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abstract

PURPOSE Recurrent or metastatic adenoid cystic carcinoma (R/M ACC) is a malignant neoplasm of pre-
dominantly salivary gland origin for which effective therapies are lacking. We conducted a phase II trial
evaluating the multitargeted tyrosine kinase inhibitor lenvatinib in patients with R/M ACC.

PATIENTS ANDMETHODS This study was conducted with a two-stage minimax design. Patients with histologically
confirmed R/M ACC of any primary site with radiographic and/or symptomatic progression were eligible. Any
prior therapy was allowed except previous lenvatinib. Patients received lenvatinib 24 mg orally per day. The
primary end point was overall response rate. Secondary end points were progression-free survival and safety. An
exploratory analysis of how MYB expression and genomic alterations relate to outcomes was conducted.

RESULTS Thirty-three patients were enrolled; 32 were evaluable for the primary end point. Five patients (15.6%)
had a confirmed partial response, 24 patients (75%) had stable disease, two patients (6.3%) discontinued
treatment as a result of toxicity before the first scan, and one patient (3.1%) had progression of disease as best
response. Median progression-free survival time was 17.5 months (95% CI, 7.2 months to not reached), al-
though only eight progression events were observed. Patients otherwise were removed for toxicity (n = 5), as
a result of withdrawal of consent (n = 9), or at the treating physician’s discretion (n = 6). Twenty-three patients
required at least one dose modification, and 18 of 32 patients discontinued lenvatinib for drug-related issues.
The most common grade 3 or 4 adverse events were hypertension (n = 9; 28.1%) and oral pain (n = 3; 9.4%).
Three grade 4 adverse events were observed (myocardial infarction, n = 1; posterior reversible encephalopathy
syndrome, n = 1; and intracranial hemorrhage, n = 1).

CONCLUSION This trial met the prespecified overall response rate primary end point, demonstrating antitumor
activity with lenvatinib in R/M ACC patients. Toxicity was comparable to previous studies, requiring monitoring
and management.

J Clin Oncol 37:1529-1537. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Adenoid cystic carcinomas (ACCs) are malignant
neoplasms that arise most commonly from major and
minor salivary glands and less commonly from other
sites. Recurrent or metastatic (R/M) ACC can have
a variable course,1 and effective treatments are
lacking. Prior studies of multitargeted tyrosine kinase
inhibitors (TKIs) have yielded modest signs of efficacy
with response rates ranging from 0% to 11%, as listed
in Appendix Table A1 (online only).2-9

Approximately 50% of ACCs, regardless of primary
site, are characterized by a t(6;9)(q22-23;p23-24)
translocation that conjoins the two transcription fac-
tors NFIB and MYB.10-12 Even in the absence of the

MYB-NFIB translocation, MYB is overexpressed in a ma-
jority of ACCs, suggesting translocation-independent
mechanisms of MYB overexpression.13 The func-
tional significance of MYB overexpression is an
upregulation of several target genes, including puta-
tively vascular endothelial growth factor A (VEGFA),
fibroblast growth factor 2 (FGF2), and KIT beyond
what is seen in normal salivary gland tissue.10

Lenvatinib is an oral, multitargeted TKI approved for
the treatment of progressive, radioiodine-refractory
thyroid cancer and unresectable hepatocellular car-
cinoma with significant inhibitory activity against
vascular endothelial growth factor receptors (VEGFRs)
1 to 3, fibroblast growth factor receptors (FGFRs) 1 to
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3, KIT, platelet-derived growth factor receptors a and b,
and RET.14-18 Given the proposed relevance of several of
these genes to ACC biology, we conducted a phase II trial
evaluating the efficacy of lenvatinib in progressive
R/M ACC.

PATIENTS AND METHODS

Study Design and Patients

This was an open-label, single-arm, phase II trial con-
ducted at Memorial Sloan Kettering Cancer Center
(MSKCC; New York, NY). Patients with pathologically or
cytologically confirmed, incurable R/M ACC were eligible if
they met the following criteria: age 18 years or older;
measurable disease as defined by Response Evaluation
Criteria in Solid Tumor (RECIST) version 1.119; new or
progressive lesion(s) on a radiologic study and/or new or
worsening disease-related symptoms detected within
6 months before study enrollment; Eastern Cooperative
Oncology Group performance status of 0 or 1; and ade-
quate organ and bone marrow function. Any prior therapies
for R/M ACC, except lenvatinib, were allowed. Exclusion
criteria included symptomatic, metastatic brain or lep-
tomeningeal tumors (asymptomatic or treated tumors were
allowed); thrombotic or embolic venous or arterial events
within 6 months of study treatment; or proteinuria of greater
than 1 g per 24 hours. Complete inclusion and exclusion
criteria can be found in the Appendix (online only). The
study was approved by the institutional review board at
MSKCC and conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines. Written
informed consent was obtained from patients before study
entry. Data were analyzed through May 11, 2018.

Study Procedures

Lenvatinib was administered orally at a dose of 24 mg per
day in 28-day cycles. Dose adherence wasmonitored by pill
diaries. Treatment was continued until disease progression,
death, unacceptable toxicity, withdrawal of consent, or the
treating physician’s discretion that stopping therapy was to
the patient’s benefit. Palliative radiation was allowed if the
RECIST target lesions were not included in the radiation
field (received by one patient). For patients who developed
grade 3 or intolerable grade 2 toxicities, lenvatinib dosing
was interrupted and restarted at a lower dose level when the
adverse event had improved to a tolerable grade 2 or better.
In total, there were four dose levels for lenvatinib (24, 20,
14, and 10 mg). Patients were removed from the study if
they experienced grade 3 toxicity at the lowest dose level or
for grade 4 toxicity (excluding laboratory abnormalities
judged to be non–life threatening).

MYB Immunohistochemistry

Paraffin sections were analyzed with the MYB antibody
from Abcam (EP769Y; Cambridge, United Kingdom) di-
rected at the N-terminus. MYB quantification was assessed

by visual estimation of percent staining by a pathologist
blinded to the results of the study.

MYB-NFIB Fluorescence In Situ Hybridization

Fluorescence in situ hybridization (FISH) was carried out on
paraffin-embedded 5-mm sections using custom probes
developed from bacterial artificial chromosomes covering
and flanking the MYB and NFIB genes. Two hundred
successive nuclei were examined. Detection of a sufficient
break-apart signal was interpreted as a positive score.

Next-Generation Sequencing

Twenty-nine patients were evaluated using the next-
generation sequencing MSKCC Integrated Mutation Pro-
filing of Actionable Cancer Targets (IMPACT) platform. This
is a US Food and Drug Administration–approved assay for
evaluating single-nucleotide variants, indels, structural
variants, and copy number changes in 468 cancer-related
genes from paraffin-embedded tissues.20,21 Genomic data
were analyzed through the cBio Cancer Genomics
Portal.22,23

Statistical Analysis

The primary end point was overall response rate (ORR;
complete response plus partial response [PR] as docu-
mented by RECIST version 1.1).19 All patients who received
any protocol treatment were considered evaluable for re-
sponse. We established a null hypothesis of 5% ORR and
20% as the desired ORR. To test the hypothesis that the
ORR was 20% or greater (v a null hypothesis of 5%), we
used a two-stage minimax study design with a one-sided
type I error of 10% and power of 90%. If one response was
observed in the first 18 patients enrolled onto the first stage,
then the study would progress to the second stage. At the
end of the trial, the study would be considered positive
if four or more responses occurred out of a total of 32
patients.

Secondary end points included progression-free survival
(PFS) and safety and tolerability. The Kaplan-Meier method
was used to estimate PFS. PFS wasmeasured from the start
of treatment to an event (disease progression or death,
whichever occurred first). Patients who were event free at
the date of last follow-up were censored at that time. Pa-
tients who discontinued therapy as a result of toxicity,
withdrawal of consent, or physician discretion were cen-
sored at the time of last drug therapy. Biomarker analyses
were performed in an exploratory fashion.

Given the limited number of progression events on trial, we
performed RECIST version 1.1 measurements on post-trial
scans for patients observed at our institution and performed
an event-free survival (EFS) analysis. An event was defined
as RECIST progression at any time point (including after the
study), initiation of new therapy, or death (whichever came
first). Patients were otherwise censored at the time of last
drug therapy (if on treatment or lost to follow up) or the time
of last radiographic disease assessment.
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RESULTS

Patient and Disease Characteristics

Between June 2016 and May 2017, 33 patients were
enrolled. Thirty-two patients received at least one dose of
lenvatinib and were evaluable for the primary end point.
One enrolled patient was removed and replaced before
receiving lenvatinib and was not evaluable for the pri-
mary end point. Baseline characteristics for evaluable
patients are listed in Table 1. Median age was 57 years
(range, 38 to 73 years), and 12 patients (37.5%) were
men. Thirty-one patients (96.9%) had distant metastatic
disease, all of whom had lung or pleural metastases.
Seven patients (22%) also had liver metastases, and 11
patients (34%) had bone metastases. In addition, eight
patients (25%) had both locoregional and distant met-
astatic disease, including two patients (6.3%) with base
of skull metastasis. Although a majority of patients (25 of
32 patients; 78%) had ACC of either the major or minor
salivary glands, seven patients had ACC from nonsalivary
sites (Appendix Table A1, online only). Six patients re-
ceived at least one prior VEGFR TKI. The prior TKI ex-
posure included regorafenib alone (n = 3); regorafenib
then axitinib (n = 1); dovitinib then regorafenib (n = 1);
and erlotinib, lapatinib, dovitinib, and then regorafenib
(n = 1). All patients had evidence of disease progression
before study participation.

Efficacy

There were four confirmed PRs in the first stage, allowing
continued enrollment onto the second stage. Two patients
(6.3%) were removed before the first scan on therapy for
toxicity (one for drug-related intracranial hemorrhage and
another for suspected hypersensitivity reaction after the
initial dose of lenvatinib). Five patients (15.6%) achieved
a confirmed PR, meeting the targeted primary end point
for response. Twenty-four patients (75%) had stable
disease (SD) and one patient (3.1%) had progression of
disease as the best overall response (Table 2). The ma-
jority of patients (21 of 32 patients; 66%) experienced
tumor regression; eight (25%) of 32 patients had 20% or
greater reduction in tumor size, listed in Figure 1. The
median time on study was 5.2 months. The median PFS
was 17.5 months (95% CI, 7.2 months to not reached),
and eight progression events were observed; the
remaining patients were removed for toxicity (n = 5), as
a result of withdrawal of consent (n = 9), and at the treating
physician’s discretion (n = 6). As of May 11, 2018, four
patients remain on study treatment (duration of therapy
ranges from 13.7 to 22.6 months). Of the six patients who
had prior TKI exposure, one achieved a confirmed PR,
three experienced minor regression, one had no change,
and one had minor tumor growth.

In a post hoc EFS analysis, there were 21 events and 11
censored patients. The EFS time was 8.2 months (95% CI,
7.1 to 17.4 months; Appendix Fig A1, online only).

TABLE 1. Baseline Characteristics
Characteristic No. of Patients (%)*

Age, years

Median 57

Range 38-73

Sex

Male 12 (37.5)

Female 20 (62.5)

ECOG performance status

0 23

1 9

Primary site of ACC

Major salivary gland 9 (28.1)

Minor salivary gland 16 (50.0)

Other (breast, bronchial, lacrimal gland,
external auditory canal)

7 (21.9)

Disease distribution

Locoregional disease only 1

Locoregional and metastatic disease 8

Metastatic 31

Lung/pleura 31

Bone 11

Skin 2

Brain 3 (treated)

Kidney 5

Liver 7

Pancreas 1

Spleen 1

Nodes 8

Cervical 2

Noncervical (mediastinal, hilar, subdiaphragmatic) 7

Prior therapy

Primary chemotherapy/RT alone 3

Primary RT alone (protons) 1

Adjuvant RT 17

Adjuvant chemotherapy/RT 4

Adjuvant chemotherapy followed by RT 1 (breast)

Palliative RT 15

Palliative chemotherapy/RT 4

Patients with reirradiation to any site 6

Palliative chemotherapy 7

Immunotherapy 2

Prior TKI, cetuximab, PI3K inhibitor, AKT inhibitor 9 (6 TKI)

Abbreviations: ACC, adenoid cystic carcinoma; ECOG, Eastern Cooperative
Oncology Group; PI3K, phosphoinositide 3-kinase; RT, radiation therapy; TKI,
tyrosine kinase inhibitor.
*Values are numbers and percentages, unless otherwise indicated.
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Toxicity, Dose Reductions, and Reasons

for Discontinuation

The most common grade 3 toxicity was hypertension in
nine patients (28.1%). Three patients had grade 3 oral pain
(9.4%). All three of these patients received adjuvant ra-
diation as part of their primary therapy and had locally
recurrent disease (oral cavity, nasopharynx, and maxillary
sinus), and two of these patients had reradiation to these
areas. No grade 5 toxicities were recorded. Related grade
3 and 4 toxicities are listed in Table 3.

A total of 23 patients required at least one dose reduction.
Six patients underwent one dose reduction to 20 mg, nine
patients underwent two dose reductions to 14 mg, and
eight patients underwent three dose reductions to 10 mg.
The toxicities that led to study removal included grade 4
myocardial infarction (n = 1), grade 4 posterior reversible
encephalopathy syndrome (n = 1), grade 3 proteinuria (n =
1), grade 3 orocutaneous fistula (n = 1; at the site of prior
radiation), and grade 4 intracranial hemorrhage (n = 1). For
the patient with intracranial hemorrhage, imaging before
study entry was negative for parenchymal brain metasta-
ses. With conservative management, the patient recovered
nearly to baseline with modest right peripheral vision loss.
Of the six patients removed from the study as a result of
physician discretion, all might have continued on protocol
with a dose reduction, but drug was discontinued for grade
2 dysphagia (n = 1), grade 3 supraventricular tachycardia
(n = 1), grade 3 proteinuria (n = 1), hypersensitivity reaction
(n = 1), asymptomatic grade 3 ejection fraction decrease
(n = 1; this patient had six prior lines of therapy, and
baseline ejection fraction was unknown), and tumor growth
in the range of RECIST SD (n = 1). Nine patients withdrew
consent; eight patients cited drug-related toxicities as

a reason, and one patient withdrew as a result of geo-
graphic relocation. In total, 18 patients discontinued len-
vatinib for reasons linked to drug toxicity.

MYB Immunohistochemistry and MYB/NFIB FISH

MYB immunohistochemistry (IHC) staining was performed
on 30 archival tumor specimens (two primary tumors, one
local recurrence, and 27 distant metastases). Staining
ranged from 0% to 80%. A scatterplot of percent MYB
staining versus best percent RECIST regression achieved is
depicted in Figure 2. Of these samples, seven of eight
patients with a response of 20% or greater had 10% of
lower MYB staining, six of whom had 1% or lower MYB IHC
staining. We created the following two categorical variables:
PR or SD plus progression of disease. Using Fisher’s exact
test, MYB of 10% or less was statistically associated with PR
(P = .026). However, the association of MYB of 5% or less
with PR was not as strongly seen (P = .082).

MYB and NFIB FISH analyses were performed on 27
pretreatment samples. Eighteen samples were positive for
rearrangement at both the MYB and NFIB locus, five were
positive forMYB rearrangement alone, one was positive for
NFIB rearrangement alone, and three were negative for
both. Two of the three patients who were negative for both
MYB andNFIB FISH hadRECIST regressions of253% and
229% and had less than 1% MYB staining by IHC.

Genomic Sequencing

MSKCC IMPACT (468-gene next-generation sequencing
platform) was performed on 29 pretreatment samples
(Fig 3). The most frequently identified mutations were
NOTCH1 in seven patients (24.1%) and TERT in six pa-
tients (20.7%). Two of the seven patients with NOTCH1
mutations experienced a confirmed PRwith lenvatinib. Two
patients had 4q12 (which encodes for PDGFRA, KIT, and
KDR) amplifications (nine- and two-fold), both of whom had
SD as a best overall response for 31 weeks (25% re-
gression) and 26 weeks (23% regression), respectively.
Notably, the patient with nine-fold 4q12 amplification was
heavily pretreated with other VEGFR TKIs (dovitinib and
regorafenib). One patient with a KDR (VEGFR2) E987Q
mutation of unknown significance had a 13.5% regression
but came off trial after 4.6 months for proteinuria. Other
notable genomic alterations included a patient with a 3.8-
fold amplification of RET (215% regression; withdrew
consent after 3.3 months of treatment) and a patient with
a two-fold FGFR1 amplification (25% regression; came off
study after 21 weeks as a result of development of an
orocutaneous fistula).

DISCUSSION

The singular challenge of managing R/M ACC is the lack of
effective systemic therapies. With the exception of acti-
vating NOTCH1mutations (13% to 33% of patients),11,24,25

the development of new treatments has been limited by the
lack of common targetable genetic alterations.

TABLE 2. Lenvatinib Efficacy Measures and Reasons for Treatment
Discontinuation
Efficacy Measure No. of Patients (%)*

Best overall response

Complete response 0

Partial response 5 (15.6)

Stable disease 24 (75)

Progression of disease 1 (3.1)

Off study before imaging 2 (6.3)

Median progression-free survival, months
(95% CI)

17.5 (7.2 to not reached)

Reason for discontinuation

Continue on study 4 (12.5)

Toxicity 5 (15.6)

Physician discretion 6 (18.8)

Withdrawal of consent 9 (28.1)

Progression of disease 8 (25)

*Values are numbers and percentages, unless otherwise indicated.
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The results reported here with the multitargeted TKI len-
vatinib represent promising activity in R/M ACC, regardless
of genomic status. The study exceeded the prespecified
primary end point, with a 15.6% ORR (five of 32 confirmed
PRs) and a median PFS of 17.5 months (95% CI,
7.2 months to not reached). These represent the best
outcomes observed to date among all the VEGFR-targeting
TKI studies reported in ACC (data from sunitinib,2

sorafenib,3,4 axitinib,5 dasatinib,6 regorafenib,7 and
dovitinib8,9 studies are listed in Appendix Table A2). Al-
though cross-trial comparisons of single-institution phase II
trials must be approached with caution, the phase II study
of axitinib, which enrolled patients with R/M ACC at the
same single center (MSKCC) using the same eligibility

criteria reported less activity than what was achieved with
lenvatinib5 (axitinib v lenvatinib: ORR, 9.1% v 15.6%; PFS,
4.8 v 17.1months, respectively). Indeed, only two prior R/M
ACC TKI trials were deemed positive, both of which were
sorafenib studies, and neither required disease progression
as an entry criterion.3,4 Lenvatinib responses were quite
durable; three of five patients have maintained PRs while
continuing active treatment (time on study range, 17.5 to
22.6 months). Clinical benefit (PR and SD achieved for
6 months or greater) was achieved in 13 (40.6%) of 32
patients for 6 or more months. Of six patients with prior TKI
exposure, one had a confirmed PR (previously minor re-
gression on regorafenib, which was discontinued for skin
toxicity). One limitation of all single-arm phase II ACC trials
is the difficulty of interpreting the true clinical significance
of the PFS that is measured given the heterogeneity of
disease aggressiveness among enrolled patients, differing
enrollment criteria between studies, and variability in PFS
methodology (Appendix Table A2). In addition, an intent-to-
treat PFS analysis was not possible for some patients on this
study because they were not monitored for progression
after treatment discontinuation. The post hoc EFS (8.2
months) analysis was performed to provide a more con-
servative, pragmatic estimate of the degree to which len-
vatinib stalled clinically significant disease progression
(events were defined as progression at any time point,
initiation of any subsequent therapy, or death).

The benefits of therapy certainly must be evaluated in the
context of treatment risks. Among treated patients, 62.5%
of patients had at least one grade 3 or 4 toxicity, compa-
rable to the 75.9% rate reported in the phase III Study of
(E7080) Lenvatinib in Differentiated Cancer of the Thyroid
in radioiodine-refractory thyroid cancer.26 The most com-
mon grade 3 or greater toxicity observed was hypertension
(28.1%), and there were three rare but serious grade 4
events (myocardial infarction, posterior reversible en-
cephalopathy syndrome, and intracranial hemorrhage).
Eight patients (25%) withdrew consent from the study
before progression for drug-related issues. Discontinuation
for drug-related reasons may be a reflection of the heavily
pretreated population enrolled; of the 32 patients enrolled
onto the trial, seven patients (22%) had received chemo-
radiation, 16 patients (50%) had received systemic therapy
for R/M ACC (including two patients with prior immuno-
therapy), seven patients (22%) had received multiple lines
of therapy (including one patient with two lines of immu-
notherapy), and six patients (19%) had prior multitargeted
TKI exposure. Proactive management of toxicities is es-
sential to maximize the potential clinical benefit achieved
with lenvatinib.

Developing biomarkers that effectively identify patients who
might benefit from lenvatinib represents an important
approach to optimizing use of this therapy. So far, the
search for predictive biomarkers for TKI use in ACC has
yielded disappointing results. In our previous phase II trial

TABLE 3. Grade 3 or 4 Adverse Events Attributable to Lenvatinib

Toxicity
No. of Patients (%) With Grade 3 or 4

Related Toxicities

Hypertension 9 (28.1)

Oral pain 3 (9.4)

Acute coronary syndrome 1 (3.1)

Anorexia 1 (3.1)

Dehydration 1 (3.1)

Fatigue 1 (3.1)

Intracranial hemorrhage 1 (3.1)

Left ventricular systolic dysfunction 1 (3.1)

Myalgia 1 (3.1)

Palmar-plantar erythrodysesthesia 1 (3.1)

Thrombocytopenia 1 (3.1)

Proteinuria 1 (3.1)

Posterior reversible
leukoencephalopathy syndrome

1 (3.1)

Oral cutaneous fistula 1 (3.1)

Supraventricular tachycardia 1 (3.1)
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FIG 2. Relationship between MYB expression and maximum tumor
regression achieved. IHC, immunohistochemistry; RECIST, Response
Evaluation Criteria in Solid Tumor.
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of axitinib in ACC, three patients had 4q12 amplifications,
of whom two achieved SD for more than 6 months, in-
cluding one who had a significant tumor reduction and
the longest PFS on trial (21.8 months).5 In our current
study, two patients with 4q12 amplifications had modest
tumor reductions (with 25% in the patient with nine-fold
amplification and 23% in the patient with two-fold

amplification). Of note, the patient with nine-fold amplifi-
cation had experienced progression through two prior lines
of TKIs (dovitinib and regorafenib), whichmay have blunted
lenvatinib efficacy. One patient had a nonhotspot mutation
in the kinase insertion domain of KDR (VEGFR2) and
experienced a 13.5% tumor regression (removed after
20 weeks for proteinuria). A patient with metastatic colon
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cancer with an alteration in the same VEGFR2 domain
experienced an exceptional response to the VEGFR-
targeted TKI regorafenib after progression on fluorouracil
and bevacizumab.27 As for alterations in other genetic
targets relevant to lenvatinib, one patient with a 3.8-fold
RET amplification and one patient with a two-fold FGFR1
amplification experienced 15% and 5% tumor regressions,
respectively. Although these genetic alterations may have
contributed to therapeutic susceptibility, each represents
a rare event in ACC, and they are not pragmatic markers to
guide therapy for most patients.

MYB overexpression (with or without the genetic rear-
rangement) was hypothesized to be a potentially useful
biomarker for response given that MYB is an oncogenic
transcription factor that potentially mediates upregulation
of several lenvatinib gene targets.10 However, we noted that
patients with the greatest response by RECIST had low or no
MYB expression by IHC. In addition, among three patients
lacking an MYB rearrangement by FISH, two had 1% or
lower MYB protein staining by IHC, and both achieved

excellent degrees of tumor regressions (253% and
229%). Although investigating these associations certainly
can be confounded by sampling error, technical issues
related to the type of tissues tested (surgical specimens,
core biopsies, and fine-needle aspirations), and the small
sample size, at minimum, these data suggest the hy-
pothesis that lenvatinib activity in ACC is not reliant on MYB
overexpression within the tumor.

In summary, lenvatinib elicited promising efficacy in R/M
ACC. A limitation of this study is the single-arm design,
because deciphering the benefits of treatment is difficult
without a placebo control, and future randomized trials are
warranted. The ongoing challenge is to optimize patient
selection for therapy andmanage drug toxicities to preserve
quality of life and safety while maximizing therapeutic
benefit. Genomic profiling has limited utility for predicting
lenvatinib response. Future studies must continue to
identify novel biomarkers that will help optimize how po-
tentially effective therapeutics are used for these patients.
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APPENDIX

Patient Inclusion Criteria

• Patients must have pathologically or cytologically confirmed adenoid cystic carcinoma. Cancers arising from
nonsalivary gland primary sites are allowed.

• Patients must have recurrent and/or metastatic disease not amenable to potentially curative surgery or
radiotherapy.

• At least 2 weeks must have elapsed since the end of prior systemic treatment (4 weeks for bevacizumab-
containing regimens) or radiotherapy, with resolution of all treatment-related toxicity to National Cancer
Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.0 grade 1 or lower (or
tolerable grade 2) or back to baseline (except for alopecia, lymphopenia, or hypothyroidism). Any number of
prior therapies for recurrent or metastatic adenoid cystic carcinoma are allowed.

• Patients must have Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 measurable disease,
defined as at least one lesion that can be accurately measured in at least one dimension (longest diameter to
be recorded for non-nodal lesions and short axis for nodal lesions) as greater than 20 mm with conventional
techniques or as greater than 10 mm with spiral computed tomography scan.

• Patients must have documentation of a new or progressive lesion on a radiologic imaging study performed
within 6 months before study enrollment (progression of disease over any interval is allowed) and/or new or
worsening disease-related symptoms within 6months before study enrollment. Note that this assessment will
be performed by the treating investigator. Evidence of progression by RECIST is not required.

• Patients must have archival tissue from the primary tumor or metastases available for correlative studies.
Either a paraffin block or 20 unstained slides are acceptable. (If less than 20 unstained slides are available,
the patient may be able to participate at the discretion of the investigator.)

• Age 18 years or older.
• Eastern Cooperative Oncology Group performance status less than 2 (Karnofsky performance status greater
than 60%; see Data Supplement).

• Adequate bone marrow, liver, and renal function (as suggested for lenvatinib studies).
• Total bilirubin of 1.53 the upper limit of normal (ULN) or lower.
• ALT and AST of 2.53 ULN or lower (53 ULN or lower for patients with liver involvement of their cancer).
• Alkaline phosphatase limit 2.53 ULN or lower (53 ULN or lower for patients with liver involvement of their
cancer).

• Serum creatinine 1.53 ULN or lower or calculated creatinine clearance greater than 60 mL/min.
• Platelet count greater than 100,000/mL, hemoglobin greater than 9 g/dL, and absolute neutrophil count
greater than 1,500/mL. Blood transfusion to meet the inclusion criteria will not be allowed.

• Patients must be able to understand and be willing to sign the written informed consent form. A signed
informed consent form must be appropriately obtained before the conduct of any trial-specific procedure.

• Women of childbearing potential must have a negative serum pregnancy test performed within 2 weeks
before the start of study drug. Postmenopausal women (defined as no menses for at least 1 year) and
surgically sterilized women are not required to undergo a pregnancy test.

• Patients (men and women) of childbearing potential must agree to use adequate contraception beginning at
the signing of the consent form until at least 3 months after the last dose of study drug. The definition of
adequate contraception will be based on the judgment of the principal investigator or a designated associate.

• Patient must be able to swallow and retain oral medication.

Patient Exclusion Criteria

• Concurrent anticancer therapy (chemotherapy, definitive radiation therapy, surgery, immunotherapy, bi-
ologic therapy, or tumor embolization) other than study treatment. Concurrent therapy with bisphosphonates
or denosumab for bone metastases is allowed. Palliative radiation to nontarget lesions is also allowed.

• Prior use of lenvatinib.
• Uncontrolled hypertension (systolic pressure greater than 140 mm Hg or diastolic pressure greater than
90 mm Hg [NCI-CTCAE v4.0] on repeated measurement) despite optimal medical management.
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• Concurrent use of another investigational drug or device (ie, outside of study treatment) during or within
4 weeks of trial entry (signing of the informed consent form).

• Clinically significant proteinuria: Patients with greater than 1+ proteinuria on urinalysis will undergo 24-hour
urine collection for quantitative assessment of proteinuria. Patients with urine protein of 1 g or greater over
24 hours will be ineligible.

• Active or clinically significant cardiac disease including the following: congestive heart failure (greater than
New York Heart Association class II); active coronary artery disease that is not medically treated; cardiac
arrhythmias requiring antiarrhythmic therapy other than b-blockers or digoxin; or unstable angina (anginal
symptoms at rest), new-onset angina within 3 months before registration, or myocardial infarction within
6 months before registration.

• Patients with thrombotic, embolic, venous, or arterial events, such as cerebrovascular accident (including
transient ischemic attacks), deep vein thrombosis, or pulmonary embolism within 6 months of study
treatment start.

• Symptomatic metastatic brain or leptomeningeal tumors (asymptomatic or treated metastatic brain or
leptomeningeal tumors are allowed).

• Major surgical procedure, open biopsy, or significant traumatic injury within 28 days before start of study
medication.

• Evidence or history of bleeding diathesis or coagulopathy.
• Any hemorrhage or bleeding event NCI CTCAE grade 3 or greater within 4 weeks before start of study
medication.

• Therapeutic anticoagulation with vitamin K antagonists (eg, warfarin) is not allowed if the medication dose
and/or international normalized ratio and partial thromboplastin time are not considered stable by the treating
physician. If the dose and/or international normalized ratio and partial thromboplastin time are stable,
therapeutic anticoagulation with vitamin K antagonists is allowed with close monitoring. Anticoagulation with
heparin or heparinoids is allowed.

• Known history of human immunodeficiency virus (HIV) infection or current chronic or active hepatitis B or C
infection requiring treatment with antiviral therapy.

• Active infection that would impair the ability of the patient to receive study treatment.
• Presence of a nonhealing wound or nonhealing ulcer that is not tumor related.
• Renal failure requiring hemodialysis or peritoneal dialysis.
• Patients with seizure disorder requiring medication.
• Interstitial lung disease with ongoing signs and symptoms at the time of informed consent.
• History of organ allograft (including corneal transplantation).
• Any malabsorption condition.
• Women who are pregnant or breastfeeding.
• Any condition that, in the investigator’s opinion, makes the patient unsuitable for trial participation.
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FIG A1. Kaplan-Meier estimate of event-free survival as of May 11,
2018. An event was defined as Response Evaluation Criteria in Solid
Tumors (RECIST) progression at any time point (including after
study), initiation of new therapy, or death (whichever came first).
Patients were otherwise censored at the last day of therapy (if still on
study) or the last day of therapy on study if lost to follow-up.
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TABLE A1. Primary Sites and Sites of Locoregional Tumor
Tumor Site No. of Patients (%)

Primary site

Major salivary gland

Parotid 6

Submandibular 2

Sublingual 1

Minor salivary gland

Maxillary sinus 4

Palate 3

Floor of mouth 2

Base of tongue 1

Larynx 1

Nasopharynx 3

Nasal cavity 2

Other

Breast 2

Bronchial 2

External auditory canal 1

Lacrimal gland 1

Unknown 1

Sites of locoregional tumor

Breast 2

Maxillary sinus 1

Cervical nodes 1

Oral cavity 1

Floor of mouth 1

Skull base 2

Auditory canal 1
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TABLE A2. Phase II Trials of Multitargeted Tyrosine Kinase Inhibitors in Adenoid Cystic Carcinoma

Study Agent
Response Rate

(% [no. of patients/total no.])
Median PFS or TTP
(months; 95% CI)

Progression of
Disease
Required?

PFS/TTP Criteria and No. of Patients
Censored

Sunitinib2 0 (0/14) 7.2 (2.2 to 9.0) (TTP) Yes No patients censored in TTP analysis.

Sorafenib4 11 (2/19) 8.9 (95% CI not reported) (PFS) No PFS defined as time of initiation to
progression or death; patients who were
event free were censored (unclear of No.
of censored patients). No patients
remain on therapy.

Sorafenib3 11 (2/19) 11.3 (8.9 to 13.7) (PFS) No PFS defined as time of initiation to
progression or death; alive patients who
stopped drug for toxicity were censored
at time of study drug discontinuation.
Two (11%) of 19 patients censored for
nonprogression events. However, for an
additional six (32%) of 19 patients who
did not experience progression on study
(who came off for toxicity or intercurrent
illness), date of death was used as the
PFS event. No patients remain on
therapy.

Dovitinib8 6 (2/34) 8.2 (7.3 to 11) (PFS) Yes Unclear methodology for calculation of PFS
or use of censorship. However, five
(15%) of 34 patients were censored.
Unclear if any remain on therapy.

Dovitinib9 3.1 (1/32) 6.0 (4.4 to 7.6) (PFS) Yes PFS defined as start of therapy to
progression or death. No discussion of
censorship. However, the text states
there were 17 progression events, nine
patients who came off for toxicity, four
who withdrew consent, and two who
remained on therapy.

Axitinib5 9.1 (3/33) 5.7 (5.3 to 9.1) (PFS) Yes PFS defined as start of therapy to
progression or death; patients censored
for toxicity or withdrawal for
nonprogression events. Seven (21%) of
33 patients censored. No patients
remain on therapy.

Regorafenib7 0 (0/38) — Yes PFS not provided.

Dasatinib6 2.5 (1/40) 4.8 (1.8 to 6.9) (PFS) Yes PFS defined as start of therapy to
progression. Six (15%) of 40 patients
censored, although unclear which
patients were censored and at what date.
No patients remain on therapy.

Lenvatinib 15 (5/32) 17.5 (7.2 to NR) (PFS) Yes PFS defined as start of therapy to
progression or death; patients censored
at time of last therapy if off therapy as
a result of toxicity, withdrawal of consent,
or physician discretion or at time of last
follow-up if still on study. Twenty-four
patients (74%) were censored, with four
remaining on therapy.

Abbreviations: NR, not reached; PFS, progression-free survival; TTP, time to progression.
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