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ABSTRACT

We previously reported initial results of the pivotal phase II trial of atezolizumab for patients 
with alveolar soft part sarcoma (ASPS; ClinicalTrials.gov identifier: NCT03141684). Here, we 
report on three additional years of observation. Fifty-three patients with ASPS received 
atezolizumab. Median duration of response increased to 37.0 months. Objective response rate 
(ORR) and median progression-free survival (mPFS) remained essentially as previously re-
ported (35.8% [95% CI, 23.1 to 50.2] and 20.8 months [IQR, 7.6-not reached], respectively). 
ASPSCR1::TFE3 fusion type was determined for 47/53 patients; ORR and mPFS were higher 
among the 41 patients expressing type 1 (43.9% [95% CI, 28.5 to 60.2] and 28.3 months [IQR, 
9.2-not reached], respectively) than the six patients expressing type 2 (0% [95% CI, 0 to 45.9] 
and 7.5 months [IQR, 3.9-not reached], respectively, PFS HR, 3.2 [95% CI, 1.01 to 10.2]). Eleven 
patients chose a per-protocol drug holiday (range, 3.5-26.4 months) after ≥2 years of 
treatment; two experienced disease progression during the holiday. Nine eligible patients 
elected to receive bevacizumab plus atezolizumab after progressing on monotherapy; ORR was 
0% and mPFS was 18.5 months (IQR, 7.9-21.1) in this small cohort. Long-term results support 
using atezolizumab to treat ASPS, even for several years; a drug holiday with careful moni-
toring may be an option for some patients.

INTRODUCTION

Alveolar soft part sarcoma (ASPS) is an ultra-rare cancer 
with limited treatment options. 1 It characteristically ex-
presses the alveolar soft part sarcoma chromosome region, 
candidate 1 (ASPSCR1)-transcription factor E3 (TFE3) fusion 
protein (ASPSCR1::TFE3) as the type 1 or type 2 variant. 2,3 The 
type 2 variant is reported to confer greater transcriptional 
activity, 4 but the pathologic implications are unclear. 5-7

Recently, immune checkpoint inhibitors (ICIs) have dem-
onstrated clinical efficacy as single agents or combined with 
vascular endothelial growth factor (VEGF) inhibitors to treat 
ASPS. 1,7-12 In an initial report of the pivotal phase II trial, the 
PD-L1 inhibitor atezolizumab demonstrated a confirmed 
objective response rate (ORR) of 37%, a median duration of 
response (DOR) of 24.7 months, and a median progression-
free survival (mPFS) of 20.8 months. 7 Here, we present an 
additional 3 years of follow-up data and new analyses, in-
cluding (1) the safety of long-term atezolizumab treatment 
and feasibility of drug holidays, particularly in adolescents

and young adults (AYAs) facing cumulative toxicity and 
lifelong treatment burden; (2) implications of ASPSCR1::TFE3 
variants; and (3) the use of bevacizumab, a VEGF inhibitor 
occasionally reported to reduce ASPS tumor burden, 13,14 as a 
strategy for overcoming atezolizumab-refractory disease.

METHODS

Eligible patients age 2 years and older with measurable 
advanced ASPS were enrolled to the monotherapy portion of 
the trial as previously published. 7 Any patient with non-
progressing disease and ≥2 years of monotherapy was eli-
gible to take a monitored drug holiday for up to 2 years; 
monotherapy could resume at the discretion of the inves-
tigators or upon evidence of progressive disease (PD).

Adult participants with atezolizumab-refractory disease 
could cross over or re-enroll to receive bevacizumab 
(15 mg/kg IV) plus atezolizumab (1,200 mg) once every 21 
days. Tumor biopsies were collected at baseline and just 
before cycle 3 day 1 from adult patients.
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To determine the ORR, DOR, and PFS, tumor response to 
drug was assessed using RECIST version 1.1. 15 Immune 
RECIST (iRECIST) criteria were also used as an exploratory 
end point. 16 Adverse events (AEs) were reported according to 
National Cancer Institute Common Toxicity Criteria.

Correlative studies performed are described in Appendix 1 
(online only). As previously described, PD-L1, PD-1, acti-
vated CD8 1 cytotoxic T lymphocytes, and regulatory T cells 
were quantified in tumor biopsies using immunofluorescent 
microscopy (mIFA); the ASPSCR1::TFE3 fusion transcript 
types of tumor tissue or blood specimens were identified 
using polymerase chain reaction amplification. 7

The statistical plan and two-stage design used for the 
monotherapy and combination therapy arms gives 90% 

power to reject a null response rate of 0.05 when the truth is 
0.25 (with one-sided type-I error of 0.0931). Analyses in-
volving fusion type were exploratory, without formal ad-
justment for multiple comparisons.

The study was conducted in accordance with applicable 
regulatory requirements and the principles of the Declaration 
of Helsinki. Institutional review board approval was obtained. 
Each patient, or patient’s guardian, provided written in-
formed consent. Additional details regarding trial design and 
conduct are provided in the protocol and Appendix 1.

RESULTS

Study Population

Fifty-three patients received atezolizumab from April 26, 2017, 
through July 31, 2025 (Table 1). Data for 52 patients through July 
31, 2022, were reported in 2023 with a median on-study time of 
13.2 months (1.8-58.0). 7 From July 31, 2022 to the July 31, 2025, 
data cutoff for this report, one patient initiated atezolizumab 
monotherapy, four continued monotherapy, nine started or 
continued a planned atezolizumab holiday, and the median on-
study time for the monotherapy arm increased to 14.9 months 
(1.8-89.7; Fig 1 and Appendix Fig A1). Nine patients crossed 
over to receive atezolizumab plus bevacizumab combi-
nation therapy (Table 1).

Updated Efficacy of Atezolizumab Monotherapy

Best responses and the ORR for monotherapy treatment 
remained essentially as previously reported (ORR, 35.8% 

[95% binomial CI, 23.1 to 50.2]). mPFS was 20.8 months 
(IQR, 7.6-not reached; Appendix Fig A2). Among confirmed 
responders, the median DOR was 37.0 months (9.7-68.9) and 
the median best change from baseline tumor size was 
–77.8% (–36.6% to –100%).

Safety of Extended Atezolizumab Therapy

The AE profile for atezolizumab monotherapy remained 
essentially as previously reported. 7 We did not observe any

new safety signals associated with extended atezolizumab 
treatment (Appendix Table A1). Among the 13 patients who 
received >25 months of atezolizumab monotherapy (26.3-
78.4 months), only one (a 39-year-old) experienced a new 

grade 21 treatment-related adverse event (TRAE) after the 
2-year mark, specifically grade 2 pruritus that resolved 
during a drug holiday. Three AYA patients experienced

TABLE 1. Demographic and Clinical Characteristics at the Time of 
Enrollment

Characteristic

Monotherapy 
Patients 
(n 5 53)

Atezolizumab 
Holiday 
Patients 
(n 5 11)

Combination 
Therapy 
Patients 
(n 5 9)

Age, years, No. (%)

2-17 4 (7) 0 (0) 0 (0)

18-39 37 (70) 5 (45) 9 (100)

40-70 12 (23) 6 (55) 0 (0)

Sex, No. (%)

Female 27 (51) 7 (64) 4 (44)

Male 26 (49) 4 (36) 5 (56)

Race

Black 15 (28) 3 (27) 3 (33)

Asian 5 (9) 0 (0) 2 (22)

White 28 (53) 6 (55) 2 (22)

Unknown or not 
reported

5 (9) 2 (18) 2 (22)

Performance status 
ECOG, No. (%)

0 28 (53) 7 (64) 6 (67)

1 24 (45) 4 (36) 3 (33)

2 1 (2) 0 (0) 0 (0)

ASPSCR1::TFE3 fusion 
transcript type a , No. 
(%)

Type 1 41 (77) 11 (100) 4 (44)

Type 2 6 (11) 0 (0) 5 (56)

Undetermined 6 (11) 0 (0) 0 (0)

Previous therapy b , No. 
(%)

None 25 (47) 7 (64) 4 (44)

Previous TKI 26 (49) 4 (36) 3 (33)

Interferon-a 2 (4) 0 (0) 0 (0)

Other (or unspecified) 
systemic therapy

10 (19) 0 (0) 1 (33)

Surgery 35 (66) 9 (82) 7 (78)

Previous lines of sys-
temic therapy, me-
dian (range)

1 (0-8) 0 (0-3) 0 (0-3)

Abbreviations: ECOG, Eastern Cooperative Oncology Group;
TKI, tyrosine kinase inhibitor.
a ASPSCR1::TFE3 fusion transcript type was determined in the study 
after enrollment. In some cases, the fusion transcript type could not be 
determined owing to the lack of a decipherable assay result or the lack 
of sufficient tumor tissue or blood specimens to test.
b At the time of enrollment to the monotherapy arm. Excludes 
atezolizumab monotherapy received in this study.
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FIG 1. Atezolizumab monotherapy treatment outcomes. (A) Time (months) of monotherapy 
treatment, and drug holiday if applicable, 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 (*) had an unconfirmed partial response. One patient (**) 
had a partial response according to iRECIST. Blue rectangles indicate the duration of drug 
holidays, from holiday start to last restaging. Maroon patient (continued on following page)
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an endocrine toxicity ≥grade 2 at some point during 
monotherapy and two AYA patients experienced a toxicity 
lasting more than 30 days (Appendix Table A2) and A3).

Atezolizumab Drug Holiday

Eleven of 20 eligible patients chose an optional, per-protocol 
drug holiday (Fig 1, Appendix Fig A1, and Appendix Table A4). 
mPFS was not reached. Nine patients had no change in their 
RECIST response status as of their last holiday scan. Two 
patients experienced disease progression: one at the end of 
the 2-year holiday, the other after 3 months of holiday 
(Appendix Table A4). Both patients chose to come off study, 
rather than reinitiate treatment via this trial. No new TRAEs 
occurred during the drug holiday. Two ongoing TRAEs re-
solved during the holiday (Appendix Table A5).

Evaluation of Atezolizumab Plus Bevacizumab

No confirmed responses have been observed among the 
small cohort of nine patients who crossed over to receive 
atezolizumab plus bevacizumab (Appendix Fig A3 and Ap-
pendix Table A6). mPFS was 18.5 months (IQR, 7.9-21.1; 
Appendix Fig A4). Among the first eight patients, four (50%) 
experienced PFS >1.5 years while receiving the combination 
(range, 20-46 months); all have since progressed. A ninth 
patient crossed over 3 months before the data cutoff; the arm 

will be closed due to futility if no response is observed in that 
patient.

The combination of atezolizumab plus bevacizumab was 
generally well tolerated (Appendix Table A7). No patients 
discontinued treatment because of toxicity. Two patients 
(22%) had their bevacizumab dose reduced in response to 
grade 2 headaches.

Evaluable core biopsy tumor specimens were obtained from 

three crossover patients (Appendix Fig A5). mIFA revealed a 
paucity of activated CD8 1 tumor-infiltrating lymphocytes in 
both patients with the type 2 fusion, and the continued 
absence of PD-1 in patient 44’s tumor (Appendix Tables A8 
and A9).

Clinical Significance of ASPSCR1::TFE3 Fusion Subtypes

ASPSCR1::TFE3 fusion transcript type was determined ret-
rospectively for 47 patients as a planned exploratory

analysis. Forty-one patients (87%) expressed the type 1 
variant; only six patients (13%) expressed type 2 (Appendix 
Table A10), limiting interpretation of formal comparisons. 
The observed ORR among patients with the type 1 fusion 
(43.9% [95% binomial CI, 28.5 to 60.2]) was higher than 
among patients expressing type 2 (0% [95% binomial CI, 0 
to 45.9; Fig 2A). The mPFS was 28.3 months (IQR, 9.2-not 
reached) among the 41 patients with type 1 and 7.5 months 
(IQR, 3.9-not reached) among the six patients with type 2 
(HR, 3.2 [95% CI, 1.01 to 10.2]; Fig 2B). mIFA identified a 
higher density of activated tumor-infiltrating lymphocytes 
in tumors expressing type 1 compared with those expressing 
type 2 (Appendix Table A11). The small sample size of the 
combination therapy arm precludes formal comparison of 
fusion subtypes in that arm.

DISCUSSION

As the evaluation of ICI therapy in patients with sarcomas 
has expanded, advanced ASPS has emerged as a surpris-
ingly responsive malignancy. Given the durability of ASPS 
responses to atezolizumab and the young age of this pa-
tient population, we investigated the feasibility of an ICI 
holiday. ICIs have been successfully discontinued in other 
malignancies 17-19 ; the fact that nine of our 11 holiday pa-
tients discontinued atezolizumab for ≥18 months without 
evidence of disease progression suggests that ICI dis-
continuation can be considered for some patients with 
ASPS. The two incidents of disease progression (early and 
late in the respective drug holidays) underscore the pru-
dence of continued monitoring after ICI discontinuation.

On the basis of recent evidence that ICI retreatment can be 
beneficial after discontinuation, 20-23 our trial was designed 
to assess the efficacy of atezolizumab retreatment. However, 
only two patients experienced disease progression during 
drug holiday and neither chose to be retreated via the clinical 
trial.

In this study, the activity of atezolizumab plus bevacizumab 
was limited to minor tumor reductions and disease stabili-
zation in atezolizumab-refractory ASPS. This contrasts with 
other reported ICI-VEGFi combinations, 8,24,25 likely because 
85%-100% of the patients in the previous studies were PD-1/ 
PD-L1 ICI-na ̈ ıve. The number of tumor specimens collected 
from our combination cohort was small, limiting our ability 
to draw conclusions.

FIG 1. (Continued). numbers indicate patients who discontinued treatment because of disease 
progression. (B) Target lesion response over time for patients who took an atezolizumab drug 
holiday. The percent lesion size change from baseline is shown for each patient as a function of 
time on study. Orange lines indicate trajectories during atezolizumab treatment. Blue lines 
indicate trajectories during an atezolizumab drug holiday. Circles indicate disease progression 
during drug holiday. Six patients completed the 2-year holiday progression-free, two experienced 
disease progression during the holiday, two chose to leave the study 4-6 months before the end 
of the holiday (with no known change in status), and one continues the holiday as of July 31, 
2025. CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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FIG 2. Clinical significance of ASPSCR1::TFE3 fusion transcript subtypes. (A) The best percentage change from baseline in the target-lesion 
size is shown for each patient. The colors of the bars indicate the ASPSCR1::TFE3 fusion transcript type determined in this study. Patient 14 (*) 
had an unconfirmed partial response. Patient 29 (**) had a partial response according to iRECIST but a best response of stable disease 
according to RECIST, version 1.1, owing to an increase of more than 20% in target-lesion size before subsequent shrinkage (ie, pseudo-
progression). Patients 6 and 37 (***) both had a radiographic complete response of measurable target lesions, but a nonmeasurable lesion 
(patient 6) or bone abnormalities (patient 37) persisted. (B) Kaplan-Meier estimates of progression-free survival by ASPSCR1::TFE3 fusion 
transcript type. Data from patients with the type 1 fusion (abbreviated as T1) are plotted in black. Data from patients with the type 2 fusion 
(abbreviated as T2) are plotted in red. The dashed lines indicate the median progression-free survivals. Tick marks indicate unique censoring 
times; censoring occurred due to administrative reasons (No. 5 6), patient withdrawal (No. 5 9), (continued on following page)
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The ASPSCR1::TFE3 hallmark of ASPS is suspected to serve 
as a source of immunogenic neoantigen production, al-
though few candidate antigens have been identified. 26 

Interestingly, we observed that ASPS responses to ate-
zolizumab were restricted to tumors expressing the 
type 1 ASPSCR1::TFE3 transcript; type 2-expressing tu-
mors failed to respond to atezolizumab and exhibited 
impairments in adaptive immune response and PD-L1/ 
PD-1 function. Our analyses were limited by the fact that 
type 2 fusions were rare in this trial, although not always 
reported as such. 6,27 ,28

The extended patient follow-up from this study continues to 
support the use of atezolizumab for the treatment of ASPS. 
We suggest that a difference may exist in the aggressiveness 
of ASPSCR1::TFE3 type 1– versus type 2–expressing tumors 
as well as their responsiveness to ICIs; however, these 
hypothesis-generating results require prospective validation 
in independent cohorts before being used to guide treatment 
decisions. Our data suggest that it is safe to administer 
atezolizumab for a prolonged period in the AYA population. 
They also support the feasibility of treatment interruption in 
carefully selected, closely monitored patients.
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APPENDIX 1. SUPPLEMENTARY METHODS AND RESULTS

Trial Design and Oversight

Key points regarding patient eligibility, investigational agent administration, study end 
points and assessments, optional drug holiday, and trial oversight are provided below. 
Additional details can be found in the protocol.

Eligibility

Eligible patients had measurable, histologically or cytologically confirmed alveolar 
soft part sarcoma (ASPS) that was not curable by surgery. To be eligible for ate-
zolizumab monotherapy, patients had to be age 2 years and older. To be eligible for 
atezolizumab in combination with bevacizumab, patients had to be age 18 years and 
older, with ASPS that had progressed during or after atezolizumab treatment via this 
trial. There were no restrictions on the amount of time allowed between monotherapy 
progressive disease (PD) and initiation of bevacizumab. Symptom management via 
radiation or surgery was allowed before the crossover. For either treatment arm, an 
Eastern Cooperative Oncology Group performance status ≤2 (Karnofsky or 
Lansky ≥70% for pediatrics) and a life expectancy of >3 months were required.

Any previous therapy must have been completed ≥4 weeks or, if known, ≥5 half-lives 
of the previous agent (whichever is shorter) before enrollment (minimum of 1 week 
between previous therapy and study enrollment), and the patient must have re-
covered to eligibility levels from previous toxicity. For patients being treated on the 
atezolizumab plus bevacizumab arm, there was no washout requirement for previous 
anti–PD-1 or anti–PD-L1 agents. Those patients were eligible for the atezolizumab 
plus bevacizumab arm provided the following requirements, and all other selection 
criteria were met: (1) no previous disease progression on an immune checkpoint 
inhibitor plus tyrosine kinase inhibitor combination therapy, (2) resolution of any 
previous toxicities to eligibility levels, and (3) no contraindications.

Agent Administration

Atezolizumab was administered intravenously at a dose of 1,200 mg (adult 
patients, ≥18 years) or 15 mg/kg with a 1,200 mg cap (pediatric patients, <18 years) 
on the first day of each 21-day cycle. Atezolizumab doses were allowed to be held for 
up to 12 weeks for toxicity resolution; dose modifications were not permitted, given 
the lack of a clear atezolizumab dose-response relationship. Adult patients whose 
disease progressed while, or after, receiving atezolizumab on study were eligible to 
receive atezolizumab (1,200 mg) in combination with bevacizumab (15 mg/kg IV, 
after atezolizumab administration) on the first day of every 21-day cycle, provided 
they met the eligibility criteria outlined in the protocol. Bevacizumab dose reduction 
to 10 mg/kg IV was prescribed for hypertension management.

End Points and Assessments

To determine the objective response rate, duration of response, and progression-free 
survival (PFS), tumor response to drug was assessed by investigator review at each 
trial site using RECIST version 1.1. 15 Immune RECIST (iRECIST) criteria, which reflect 
the propensity of immune-modulating agents to elicit robust tumor responses after 
initial evidence of disease progression, 16 were also used as an exploratory end point. 
Tumor measurements for response assessment 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 using 
computed tomography or, in select cases, magnetic resonance imaging or positron 
emission tomography-computed tomography. Confirmatory scans were performed 
≥4 weeks after initial documentation of objective response. Patients showing evi-
dence of clinical benefit could continue treatment after RECIST 1.1 progression if 
they met protocol-specified criteria for drug continuation. For those patients treated 
beyond RECIST-assessed progression, all subsequent responses were assessed 
using iRECIST.

Adverse events (AEs) were reported according to National Cancer Institute (NCI) 
Common Toxicity Criteria version 4.0 until March 31, 2018, when version 5.0 was 
subsequently implemented and used; all previous AEs were mapped to version 5.0 
before the final analysis.

Tumor biopsies, which were made mandatory via amendment (beginning with patient 
26), were collected at baseline and just before cycle 3 day 1 from patients age 
18 years and older. Circulating tumor cells were collected from patients age 14 years 
and older at baseline, on cycle 1 day 8, before the atezolizumab dose at the start of 
each subsequent cycle, and at disease progression. Atezolizumab target (PD-L1) and

its receptor (PD-1), activated CD8 1 cytotoxic T lymphocytes, and regulatory T cells 
were quantified in evaluable tumor biopsies using multiplex immunofluorescent 
microscopy; details are provided in the Multiplex Immunofluorescence Microscopy 
Assay… section of Appendix 1. As planned with a January 2021 protocol amendment, 
ASPSCR1::TFE3 fusion types (ie, type 1 and type 2) were identified after polymerase 
chain reaction amplification of ribonucleic acid extracted from tumor or blood 
specimens; details are provided in the Detection of Type 1 and Type 2 ASPSCR1:: 
TFE3… sections of this Appendix 1.

Drug Holiday

Reports of ASPS responses that persisted after immune checkpoint inhibitor dis-
continuation prompted us to incorporate a drug holiday via protocol amendment in 
July 2019. 8,11,29 From that point onward, patients who had received atezolizumab 
monotherapy treatment for more than 2 years had the option of taking a drug holiday 
while retaining the chance to resume monotherapy at the discretion of the study 
investigators or upon evidence of progressive disease. Decisions to choose a drug 
holiday involved the patients (and guardians, when applicable) and their treating 
physicians. Patient monitoring continued throughout the holiday; imaging-based 
RECIST response assessments were required every 3 months. If scans showed signs 
of disease progression, the patient was required to resume treatment within 21 days 
of the scan or go off-study. For disease evaluation purposes, the last holiday scan 
was to be the new baseline scan for all future RECIST comparisons. The post-
progression response rate among patients who progressed while on holiday and then 
resumed treatment was to be assessed as an exploratory end point. This end point 
was not to include any patients who resumed therapy after a drug holiday (≤2 years) 
without progression (ie, resumed per the investigator’s discretion).

The treating physician, together with the principal investigator, could decide to end 
the holiday early (before 2 years) with documentation of the rationale. Patients 
resuming treatment were to be reassessed and shown to meet study eligibility criteria 
3.1.5 through 3.1.10 and none of the exclusion criteria (with the exception of 3.2.2, 
previous treatment with an anti–PD-L1 therapeutic antibody); if a patient did not meet 
these selection criteria within 3 months of the decision to terminate the drug holiday, 
they were required to go off study.

Patients who remained progression-free at the end of the 2-year drug holiday were 
formally taken off treatment and were ineligible to resume atezolizumab mono-
therapy on this study. These patients were followed for response evaluation every 
6 months (61 month) until disease progression, death, patient withdrawal, or en-
rollment in another protocol, whichever came first. Follow-up consisted of a scan 
every 6 months (61 month).

Trial Oversight

This trial was conducted through the Early Therapeutics Clinical Trial Network under 
a NCI-sponsored Investigational New Drug Application and was approved by the NCI’s 
Central Institutional Review Board (ClinicalTrials.gov identifier: NCT03141684). 
Genentech (a member of the Roche Group) collaborated in the design of the trial and 
provided funding, atezolizumab, and bevacizumab to the NCI through a Cooperative 
Research and Development Agreement. The trial was conducted in full accordance 
with Good Clinical Practice guidelines, 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 included in discussions about the study, and their oral or 
written assent was obtained.

Statistical Analysis

All eligible patients who received at least one dose of study medication were included 
in the response rate calculations for the monotherapy and combination portions of 
the trial. For the monotherapy portion, a Simon two-stage optimal design was used. 
After completion of the initial two-stage design, the accrual ceiling was increased to 
53 to ensure collection of at least 10 evaluable research biopsy pairs to confirm drug 
mechanism of action. Stratification of PFS data on the basis of ASPSCR1::TFE3 
subtype was a post hoc analysis.

For the combination therapy portion of the trial, the same two-stage design was used: 
enroll nine patients, and if no confirmed responses are observed, the combination 
regimen will not be pursued further on this trial. Otherwise, enroll an additional 15 
patients with three responses (out of 24 total patients) being required for a positive 
trial of atezolizumab plus bevacizumab. This design gives 90% power to reject a null 
response rate of 0.05 when the truth is 0.25 (with one-sided type-I error of 0.0931).
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Estimated median PFS times for the monotherapy and combination therapy patients 
were obtained using the Kaplan-Meier estimator.

Per the protocol, exploratory evaluations were performed, with results reported with 
appropriate caveats about the exploratory nature of the analysis, and without formal 
adjustment for multiple comparisons. The exploratory goals of fusion typing the 
tumors, characterizing their immune and genomic landscapes, and correlating 
findings with response to atezolizumab were added via protocol amendment in 
January 2021. ASPSCR1::TFE3 fusion typing results were initially reviewed for the 
first 18 fusion-typed patients before data collection proceeded for 29 additional 
patients. Lack of patient consent, sample insufficiency, or technical difficulties 
prevented fusion type calling for six patients. Statistical analyses involving ASPSCR1:: 
TFE3 fusion type excluded data from those six patients. The hazard ratio corre-
sponding to the PFS comparison of patients with tumors expressing the type 1 fusion 
versus those expressing the type 2 fusion derives from a Cox model without 
covariates.

Multiplex Immunofluorescence Microscopy Assay Analysis 
of Immune Checkpoint Inhibitor–Related 
Pharmacodynamic Biomarkers in Tumor Biopsy Specimens

Tumor biopsies were collected at baseline (after study enrollment or crossover but 
before the first monotherapy or combination dose) and before treatment on cycle
3 day 1 (18-gauge needle cores, 1-5 cores per patient per time point). All specimens 
were placed in prechilled vials and flash-frozen within 2 minutes of collection then 
stored at or below –80°C until processing, per NCI Division of Cancer Treatment and 
Diagnosis (DCTD) SOP 340507 (published on the NCI DCTD website). 40 Biopsy cores 
representing each time point were processed in parallel together with control tissues 
by thawing in 10% neutral buffered formalin, followed by formalin-fixed paraffin-
embedded (FFPE) processing, per DCTD SOP 340550 that preserves labile 
phosphoproteins, 30,31 except that human tonsil control tissue and ParaPro XLT 
paraffin (StatLab) were used. Tissue sections (4 mm each) were stained with PD-L1, 
PD-1, or T-Reg FixVUE panels (Ultivue), which use a proprietary technology 
employing DNA barcode-conjugated primary monoclonal antibodies—PD-L1 (73-10), 
CD8 (C8/144B), CD3 (BC33), PD-1 (CAL20), CD4 (SP35), and FoxP3 (236A/E7)—as 
well as 496-diamidino-2-phenylindole (DAPI) and the BOND RX automated slide 
stainer (Leica Biosystems, Deer Park, IL), as has been described previously. 32,33 Two 
custom markers were also evaluated using the Ultivue platform: (1) tyrosine 142– 
phosphorylated CD3z (CD3z-pY142), assessed using monoclonal antibody K25-
407.69 (BD Biosciences); and (2) nuclear TFE3 (MRQ-37, Cell Marque Corporation, 
Rocklin, CA), which was used for image segmentation of ASPS tumor tissue from the 
surrounding nontumor tissue. 34,35 Each staining run included prescreened human 
tonsil tissue as a control for PD-L11, PD11CD3 1 , CD8 1 , FoxP31CD4 1 , or CD3z-
pY1421CD8 1 cells, and either ASPS-1 cell pellets or human testis as a control for 
TFE31 cells. The entire area of each tissue section was scanned at 203 mag-
nification using a ZEISS Axio Scan.Z1 Slide Scanner and ZEISS Colibri 7 LED light 
source (Carl Zeiss Spectroscopy GmbH, Jena, Germany). Scanned images were 
imported, annotated, and analyzed in HALO (Indica Labs, Albuquerque, NM). An-
notated areas analyzed included tumor area and its invasive margins. Nuclear 
segmentation was performed with the DAPI layer and customized cellular analysis 
with marker thresholding to determine cellular densities (cells/mm 2 ) for PD-L11, PD-
11CD3 1 , CD8 1 , CD4 1 , and FoxP31CD4 1 cell populations. Each cell density value 
was calculated as the total number of biomarker-positive cells within a tissue 
section, divided by the entire area (mm 2 ) of viable tumor and invasive margin in the 
section (Appendix Table A6), and each reported cell density value represents the 
measurement from 1 to 2 tissue cores (one tissue section per core). Analyzed areas 
per section ranged from 4.52 to 35.47 mm 2 , and analyzed cell numbers per section 
(on the basis of total nuclei counted) ranged from 18,889 to 168,318 (Appendix Table 
A8 and A9). Images stained with a custom multiplex panel employing nuclear TFE3 
as a marker of ASPS tumor cells and HALO and HALO AI software platforms (Indica 
Labs, Albuquerque, NM) were used to develop a tissue classifier algorithm to 
segment tumor and surrounding stromal areas in collaboration with Indica Labs. The 
custom multiplex panel included CD3z-pY142, enabling quantitation of the cellular 
density of CD8 1 cells with activated T cell receptor signaling (CD3z-pY1421CD8 1 

cells) within the tumor microenvironment.

Detection of Type 1 and Type 2 ASPSCR1::TFE3 Fusion 
Transcripts via RT-PCR

ASPSCR1::TFE3 fusion transcript types were identified retrospectively by RT-PCR 
using total RNA extracted from tumor tissue biopsy or—if tissue was not available— 
from the buffy coat fraction of circulating tumor cell–positive venous blood 
specimens. ASPSCR1::TFE3 fusion typing from venous blood samples was facilitated

by the fact that the fusion gene is not present in normal cells and by the relatively 
high levels of circulating tumor cells in these ASPS samples, compared with what we 
have observed in various carcinomas. 36,37 For the 29 patients in whom CTCs were 
used to determine the fusion type, the peripheral blood mononuclear cell fraction 
(PBMC) fractions used for RT-PCR analysis were isolated from a mean blood volume 
of 23.8 mL (median, 22.5 mL; range, 11.6-36.3 mL).

Total RNA was extracted from RBC-depleted fixed PBMCs using the RecoverAll Total 
Nucleic Acid Isolation Kit for FFPE (Thermo Fisher Scientific, Cat#AM1975, Waltham, 
MA) by following the manufacturer protocol. Total RNA extraction from FFPE scrapes 
or curls (depending on available material) was conducted using Qiagen’s AllPrep 
DNA/RNA FFPE Kit and the manufacturer’s protocol. cDNA was synthesized using 
TaqMan Reverse Transcription reagent following the manufacturer’s protocol 
(Thermo Fisher Scientific).

After enrichment of tumor specimens (to at least 50% tumor content), total RNA from 
the biopsies was extracted using Qiagen AllPrep FFPE Nucleic Acid Extraction kit and 
QiaCube automated platform (Qiagen, Germantown, MD) following vendor-provided 
instructions and scripts. The quality of the extracted RNA was assessed using the 
TapeStation 4200 (Agilent Technologies, Santa Clara, CA) with RNA ScreenTapes. 
RNA quantification was performed on a Qubit Fluorometer (Thermo Fisher Scientific, 
Waltham, MA) using the Qubit RNA BR Assay.

For reverse transcriptase polymerase chain reaction (RT-PCR), the sequences for 
primer set 1, primer set 2, and beta-actin were as described. 6 0.2-20ng cDNA derived 
from biopsy specimens was used per PCR reaction. 75ng-1 mg cDNA derived from 
fixed PBMCs was used per PCR reaction. RT-PCR for both fusion transcripts was 
conducted using 23 PCR Master Mix (cat#K0171; Thermo Fisher Scientific). The 
details of each PCR reaction are listed in the Appendix Table A12; the annealing 
temperature was 57°C and each reaction was 40 cycles.

PCR product was diluted 1:10 in 13 E-Gel Sample Loading Buffer (cat# 10482055) 
before gel electrophoresis using a 2% E-Gel EX Agarose Gel (cat# G401002) on the 
E-Gel Power Snap Electrophoresis System (cat# G8300, Thermo Fisher Scientific) 
with E-Gel Low Range (cat# 12373031, Thermo Fisher) and E-Gel 50 bp 
(cat#10488099, Thermo Fisher) DNA ladders.

Detection of Type 1 and Type 2 ASPSCR1::TFE3 Fusion 
Transcripts via RNA-Seq

Nucleic Acid Extraction

After enrichment of tumor specimens (to at least 50% tumor content), total RNA from 
the biopsies were extracted using Qiagen AllPrep FFPE Nucleic Acid Extraction kit 
and QiaCube automated platform (Qiagen, Germantown, MD) following vendor-
provided instructions and scripts. The quality of the extracted RNA was assessed 
using the TapeStation 4200 (Agilent Technologies, Santa Clara, CA) with RNA 
ScreenTapes. RNA quantification was performed on a Qubit Fluorometer (Thermo 
Fisher Scientific, Waltham, MA) using the Qubit RNA BR Assay.

RNA Library Preparation and Sequencing

RNA-seq libraries were prepared from 100 ng of total RNA on the PerkinElmer 
Sciclone G3 automated platform using the Illumina TruSeq RNA Exome Kit. The 
workflow included RNA fragmentation, cDNA synthesis, adapter ligation, capture, and 
PCR amplification following the manufacturer’s protocol. Library quality was 
assessed using the Agilent TapeStation. Equimolar libraries were pooled and se-
quenced on the Illumina NovaSeq 6000 with 2 3 150 bp paired-end reads.

Bioinformatic Analyses of RNA-seq Data

An in-house bioinformatics pipeline was used to process the RNA-seq data. FASTQ 
data were generated using the bcl2fastq tool (Illumina, v2.18) and then run through 
FASTQC for quality confirmation. ASPSCR1::TFE3 fusions were identified with the use 
of FusionInspector. 38 Type 1 and type 2 fusions were determined by their specific 
breakpoints.

Detection of Type 1 and Type 2 ASPSCR1::TFE3 Fusions 
Using the NCI ctDNA v2 Assay

Cell-free DNA (cfDNA) from each plasma specimen was extracted using Qiagen’s 
QIAsymphony DSP Circulating DNA kit using a QIAsymphony instrument. The NCI 
circulating tumor DNA (ctDNA) v2 assay was performed by processing 10-40 ng of 
cfDNA using the Illumina TSO500 v2 ctDNA Library Preparation Kit, following the 
manufacturer’s protocol. Briefly, the cfDNA was subjected to end repair and 
A-tailing, followed by adapter ligation. Postligation cleanup was performed using a 
bead-based method, and libraries were then amplified by PCR (15 cycles). The
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amplified libraries were hybridized to target probes, enriched using streptavidin 
beads, and further amplified with 14 additional PCR cycles. Final libraries were 
purified using bead-based cleanup, quantified, and normalized using a bead-based 
normalization protocol. A pool of 24 normalized libraries was sequenced on an

Illumina NovaSeq 6000 system using an S4 flow cell with 2 3 150 bp paired-end 
reads. Data analysis was performed using Illumina DRAGEN TruSight Oncology 500 
ctDNA Analysis software v2.1. 39 ASPSCR1::TFE3 fusions were identified through 
this data analysis pipeline.

Received atezo monoTx
(n = 53)

Experienced PD while 
receiving monoTx

(n = 28)

Continued monoTx
(n = 13)

Experienced PD during 
the drug holiday

(n = 2)

Started a 
drug holiday

(n = 11)

Came off study for 
other reasons (n = 12)

Came off study (n = 19)

Came off study (n = 2)

Received atezo + bev 
  After PD
  After iCPD

(n = 9)
(n = 8)
(n = 1)

Continues atezo + bev 
(n = 1)

Experienced PD on 
atezo + bev and came 

off study (n = 8)

MonoTx Progression ComboTxOff Study or in FU Off Study Due to PD

Came off study for
other reasons before 
completing holiday

(n = 2)

Completed the drug
holiday (n = 6)

Continues monoTx (n = 2)

Continues holiday  (n = 1)

In FU or off study for

reasons other than PD

(n = 20)

Continues to receive 
atezo + bev (n = 1)

Came off study 
due to PD (n = 29)

Continued monoTx per 
iRECIST for years until 

eventual iCPD and 
crossover to atezo + bev

(n = 1)

Continued 
monoTx
(n = 2)

Continues
drug holiday

(n = 1)

Continues
monoTx
(n = 2)

FIG A1. Patient flow. atezo, atezolizumab; bev, bevacizumab; comboTx, combination therapy; FU, follow-up; iCPD, confirmed PD assigned using 
iRECIST; iRECIST, Immune RECIST; monoTx, monotherapy; PD, progressive disease (radiologic or clinical).
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FIG A2. PFS with atezolizumab monotherapy treatment. Kaplan-Meier estimate of PFS among the 53 
patients who received atezolizumab monotherapy. The dashed line indicates the median PFS. The 
gray-shaded areas indicate 95% pointwise CIs, with SEs obtained with the use of Greenwood’s formula 
(computed on the basis of log[survival]). Tick marks indicate unique censoring times; censoring 
occurred due to administrative reasons (No. 5 7), patient withdrawal (No. 5 12), surgical treatment of 
primary tumor (No. 5 1), and other protocol-defined reasons (No. 5 4). PFS, progression-free survival.
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FIG A3. Disease course during atezolizumab plus bevacizumab combination treatment. Target lesion response over time 
for patients who crossed over to receive atezolizumab in combination with bevacizumab (continued on following page)
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FIG A3. (Continued). after their disease progressed during monotherapy. All patients experienced disease progression 
while receiving combination treatment and came off study, except for patient 29, who was receiving combination 
treatment at the time of the data cutoff and did not yet have crossover lesion measurement data available, as of the data 
cutoff date of July 31, 2025. Patient 36 left the study upon experiencing disease progression during monotherapy; the 
patient then re-enrolled 1.5 years later once the combination treatment was available. (A) The percent lesion size change 
from crossover baseline (ie, after monotherapy and before combination therapy) is shown for each patient as a function of 
time on study in the combination treatment arm. (B) The percent lesion size change from baseline is shown for each 
patient as a function of time on study. Black lines indicate trajectories during atezolizumab monotherapy; baseline values 
are the lesions measurements collected before the first dose of atezolizumab monotherapy. Red lines indicate tra-
jectories during combination therapy; baseline values are the lesion measurements collected after disease progression 
on monotherapy and before the first dose of combination therapy (eg, crossover baseline).
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FIG A4. PFS with atezolizumab plus bevacizumab combination treatment. 
Kaplan-Meier estimate of PFS among the nine patients who received combination 
therapy. The dashed line indicates the median PFS. The gray-shaded areas in-
dicate 95% pointwise CIs, with SEs obtained with the use of Greenwood’s formula 
(computed on the basis of log[survival]). Tick marks indicate unique censoring 
times; censoring occurred due to administrative reasons (No. 5 1). PFS, 
progression-free survival.
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FIG A5. Multiplex immunofluorescent microscopy images of ASPSCR1::TFE3 type 1 
(AT3.1)- and ASPSCR1::TFE3 type 2 (AT3.2)-expressing tumors treated with atezolizumab 
plus bevacizumab. Representative multiplex immunofluorescent microscopy images from 

the two pre- and post-treatment pairs of core-needle tumor-biopsy specimens obtained 
from patients treated with atezolizumab plus bevacizumab. An unpaired post-treatment 
specimen was obtained from a third patient; analysis results from all three patients are 
presented in Appendix Table A8. C1D1, cycle 1 day 1; C3D1, cycle 3 day 1; SD, stable 
disease.

TABLE A1. Late-Onset TRAEs Related to Atezolizumab

CTCAE Term
TRAE Began 12-24 Months Into 
Tx, No., Onset Time (age at entry)

TRAE Began 251 Months Into 
Tx, No., Onset Time (age at entry)

Blood bilirubin increased 1, 23.2 months in (12 years) 0

Colitis 1, 12.3 months in (15 years) 0

Diarrhea 1, 18.5 months in (30 years) 0

Fatigue 1, 15.6 months in (26 years) 0

Hypophosphatemia 1, 14.4 and 18.7 months in 
(42 years)

0

Hypothyroidism 1, 18.3 months in (30 years) 0

Lymphocyte count decreased 1, 14.4 months in (42 years) 0

Neutrophil count decreased 1, 15.6 months in (11 years) 0

Pruritus 0 1, 34.0 months in (36 years)

Vertigo 1, 16.1 months in (70 years) 0

NOTE. The table presents grade 21 treatment-related adverse events that were experienced by patients who received more than 25 months of 
atezolizumab monotherapy, of which there were 13. All events were grade 2 or grade 3. Adverse events were considered treatment-related if they 
were attributed as being at least possibly related to atezolizumab. Onset time is listed as the number of months into monotherapy treatment at 
which the TRAE began.
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; TRAE, treatment-related adverse event.
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TABLE A2. Grade 21 Adverse Endocrine Events With ≥Possible Attribution to Atezolizumab Monotherapy That Were Experienced by Adolescent 
and Young Adult Patients

CTCAE Term Grade Number of Patients
Time of Onset (months since 

treatment start)

Hypothyroidism 2 2 4 and 18

Hyperthyroidism 2 1 2

Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events.

TABLE A3. Grade 21 Adverse Events With ≥Possible Attribution to Atezolizumab Monotherapy That Were Experienced by Adolescent and Young 
Adult Patients for More Than 30 Days

CTCAE Term Grade Number of Patients

Abdominal pain 2 1

Anemia 2 1

Anxiety 2 1

Colitis 2 1

Cough 2 1

Dizziness 2 1

Fatigue 2 3

Fracture 3 1

Gastroesophageal reflux disease 2 1

Headache 2 1

Hyperhidrosis 2 1

Hyperthyroidism 2 1

Hypokalemia 2 1

Hypothyroidism 2 2

Lipase increased 3 1

Pain in extremity 2 1

Pneumonitis 2 1

Pruritus 2 1

Serum amylase increased 2 1

Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events.
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TABLE A4. Atezolizumab Drug Holidays After 2 Years of Monotherapy

Patient

Age at 
Entry, 
Years

Best RECIST 
Response During 

MonoTx
Holiday 
Duration a

RECIST Response Status

Comments
Holiday Baseline 
Assessment

Last Holiday 
Assessment

47 40 PR 25.5 PR PR Completed holiday; entered long-term follow-up

37 43 PR 25.2 PR PR Completed holiday; entered long-term follow-up

17 45 CR 24.6 CR CR Completed holiday; left study

16 30 PR 24.3 PR PR Completed holiday; entered long-term follow-up

43 21 PR 24.3 PR PR Completed holiday; left study

34 70 PR 23.5 PR PD b PD detected in last scan of drug holiday

06 36 PR 22.2 PR PR Completed holiday; entered long-term follow-up

35 40 PR 18.2 PR PR Chose to leave study before completing holiday

40 31 PR 17.7 PR PR Lost to follow-up during holiday

53 56 PR 13.5 PR PR Holiday is ongoing

51 29 CR 3.5 CR PD c PD in a nontarget lesion during holiday

55 11 SD NA NA NA Left study for logistical reasons

25 12 PR NA NA NA

50 15 SD NA NA NA

32 19 PR NA NA NA

28 24 SD NA NA NA Chose to have primary tumor resected

01 28 PR NA NA NA Chose alternative treatment before holiday was created

15 29 PR NA NA NA

04 42 PR NA NA NA

11 45 PR NA NA NA

Abbreviations: CR, complete response; NA, not applicable because patient did not take a drug holiday; PD, progressive disease; PR, partial 
response.
a Holiday duration is reported as months from holiday start to last holiday lesion measurement.
b An increase in tumor lesions was detected during the last scan of the 2-year holiday.
c Patient had complete response as best response but developed progressive disease in a nontarget lesion after 3 months of holiday.

TABLE A5. Holiday Outcomes of Atezolizumab-Related Adverse Events 
That Were Ongoing at the Start of an Atezolizumab Drug Holiday

CTCAE Term Outcome

Adrenal insufficiency Continued

Anxiety Continued

Glucose intolerance a Continued

Hot flashes Continued

Iron deficiency anemia Continued

Mouth sores Continued

Mucositis oral Resolved

Pruritus Resolved

Vertigo b Continued

Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events. 
a In a patient with type II diabetes who was receiving prednisone.
b Vertigo that had persisted for over 12 months on treatment and 
improved to grade 1 severity 2 months into the drug holiday.
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TABLE A6. Atezolizumab Plus Bevacizumab Combination Therapy After Atezolizumab-Refractory Disease Progression

Patient

Age at 
Crossover, 

Years
Previous TKI 
Exposure a

Best RECIST 
Response 

During MonoTx

Best RECIST 
Response 

During ComboTx
PFS (months) 

During ComboTx Comments

15 33 None PR SD 46

32 23 Avastin PR SD 22

39 33 None SD SD 20

42 28 None SD SD 20

45 20 None SD SD 17

54 23 None SD SD 12

44 27 Pazopanib SD SD 4

36 20 None SD SD 4 Re-enrolled 1.5 years after monoTx 
PD, once comboTx was available b

29 32 Sunitinib, cediranib SD/iPR NA 3 Remains on comboTx

Abbreviations: ComboTx, atezolizumab 1 bevacizumab combination therapy; MonoTx, atezolizumab monotherapy; NA, first restaging data not yet 
available at the time of data cutoff; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease; TKI, tyrosine 
kinase inhibitor.
a Each patient with previous TKI exposure ultimately ceased TKI treatment due to disease progression.
b Seventeen patients experienced disease progression during monotherapy before the combination arm was added to the trial design; they left the 
study per protocol. Only patient 36 re-enrolled to receive combination treatment. Five other patients experienced disease progression after the 
combination treatment was available but did not initiate combination treatment due to ineligibility (two patients with hemoptysis) or patient choice 
(three patients).
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TABLE A7. AEs Related to Combined Atezolizumab and Bevacizumab Treatment

CTCAE Term
Attributed to 

Atezo (not bev)
Attributed to 

Bev (not atezo)
Attributed to 

Both or Unspecified
Total (attributed to 

either agent)

Abdominal pain 1 1

Anemia 1 1

Anorexia 1 1 2

AST increased 1 1

Bloating 1 1

Constipation 1 1

Cough 1 1

Dyspepsia 1 1

Headache 2 2

Hypertension 2 1 3

Hypoalbuminemia 1 1

Hyponatremia 1 1

Lipase increased 1 1

Lymphocyte count decreased 1 1

Mucositis oral 1 1

Nausea 1 1

Proteinuria 1 1 2

Serum amylase increased 1 1

Vomiting 1 1

Weight loss 1 1 2

NOTE. The table lists the grade 2 or grade 3 AEs that were considered at least possibly related (TRAEs) to atezolizumab (atezo) and/or 
bevacizumab (bevacizumab), and indicates the number of participants per treatment arm who experienced each event. The table does not present 
recurrences in the same participant. There were no grade 4 or 5 TRAEs reported.
Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; TRAE, treatment-related adverse event.

TABLE A8. Multiplex Immunofluorescent Microscopy Analysis of Biopsy Specimens From Tumors Treated With Atezolizumab Plus Bevacizumab

Pt ID #
Fusion Transcript 

Type Treatment (PFS)

PD-L11 
cells/mm 2

PD11 CD3 1 

cells/mm 2
CD8 1 

cells/mm 2
CD8 1 CD3zpY1421 

cells/mm 2
T-Reg/CD8

Ratio
FoxP31 CD4 1 

cells/mm 2

PreTx PostTx PreTx PostTx PreTx PostTx

PreTx PostTx

PreTx PostTx PreTx PostTxTumor Stroma Tumor Stroma

36 AT3.1 Atezo (9.1) NA NA NA NA NA NA NA NA NA NA NA NA NA NA

Atezo 1 Bev (3.7) 550.75 2,604.13 31.93 54.67 263.89 234.42 1.81 0.00 12.61 1.61 0.01 0.05 1.77 11.59

44 AT3.2 Atezo (3.4) 0.00 0.00 0.08 0.18 46.74 49.49 7.34 16.74 13.86 34.08 0.02 0.02 0.96 0.84

Atezo 1 Bev (3.9) NA 31.64 NA 0.06 NA 91.46 NA NA 0.00 0.15 NA 0.00 NA 0.11

54 AT3.2 Atezo (3.9) 10.77 34.87 2.16 7.68 30.88 59.12 6.37 1.05 0.76 0.61 0.16 0.06 4.83 3.62

Atezo 1 Bev (11.9) 16.21 7.03 4.04 0.67 55.51 60.16 0.00 0.00 0.88 2.07 0.05 0.02 2.51 1.31

Abbreviations: AT3.1, ASPSCR1::TFE3 type 1 fusion; AT3.2, ASPSCR1::TFE3 type 2 fusion; Atezo, atezolizumab monotherapy; Atezo 1 Bev, 
atezolizumab plus bevacizumab combination therapy; NA, tissue specimen not available for analysis, PFS, months of progression-free survival 
while receiving the indicated treatment, PostTx, post-treatment time point (day 1 of the third cycle of the indicated treatment); PreTx, pretreatment 
time point (monotherapy or combination therapy baseline); Pt ID #, patient identification number.
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TABLE A9. Tumor Areas Analyzed and Total Nuclei Counts in Immunofluorescent Microscopy Analysis of Biopsy Specimens From Tumors Treated 
With Atezolizumab Plus Bevacizumab

Pt ID # Treatment Metric

PD-L11 and CD8 1 

Analyses
PD11CD3 1 

Analysis
CD8 1 CD3zpY1421 

Analysis
FoxP31 CD4 1 

Analysis

PreTx PostTx PreTx PostTx PreTx PostTx PreTx PostTx

36 Atezo Area analyzed, mm 2 NA NA NA NA NA NA NA NA

Total nuclei NA NA NA NA NA NA NA NA

Atezo 1 bev Area analyzed, mm 2 13.01 7.12 12.59 6.66 13.01 7.12 12.45 6.90

Total nuclei 82,069 35,082 79,041 32,460 82,069 35,082 78,286 33,970

44 Atezo Area analyzed, mm 2 12.03 5.68 11.97 5.61 12.44 4.52 12.51 5.95

Total nuclei 44,017 26,608 40,595 26,054 30,171 23,714 40,892 25,520

Atezo 1 bev Area analyzed, mm 2 NA 33.98 NA 32.30 NA 33.98 NA 35.47

Total nuclei NA 162,491 NA 150,422 NA 162,491 NA 168,318

54 Atezo Area analyzed, mm 2 8.36 8.58 8.34 8.21 8.36 8.58 7.46 8.02

Total nuclei 21,557 20,912 21,697 19,602 21,557 20,912 18,889 19,564

Atezo 1 bev Area analyzed, mm 2 10.05 11.52 9.66 11.96 10.05 11.52 9.56 9.96

Total nuclei 31,947 29,841 30,892 31,195 31,947 29,841 30,013 26,900

Abbreviations: Atezo, atezolizumab monotherapy; Atezo 1 bev, atezolizumab plus bevacizumab combination therapy; NA, tissue specimen not 
available for analysis, PostTx, post-treatment time point (day 1 of the third cycle of the indicated treatment); PreTx, pretreatment time point 
(monotherapy or combination therapy baseline); Pt ID #, patient identification number.

© 2026 by American Society of Clinical Oncology

Chen et al

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 2
09

.6
.1

34
.5

7 
on

 A
pr

il 
20

, 2
02

6 
fr

om
 2

09
.0

06
.1

34
.0

57
C

op
yr

ig
ht

 ©
 2

02
6 

A
m

er
ic

an
 S

oc
ie

ty
 o

f 
C

lin
ic

al
 O

nc
ol

og
y.

 A
ll 

ri
gh

ts
 r

es
er

ve
d.

 



TABLE A10. AT3 Fusions Detected in Alveolar Soft Part Sarcoma Tumors Treated With Atezolizumab

Pt ID #
Fusion
Detected Sex Race

Age at 
Entry, Years

Clinical
Specimen Method

Best RECIST 
Response to 

MonoTx

Best RECIST 
Response to 
ComboTx

1 AT3.1 Male White 28 Biopsy RT-PCR PR —

2 AT3.1 Female Black or African American 22 Biopsy RT-PCR SD —

3 AT3.1 Male White 33 CTCs RT-PCR SD —

4 AT3.1 Male White 42 CTCs RT-PCR PR —

5 AT3.1 Female White 24 CTCs RT-PCR PR —

6 AT3.1 Male White 36 CTCs RT-PCR PR —

8 AT3.1 Male Asian 36 CTCs RT-PCR SD —

9 AT3.1 Female Black or African American 23 CTCs RT-PCR SD —

10 AT3.1 Male White 23 CTCs RT-PCR PD —

11 AT3.1 Female Unknown 45 CTCs RT-PCR PR —

12 AT3.1 Male White 38 CTCs RT-PCR SD —

14 AT3.1 Male Black or African American 44 CTCs RT-PCR uPR —

15 AT3.1 Male White 29 CTCs RT-PCR PR —

16 AT3.1 Female White 30 CTCs RT-PCR PR —

17 AT3.1 Female White 45 CTCs RT-PCR CR —

18 AT3.1 Female White 38 CTCs RT-PCR SD —

19 AT3.1 Female Asian 29 CTCs RT-PCR SD —

20 AT3.1 Female White 52 CTCs RT-PCR SD —

21 AT3.1 Male White 44 CTCs RT-PCR SD —

22 AT3.1 Male White 36 CTCs RT-PCR SD —

23 AT3.1 Male White 25 CTCs RT-PCR SD —

24 AT3.1 Male White 19 Biopsy and CTCs RT-PCR PR —

28 AT3.1 Female White 24 Biopsy RT-PCR SD —

29 AT3.1 Male Asian 26 Biopsy and CTCs RT-PCR SD/iPR —

30 AT3.1 Male Asian 33 Biopsy RT-PCR PD —

31 AT3.1 Male White 57 Biopsy RT-PCR SD —

32 AT3.1 Female Black or African American 19 Biopsy and CTCs RT-PCR PR SD

33 AT3.1 Female White 23 Biopsy RT-PCR SD —

34 AT3.1 Male White 70 CTCs RT-PCR PR —

35 AT3.1 Male Black or African American 40 Biopsy RT-PCR PR —

36 AT3.1 Female Black or African American 17 cfDNA TSO500 SD SD

37 AT3.1 Female White 43 Biopsy RT-PCR PR —

39 AT3.1 Female Black or African American 31 CTCs RT-PCR SD SD

40 AT3.1 Female Black or African American 31 Biopsy and CTCs RT-PCR PR —

41 AT3.2 Male Black or African American 39 Biopsy RT-PCR SD —

42 AT3.1 Male White 27 CTCs RT-PCR SD SD

43 AT3.1 Female Black or African American 21 Biopsy RT-PCR PR —

44 AT3.2 Female Asian 27 Biopsy RT-PCR SD SD

45 AT3.2 Male Unknown 18 Biopsy RT-PCR SD SD

47 AT3.1 Female White 40 cfDNA TSO500 PR —

48 AT3.2 Male Black or African American 38 Biopsy RT-PCR SD —

49 AT3.1 Female White 20 CTCs RT-PCR SD —

50 AT3.1 Female White 15 CTCs RT-PCR SD —

51 AT3.1 Male Not reported 29 Biopsy RT-PCR CR —

52 AT3.2 Male Black or African American 32 cfDNA TSO500 SD —

(continued on following page)
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TABLE A10. AT3 Fusions Detected in Alveolar Soft Part Sarcoma Tumors Treated With Atezolizumab (continued)

Pt ID #
Fusion
Detected Sex Race

Age at 
Entry, Years

Clinical
Specimen Method

Best RECIST 
Response to 

MonoTx

Best RECIST 
Response to 
ComboTx

53 AT3.1 Female Not reported 56 CTCs RT-PCR PR —

54 AT3.2 Male Unknown 22 Biopsy RNA-seq SD SD

Abbreviations: AT3.1, ASPSCR1::TFE3 type 1 fusion; AT3.2, ASPSCR1::TFE3 type 2 fusion; cfDNA, cell-free DNA; CR, complete response; CTCs, 
circulating tumor cells; iPR, partial response according to iRECIST criteria; PD, progressive disease; PR, partial response; Pt ID #, patient 
identification number; RT-PCR, reverse transcriptase polymerase chain reaction; SD, stable disease; uPR, unconfirmed partial response.
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TABLE
 
A11. Immune

 
Landscape

 
of Atezolizumab-Treated

 
Alveolar Soft Part Sarcoma

 
Tumors

 
by ASPSCR1::TFE3

 
Fusion

 
Type

Fusion
Type

PD-L11
 

Cells/mm
 

2
 ,

Median
 
(range)

PD11
 

CD3
 
1
 Cells/mm

 

2
 , Median

 
(range)

CD8
 
1
 Cells/mm

 

2
 ,

Median
 
(range)

Intratumoral CD8 
1
 CD3zpY1421

 Cells/mm
 

2
 , Median

 
(range)

Stromal, CD8 
1
 CD3zpY1421

 Cells/mm
 

2
 , Median

 
(range)

FoxP31
 

CD4
 
1
 Cells/mm

 

2
 

Median
 
(range)

PreTx PostTx PreTx PostTx PreTx PostTx PreTx PostTx PreTx PostTx PreTx PostTx

AT3.1 53.25
(1.79-1,659.89)

79.41
(0.00-1,412.28)

1.56
(0.00-273.68)

18.67
(0.95-1,752.55)

120.45
(6.86-2279.43)

304.64
(23.41-1,776.67)

27.01
(0.00-258.74)

35.16
(1.19-853.33)

6.47
(0.00-230.48)

15.79
(1.04-246.66)

2.18
(0.00-58.64)

1.70
(0.00-35.73)

AT3.2 1.58
(0.00-24.32)

21.22
(0.00-59.37)

0.09
 
(0.00- 2.16) 3.93

 
(0.00-10.41)

46.74
(30.88-128.02)

72.69
(49.49-275.72)

8.46
(6.37-20.56)

9.50
(0.76-45.58)

16.74
(1.05-24.64)

21.57
(0.61-37.01)

4.83
(0.96-14.10)

8.24
(0.84-19.72)

NOTE. Thirteen pretreatment AT3.1 samples
 
assessed. Five pretreatment AT3.2 samples

 
assessed. Twelve post-treatment AT3.1 samples

 
assessed. Four post-treatment AT3.2 samples

 
assessed. 

Abbreviations: AT3.1, ASPSCR1::TFE3 type
 
1
 
fusion; AT3.2, ASPSCR1::TFE3 type

 
2
 
fusion; PostTx, post-treatment time

 
point (cycle 3

 
day 1, before the

 
third

 
dose

 
of atezolizumab); PreTx, 

pretreatment time
 
point (cycle 1

 
day 1, before first atezolizumab

 
dose).
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TABLE A12.

Primers Used for ASPSCR1::TFE3 
Fusion Transcript Detection by 
RT-PCR Forward Primer Reverse Primer Expected PCR Product Size

ASPSCR1::TFE3 Type 1/2 (primer 
set 1)

CCAAGCCAAAGAAGTCCAAG CAAGCAGATTCCCTGACACA Type 1: 120 bp
Type 2: 225 bp

ASPSCR1::TFE3 Type 2 (primer set 
2)

GCCAAAGAAGTCCAAGTCG GGACTCCAGGCTGATGATCT Type 2: 130 bp

b-actin control ATCACCATTGGCAATGAGCG TTGAAGGTAGTTTCGTGGAT 98

Abbreviation: PCR, polymerase chain reaction.
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