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ORIGINAL ARTICLE

Atezolizumab for Advanced Alveolar Soft
Part Sarcoma
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Geraldine O’Sullivan-Coyne, M.D., Ph.D., Nancy Moore, R.N.,
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Christina L. Rosenberger, Ph.D., Ralph E. Parchment, Ph.D.,
and James H. Doroshow, M.D.

ABSTRACT

BACKGROUND

Alveolar soft part sarcoma (ASPS) is a rare soft-tissue sarcoma with a poor progno-
sis and no established therapy. Recently, encouraging responses to immune checkpoint
inhibitors have been reported.

METHODS

We conducted an investigator-initiated, multicenter, single-group, phase 2 study of
the anti-programmed death ligand 1 (PD-L1) agent atezolizumab in adult and
pediatric patients with advanced ASPS. Atezolizumab was administered intrave-
nously at a dose of 1200 mg (in patients >18 years of age) or 15 mg per kilogram
of body weight with a 1200-mg cap (in patients <18 years of age) once every 21 days.
Study end points included objective response, duration of response, and progression-
free survival according to Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1, as well as pharmacodynamic biomarkers of multistep drug action.

RESULTS

A total of 52 patients were evaluated. An objective response was observed in 19 of
52 patients (37%), with 1 complete response and 18 partial responses. The median
time to response was 3.6 months (range, 2.1 to 19.1), the median duration of re-
sponse was 24.7 months (range, 4.1 to 55.8), and the median progression-free
survival was 20.8 months. Seven patients took a treatment break after 2 years of
treatment, and their responses were maintained through the data-cutoft date. No
treatment-related grade 4 or 5 adverse events were recorded. Responses were noted
despite variable baseline expression of programmed death 1 and PD-L1.

CONCLUSIONS
Atezolizumab was effective at inducing sustained responses in approximately one
third of patients with advanced ASPS. (Funded by the National Cancer Institute and
others; ClinicalTrials.gov number, NCT03141684.)
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LVEOLAR SOFT PART SARCOMA (ASPS) IS

a rare cancer that accounts for less than 1%

of all soft-tissue sarcomas. With a global
incidence of less than 1 per 1,000,000 persons,
ASPS has been classified by the Connective Tissue
Oncology Society as an ultrarare sarcoma.! The
disease typically occurs in adolescents and young
adults. ASPS generally has an indolent course but
has a poor prognosis and a high tendency for
early metastatic spread, which is associated with
5-year overall survival ranging from 20 to 46%.2
The defining molecular event in ASPS is a chro-
mosomal translocation, der(17)t(X;17)(p11;q25),
involving ASPL (also known as ASPSCR1) and
TFE3.> Two distinct ASPL-TFE3 fusion proteins
have been identified that reportedly differ in tran-
scriptional activity.* However, to date, no clinical
significance with respect to prognosis has been
described for type 1 fusions as compared with
type 2 fusions.’

When this study began, there was no estab-
lished therapy for ASPS. The disease is largely
resistant to traditional chemotherapies. Initial
management through surgical resection, systemic
treatment, or both is rarely curative.? The tyro-
sine kinase inhibitor pazopanib is approved by
the Food and Drug Administration (FDA) for soft-
tissue sarcoma in general and is a treatment op-
tion for patients with ASPS. In December 2022,
on the basis of independently reviewed results
from the study reported herein, the FDA approved
atezolizumab, an immune checkpoint inhibitor
targeting programmed death ligand 1 (PD-L1),
for the treatment of unresectable or metastatic
ASPS in adult patients and pediatric patients 2
years of age or older.°®

Here, we report the clinical and pharmacody-
namic results of a single-group, phase 2 clinical
study of an immunotherapy agent, atezolizumab,
for the treatment of advanced ASPS. Encouraging
clinical responses in persons with ASPS to other
immune checkpoint inhibitors that disrupt PD-L1
binding to its programmed death 1 (PD-1) recep-
tor, with or without a tyrosine kinase inhibitor,
have been reported.”” However, most sample sizes
were small, and the molecular mechanisms be-
hind the responses were unclear. Tumor muta-
tional burden and microsatellite instability, which
are associated with the presence of tumor neo-
antigens and a high likelihood of response to
immune checkpoint inhibition in many histo-

logic types of cancer, are low in ASPS.%112223 In
addition, some ASPS tumors that are responsive
to immune checkpoint inhibitors reportedly lack
the expression of PD-L1 or PD-1 proteins that are
associated with response to immune checkpoint
blockade.”***2* Therefore, we conducted the pres-
ent study to evaluate the efficacy of atezolizumab
treatment for ASPS and to investigate the hypoth-
esis that the mechanism of activity of immune
checkpoint inhibitors in this disease involves in-
duced expression of missing immune checkpoint
components.

METHODS

STUDY DESIGN AND OVERSIGHT
Eligible patients were 2 years of age or older with
histologically or cytologically confirmed ASPS
(including newly diagnosed, unresectable or meta-
static, and measurable disease with clinical evi-
dence of disease progression) who had received
no previous anti-PD-1 or anti-PD-L1 therapy.
Atezolizumab was administered intravenously at
a dose of 1200 mg (adult patients, >18 years of
age) or 15 mg per kilogram of body weight with
a 1200-mg cap (pediatric patients, <18 years of
age) on the first day of each 21-day cycle.
Atezolizumab doses were allowed to be held for
up to 12 weeks for resolution of toxic effects;
dose modifications were not permitted, given
the lack of a clear atezolizumab dose-response
relationship. Details regarding eligibility, dose
interruptions, and treatment discontinuation are
provided in the Supplementary Appendix, available
with the full text of this article at NEJM.org.
Tumor biopsies, which were made mandatory
later in the study, were performed at baseline and
just before cycle 3 day 1 in patients 18 years of
age or older. Circulating tumor cells were ob-
tained from patients 14 years of age or older at
baseline, on cycle 1 day 8, before the atezolizumab
dose was administered at the start of each sub-
sequent cycle, and at the time of disease progres-
sion. Patients who had received treatment for more
than 2 years had the option of taking a break from
treatment while retaining the chance to resume
therapy at the discretion of the study investigators
or on evidence of progressive disease. Patient
monitoring and response assessments continued
throughout the break. Patients who completed
2 years of a treatment break without resuming
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atezolizumab were removed from the treatment
portion of the study and were assessed every 6
months.

This investigator-initiated study was conducted
at multiple sites under a National Cancer Insti-
tute (NCI)-sponsored Investigational New Drug
application and was approved by the central in-
stitutional review board of the NCI. Genentech
(@ member of the Roche Group) collaborated in
the design of the study and provided funding
and atezolizumab to the NCI through a Coop-
erative Research and Development Agreement.
The study was conducted in full accordance with
Good Clinical Practice guidelines, the principles
of the Declaration of Helsinki, and all applicable
regulations, guidance, and local policies. Written
informed consent was obtained from each adult
patient and from the parent or guardian of each
pediatric patient. Pediatric patients were includ-
ed in discussions about the study, and their oral
or written assent was obtained. The authors vouch
for the accuracy and completeness of the data and
for the adherence of the study to the protocol,
which is available at NEJM.org.

END POINTS AND ASSESSMENTS

To determine the occurrence of objective response,
duration of response, and progression-free sur-
vival, tumor response to the drug was assessed
by investigator review at each study site with the
use of Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1.2 Immune RECIST
(iRECIST), which reflect the propensity of im-
mune-modulating agents to elicit strong tumor
responses after initial evidence of disease pro-
gression,”* were also used as an exploratory end
point. Tumor measurements for response assess-
ment were conducted at baseline, at the end of
cycle 3, every two cycles thereafter for the first
year, every three cycles during the second year,
and every four cycles after that. Tumors were
measured with the use of computed tomography
or, in select cases, magnetic resonance imaging or
positron-emission tomography—computed tomog-
raphy. Confirmatory scans were performed at
least 4 weeks after initial documentation of ob-
jective response. Patients showing signs of clini-
cal benefit could continue atezolizumab treatment
after progression according to RECIST, version
1.1, if they met protocol-specified criteria for drug
continuation. For the patients treated beyond the

time of RECIST-assessed progression, all subse-
quent responses were assessed with the use of
iRECIST.

Adverse events were reported according to
NCI Common Toxicity Criteria, version 4.0, until
March 31, 2018, when version 5.0 was subse-
quently implemented and used. All previous ad-
verse events were mapped to version 5.0 before
the final analysis.

Paired biopsy specimens (obtained before treat-
ment and on cycle 3 day 1) were collected to
evaluate the multistep mechanism of action of
atezolizumab. The biopsy specimens were flash-
frozen on collection, thawed under formalin fixa-
tive, and processed for analysis of sections of
paraffin blocks in a manner that preserves labile
phosphoproteins (see the Supplementary Ap-
pendix).?”?® Immunofluorescence microscopy of
biopsy sections that were stained with multi-
plexed antibody panels (PD-L1/CD8, PD-1/CD3,
CD4/FOXP3, and CDS8/CD3{ pY142/TFE3) used
the PD-L1 monoclonal antibody clone 73-10, which
provides greater sensitivity than the VENTANA
SP142 clone used in the diagnostic assay (Table S1
in the Supplementary Appendix).?’ Image-analysis
algorithms identified and quantified biomarker-
positive cells per square millimeter within the en-
tire tumor area and at stroma interfaces.

PD-L1 expression in circulating tumor cells
was analyzed by means of imaging flow cytom-
etry. Type 1 and type 2 ASPL-TFE3 fusions were
identified retrospectively with the use of RNA ex-
tracted from formalin-fixed, paraffin-embedded
tissue and paraformaldehyde-fixed peripheral-
blood samples. (Additional details are provided
in the Supplementary Appendix.)

STATISTICAL ANALYSIS

This phase 2 study used a Simon optimal two-
stage design; the study was to be stopped for fu-
tility if no responses were measured among the
first 9 patients. Otherwise, 15 additional patients
were to be enrolled. If at least three responses
were observed among the 24 total patients, the
regimen was to be considered worthy of further
testing in this disease. This design has 90% power
to reject a null hypothesis of an incidence of re-
sponse of 5% when the true incidence of response
is 25% (with a one-sided type I error of 9.3%).
All eligible patients who received at least one dose
of study medication were included in the interim
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Table 1. Demographic and Clinical Characteristics of Evaluable Patients at
Baseline.*
Patients
Characteristic (N=52)
Age —no. (%)
2-17yr 3 (6)
18-39 yr 37 (71)
40-70 yr 12 (23)
Sex — no. (%)
Female 26 (50)
Male 26 (50)
Race — no. (%) T
Black 15 (29)
Asian 5 (10)
White 27 (52)
Unknown or not reported 5 (10)
ECOG performance-status score — no. (%)
0 27 (52)
1 24 (46)
2 1(2)
ASPSL-TFE3 fusion type — no. (%)
Type 1 30 (58)
Type 2 4 (8)
Undetermined§ 18 (35)
Previous therapy — no. (%)
None 25 (48)
Tyrosine kinase inhibitor 25 (48)
Interferon alfa 2 (4)
Other or unspecified systemic therapy 10 (19)
Surgery 34 (65)
No. of previous lines of systemic therapy — median 1(0-8)
(range)

* Percentages may not total 100 because of rounding.
T Race was reported by adult patients or by the parent or guardian of pediatric

patients.

i Eastern Cooperative Oncology Group (ECOG) performance-status scores
range from 0 to 5, with higher scores indicating greater disability.

§ The ASPL-TFE3 fusion type could not be determined owing to the lack of a
decipherable gel band after reverse-transcriptase—polymerase-chain-reaction
assay (in nine patients) or the lack of sufficient biopsy or blood specimens to
test (in nine patients).

914

and primary analyses of the incidence of response.
Proceeding to the second stage of the two-stage
design required approval from the study spon-
sor, principal investigator, and statistician. After
completion of the initial two-stage design, the
enrollment ceiling was increased to 53 to ensure

N ENGL J MED 389;10
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collection of at least 10 evaluable research biopsy
pairs to confirm the drug mechanism of action.
This new enrollment ceiling accounted for the
possibilities of unpaired biopsy specimens, biop-
sies of insufficient quality, and the enrollment of
patients who might not contribute biopsy speci-
mens (e.g., pediatric patients).

RESULTS

PATIENTS

From April 2017 through July 2022, a total of 53
patients were enrolled across 17 centers; 52 re-
ceived treatment (Table 1). The racial diversity
within the cohort reflects the racial distribution
of patients with advanced ASPS, with Black pa-
tients disproportionately affected (Table S2). The
median age of the adult patients at enrollment
was 33 years (range, 18 to 70). Three pediatric
patients were enrolled; their ages ranged from
12 to 17 years. A total of 34 patients (65%) had
undergone previous resection of their primary or
metastatic disease. A total of 27 patients (52%)
had received at least one line of systemic therapy
before enrollment; of these 27 patients, 25 (93%)
had received tyrosine kinase inhibitor therapy.
As an exploratory objective, the ASPL-TFE3 fu-
sion type of 34 patients was determined retro-
spectively; 30 patients (88%) expressed the type
1 fusion, and 4 patients (12%) expressed the
type 2 fusion (Table S3).

EFFICACY
The regimen was considered to be worthy of
further testing after eight confirmed responses
were observed among the first 19 patients. En-
rollment continued to allow collection of biopsy
specimens to assess the mechanism of action of
atezolizumab in ASPS. As of the data-cutoff date
(July 31, 2022), the median time in the study was
13.2 months (range, 1.8 to 58.0) (Fig. 1). Seven
patients took a treatment break after 2 years of
therapy (range of break durations, 0.4 to 25.3
months [two completed and five ongoing]).
Among the 52 evaluable patients, an objective
response occurred in 19 (37%; 95% binomial
confidence interval [CI], 24 to 51), with 18 pa-
tients having a confirmed partial response as
their best response and 1 patient having a con-
firmed complete response (Fig. 1). The time to a
complete response was 11.8 months; after the
data-cutoff date for this article, a second patient

SEPTEMBER 7, 2023
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Figure 1. Patient Responses to Atezolizumab.
Time in the study (in months) as of July 31, 2022, is shown for each patient. The colors of the bars indicate the best
response for each patient, and the time of the first complete or partial response is indicated by a diamond or circle,
respectively. The dashed line indicates the median time to first response (3.6 months). One patient (asterisk) had
an unconfirmed partial response. One patient (dagger) had a partial response according to Immune Response Eval-
uation Criteria in Solid Tumors (iRECIST).

had a complete response 13.7 months into treat-
ment. Among the 19 patients with a confirmed
response according to RECIST, version 1.1, the
median time to response was 3.6 months (range,
2.1 to 19.1), the median duration of response
was 24.7 months (range, 4.1 to 55.8), and the
median best change from baseline in tumor size
was —006.2% (range, —36.6 to —100) (Fig. 2). The
best clinical outcomes for the other 33 patients
included a partial response that was not con-
firmed before the patient discontinued the study
(1 patient), a partial response according to
iRECIST (1 patient), stable disease (28 patients),
and progressive disease (3 patients). The me-
dian progression-free survival was 20.8 months
(Fig. 3).

A post hoc assessment of objective response
according to previous exposure to tyrosine ki-
nase inhibitors was also performed (Fig. S1).
The percentage of patients with a response was
similar among patients who had previously re-
ceived tyrosine kinase inhibitor treatment (36%;
95% binomial CI, 18 to 57) and among those
who had not (37%j; 95% binomial CI, 19 to 58).

Many patients’ tumors continued to shrink
over long periods of time. Two patients received
treatment for approximately 12 months before
their disease trajectory improved suddenly. One
of these patients (Patient 29) continued treat-
ment beyond the time of RECIST-assessed pro-
gression and was assessed subsequently by means
of iRECIST, which resulted in a designation of
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Best Percentage Change from Baseline in Tumor Size

50+

-50-

-100+

Best Response:
Il Complete response
Partial response T

Stable disease

M Progressive disease

Individual Patients

Figure 2. Best Target-Lesion Response.

The best percentage change from baseline in the target-lesion size is
shown for each patient. The colors of the bars indicate the best response
for each patient, and the dashed line represents a decrease of at least 30%
in the target-lesion size. Patient 14 (asterisk) had an unconfirmed partial
response. Patient 29 (dagger) had a partial response according to iRECIST
but a best response of stable disease according to Response Evaluation
Criteria in Solid Tumors, version 1.1, owing to an increase of more than
20% in target-lesion size before subsequent shrinkage (i.e., pseudoprogres-
sion). Patient 37 (double dagger) had a radiographic complete response of
the target lesion, but bone abnormalities persisted.
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immune partial response four cycles later. The
other patient (Patient 34) had stable disease for
more than 1 year before having a partial response
after a bout of viral-induced vestibulitis.

SAFETY

Atezolizumab had an adverse-event profile con-
sistent with those previously reported for atezoliz-
umab monotherapy (Table S4). A total of 50 of
52 patients (96%) had a grade 1 or 2 adverse
event; grade 3 adverse events that were consid-
ered by the investigators to be potentially related
to atezolizumab were reported in 8 patients (15%).
No treatment-related grade 4 or 5 events were
reported. None of the patients discontinued treat-
ment because of adverse events.

PHARMACODYNAMICS

Evaluable ASPS tumor-biopsy specimens that
were obtained from patients with a best response
of partial response (8 patients), stable disease

(10 patients), or progressive disease (1 patient) were
evaluated for required components of the mech-
anism of action of atezolizumab with the use of a
multiplexed immunofluorescence assay (Fig. 4 and
Tables S5 and S6). Expression of the molecular
components, including PD-1 and PD-L1, was vari-
able. The study was not powered to compare phar-
macodynamic results across the three response
groups; the results within each subgroup are de-
scribed below.

In the partial-response group, analysis of pre-
treatment tumor-biopsy specimens showed six of
six tumors positive for PD-L1, five of six positive
for CD3+ lymphocytes expressing the receptor
PD-1, six of six positive for CD8+ cytotoxic
T lymphocytes (CTLs), and six of six with a regu-
latory T cell (Treg):CTL ratio of less than 1 — a
ratio that indicates a permissive immune envi-
ronment associated with tumor regression and
overall-survival advantages in other cancers.*
On cycle 3 day 1, tumor-biopsy specimens obtained
from six of seven patients in the partial-response
group were positive for all four mechanistic com-
ponents, including one patient (Patient 37) whose
tumor converted from negative to positive for
PD-1-positive lymphocytes during atezolizumab
therapy. The sole PD-L1-negative tumor in the
partial-response group at cycle 3 (in Patient 40)
converted to PD-Ll-positive at cycle 6, on the
basis of longitudinal assessments of circulating
tumor cells (Fig. S2). At baseline, CD3{ phos-
phorylation of the T-cell receptor, a biomarker of
antigen recognition, was positive in four of six
tumors, and the two other tumors (in Patients 1
and 43) converted from negative to positive by
cycle 3 day 1. Unlike in many carcinomas,**
activated CTLs were distributed throughout the
tumor and stroma without exclusion at invasive
margins, which indicated unimpeded movement
within the tumor microenvironment.

In the stable-disease group, analysis of pre-
treatment biopsy specimens showed 9 of 10 tu-
mors positive for PD-L1, 10 of 10 positive for
intratumoral CTLs, and 10 of 10 with a favorable
Treg:CTL ratio of less than 1. One patient (Pa-
tient 44) had a PD-L1-negative biopsy specimen,
and PD-L1-negative status continued through the
longer-term monitoring of circulating tumor cells
into cycle 6. ASPS tumors in the stable-disease
group were more likely to be negative for PD-1-
expressing lymphocytes at baseline (7 of 10 pa-
tients) than those in the partial-response group
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(1 of 6 patients), and the percentage of patients
with a response was higher among patients with
PD-1-positive lymphocytes in the tumor micro-
environment before treatment (5 of 9 patients)
than those without (1 of 8). Three patients in the
stable-disease group had tumors that converted
from PD-1-negative to PD-1-positive by cycle 3
day 1. As in the partial-response group, most
evaluable biopsy specimens that were obtained
before treatment and during treatment were posi-
tive for CD3{ pY142; Patient 33 had a tumor that
was negative before treatment but converted to
positive by cycle 3 day 1.

Four patients with evaluable biopsy specimens
had disease progression within five treatment
cycles. The tumors in three of these four pa-
tients lacked both PD-L1 and PD-1 expression
(Patient 44, stable disease), lacked PD-1 expres-
sion (Patient 41, stable disease), or had an unfa-
vorably high Treg:CDS8 ratio (Patient 30, progres-
sive disease).

DISCUSSION

This investigator-initiated phase 2 study showed
robust, durable anticancer activity of atezoliz-
umab in a diverse cohort of patients with ad-
vanced ASPS that reflects the population of pa-
tients with the disease. Objective responses
according to RECIST, version 1.1 — including
one complete response — occurred in approxi-
mately one third (37%) of the patients, many of
whom had disease progression during previous
systemic therapy. Responses were durable, and
several were maintained for years after the final
dose of atezolizumab. It should be noted that
tumor assessments were performed less frequent-
ly in patients who remained in this study for
more than 1 year, which potentially affected the
assessment of progression-free survival results
by 3 to 6 weeks. Still, the durations of response
and progression-free survival achieved with
atezolizumab therapy are uncommon with other
therapies used in ASPS, even in contexts like this
one in which patients may have been enrolled
with indolent disease.!>'334% In the present study,
tumor responses to atezolizumab typically oc-
curred within the first 3 to 5 months, but three
patients had received treatment for 1 year or lon-
ger before having a partial response. Late-onset
responses to other immune checkpoint inhibi-
tors have been reported in persons with ASPS.1%!

Percentage of Patients Surviving without
Disease Progression

Months

No.atRisk 52 39 31 20 16 12 10 5

log[survival]).

Figure 3. Kaplan—-Meier Analysis of Progression-free Survival.
Kaplan—Meier estimates of progression-free survival are shown as of July
31, 2022. The dashed line indicates the median progression-free survival,
and tick marks indicate unique censoring times. The gray-shaded areas in-
dicate 95% pointwise confidence intervals, with standard errors obtained
with the use of Greenwood’s formula (computed on the basis of

The results from previous trials evaluating
immune checkpoint inhibitors in patients with
various histologic types of cancer suggested that
ASPS may be especially sensitive to immune
checkpoint inhibition.?1%13153¢ However, inter-
pretation of those findings is limited by the
small size of each ASPS cohort and, in some
cases, the use of combined drug regimens. The
present phase 2 study enrolled only patients with
ASPS to evaluate the efficacy of atezolizumab
monotherapy in this ultrarare histologic type.
The incidence of response in this study closely
resembles that observed among 10 patients with
ASPS treated with combined PD-L1 and CTLA4
inhibitors.3* However, the combination was as-
sociated with more frequent and more serious
toxic effects than we observed with PD-L1 inhi-
bition alone. This finding calls into question the
value of adding CTLA4 inhibition to anti-PD-L1
treatment of ASPS. The combination of vascular
endothelial growth factor (VEGF) inhibition and
immune checkpoint blockade has also been
studied in a small cohort of patients with ASPS,
with 54.5% having a response.”® On the basis of
these encouraging results, we are currently evalu-
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Before Treatment
(cycle 1, day 1)

During Treatment
(cycle 3, day 1)

Patient 37
(partial response)

Patient 24
(partial response)

Patient 49
(stable disease)

Patient 31
(stable disease)

M PD-L1

W TFE3

| CD8 CD3{ pY142 M DAPI

ating the addition of VEGF inhibition to PD-L1
blockade in patients who had disease progression
during atezolizumab monotherapy in the present
study. The incidence of response and immune
landscapes that we observed with atezolizumab
monotherapy suggest that the addition of a VEGF

N ENGL J MED 389;10

NEJM.ORG

inhibitor may not be necessary in first-line
treatment.

The pharmacodynamic data that are reported
here show that many of the tumors harbored the
molecular and cellular elements required for
atezolizumab response (PD-1 and PD-L1, unhin-
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Figure 4 (facing page). Pharmacodynamic Biomarkers
in Tumor-Biopsy Specimens.

Multiplex immunofluorescence microscopy of core-
needle tumor-biopsy specimens revealed the molecu-
lar target of atezolizumab (programmed death ligand
1 [PD-L1]-positive cells, red) and immune effector
cells (CD8+ cytotoxic T lymphocytes [CTLs], green),
dispersed among alveolar soft part sarcoma (ASPS)
tumor cells expressing nuclear TFE3 (light blue). Some
of these CTLs showed phosphorylation of the { chain
of the T-cell receptor that is associated with antigen
recognition (yellow, with example cells indicated by
arrows). The nuclei of all TFE3-negative cells are dark
blue from the DAPI (4',6-diamidine-2-phenylindole)
stain. Unlike in other cancers in which lymphocytes
accumulate at tumor margins, CD8+ CTLs are widely
dispersed into all areas of the ASPS tumor microenvi-
ronment in the four representative tumors shown
here, which is consistent with unimpeded immune-cell
migration. Patient 37, in the partial-response group,
had increases in PD-L1 and CTL levels by a factor of 9
to 10 from the pretreatment baseline (left) to cycle 3
day 1 of treatment (right). Patient 24, in the partial-
response group, and Patient 49, in the stable-disease
group, had the persistent presence of PD-L1-positive
cells and CTLs at baseline (left) and cycle 3 day 1
(right). Patient 31, in the stable-disease group, had
both persistent and abundant PD-L1-positive cells
and CTLs at baseline (left) and cycle 3 day 1 (right).
The presence of molecular and cellular components
that are required to respond to the mechanism of ac-
tion of atezolizumab in nearly all the patients with
evaluable tumor-biopsy specimens indicates that this
cancer is primed to respond to immune checkpoint in-
hibitor therapy and is consistent with the high degree
of clinical benefit conferred by atezolizumab therapy.
Quantitation of each biomarker is presented in Table S5.

dered movement of CTLs with activated T-cell
receptor, and a permissive tumor microenviron-
ment) at baseline, whereas other tumors lacked
one or more such components before treatment
but converted to a responsive phenotype during
atezolizumab administration. Given the possibil-
ity of conversion to an immunotherapy-respon-
sive phenotype during treatment, patient selection
based on pretreatment PD-1 or PD-L1 expression
status may exclude patients with ASPS who have
the potential to have a response to immune
checkpoint inhibitor treatment. Adaptive induc-
tion of PD-L1 expression in tumor cells has also
been observed in melanoma, in which tumor
PD-L1 expression during treatment is more pre-
dictive of response to immune checkpoint inhibi-
tors than expression at baseline.’” Further study
of the histologic breadth of this phenomenon, the
molecular pathways involved, and the predictive

power of biomarkers during early treatment is
warranted.

Transcriptomic-profiling results indicate that
ASPS tumors are among the most highly lympho-
cyte-infiltrated solid tumors in pediatric patients.*®
Using multiplex immunofluorescence analyses, we
detected dense and unimpeded CTL tumor infil-
trates in adults with ASPS. Furthermore, intratu-
moral CTLs with activated T-cell receptor (CD3{
phosphorylated at tyrosine 142) were present by
cycle 3 in all ASPS tumors with evaluable biopsy
specimens, indicative of antigen recognition. The
source and identity of these antigens remain un-
known. We hypothesize that aberrant transcrip-
tional activity of the characteristic type 1 and
type 2 ASPL-TFE3 fusion proteins may serve as
a substantial source of neoantigens in ASPS. Al-
though type 1 and type 2 ASPL-TFE3 fusions
differ in their transactivation properties,* descrip-
tions of pathophysiological distinctions between
the two fusion types are lacking. Even though the
number of type 2 fusions in the present study
was too small for a formal statistical analysis, our
discovery that the ASPL-TFE3 fusion types can be
detected and distinguished with the use of venous
blood samples should facilitate future assess-
ments and investigation of the role of potential
neoantigens derived from ASPL-TFE3 fusions in
tumor immunity.

A limitation of this study is that research
biopsies — which were optional when the study
began — were performed in only one of the pa-
tients whose initial response assessment was pro-
gressive disease. Specimens from several rapidly
progressing tumors would have enabled compari-
son against responsive tumors for a better under-
standing of response or resistance mechanisms.
Future analyses of specimens that were obtained
from patients in this study at the time their dis-
ease progressed, before the start of atezolizumab—
bevacizumab combination therapy, are expected
to provide additional insight.

The results of this phase 2 clinical study,
which formed the basis of the recent FDA ap-
proval, support the use of atezolizumab as a safe
and effective treatment for advanced ASPS. Fur-
ther investigation is needed to inform clinical
decisions regarding the duration of atezolizumab
treatment, the usefulness and appropriate tim-
ing of treatment breaks, and the potential ben-
efit of atezolizumab rechallenge after disease
progression.
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