© nab-Sirolimus for Patients With Malignant

'U

I

SUOIBOIUNWWOD Pl

joeI)sqe

ASSOCIATED
CONTENT

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on August
31, 2021 and
published at
ascopubs.org/journal/
jco on October 12,
2021: DOI https:/doi.
0rg/10.1200/JC0.21.
01728

ASCO

Perivascular Epithelioid Cell Tumors

Andrew J. Wagner, MD, PhD?; Vinod Ravi, MD?; Richard F. Riedel, MD3; Kristen Ganjoo, MD*; Brian A. Van Tine, MD, PhD%;
Rashmi Chugh, MDS; Lee Cranmer, MD, PhD’; Erlinda M. Gordon, MD?; Jason L. Hornick, MD, PhD®%; Heng Du, MD%;

Berta Grigorian, BS'%; Anita N. Schmid, PhD!°; Shihe Hou, PhD!°; Katherine Harris, DrPH*°; David J. Kwiatkowski, MD, PhD®;
Neil P. Desai, PhD°; and Mark A. Dickson, MD!!

PURPOSE Malignant perivascular epithelioid cell tumor (PEComa) is a rare aggressive sarcoma, with no approved
treatment. To our knowledge, this phase Il, single-arm, registration trial is the first prospective clinical trial in this
disease, investigating the safety and efficacy of the mammalian target of rapamycin inhibitor nab-sirolimus
(AMPECT, NCT02494570).

PATIENTS AND METHODS Patients with malignant PEComa were treated with nab-sirolimus 100 mg/m? intra-
venously once weekly for 2 weeks in 3-week cycles. The primary end point was objective response rate evaluated
by independent radiology review. Key secondary end points included duration of response, progression-free
survival, and safety. A key exploratory end point was tumor biomarker analysis.

RESULTS Thirty-four patients were treated (safety evaluable), and 31 were evaluable for efficacy. The overall
response rate was 39% (12 of 31; 95% Cl, 22 to 58) with one complete and 11 partial responses, 52% (16 of 31)
of patients had stable disease, and 10% (3 of 31) had progressive disease. Responses were of rapid onset (67 %
by week 6) and durable. Median duration of response was not reached after a median follow-up for response of
2.5 years, with 7 of 12 responders with treatment ongoing (range, 5.6-47.2+ months). Twenty-five of 31 patients
had tumor mutation profiling: 8 of 9 (89%) patients with a TSC2 mutation achieved a confirmed response versus
2 of 16 (13%) without TSC2 mutation (P < .001). The median progression-free survival was 10.6 months (95%
Cl, 5.5 months to not reached), and the median overall survival was 40.8 months (95% Cl, 22.2 months to not
reached). Most treatment-related adverse events were grade 1 or 2 and were manageable for long-term
treatment. No grade = 4 treatment-related events occurred.

CONCLUSION nab-Sirolimus is active in patients with malignant PEComa. The response rate, durability of re-
sponse, disease control rate, and safety profile support that nab-sirolimus represents an important new
treatment option for this disease.

J Clin Oncol 39:3660-3670. © 2021 by American Society of Clinical Oncology
Licensed under the Creative Commons Attribution 4.0 License @@

INTRODUCTION

Perivascular epithelioid cell tumors (PEComas) are
mesenchymal neoplasms, composed of histologically
and immunohistochemically distinctive epithelioid
cells.> Most PEComas are clinically benign and do not
metastasize, but malignant PEComas demonstrate
local invasion and/or metastatic spread. Malignant
PEComas are classified as an ultrarare soft tissue

Malignant PEComa has no approved treatment.
Although often treated with cytotoxic chemotherapy
regimens, these have shown modest benefit.* Some
patients with PEComas benefited from treatment with
mTORC1 inhibitors (including sirolimus, everolimus,
and temsirolimus), as described in case reports and
retrospective analyses.*® PEComas commonly have
loss-of-function mutations in or deletions of 7SCI or
7SC2.1° In addition, PEComas often show evidence of

sarcoma (STS) with an estimated annual incidence
of = 1/1,000,000 population,® arise most commonly at
visceral sites (especially renal, uterine, and gastroin-
testinal), and have a female predominance.
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mTORC1 activation with phosphorylation of p70SeK
and ribosomal protein S6 by immunohistochemistry
(IHC).!! Aberrant mTORC1 signaling is a key driver of
cell proliferation and tumor formation,*? suggesting
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nab-Sirolimus for PEComa

CONTEXT

Key Objective

Malignant perivascular epithelioid cell tumor is a rare aggressive soft tissue sarcoma, with no approved treatment. To our
knowledge, the AMPECT study is the first prospective clinical trial in this disease and evaluated the efficacy and safety of
the novel mammalian target of rapamycin inhibitor nab-sirolimus.

Knowledge Generated

The overall response rate to nab-sirolimus was 39%, with one complete and 11 partial responses, exceeding the pre-

specified lower-bound objective response rate of 15% below which the regimen would be considered no more active than
standard doxorubicin-based chemotherapy. Responses were of rapid onset and durable. Given the aggressive natural
history of the disease not known to spontaneously regress, the responses are most likely due to antitumor activity of nab-
sirolimus. The median progression-free survival was 10.6 months, and the progression-free survival rate at 6 months was
70%, significantly exceeding the benchmark (14%) that is considered potentially active in advanced soft tissue sarcoma.

Relevance
nab-Sirolimus may offer an important benefit and a new treatment option in a rare and aggressive sarcoma, perivascular

epithelioid cell tumor.

that mTORC1 inhibition may be a promising therapeutic
approach for PEComas.

The orally available mammalian target of rapamycin
(mTOR) inhibitors sirolimus and everolimus have variable
absorption, often require therapeutic drug monitoring, and
have incomplete target suppression.'*!® nab-Sirolimus
(nanoparticle albumin—bound sirolimus; ABI-009, formerly
known as nab-rapamycin) is a novel intravenous (IV) mTOR
inhibitor with significantly higher tumor growth inhibition,
higher intratumoral drug accumulation, and greater mTOR
target [phospho-S6 (pS6)] suppression compared with oral
inhibitors, as demonstrated in preclinical models.'®

To our knowledge, this trial (AMPECT) is the first pro-
spective clinical trial in advanced malignant PEComa.
Herein, we describe the safety and efficacy of nab-sirolimus
in patients with this disease.

PATIENTS AND METHODS
Patients

Eligible adults (age = 18 years) had an Eastern Cooperative
Oncology Group performance status score = 1, had not
previously received an mTOR inhibitor, and had a histo-
logically confirmed diagnosis of either metastatic or locally
advanced (ineligible for surgery) malignant PEComa and
measurable disease according to the RECIST, v1.1. His-
tology was assessed locally in each institution at enrollment
and subsequently confirmed by central review at the Dana-
Farber/Harvard Cancer Center (J.L.H.). Pathologic confir-
mation of PEComa was based on characteristic histologic
features and evidence of melanocytic (HMB-45 and/or
melan A) and smooth muscle (smooth muscle actin and/
or desmin) differentiation by IHC; PEComas with either
marked nuclear atypia or pleomorphism combined with
mitotic activity were considered malignant.!
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Eligible patients had adequate hematologic, hepatic, and
renal function, including an absolute neutrophil count
of = 1.5 X 10%L, platelets of = 100 X 10%L, a hemoglobin
level of = 9 g/dL, a bilirubin level of = 1.5 X upper limit of
normal, and a serum creatinine level of = 1.5 X upper limit
of normal.

Trial Design and Treatment

In this multicenter, open-label, phase Il registration study,
patients received nab-sirolimus 100 mg/m? IV over 30
minutes once on days 1 and 8 of a 21-day cycle. A
maximum of two dose reductions to 75 and 56 mg/m? were
permitted for toxicity. Treatment continued until disease
progression, unacceptable toxicities, or patient preference.

End Points and Statistical Analysis

The primary efficacy end point was overall objective re-
sponse rate (ORR) by 6 months, evaluated by independent
radiology review. The primary analysis was preplanned to
occur when the last enrolled patient had been treated for
6 months. The sample size estimation assumed an ob-
served 30% ORR and a sample size of 30 patients, which
would exclude values < 15% for the lower bound of the
95% Cl. Secondary end points included duration of re-
sponse (DOR), progression-free survival (PFS), PFS at
6 months (PFS6), overall survival (0S), and safety. A key
exploratory end point evaluated the association of tumor
mutational and biomarker analyses with clinical response.

The DOR, PFS, and OS reported here are based on an
additional 1.5-year follow-up after the primary analysis date.

Assessments

All patients receiving at least one dose of nab-sirolimus
were evaluable for toxicity. All adverse events (AEs) were
collected from the time the patient signed informed consent
until 28 days after the last dose of nab-sirolimus. AEs were
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TABLE 1. Baseline Patient Characteristics
Variable

Wagner et al

All Treated Patients (N = 34)

Age, years, median (range) 60 (27-78)
= 65 years, No. (%) 15 (44)
Female, No. (%) 28 (82)
Race, No. (%)
White 24 (71)
Black 3(9)
Asian 3(9)
Pacific Islander or Hawaiian 103)
Others or unknown 3(9)
ECOG O, No. (%) 26 (76)
ECOG 1, No. (%) 8 (24)
Metastatic, No. (%) 29 (85)
Locally advanced, inoperable, No. (%) 5 (15)
Prior systemic Rx for advanced PEComa,® No. (%) 4(12)
Primary tumor location, No. (%)
Uterus 8 (24)
Pelvis, extrauterine 6 (18)
Retroperitoneum 6 (18)
Lung 4 (12)
Kidney 4 (12)
Aorta 1)
Brain 103)
Liver 13)
Muscle 1)
Ovary 1)
Small bowel 1(3)
Site of metastatic disease, No. (%) n=29
Lung, thoracic® 21 (72)
Abdomen® 8 (28)
Pelvis 7 (24)
Liver 6 (21)
Colon 4 (14)
Retroperitoneum 3 (10)
Bone, unspecified 2(7)
Spleen 2(7)
Kidney 1(3)
Ovary 1(3)
No. of metastatic sites, No. (%)
1 11 (38)
2 9 (31)
3 7 (24)
>3 2(7)

NOTE. Because of rounding, values may not add up to 100%.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; PEComa,

perivascular epithelioid cell tumor; Rx, treatment.

4Includes docetaxel, doxorubicin, gemcitabine, ifosfamide, and olaratumab.

®Includes lymph nodes (hilar and precarinal).

°Includes omentum, perigastric area, mesenteric root, peritoneum, and serosa.
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graded by National Cancer Institute Common Terminology
Criteria for Adverse Events v4.03 and were coded using the
Medical Dictionary for Regulatory Activities.

Patients were evaluated by contrast-enhanced computed
tomography or magnetic resonance imaging if computed
tomography was contraindicated every 6 weeks for the first
year and then every 12 weeks until disease progression.
Patients evaluable for efficacy had = 1 dose of nab-siro-
limus and centrally confirmed PEComa.

Tumor response was evaluated by RECIST v1.1 by inves-
tigators and independent review by two radiologists and an
adjudicator, who were unaware of the investigators’
assessment.

Patients were followed for survival every 12 weeks until
death, loss to follow-up, or study closure.

Biomarker Study Methodology

Targeted exome next-generation sequencing using the
OncoPanel test (Center for Advanced Molecular Diagnos-
tics, Brigham, and Women'’s Hospital, Boston, MA)!’ was
performed to assess mutations, copy number changes, and
translocation events in approximately 500 genes. In ad-
dition, pS6, phospho-4EBP1 (p4EBP1), SPARC, %Ki67,
and percent of cleaved caspase 3 were assessed by IHC,
and TFE3 translocation by fluorescence in situ
hybridization.

Mutational and biomarker analyses were blinded with re-
spect to clinical outcome.

A multivariable analysis was conducted using Pearson
correlation to correlate clinical response with altered genes
and the following biomarkers: TFE3, phospho-AKT, pS6,
p4EBP, SPARC, Ki67, and cleaved caspase 3.

Trial Oversight

The study was approved by the institutional review board of
each participating site and was conducted in accordance
with the International Conference on Harmonization re-
quirements for Good Clinical Practice and with the ethical
principles outlined in the Declaration of Helsinki. All pa-
tients provided written informed consent before the initi-
ation of the study.

Independent Data Monitoring Committee meetings were
convened when 14 and 26 patients had completed = 1
cycle of therapy and reported no concerns regarding the
safety of nab-sirolimus requiring study modification or
intervention.

RESULTS
Patient Characteristics and Demographics

A total of 35 patients were enrolled between April 2016
and November 2018 at nine community and academic
centers across the United States; 34 of 35 patients were
treated with at least one dose of nab-sirolimus, and 31
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were evaluable for efficacy (two did not have PEComa on
central pathology review; one did not have sufficient tissue
for review). The median age was 60 years (range, 27-78),
82% (25 of 31) were female, and 85% (26 of 31) had
metastatic disease (Table 1). The most common primary
sites of disease were the uterus (24%), pelvis and ret-
roperitoneum (18% each), and lung and kidney (12%
each; Table 1). Thirteen percent (4 of 31) of efficacy-
evaluable patients received prior chemotherapy for ad-
vanced disease, including gemcitabine-docetaxel,
doxorubicin-ifosfamide, and doxorubicin-olaratumab.

Efficacy

Response evaluation at the primary analysis. The primary
analysis was preplanned to occur when the last patient
enrolled had been treated for 6 months (May 22, 2019).
The confirmed ORR as assessed by independent radiol-
ogists was 39% (12 of 31; 95% Cl, 22 to 58), all partial
responses (PRs). One additional patient had an uncon-
firmed PR without subsequent confirmatory scans and was
assessed as stable disease (SD) = 12 weeks. SD occurred
in 52% of patients (16 of 31, with 10 of 31 SD = 12 weeks),
and 10% of patients had progressive disease (3 of 31;
Table 2). The disease control rate (defined as complete
response [CR] + PR + SD = 12 weeks) was 71% (22
of 31).

Responses were of rapid onset and durable. Sixty-seven
percent (8 of 12) of PRs were seen at the first scan after
baseline at week 6 (median 1.4 months; 95% CI, 1.3 to

2.8). The median DOR was not reached at the time of the
primary analysis, with 9 of 12 responders still on treatment.

1.5-year follow-up after the primary analysis for DOR, PFS,
and 0S. Reponses and DOR Ata 1.5-year follow-up after the
primary analysis date (November 23, 2020; ie, 2 year after
the last patient initiated treatment), 7 of 12 responders were
still receiving treatment and the median DOR had not been
reached after a median follow-up for response of 2.5 years
(DOR range, 5.6 to 47.2+ months, Table 2).

Figures 1A-1C show the target tumor responses (waterfall
plot) and changes over time (spider plot). Notably, one
patient with a primary renal PEComa metastatic to the lungs
and lymph nodes had a PR for 10 months that converted to
a CR (Table 2), with response ongoing at 21.6+ months.
One additional patient had a CR in target lesion mea-
surement; however, this patient still had an observed
nontarget lesion and an overall assessment of PR.

Responses were independent of the primary site and were
observed in tumors originating in the uterus (three), kidney
(three), retroperitoneum (two), pelvis (two), liver (one), and
small bowel (one; Fig 1D). Notably, 43% (3 of 7) of patients
with uterine PEComa had a PR. Responses were also
observed in 3 of 4 patients who had previously received
chemotherapy, with ongoing DOR ranging from 31.5+ to
47.2+ months.

PFS The median PFS was 10.6 months (95% Cl, 5.5 months
to not reached; Fig 2A). The PFS rates at 3, 6, 12, and
24 months were 79%, 69%, 47%, and 47%, respectively.

TABLE 2. Overall Response and DOR at a 1.5-Year Follow-Up After the Primary Analysis

Variable Independent Review Investigator Review

Best response N =31 N =31
Confirmed response rate (CR + PR) 39% (12/31; 95% ClI, 21.8 to 57.8) 42% (13/31, 95% Cl, 24.5 to 60.9)
CR 3% (1/31, 95% Cl, 0.1 to 16.7) 0

(
PR 36% (11/31, 95% Cl, 19.2 to 54.6) 42% (13/31, 95% Cl, 24.5 to 60.9)
SD 52% (16/31, 95% Cl, 33.1 to 69.8) 48% (15/31, 95% Cl, 30.2 to 66.9)
PD 10% (3/31, 95% Cl, 2.0 to 25.8) 10% (3/31, 95% Cl, 2.0 to 25.8)
DCR® 71% (22/31, 95% Cl, 52.0 to 85.8) 74% (23/31, 95% Cl, 55.5 to 88.1)
DORP n=12 n=13

Range: min-max, months 5.6-47.2+ 1.5-44.3+
DOR, first quartile, months (95% CI) 7.0 (5.6 to NR) 7.0 (5.6 to 26.5)
DOR, median quartile, months (95% ClI) NR (6.5 to NR) NR (6.2 to NR)

DOR rate at 6 months, % 92 92

DOR rate at 12 months, % 75 58

DOR rate at 18 months, % 75 58

DOR rate at 24 months, % 66 58

NOTE. Quartile and rate estimates are obtained from Kaplan-Meier survival curves.

Abbreviations: CR, complete response; DCR, disease control rate; DOR, duration of response; NR, not reached; PD, progressive disease; PR, partial
response; SD, stable disease.

@Disease control included confirmed CR, confirmed PR, and SD for = 12 weeks.

®+ indicates ongoing response at the time of data cutoff.

Journal of Clinical Oncology 3663
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FIG 1. Response to nab-sirolimus in patients with PEComa. (A) Waterfall plot of maximum reduction in sum of longest diameters of target tumors,
evaluated at the 1.5-year follow-up after the primary analysis. *A patient with unconfirmed PR is considered having SD as (continued on following page)
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FIG 1. (Continued). best response per RECIST v1.1 and a patient with a complete response of target tumor reduction has a PR as best response
because of unresolved nontarget lesions. (B) Spider plot showing change in the sum of target tumor measurements over time. Arrowheads indicate
patients who were still on treatment at the time of the 1.5-year follow-up. (C) Swimmer plot showing the treatment duration and response to treatment
of individual patients, including reasons for off therapy and survival. (D) Co-Mut plot showing correlation between mutational status and other
biomarkers, and response. Each column represents a different patient. Response, clinical features, and pS6 staining by IHC are shown at the top.
Then, relevant genes, mutation frequency, and type are shown. Six patients had tumors NE for mutational status because of inadequate tumor
sample; PRs occurred in two patients (33%) of this group. CR, complete remission; FISH, fluorescence in situ hybridization; IHC, immunohis-
tochemistry; NE, not evaluable; PEComa, perivascular epithelioid cell tumor; PR, partial response; SD, stable disease.

Two of five (40%) patients with locally advanced disease
deemed not eligible for surgery at study entry by the in-
vestigators had resection of residual PEComa after treat-
ment with nab-sirolimus. Before surgery, one patient had a
7.9% reduction in target lesions after one cycle and the
other patient had a 22.3% reduction in target lesions after
10 cycles. Following surgery, both patients remained
without disease recurrence at 3 and 3.5 years.

0S The median OS was 40.8 months (95% ClI,
22.2 months to not reached), and 23 of 34 treated patients
were still alive with OS rates at 6, 12, and 24 months of
93%, 89%, and 70%, respectively (Fig 2A). The median
follow-up was 22 months (min, max: 1, 52).

AEs and Dose Reductions

Most treatment-related adverse events (TRAEs) were grade
1 or2. Nograde 4 or 5 TRAEs occurred. The most common
nonhematologic TRAEs (Table 3) were mucositis (79%, 27
of 34 patients), fatigue (59%, 20 of 34), and rash (56%, 19
of 34). The most common hematologic TRAESs were anemia
(47%, 16 of 34) and thrombocytopenia (32%, 11 of 34).
Noninfectious pneumonitis occurred in 18% (6 of 34) of
patients and was grade 1 or 2. Two patients discontinued
therapy because of a TRAE (grade 2 anemia and grade 1

Journal of Clinical Oncology

cystitis). One patient discontinued therapy because of a
fatal AE (upper Gl hemorrhage unrelated to treatment).

Twenty-four percent (8 of 34) of patients had treatment-
related serious adverse events (TRSAEs), with 12 events in
total. Most TRSAEs were in metabolism and nutrition dis-
orders (33%, 4 of 12 events: four events of grade 3 dehy-
dration occurring in two patients) and Gl disorders (25%, 3 of
12: grade 2 abdominal pain, grade 2 diarrhea, and grade 3
enteritis, occurring in one patient each). Other TRSAEs were
acute kidney injury, acute coronary syndrome, edema, and
pancytopenia, all grade 3, occurring in one patient each.

Dose reductions occurred in 34% (13 of 34) of patients; 11
of 13 patients had one dose reduction, and two patients
had two dose reductions. The most common reasons for
dose reductions were mucositis and pneumonitis. In all
cases, patients whose doses were reduced maintained
their best response at the lower dose.

Biomarkers

Twenty-five patients had tissue sufficient for mutational
analysis, 25 had tissue analyzed by IHC, and 22 were
evaluable for fluorescence in situ hybridization (Figs 1D
and 3). Mutation results for seven genes selected on the
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FIG 2. (A) Kaplan-Meier curves for DOR, PFS, and OS for all patients and (B) PFS and OS by mutational status. DOR, duration of response; OS, overall

survival; PFS, progression-free survival; WT, wildtype.

basis of frequency of alteration or previous studies are
shown: TSC2 TSC1, TP53, RB1, ATRX, FATI1, and PTEN.2

TSC2 mutations or deletions were seen in 36% (9 of 25) of
patients, TSCI in 20% (5 of 25), TP53in 48% (12 of 25),
and RBI in 24% (6 of 25; Fig 1D).

On the basis of a multivariate analysis, only TSC2-inacti-
vating mutations (P < .001, # = 0.560) and pS6 ex-
pression (P = .004, 7 = 0.314) were associated with
response to nab-sirolimus. Eighty-nine percent (8 of 9) of
patients with a TSC2 mutation achieved a confirmed re-
sponse versus 13% (2 of 16) without a TSC2 mutation (P <
.001, Fisher’s exact). Of note, 1 of 9 patients with a TSC2
mutation had an unconfirmed PR; per RECIST v1.1, this
patient’s overall response was considered SD. Responses
occurred in 59% (10 of 17) of patients with pS6+ tumors
versus 0 of eight patients with pS6— tumors; the absence of
pS6 staining was a negative predictor of response to nab-
sirolimus (P = .008, Fisher's exact). Ninety-one percent
(10 of 11) of PEComas with TSCI or TSCZ2 mutations were

3666 © 2021 by American Society of Clinical Oncology

pS6+, whereas only 44% (5 of 11) without 7SCI or TSC2
mutations were pS6+ (Fisher's exact P = .06).

Additional confirmed PRs were seen in 20% (1 of 5) of
patients with a TSC1 mutation, and in 9% (1 of 11) without
a mutation in 7SCI or TSC2. Confirmed PRs were also
observed in two of the six patients with tumors with un-
known mutational status because of insufficient archival
material for analysis.

TSC1 and TSC2 mutations were mutually exclusive. TSC2
mutations were not associated with specific anatomic sites:
the primary sites of tumors for the nine patients with 7SC2
mutations were retroperitoneum (three), kidney (two),
uterus (two), liver (one), and small bowel (one). One of the
seven patients with RBI mutation responded to nab-siro-
limus, whereas 9 of 18 patients without RB1 mutation
responded (Fisher’s exact P = .18).

At a 1.5-year follow-up after the primary analysis date, the
median DOR had not been reached for TSC2 mutations
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ommon TRAEs Occurring in = 25% of Patients

TRAE Any Grade = 25% Grade 3

Patients with any TRAEs, No. (%) 34 (100)

Hematologic TRAEs
Anemia® 16 (47) 4 (12)
Thrombocytopenia® 11 (32) 1(3)

Nonhematologic TRAEs, No. (%)
Mucositis?® 27 (79) 6 (18)
Rash? 19 (56) —
Fatigue 20 (59) 1@3)
Nausea 16 (47) =
Diarrhea 13 (38) =
Weight decreased 13 (38) —
Hyperglycemia® 12 (35) 3(9)
Hypertriglyceridemia? 11 (32) 1(3)
Hypercholesterolemia? 11 (32) =
Decreased appetite 11 (32) =
Dermatitis® 10 (29) —
Dysgeusia 10 (29) =
Headache 10 (29) =
Peripheral edema 9 (26) —

Abbreviation: TRAE, treatment-related adverse event.
“Reported on the basis of groupings of preferred terms defined by standardized
queries in the Medical Dictionary for Regulatory Activities.

after a median follow-up for response of 33.7 months (6 of 8
ongoing, range: 6.5 to 47.2+ months). TSC2 mutational
status was significantly associated with longer PFS and OS
(medians not reached, Fig 2B). One patient with a TSCI
mutation and one patient with no 7SCI or TSC2 mutations
had the DOR of 5.6 months and 33.4+ months,
respectively.

DISCUSSION

The AMPECT study met its primary end point with an in-
dependently assessed ORR of 39% (95% Cl, 22 to 58),
exceeding the prespecified lower-bound ORR of 15%
below which the regimen would be considered no more
active than standard doxorubicin-based chemotherapy.
The response rate, durability of response, disease control
rate, and toxicity profile support that nab-sirolimus may
represent an important new treatment option for patients
with advanced malignant PEComa.

It is inherently difficult to perform randomized studies for
ultrarare indications; thus, this study was a single-arm
phase Il study to estimate the response rate. There are
no prior prospective trials in patients with malignant
PEComa, but STS response rates are low and typically
< 20%.'820 For example, in a recent study that included
doxorubicin as control for an unselected patient population
of STS, the response rate was 11.9%.2* Although the small

Journal of Clinical Oncology

sample size in the present study provided a wide confi-
dence interval for the 39% ORR, given the aggressive
natural history of the disease not known to spontaneously
regress, the responses are most likely due to antitumor
activity of nab-sirolimus.

Therapeutics yielding PFS rates of = 40% at 3 months
and = 14% at 6 months are considered to be potentially
active in advanced STS.?? A retrospective analysis of cy-
totoxic chemotherapy in malignant PEComa described a
median PFS of 3.2-5.4 months.* In the current study, nab-
sirolimus significantly exceeded these benchmarks with
PFS rates at 3 and 6 months of 79% and 70%, respectively.
Although patients with tumors with TSC2 mutations had a
longer PFS and OS compared with those without TSC2
mutations, we cannot differentiate between this being an
effect of nab-sirolimus or potentially reflecting variations in
clinical behavior of these genotypes. Overall, these out-
comes for a targeted therapy are promising and demon-
strate the importance of studying the molecular genetics of
each type of sarcoma and other cancer types.

A subset of malignant PEComas are associated with mu-
tations (inactivation or deletions) of TSCI or TSC2, negative
regulators of the mTOR signaling pathway. Retrospective
analyses of patients with advanced PEComa treated with
mTOR inhibitors sirolimus, temsirolimus, or everolimus
showed evidence of antitumor activity,*® suggesting that
mTOR inhibitors may improve outcomes compared with
chemotherapy and tyrosine kinase inhibitors. nab-Siroli-
mus is a novel albumin-bound mTOR inhibitor charac-
terized by high tumor uptake and mTOR target suppression
and may enhance tumor penetration and accumula-
tion via albumin receptor-mediated (gp60) endothelial
transcytosis.?>?* Albumin has long plasma half-life and
broad binding affinity and accumulates in tumors, areas of
inflammation, and tissue remodeling, making it an ideal
candidate for drug delivery.?3? nab-Paclitaxel was the first
therapeutic agent using this technology and was shown to
have greater drug delivery, safety, and efficacy compared
with conventional solvent-based paclitaxel in different
various solid tumors.?%2” Similarly, nab-sirolimus has a
distinct pharmacologic profile and pharmacokinetics
compared with sirolimus and other mTOR inhibitors, 428
although a direct clinical comparison has not yet been
performed.

The female prevalence in this study is consistent with
known epidemiology of this disease. The relatively high
ORR in patients with primary uterine PEComas is consistent
with that of the overall study population and contrasts with
retrospective reports of lower sensitivity of uterine PEComas
to mTOR inhibitors.*

No new safety signals were observed despite relatively high
doses of nab-sirolimus versus those reported with other
mTOR inhibitors.*®>!#2 The high degree of AE resolution
and the ability of patients to continue on therapy for > 2
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FIG 3. Next-generation sequencing of 25 patient samples.

years suggest that nab-sirolimus is manageable for long-
term treatment. On the basis of the pharmacokinetic and
safety profile of nab-sirolimus in a phase | study,?® as well as
the safety and efficacy in the present study, therapeutic
drug monitoring is not required with IV nab-sirolimus.

3668 © 2021 by American Society of Clinical Oncology

To our knowledge, AMPECT is the first trial to prospectively
evaluate treatment outcome and exploratory correlation
with mutational status and biomarkers in malignant
PEComa. TSCI- or TSC2-inactivating mutations were seen
in 56% (14 of 25) of patients. TSC2 mutations were a strong
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positive predictive factor for response to nab-sirolimus in
these patients, which is consistent with the role of the TSC
protein complex in mTORC1 regulation and warrants fur-
ther studies for the role of nab-sirolimus in other tumors
with  TSCZ-inactivating mutations. Extensive previous
studies have shown that inactivation or loss of either TSC1
or TSC2 has similar effects on the activation of mMTORC1.%°
Thus, it remains unclear as to why TSC2 mutations and not
TSC1 mutations were associated with response in this
study. This analysis is limited by the small number of
patients (n = 5) with TSCI-mutant tumors. Of the four
patients with TSCI-mutant tumors that did not develop
RECIST responses, three had SD, two for at least 12 weeks,
suggesting that nab-sirolimus might have provided some,
but incomplete, antitumor activity in this setting. Other
possible explanations could be that the nature of the TSCI
mutation led to incomplete inactivation of the TSC1/TSC2
complex or other coincident mutations in these tumors
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