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abstract

PURPOSE We conducted a phase II trial evaluating the efficacy of VEGFR inhibitor axitinib and PD-L1 inhibitor
avelumab in patients with recurrent/metastatic adenoid cystic carcinoma (R/M ACC).

PATIENTS AND METHODS Eligible patients had R/M ACC with progression within 6 months before enrollment.
Treatment consisted of axitinib and avelumab. The primary end point was objective response rate (ORR) per
RECIST 1.1; secondary end points included progression-free survival (PFS), overall survival (OS), and toxicity.
Simon’s optimal two-stage design tested the null hypothesis of ORR #5% versus ORR $20% at 6 months; $4
responses in 29 patients would reject the null hypothesis.

RESULTS Forty patients enrolled from July 2019 to June 2021; 28 were evaluable for efficacy (six screen failures;
six evaluable for safety only). The confirmed ORR was 18% (95% CI, 6.1 to 36.9); there was one unconfirmed
partial response (PR). Two patients achieved PR after 6 months; thus, the ORR at 6 months was 14%. The
median follow-up time for surviving patients was 22 months (95% CI, 16.6 to 39.1 months). The median PFS
was 7.3 months (95% CI, 3.7 to 11.2 months), 6-month PFS rate was 57% (95% CI, 41 to 78), and median OS
was 16.6 months (95% CI, 12.4 to not reached months). Most common treatment-related adverse events
(TRAEs) included fatigue (62%), hypertension (32%), and diarrhea (32%). Ten (29%) patients had serious
TRAEs, all grade 3; four patients (12%) discontinued avelumab, and nine patients (26%) underwent axitinib
dose reduction.

CONCLUSION The study reached its primary end point with $4 PRs in 28 evaluable patients (confirmed ORR of
18%). The potential added benefit of avelumab to axitinib in ACC requires further investigation.

J Clin Oncol 41:2843-2851. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Adenoid cystic carcinoma (ACC) is a malignancy of the
secretory glands that usually arises in the head and
neck. Despite aggressive local therapy, typically in-
volving surgery and radiotherapy, most patients with
ACC will develop recurrent or metastatic (R/M)
disease.1,2 The course of R/M ACC can vary; al-
though most patients have indolent disease, a subset
experiences aggressive disease, frequently associated
with the presence of NOTCH1 activating mutations.3

Currently, there is no standard-of-care palliative sys-
temic therapy for patients with R/M ACC. The most
commonly used regimens are multikinase inhibitors
(MKIs) targeting VEGFR or platinum-based chemo-
therapy, both with modest activity.1,4-8

Axitinib is an oral MKI that targets VEGFR1-3, KIT, and
PDGFR a/b. It has been studied as a single agent in
R/M ACC in two phase II trials, rendering objective
response rates (ORR) of 0%-11.5%, 6-month disease
control rates of 39%-73%, and a median progression-

free survival (PFS) of 5.7-10.8months.5,9 These results
led to the inclusion of axitinib as a therapeutic option
for R/M ACC in the National Comprehensive Cancer
Network guidelines.10

Antibodies that inhibit the PD-1/PD-L1 pathway have
shown promising activity in many tumor types. However,
PD-1/PD-L1 inhibitors asmonotherapy or combined with
a CTLA-4 inhibitor or histone deacetylases inhibitor have
shown disappointing activity in ACC, with ORR ranging
from 0% to 9% and median PFS , 5 months.11-15 The
limited activity of PD-1/PD-L1 inhibitors in ACC is con-
sistent with ACC’s uninflamed and immunosuppressive
tumor microenvironment and its low mutational burden,
and both these characteristics are established bio-
markers of lack of clinical benefit from single-agent
PD-1/PD-L1 inhibitors.11,13,14,16

In addition to angiogenesis, VEGFR plays a critical role
in promoting immune suppression.17-20 Antiangiogenic
agents can increase the trafficking of immune effector
cells into tumors and convert an immunosuppressive
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tumor microenvironment to an immunosupportive one.21 In
mouse models, treatment with VEGFR inhibitors has yielded
an increase in T-cell recruitment and infiltration into tumors
and synergism with anti-PD1 antibodies.20,22 Consistently,
VEGFR MKI combined with PD-1/PD-L1 inhibitors have
shown higher efficacy than single-agent VEGFR MKI and
have become the standard-of-care treatment for renal cell
carcinoma and endometrial carcinoma.23,24

On the basis of the strong rationale of VEGFR and PD-L1
inhibitors’ complementary mechanisms of action and their
combination’s promising efficacy in other solid tumors, we
conducted a phase II trial evaluating the efficacy of axitinib
plus avelumab in patients with progressive R/M ACC.

PATIENTS AND METHODS

Patients

Eligible patients were 18 years and older with a histologi-
cally confirmed diagnosis of R/M ACC, measurable disease
per RECIST 1.1,25 Eastern Cooperative Oncology Group
performance status of 0 or 1, and adequate organ function.
Patients could have received any number of prior therapies
except MKIs targeting VEGFR or PD-1/PD-L1 inhibitors.
Progression of disease per RECIST 1.1 and/or new or
worsening disease-related symptoms within 6 months
before enrollment was required for study entry and eval-
uated prospectively. Complete eligibility criteria can be
found in the study protocol (Online only). The study was
approved by the institutional review board at MD Anderson
Cancer Center (MDACC) and conducted according to the
Declaration of Helsinki and Good Clinical Practice Guide-
lines. The cutoff date for analysis was November 11, 2022.

Study Procedures

This was a single-arm, open label, phase II, investigator-
initiated trial designed to evaluate the efficacy and safety of
axitinib plus avelumab in patients with R/M ACC and evidence

of disease progression within 6 months before enrollment.
Axitinib was administered orally at 5 mg twice a day, and
avelumab was administered intravenously at 10 mg/kg on
days 1 and 15 of 28-day cycles. Imaging for tumor assessment
was performed at baseline and then every 8 weeks. Patients
were treated until disease progression, death, unacceptable
toxicity, consent withdrawal, or physician’s discretion. Two
axitinib dose reductions (3 and 2mg twice a day) were allowed
for patients who developed grade 3 or four adverse events
(AEs) or intolerable grade 2 AEs attributed to axitinib. No
avelumab dose reductions were allowed. For overlapping AEs
(ie, toxicities that could be attributed to either axitinib or
avelumab), decisions regarding which drug should have its
dose reduced or be held were made according to the overall
incidence of the AE for each individual drug if other factors (eg,
onset of symptoms) could not help define the causative agent.
In general, effort was made to continue axitinib.

Biomarker Analysis

Targeted DNA sequencing was performed using either the
MDACCplatform (n5 21),26 FoundationOne (Cambridge,MA,
n 5 2),27 Tempus xT (Chicago, IL, n 5 2),28 or MiSeq (Illu-
mina, CA, n5 1).29 Immunohistochemistry staining for PD-L1
was performed using clone 22C3 (Agilent, Santa Clara, CA).

Statistical Analysis

The primary end point was ORR per RECIST 1.1. Sec-
ondary end points included ORR per iRECIST,30 duration of
response (DOR), PFS, PFS rate at 6 months after treatment
initiation, overall survival (OS), OS rate at 6 months after
treatment initiation, safety, and toxicity.

All eligible patients who received at least one cycle of
treatment and had at least one restaging image were
considered evaluable for the primary end point. Safety
analyses were performed on all patients who received any
treatment dose. AEs were graded according to Common
Terminology Criteria for AEs version 4.0.

CONTEXT

Key Objective
To evaluate the efficacy of the VEGFR inhibitor axitinib combined with the PD-L1 inhibitor avelumab in patients with

recurrent/metastatic adenoid cystic carcinoma (R/M ACC) with evidence of disease progression within 6 months.
Knowledge Generated
Axitinib plus avelumab demonstrated clinical activity in patients with progressive R/M ACC who had not been previously

exposed to VEGFR or PD-L1/PD-1 inhibitors. The toxicity profile of the drug combination was similar to what has been
reported with single-agent axitinib in ACC.

Relevance (R.G. Maki)
The combination of axitinib and avelumab provides a novel treatment option for this form of salivary gland cancer, which

demonstrates an unusual biological pattern of slow growth yet early presentation with metastasis.*

*Relevance section written by JCO Associate Editor Robert G. Maki, MD, PhD, FACP, FASCO.
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This trial used a Simon optimal two-stage design with a null
hypothesis of 5% ORR and the alternative hypothesis of
20% ORR with type I and type II errors set at 0.05 and 0.2,
respectively. If $1 response(s) were observed in the 10
patients enrolled during the first stage, 19 additional pa-
tients would be entered in the second stage to reach a total
of 29 evaluable patients. By the end of the study, the
regimen would be accepted if the ORR at 6 months was$4
of 29 evaluable patients.

DOR was measured from the date response criteria were
met until the first date that progression was documented.
PFS was defined as the duration from start of treatment to
date of progression or death, whichever occurred first. The
PFS rate at 6months was the percentage of patients without
disease progression at 6 months. OS was defined as the
duration from start of treatment to death. The OS rate at
6 months was the percentage of living patients at 6 months.
The Kaplan-Meier approach was used to estimate the PFS
and OS distributions, along with median estimates with
95% CI. Fisher’s exact test was used to evaluate the as-
sociation between objective response or clinical benefit rate
and number of prior therapy lines. A two-sided a level of
0.05 was considered to indicate statistical significance for
all analyses.

RESULTS

Patient and Disease Characteristics

Between July 24, 2019, and June 29, 2021, 40 patients
enrolled in this study; six did not meet screening criteria
(Fig 1). Of 34 patients who received at least one dose of
either study drug (Data Supplement [online only]), six re-
ceived,6 weeks of axitinib and avelumab treatment and did
not undergo the first restaging imaging assessment because
of loss of insurance (n5 3), other logistic issues related to the
COVID-19 pandemic (n5 2), or inability to swallow pills and
uncontrolled preexisting hypertension (n5 1). None of these

six patients had clinical signs of disease progression; thus,
they were included only in the safety analysis. A total of 28
patients were included in the efficacy analysis. These pa-
tients’ characteristics are summarized in Table 1. The me-
dian age was 58 (range, 29-88) years, 39% of patients had
histology with a solid component, and 39% had received at
least one prior line of palliative systemic therapy, detailed in
the Data Supplement. Radiologic disease progression per
RECIST 1.1 within 6 months of enrollment was confirmed by
the radiologist in 23 of 28 (82%) evaluable patients; the
remaining patients did not have prior imaging done within
6 months but had unequivocal clinical progression within
this timeframe (n 5 3) or had disease progression on the
basis of the radiology report and principal investigator as-
sessment, but the trial radiologist retrospectively recorded an
18% tumor growth (n 5 1) or equivocal radiologic pro-
gression because of lack of contrast on prior scan (n 5 1).

Overall Response

Efficacy outcomes are summarized in Table 2. One patient
had a partial response (PR) in the first stage of the study
(n 5 10), allowing continued enrollment for the second
stage. The ORR was 21% (95% CI, 8.3 to 41; Fig 2A).
Among the six responders, the median time to response
was 5.1 months. One response was unconfirmed due to
early progression in nontarget lesions, leaving a confirmed
ORR of 18% (95% CI, 6.1 to 36.9). Of the six responses,
two occurred after 6months; thus the ORR at 6months was
14% (95% CI, 4.0 to 32.7). The two patients who achieved
a PR after 6 months remain on the study (Fig 2B). Rep-
resentative radiologic images of two responders are shown
in Figure 2C. Fourteen patients (50%) had stable disease
(SD), and eight (29%) had progressive disease (PD) as the
best overall response. Thus, the disease control rate
(SD 1 PR) was 71% (95% CI, 51.3 to 86.8). The disease
control rate at 6 months was 57% (95% CI, 37.2 to 75.5).
The median DOR for the six responders was 5.5 months
(95% CI, 3.7 to not reached [NR] months); the median

Patients enrolled (N = 40)

Patients received at least one
dose of study drugs (n = 34)

Evaluable for efficacy (n = 28)

Cutoff date: 11/11/2022

Did not receive treatment                                                               (n = 6)
   Trial participation denied by insurance                 (n = 1)
   Did not meet study criteria                          (n = 5)
     Mandibular osteomyelitis requiring surgery                           (n = 1)
     Symptomatic leptomeningeal disease                                     (n = 1)
     Progression in the brain and decline in performance status  (n = 2)
     No measurable disease per RECIST 1.1           (bone disease; n = 1)

Patients received <6 weeks of study drug                                               (n = 6)
   Lost insurance during COVID-19 pandemic                                         (n = 3)
   Withdrew consent because of logistics during COVID-19 pandemic (n = 2)
   Difficulty swallowing pill and baseline uncontrolled hypertension   (n = 1)

IRB approved replacement of these six patients

FIG 1. Study flow chart diagram. IRB, Institutional Review Board

Journal of Clinical Oncology 2845

Axitinib and Avelumab in R/M Adenoid Cystic Carcinoma



DOR for patients who achieved a confirmed PR (n5 5) was
11 months (95% CI, 5.5 to NR months).

There were no differences between ORR per RECIST
versus iRECIST. In an exploratory analysis to evaluate the
association between clinical benefit and number of prior
lines of therapy, there was no association between objective
response and therapy line (P5 .63); however, patients who

had received at least one prior systemic therapy had a
tendency to lower rates of disease control (PR or SD) as
compared with treatment-naı̈ve patients (50% v 83.3%,
respectively; P 5 .09).

Time to Event Outcomes

Of the 28 evaluable patients, four did not have a pro-
gression event; of these patients, two had a PR and con-
tinued on therapy and two were taken off study because of
noncompliance (n 5 1) and intolerable toxicity (fatigue)
despite two axitinib dose reductions (n 5 1). The median
PFS was 7.3 months (95% CI, 3.7 to 11.2 months; Fig 3A),
and the PFS rate at 6 months was 57% (95% CI, 41.5 to
78.8). The median PFS for patients treated in first-line was
7.4 months (95% CI, 3.9 to 14.3 months) versus 3 months
(95% CI, 1.8 to NR) for those treated in second-line or
beyond (P 5 .22).

During follow-up, 19 patients died. The median follow-up
time for the nine surviving patients was 22 months (range,
13.7-36.2months). Themedian OSwas 16.6months (95%
CI, 12.4 to NRmonths; Fig 3B), and the OS rate at 6months
was 86% (95% CI, 73.7 to 99.7).

Toxicity, Dose Reductions, and Reasons

for Discontinuation

Thirty-four patients were included in the safety analysis.
Treatment-related AEs (TRAEs) that occurred in more than
10% of patients and all serious AEs (grade 3 or higher) are
listed in Table 3. The most common TRAEs were fatigue
(62%), hypertension (32%), and diarrhea (32%). A total of
14 grade 3 TRAEs were reported in 10 patients (29%), with
the most common being hypertension (9%), followed by
fatigue (6%), deep vein thrombosis (6%), and palmar-
plantar erythrodysesthesia (6%). No patients experi-
enced TRAEs of grade 4 or 5.

Four (12%) patients discontinued avelumab because of
fatigue (n5 3, all grade 2) or hepatitis (n5 1, grade 3); only
hepatitis was considered an immune-related AE. Nine pa-
tients (26%) had their axitinib dose reduced; the main
reasons for dose reductions were fatigue (n 5 4), palmar-
plantar erythrodysesthesia (n 5 3), hypertension (n 5 1),
and weight loss (n5 1). Three patients had two axitinib dose
reductions because of diarrhea (n5 1), weight loss (n5 1),
and fatigue (n5 1). One patient (3.5%) discontinued axitinib
because of persistent fatigue (grade 3) despite two dose
reductions. Further details on AEs leading to axitinib drug
reduction are available in the Data Supplement.

Genomic Sequencing and Efficacy According to NOTCH1
Mutational Status

Twenty-five (89%) patients had available DNA targeted
sequencing (Appendix Fig A1, online only). The most
common somatic mutation was NOTCH1, which occurred
in seven patients (28%), followed by CREBBP in four (16%)
and TP53 in three (13%). The tumor mutational burden
overall was low (median 2.6 mutations/megabase [range,

TABLE 1. Patients and Tumor Characteristics of Patients Evaluable for
Efficacy (N 5 28)
Variable N 5 28

Age, median, years (range) 58 (29-88)

Sex, No. (%)

Female 16 (57)

Male 12 (43)

Race, No. (%)

White 16 (57)

Black 7 (25)

Other 5 (9)

Primary site, No. (%)

Minor salivary gland 14 (50)

Major salivary gland 11 (39)

Lacrimal gland 3 (11)

Histology, No. (%)

Solid component 11 (39)

Cribriform/tubular 10 (36)

Unknown 7 (25)

Disease distribution, No. (%)

Metastatic disease 24 (85)

Locoregional and metastatic 3 (11)

Locoregional disease only 1 (4)

Metastasis sites,a No. (%)

Lung 22 (81)

Pleura 13 (48)

Liver 11 (41)

Lymph nodes 10 (37)

Bone 9 (33)

Other 7 (26)

Prior no. of treatment lines, No. (%)

0 18 (64)

1 5 (18)

$2 5 (18)

NOTCH1 mutation, No. (%)

Present 7 (25)

Absent 16 (57)

Unknown 5 (18)

aMetastasis site included only patients with distant metastasis
(n 5 27).
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1.0-5.0]; n5 5). Only seven patients were tested for PD-L1
by immunohistochemistry, all with negative expression
(CPS , 1). There was no significant association between

objective response (PR) or disease control (PR 1 SD) and
NOTCH1 mutational status (P . .1, Fisher exact test).

DISCUSSION

Patients with R/M ACC have few therapeutic options.
VEGFR inhibitors have modest activity in ACC, mostly
rendering disease stabilization.5-8 The premise of this study
was that the VEGFR inhibitor axitinib would increase T-cell
tumor infiltration and that combination treatment with
avelumab would improve the efficacy over what has been
reported with axitinib alone.

The results reported herein—with axitinib plus avelumab
conferring a confirmed ORR of 18%—compare favorably with
response rates reported for axitinib or PD-1 inhibitors as
monotherapy in ACC.5,7,9,11,13 In a single-arm phase II study of

TABLE 2. Efficacy Outcomes (N 5 28)
Best Response (RECIST 1.1) No. (%)

PR 6 (21)

Confirmed PR 5 (18)

SD 14 (50)

Disease control (PR 1 SD) 20 (71)

SD $ 6 months 11 (39)

Disease control (PR 1 SD) $6 months 16 (57)

PD 8 (29)

Abbreviations: PD, progressive disease; PR, partial response; SD, stable disease.
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FIG 2. Efficacy outcomes. (A) Waterfall plot demonstrating maximumpercent change in the sum of target lesions from baseline according to RECIST
1.1; each bar represents a patient. (B) Spider plot illustrating longitudinal percentage change in tumor size from baseline according to RECIST 1.1;
each line represents a patient. (C) Illustrative computed tomography scans of two patients who achieved a partial response; red arrows and circles
highlight metastatic tumor regions. PD, progressive disease; PR, partial response; SD, stable disease.
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axitinib, the reported ORR was 9% while in a randomized
phase II study of axitinib versus observation, the ORR was 0%
in the axitinib arm, and11.5% in the observational arm after the
patients crossed over to receive axitinib.9 Taking into consid-
eration all the caveats of a small single-arm phase II study and
comparisons between trials, the potential improvement from an
ORR of 0% to 11.5% with axitinib monotherapy to 18% with

axitinib plus avelumab would favor a potential additive effect
between the two drugs in patients with ACC.

Notably, the median time to response in our trial was
5.1 months, with two patients achieving a PR after 1 year of
therapy. Both VEGFR inhibitors and PD-1/PD-L1 inhibitors
can lead to delayed tumor responses31,32; however, tumor
shrinkage was noted in the first assessment (8 weeks) of all
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FIG 3. Kaplan-Meier curves for (A) PFS and (B) OS. OS, overall survival; PFS, progression-free survival.

TABLE 3. Treatment-Related AEs (N 5 34)
AE Total, No. (%) Grade 1, No. (%) Grade 2, No. (%) Grade 3, No. (%)

Fatigue 21 (62) 14 (41) 5 (15) 2 (6)

Diarrhea 11 (32) 8 (24) 2 (6) 1 (3)

Hypertension 11 (32) 5 (15) 3 (9) 3 (9)

Mucositis 10 (29) 8 (24) 2 (6)

Nausea 9 (26) 9 (26)

Weight loss 8 (24) 2 (6) 6 (18)

Hoarseness 8 (24) 7 (21) 1 (3)

Constipation 7 (21) 6 (18) 1 (3)

Anorexia 7 (21) 4 (12) 3 (9)

Epistaxis 6 (18) 6 (18)

Palmar-plantar erythrodysesthesia 6 (18) 3 (9) 1 (3) 2 (6)

Hypothyroidism 5 (15) 2 (6) 3 (9)

Alanine aminotransferase increased 5 (15) 3 (9) 1 (3) 1 (3)

Aspartate aminotransferase increased 5 (15) 4 (12) 1 (3)

Headache 5 (15) 4 (12) 1 (3)

Rash maculo-papular 5 (15) 4 (12) 1 (3)

Deep vein thrombosis 2 (6) 2 (6)

Arthritis 1 (3) 1 (3)

Hiccups 1 (3) 1 (3)

NOTE. The table includes treatment-related AEs of any grade that occurred in .10% of patients and all grade 3 or higher treatment-related AEs.
Abbreviation: AE, adverse event.
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patients who eventually achieved a PR. Overall, the con-
firmed responses were durable, with a median DOR of
11 months; three patients had responses lasting more than
15 months, two of them have an ongoing response.

The median PFS of 7.3 months with a 6-month PFS rate of
57% is encouraging, particularly considering that a radi-
ologist confirmed disease progression per RECIST within
6 months in 23 of 28 (82%) evaluable patients. Of the five
patients in which PD per RECIST was not confirmed, three
had no available scans within 6 months but unequivocal
clinical progression, and two had RECIST progression per
radiology report and principal investigator assessment, but
equivocal PD by the trial radiologist review of the scans
(18% tumor growth in one patient and equivocal new
kidney lesion because of lack of contrast in the previous
scan in the other patient). Of note, the patient with a 18%
tumor growth in 6 months achieved a PR (236%) and
remains on study for more than 16 months; detailed in-
formation on the disease course for these five patients is
available in the Data Supplement. To put the PFS results of
our study into perspective, the median PFS in the axitinib
single-arm study was 5.7 months with a 6-month PFS rate
of 39%, and although clinical or radiological PD within
6 months was required, the percentage of patients who had
PD per RECIST in that study was not reported.5 Notably, in
the Korean randomized trial of axitinib versus observation,
the median PFS of 10.8 months and the 6-month PFS rate
of 73% were higher than what we report with axitinib plus
avelumab; however, the patients enrolled in the random-
ized study likely had a more indolent disease. The inclusion
criteria allowed for progression of disease within 9 months
instead of 6 months; the limited genomic data (available in
28 of 60 patients) revealed a lower proportion of patients
with NOTCH1 mutations, a predictor of poor prognosis in
ACC (17% v 28% in our study); the disease control rate was
of 100%, with no PD at the first assessment, and the
median OS was approximately 27.2 months versus
16.6 months in our trial.3,9 Another possibility for the dif-
ferences in outcomes is interethnic differences in phar-
macokinetics, which has not been explored.

In our study, the frequency and severity of AEs observed with
axitinib plus avelumab were consistent with the known safety
profiles of axitinib and avelumab when administered as
monotherapy or in combination.33 A serious AE occurred in
29% of our patients, each grade 3 and manageable; ave-
lumabwas discontinued in four (12%) patients, because of a
grade 3 AE (immune-related hepatitis) in only one, and the
axitinib dose was reduced in 26% of patients, with one
patient (3.5%) discontinuing axitinib because of poor tol-
erance. Notably, the toxicity profile of axitinib plus avelumab
was similar to what has been reported with axitinib single
agent in ACC and renal cell carcinoma (Data Supplement)
and compares favorably with the toxicity reportedwith single-
agent lenvatinib in ACC. In a phase II study of lenvatinib in
R/M ACC, 62.5% of patients had at least one grade 3 or 4 AE,

72% required at least one lenvatinib dose reduction, and
56% discontinued lenvatinib because of drug toxicity.6 Al-
though lenvatinib rendered numerically higher ORRandPFS
rates in ACC comparedwith single-agent axitinib on the basis
of cross-study comparisons (ORR to lenvatinib 12%-16%;
median event-free or PFS of 8.2 to 9.1 months), lenvatinib’s
toxicity frequently limits its use.6,34

In our study, targeted DNA sequencing was available for
most patients (89%). NOTCH1 was the most commonly
mutated gene (28%). Given the known prognostic effect
of NOTCH1 mutations in ACC,3 we compared PR and
disease-control rates in NOTCH1-mutant versus wild-type
ACC and found no correlation betweenNOTCH1mutational
status and response outcomes; however, as expected, the
median PFS and OS was significantly shorter for patients
with NOTCH1 mutations (Appendix Fig A2, online only).
Owing to ACC’s significant biologic variability, biomarkers
predictive of benefit from axitinib plus avelumab would be
of great interest for further development of the combination.
Interestingly, correlative studies from specimens of patients
with renal cell carcinoma treated with axitinib plus avelu-
mab in a phase III trial revealed that the biomarkers of
response to PD-1/PD-L1 inhibitors, such as tumor muta-
tional burden and PD-L1 expression, did not predict benefit
from the drug combination. Instead, HLA type, high ex-
pression levels of UTS2 (a potent vasoconstrictor associ-
ated with inflammatory responses), and specific gene
mutations such as DNMT1 and MYH7B were associated
with prolonged PFS with axitinib plus avelumab.35 Baseline
tumor samples for most patients with ACC who enrolled in
our study are available, and correlative studies are planned.

Some limitations of our study include its relatively small
sample size, although the number of evaluable patients en-
rolled is consistent withmost phase II trials in this rare disease.
Our study was conducted during the COVID-19 pandemic,
which led to a larger than expected number of nonevaluable
patients and issues with avelumab compliance/delays, par-
ticularly during the lockdown. Strengths of this study are that
most patients had confirmation of PD per RECIST within
6 months before enrollment, allowing better interpretation
of the PFS data (which can be challenging in the context
of malignancies with heterogeneous and often indolent
behavior) and the maturity of the data, with a long follow-up
time (median 22 months) for the surviving patients and
with most patients having had an event (disease progression
or death).

In summary, axitinib plus avelumab showed activity in
patients with incurable ACC and had a manageable toxicity
profile. The potential added benefit of avelumab to axitinib
should be further validated. Results of an additional
study investigating a VEGFR inhibitor combined with an
anti–PD-1/PD-L1 agent in ACC are awaited (Clinical-
Trials.gov identifier: NCT04209660). Future analysis of
pretreatment tumor samples may reveal biomarkers of
benefit from axitinib plus avelumab and will be pursued.
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FIG A1. Genomic analysis of evaluable patients (N 5 23).
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