of 20% versus 45%, respectively. During incorpora-
tion of prolonged disease stabilization into design of the

trial, given dismal outcomes for children with recurrent AT/
RT, 45% disease stabilization rate for 12 weeks or more was
determined to be a meaningful signal, as a complementary
measure to objective response, to consider alisertib prom-
ising. With 10% type 1 error and 90% power, the targeted
sample size was 30 with an interim analysis planned at 15
subjects. Therapy was considered promising if 210 patients
were without PD by centrally reviewed MRI at 12 weeks
or if >4 patients had sustained PR/CR. All eligible patients
who received at least one dose of alisertib were considered
evaluable.

Outcome distributions were estimated with Kaplan-
Meier plots. Overall survival (OS) was defined as the time
interval from treatment start date to date of death from any
cause or to date of last contact for survivors. Progression-
free survival (PFS) was defined as time interval from treat-
ment start date to date of progression or date of death or
to date of last contact for patients without PD or death.
Median PFS was estimated based on reverse Kaplan-Meier
approach. We used log-rank tests to compare outcome dis-
tributions among patient groups. We used exact Wilcoxon—
Mann-Whitney tests to examine the association between
age and germline status. Cox regression was used to ex-
amine association between PFS and time from initial diag-
nosis to study enrollment.

Results
Study Participants

Stratum A1 of SJATRT study enrolled 32 patients between
May 2014 and July 2019.The following data are current as of
November 4, 2021. Two patients who did not start alisertib
during the study period (one because of PD after enroll-
ment and the other because of alternate therapy opted by
the family) were excluded from all analyses. We analyzed
data from 30 patients representing the three AT/RT molec-
ular groups: SHH, (n = 10), MYC (n = 10), TYR (n = 6), and
unknown (n = 4). All patients were off therapy at the time of
this report because of PD (n = 25), patient/family decision
(n = 4), and physician request (n = 1). Twenty-seven of 30
patients had germline data available, 5 of whom (18.5%)
had P/LP GLAs. Aurora A kinase staining results were avail-
able for 25 of the 30 patients (Table 1).

Pharmacokinetics

After single-dose alisertib, we observed higher mean
Cuax Vvalues (10.61 + 3.90 uM) and faster time to C,;,y
(Tyax = 132 = 0.97 h) in 22 patients who received
liguid formulation than those who received ECTs
(Cyax = 5.67 = 2.84 yM and T,,,, = 4.73.4 + 1.64 h). Drug
exposure did not differ between formulations (AUC,_
. =62.9 +22.1h-pM for liquid vs 70.5 + 17.1 h-uM for ECT).
The average apparent oral clearance was 1.91 + 1.10 L/h per
m?2. Serial CSF samples were collected in two patients, and
the CSF-to-total plasma AUC_,,, ratios were 1.2% to 2.7%.
The plasma pharmacokinetics parameters are detailed in
Table 2.




Upadhyaya et al. Alisertib treatment for recurrent AT/RT

Table1 Patient/tumor characteristic and adverse effects
Variable No. (%)
Age at enrollment, years

Median (range) 3.1(1.1-20.2)
Sex

Female 19 (63)

Male 11 (37)
Race

White 20 (67)

Black 6 (20)

Asian 1(3)

Mixed/multiple/other 3(10)
Number of alisertib courses

Median (range) 2 (1-30)

1 8

2 14

4 2

6-11

12-30 4
Molecular groups (n = 26)

ATRT-MYC 10 (38)

ATRT-SHH 10 (38)

ATRT-TYR 6 (24)
Germline (n=27)

Positive 5(16.7)

Negative 22 (73.3)

NA 3(10.0)
Aurora A staining result (n = 25)

Negative 4(13)

Positive (1+) 10 (33)

Positive (2+) 11 (37)

NA 5(17)
Common grade 3+ toxicity

Neutropenia 23(77)

Anemia 10 (33)

Lymphocytopenia 8(27)

Thrombocytopenia 8(27)

Febrile Neutropenia 7 (23)

Hypokalemia 3(10)

Oral mucositis 3(10)

Abbreviations: NA, not available.

Toxicity

The most common Grade 3/4 toxicities were neutro-
penia (n = 23/30, 77%), anemia (33%), lymphopenia
(27%), thrombocytopenia (27%), and febrile neutropenia
(23%). Hypokalemia and mucositis occurred in 10% of pa-
tients. Alisertib is structurally related to benzodiazepines
(BZDs) and induces BZD-like effects by binding to GABA

receptors, such as somnolence, confusion, and memory
loss.” Two patients developed Grade 3 somnolence- one
after the first dose, prompting parents to remove their
child from study and another during the first course of
treatment. Rarely paradoxical reactions were noted, with
one patient reporting delirium and agitation requiring ther-
apeutic intervention for delirium and dose reduction of
alisertib. Patients were, hence, observed for any neurolog-
ical status changes after their first dose of alisertib for 6 h
and re-evaluated at 24- and 48-h post administration.

Outcomes

Median treatment duration for 30 evaluable participants
on the study was 45 days (range, 2-653 days). The me-
dian number of alisertib cycles administered for the en-
tire cohort was 2 (range, 1-30). We observed one PR and
eight patients with SD at 12 weeks of treatment, as deter-
mined by central independent imaging review (Figures 1
and 2). There was insufficient statistical evidence to sug-
gest a difference in age at time of study enrollment be-
tween patients with SD/PR [n = 9, median age 4.1 years
(range, 1.9-20.2)] and the rest [n =21, median age 2.8 years
(range, 1.1-11)] (P = .077).The 6-month and 1-year PFS es-
timates were 30.0% + 7.9% and 13.3% + 5.6%, respectively.
The 1-year OS was 36.7% + 8.4% (Figure 3A). The median
PFS for all patients was 59 days (95% confidence interval,
41-172 days).The median time on therapy for nine patients
with SD/PR was 7.6 months (range, 5.1-21.5 months) with
2/9 patients staying on therapy for >12 months, one of
whom received treatment for 21.5 months. Median time to
study enrollment from initial diagnosis was 2.7 years for
patients with SD or PR (n =9) and 1 year for rest (n = 21).
However, we did not observe an association between time
to study enrollment from diagnosis versus PFS (P = .28)
[hazard ratio = 0.89 (95% confidence interval, 0.72-1.10)].
Two additional patients continued treatment for 6.2 and
9 months based on response assessment at 12 weeks by
enrolling sites as SD. This assessment, though, was not
confirmed by central independent imaging review (Table
3). Therefore, our study failed to meet the predefined suc-
cess criteria of >10 patients without PD at 12 weeks or >4
patients with PR or CR.

P/LP GLAs occurred in SMARCB1 in four patients
and TP53 in one patient (Supplementary Table S1 and
Figure S1). Outcomes for the study cohort did not differ
by germline status or by molecular group (Figure 3B-E).
Additionally, there was no difference in outcomes by mo-
lecular groups between patients who met efficacy criteria
(n=9) compared to those who did not (n=17) (P =.46).

Four patients were alive at the time of our analysis
(TYR =3, MYC =1).Three of these patients had PD, and one
without PD was removed from treatment at the treating
physician and family’s request because the family pursued
a different therapy after being treated in the SJATRT study
for approximately 11 months during which she had SD.
Three patients with PD are alive at 3.8, 4.4, and 5.0 years
from date of progression (Table 3 and Supplementary
Figure S2).

Adequate tumor samples for Aurora A kinase staining
were available for 25 patients. The staining was negative in
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Table2 Blood Pharmacokinetic Parameters of Alisertib

Median (Range)

PK Parameters Liquid (n=22) ECT (n=8) Liquid vs ECT P-Value
Cpax (BM) 1 10.8 (4.6-20.8) 5.9 (1.0-9.7) .0014
7 9.2 (1.3-23.1) 5.7 (1.0-18.6)
TMAX (h) 1 1.0 (0.5-4.0) 5.0 (1.5-6.0) <.0001
7 1.5 (1.5-4.0) 4.0 (1.5-4.0)
AUCO-T (h-uM) 1 57.8 (29.7-110) 66.0 (48.9-91.2) A1
7 83.8 (17.0-261) 89.8 (20.2-143)
CL/F (L/h/m?) 1 2.0 (1.1-3.9) 2.3(1.7-3.4) .27
7 1.2 (0.4-6.0) 1.0 (0.5-2.8)

Abbreviations: AUC , area under the concentration curve from 0 to infinity for Day 1 and from 0 to 24 h for Day 7; C
CL/F, apparent oral clearance; ECT, enteric-coated tablets; PK, pharmacokinetic; T,,,,, time to reach Cy;,,.
aMann-Whitney tests based on Day 1 PK parameters.

vax: Maximum concentration;

Fig. 1 Magnetic resonance images of a female patient with stable disease as the best response on the trial. Axial T2-weighted image (A) and
postcontrast axial T1 weighted (B) images at the time of initial diagnosis at 5 years of age showing a well-defined dominantly solid tumor in the
right cerebellopontine angle cistern with avid but inhomogeneous enhancement. Axial T2-weighted (C) and postcontrast axial T1 weighted (D,
arrow) images 12 years later showing metastatic disease recurrence within the contralateral cerebellopontine angle cistern. Follow-up study
after 4 months of alisertib therapy shows a stable disease on axial T2-weighted (E) and axial T1-weighted images (F, arrow). Progressive disease
3 months later (following 7 months of therapy on the trial) as evidenced by increase in size of the lesion in both T2-weighted (G) and postcontrast
axial T1-weighted (H, arrow) images, along with a new lesion along the surface of the brainstem on the right side (H, arrowhead).

4 patients, focal (ie, weak) in 10 patients, and widespread Salvage therapies were pursued for the four children
(ie, high) in 11 patients (Supplementary Figure S3).The PFS  alive at the time of analysis. This included craniospinal
and OS rates did not differ according to staining pattern irradiation in one patient; focal radiation therapy and
(Supplementary Figure S4). ifosfamide, carboplatin, and etoposide chemotherapy
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Fig.2 Magnetic resonance images of a female patient with partial response as the best response in the trial. At the time of initial diagnosis, sag-
ittal T2-weighted image (A, arrowheads) shows a voluminous, heterogeneous tumor in the pineal and supravermian location with no perceptible
enhancement on postcontrast T1-weighted image (B, arrowheads). Axial T2-weighted (C, arrowheads) and T2 FLAIR (D) images imaging 2 years
later show metastatic recurrence in the premesencephalic and suprasellar cistern surveillance imaging after 4 cycles of treatment with alisertib
demonstrating almost complete disappearance of the lesion in axial T2-weighted image (E, arrowhead) although still recognizable as an ill-de-
fined faintly hyperintense structure in the axial contrast-enhanced T2 FLAIR image (F). Follow-up study 3 months later shows recurrent disease on
T2-weighted image anterior to the left cerebral peduncle (G, arrowheads) and a new metastasis lesion along the upper aspect of the cerebellar

vermis in axial contrast-enhanced T2 FLAIR images (H, arrow).

for 6 cycles in one patient; surgery, focal radiotherapy,
and off-protocol alisertib treatment in one patient; and
other clinical trials for one patient.

I
Discussion

The SJATRT trial using single-agent alisertib is the lar-
gest study to date to report the tolerability and efficacy of
a molecularly targeted therapy in children with recurrent
or progressive AT/RT, including an analysis of outcomes
according to molecular groups, GLA status, and tumor
Aurora kinase A expression. Alisertib was well tolerated in
most patients. Clinical benefits included SD and PR in ap-
proximately one-third of study participants. However, the
study did not meet its predetermined efficacy objective in
this patient population based on central imaging review.

In this patient population, oral alisertib displayed a sim-
ilar pharmacokinetic profile as that previously reported
in adults and children, with moderate interpatient varia-
bility."1220-23The alisertib overall exposure (ie, AUC) did not
differ between the liquid and ECT formulations. However,

when administered as ECTs, the alisertib pharmacokinetic
profile exhibited a slower rate of absorption with lower
concentration peaks than that of the liquid formulation. The
ECT absorption profile in our patients was similar to that
previously reported in pediatric patients receiving 80 mg/
m? alisertib as ECTs, with aTyax of 2-3 h and a C,,,, of
3.6-75 uM.""2The alisertib average apparent oral clearance
was 1.91 L/h/m? in our population, which is similar to the
previously published median and range values in children
of 2.04 L/h/m? and 0.96-3.54 L/h/m?, respectively, and ap-
proximately half that reported in adults (4.11-4.25 L/h).2021
A population-based pharmacokinetic analysis will be per
formed to further characterize alisertib disposition in the pe-
diatric population and to determine the potential influence
of patient covariates on pharmacokinetic variability.

Of the four children alive at the time of our analysis,
two received treatment for >12 months and another one
for approximately 11 months. All four children have since
received salvage therapies. Alisertib, consequently, either
prolonged survival or acted as a bridge to other salvage
therapies in a proportion of the study participants, as pre-
viously reported in a small pilot study of alisertib in recur-
rent ATRT patients.’™ However, most of the children with
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Fig.3 Kaplan—Meier survival curves for all patients and according to molecular subgroup. (A) Progression-free survival (PFS) and overall sur-
vival (0S) for all participants (n = 30). (B) PFS and (C) OS categorized by molecular group (n = 26). (D) PFS and (E) 0S categorized by germline

status (n=27).

recurrent or relapsed AT/RT in our study did not benefit The very limited data on the availability and efficacy
from single-agent alisertib treatment and experienced of salvage therapies for those with recurrent or relapsed
rapid progression while receiving treatment. Moreover, = AT/RT suggest dismal outcomes for most of these pa-
the response to treatment and PFS did not differ by tients. In a single-institution experience of 68 eligible pa-

molecular group.

tients treated at St. Jude, the 5-year OS from recurrence or
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continued

Table 3.
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relapse was <10%, reflecting the lack of curative treatment

o
% options for most patients with relapsed disease.?* Peyrl and
:C’ colleagues reported the outcomes of children with recur
-(,93 rent embryonal tumors who were treated with multi-agent
= ° antiangiogenic therapy and intrathecal chemotherapy, in
g 5 & which three children with AT/RT, including one with multiple
- = recurrent tumors, were alive after 10 to 42 months.?®
5 Previous reports of molecularly targeted treatment of
£ children with recurrent AT/RT include the St. Jude institutional
§ L@ experience with alisertib and a phase | study of the CDK4/6 in-
29 hibitor ribociclib (LEE011), but these studies were limited by
OEJ g small numbers of patients. Both studies reported prolonged
= = - o . . . . AT
[y N = SD with alisertib (n = 4/4) and ribociclib (n = 2/13)."326The re-
= sults of a phase | study of tazemetostat, a selective inhibitor
% g T T of enhancer of zeste homolog-2 (encoded by EZH2), were
= g il 8 presented at the 2020 American Society of Clinical Oncology
. conference. In this study, 7 of 30 patients with AT/RT experi-
8 B enced SD or better with tazemetostat treatment, including one
°5 3’ %:__u? patient with a CR (median duration of response, 28 weeks;
® 5 g = range, 24-75 weeks). Tazemetostat was well tolerated by most
= O " . .
E E S = [ patients, but one patient developed T-cell lymphoblastic lym-
- phoma.?’ Together, these findings indicate that most patients
Qg with recurrent AT/RT do not experience durable responses to
© "g the currently available, very limited salvage treatment options.
§ % %g Alisertib is a selective, potent, and reversible small-
=12 § S molecule inhibitor of Aurora kinase A, which belongs to a
o~ O = - . . . . .
o <uw highly conserved family of serine/threonine protein kinases
2 that includes Aurora B and C kinases.?® Aurora kinase A and
5§ >2 B are expressed in all actively dividing cells. Aurora kinase
§§ > A localizes to the centrosomes and proximal mitotic spindle
T 2 £ ) during mitosis, where it functions in a diverse set of mitotic
Q - . . . .
§ 2 g 8 processes. Consequently, alisertib functions primarily as a
O .= @»n . . . .
T o C > = cytostatic drug. In accordance with this function, SD was the
D DD B
- <o N 2 main response in eight patients, and only one patient expe-
- = rienced a PR in our study. Molecular group and GLAs did
% _5 2 not affect outcomes in our patients. This finding is similar
D 8 - 5 with our previous observations for molecular groups and
= e 5 @
‘qc‘J 2w £, GLA in newly diagnosed AT/RT treated with risk-adapted
= Q © D . . . .
IS 8 © €2 therapy.’ Alisertib penetrated the blood-brain barrier, al-
= © © O
§ § > ;‘E beit in low concentration. This finding is consistent with a
E k] g ;% recent study in a rat model that alisertib had a CNS penetra-
o Qv g = tion of 3.12%.2° Whether this factored into lack of efficacy in
e e our study is impossible to determine because of the small
ESE 3 % number of patients with CSF PK data.
T © =2 . . .. .
§‘g§ o < g; Alisertib toxicity was generally manageable, with only
=SB T T EE one patient requiring dose reduction and one patient
o o
- O 48 withdrawing from the study because of adverse effects.
K< r > =22
2o E E %f Nine patients who met efficacy criteria stayed on treat-
% E e« §§ ment >5 months, with two receiving alisertib longer than
= . -
=0 < < EE a year. Two other patients continued treatment for 6.2 and
=g 9 months based on the assessment by enrollment sites.
= =
S =l < =8 This finding is of relevance because lack of second-line
= = . . - .
& E E B curative therapies for most patients with recurrent or re-
S ; 2 lapsed AT/RT translates into rapid disease progression and
5 == E death. Alisertib, hence, may be considered as a palliative
= E S8 E treatment option under such circumstances. Additionally,
gg o © §J§ e alisertib therapy bridged three of four survivors to other
< N apE ‘g treatment options that resulted in durable disease remis-
2 & % '§§ sion at the time of our analysis. While PFS did not differ by
g 'E g E ,% molecular groups, OS approached significance (P=.06) with
£ 2 & 8 g 23 children with TYR group having longer survival (Figure 3C).

This is similar to our recent report on children with newly
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diagnosed AT/RT treated in St. Jude multi-institutional
studies’*demonstrating better OS for children with TYR
group, suggesting a more indolent course and possibly
better outcomes for these children compared to MYC or
SHH group. Whether alisertib improves survival in pa-
tients with newly diagnosed AT/RT who receive alisertib
combined with chemo-radiotherapy will be determined in
the ongoing portions of the SJUATRT trial (NCT02114229).
AT/RT is a difficult disease to treat, especially in children
who experience frontline therapy failure. Although molec-
ular advances have increased our understanding of the
biological underpinnings of AT/RT, these advances have
not translated into improved outcomes for children af-
fected by this devastating disease. Ongoing clinical trials
of molecularly targeted therapies and immunotherapies
hold a promise of better outcomes for these children:
NCT04897880, NCT02962167, NCT02601937, NCT04416568,
NCT04185038, NCT03500991, and NCT03434262.

Study Limitations

We could not determine any biological correlates of re-
sponse in the nine patients who demonstrated a response
to treatment by molecular groups, germline alterations or
by Aurora A expression and thus are unable to recommend
alisertib for any specific subset of children with recurrent
AT/RT. Additionally, due to the availability of alisertib PK
study results in only 2 patients, a correlation between CSF
concentration of the drug and response to treatment is not
possible from the current study.

Conclusions

The activity of single-agent alisertib was deemed not
promising in children with recurrent/progressive AT/RT ac-
cording to the predetermined efficacy criteria in our trial.
Nevertheless, SD or PR by central imaging review occurred
in approximately one-third of patients, with a manageable
alisertib adverse effect profile. Alisertib ECTs exhibited
slower absorption rates and lower peak concentrations
than the liquid formulation, but the overall exposure did
not differ between the two formulations. Alisertib bene-
fited some children with recurrent or relapsed AT/RT as a
form of palliative therapy or as a bridge to other treatment
modalities that may produce durable remission.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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