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ABSTRACT: Background. Adenoid cystic carcinoma (ACC) is a rare
tumor of secretory glands. In this study, recent advances in molecular
characterization and in therapeutics are reviewed.
Methods. A search of articles in PubMed and of abstracts from national
meetings was performed regarding ACC.
Results. Recent genetic analyses found that recurrent chromosome 6:9
translocations in ACC generate an MYB:NFIB gene fusion resulting in
overexpression of the MYB oncoprotein. Several other frequent mutations
are recently published that may be relevant for drug development. Sev-
eral trials of targeted drugs are reviewed. Some agents delay tumor pro-
gression, but tumor responses remain rare.

Conclusion. ACCs have a characteristic chromosomal translocation, but
also frequently pick up additional mutations. Clinical research is limited
by the rarity and slow growth of ACC. Several ongoing trials are testing
agents that inhibit fibroblast growth factor receptor signaling or other
signaling pathways. Novel treatments based on the recently sequenced
tumor genome are under development. VC 2015 Wiley Periodicals, Inc.
Head Neck 38: 620–627, 2016
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INTRODUCTION
Adenoid cystic carcinoma (ACC) is an uncommon malig-
nancy of secretory glands, which is characterized by slow
growth kinetics and perineural invasion, and is among the
rarer tumors for which little research has been performed
and for which there are few treatment options for patients
with advanced disease. Owing to its slow growth, clinical
trials looking for classic response by solid tumor mea-
surement criteria have been mostly negative. New treat-
ments are desperately needed. Several recent advances in
the understanding of the pathogenesis and molecular phe-
notype of this disease have been made. Given the new
understanding of ACC, a thorough review of the thera-
peutic considerations and current management of ACC is
needed. This clinical, molecular, and therapeutic review
includes a search of all articles in PubMed containing
ACC and a review of abstracts for the last 5 years.

The salivary glands are the most common site of ori-
gin for ACC. As an uncommon tumor type, ACC

accounts for only 1% of all malignant tumors of the
head and neck region and 10% of all salivary gland neo-
plasms.1–3 In the latter case, ACC occurs more fre-
quently in minor as compared with major salivary
glands. Other sites of origin in the head and neck are the
tongue, paranasal sinuses, palate, nasopharynx, lacrimal
glands, and external auditory canal. ACC may also arise
in secretory glands located in other tissues, such as in
the tracheobronchial tree, esophagus, breast, lungs, pros-
tate, uterine cervix, Bartholin’s glands, and vulva.4,5 The
disease is seen most commonly in the fifth and sixth
decades of life but may appear at almost any age.1,6 In a
recent population study, ACC occurred more commonly
in women than men (60:40 ratio).7 Owing to the rarity
of these tumors, there is little data on whether specific
ethnic, geographic, exposure, or other factors predispose
to the development of the disease.

ACCs typically grow more slowly compared with
other carcinomas, and tend to have a low incidence of
spread to local and regional lymph nodes. Nonetheless,
after resection of the primary tumor, local and distant
recurrences are quite common. This high recurrence rate
likely reflects the known tendency for perineural inva-
sion with occult extension beyond surgical margins and
a tendency for hematogenous dissemination at early
stages of tumor development.6,8 The most common sites
for metastatic disease are the lungs followed by bone
and liver. Late relapses (>5 years postoperatively) are
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well documented as are reports of rapid tumor progres-
sion after an extended period of indolent disease.

Histopathology

The original histopathologic term for ACC of the sali-
vary gland was “cylindroma” based on the histologic
appearance of cylinders of epithelial/secretory cells and
a hyaline stroma.8,9 The tumor cells have angulated
hyperchromatic nuclei and minimal cytoplasm, which is
usually clear or eosinophilic. Electron microscopic and
immunohistochemical studies have shown ACC to have
biphasic differentiation with both myoepithelial and
secretory glandular elements, although myoepithelial dif-
ferentiation predominates.10–12

ACCs exhibit varying proportions of 3 distinct growth
patterns that are referred to as cribriform, tubular, and
solid.8 The cribriform subtype is the most frequent and
shows islands of basaloid cells surrounded by variably
sized cyst-like spaces that form a “Swiss cheese” pattern
(see Figure 1). The cyst-like spaces do not represent true
glandular lumina and are contiguous with the surrounding
stroma. True glandular lumina with cuboidal cells are typ-
ically scattered throughout the tumor. The tubular pattern
has a similar cytologic appearance but with the tumor
cells arranged in nests surrounded by variable amounts of
eosinophilic, often hyalinized stroma. The solid histologic
subtype shows aggregates of basaloid cells without tubule
nor pseudocystic formations.8,13

Immunohistochemistry is often necessary to firmly
diagnose ACC. By immunohistochemistry, the myoepithe-
lial tumor cells that surround the pseudocysts stain posi-
tively for smooth muscle actin, S100, vimentin, and
smooth muscle myosin heavy chain.8 Also, ACC cells are
strongly positive for the receptor tyrosine kinase c-KIT
(CD117) and MYB (Figure 1B) regardless of grade.8,14,15

Biomarkers, such as c-KIT, vascular endothelial growth
factor receptor (VEGFR)23, Ki-67, and p53, have been
linked to biologic aggressiveness and poor prognosis.8

Other genes, such as Beclin-1,16 may interact with p53
and Bcl-2 and may have a role in the pathogenesis as
well. However, validation that these markers provide
independent prognostic or predictive information is still
needed before these can be applied in the clinic.

Molecular pathogenesis

Investigation of the pathogenesis of ACC has been
hampered by lack of validated cell lines. Nevertheless,
studies of tumor tissues and, more recently, primary xeno-
grafts have provided important insights.17 Analysis of
tumor RNA by microarray revealed that ACCs express
genes associated with myoepithelial differentiation along
with high levels of the transcription factor Sox4.18 The
latter normally regulates embryonic development and is
also a candidate human oncogene.19 Other overexpressed
genes include casein kinase 1-epsilon and frizzled-7,
which are implicated in the Wnt/b-catenin signaling path-
way and in tumorigenesis. This would be consistent with
a separate report showing that ACCs contain activating
mutations in components of the Wnt/b-catenin pathway.20

Another finding is that ACC tumors frequently produce
high levels of the receptor tyrosine kinase c-KIT (Figure
2) and variably overexpress other growth factor receptors,
including fibroblast growth factor receptor 1 (FGFR1),
epidermal growth factor receptor (EGFR), and/or human
epidermal receptor-2 (HER-2).2,21–23 Although each of
these receptors has the potential to generate oncogenic
growth factor signals, mutational activation or overexpres-
sion because of gene amplification of the cognate genes
is rare.24,25 Thus, autocrine stimulation of these receptors
is believed to lead to constitutive signaling.

A careful chromosomal analysis and a recent sequenc-
ing of over 80 ACC genomes provide the most compel-
ling clues to the pathogenesis of this tumor. Not
surprisingly, ACC tumors demonstrate the acquisition of
somatic gene mutations.24–26 ACC tumors exhibit nonran-
dom gains or losses of specific chromosome regions,

FIGURE 1. (A) The photomicrograph shows a typical adenoid cystic
carcinoma (ACC) with cribriform features. The tumor is arranged in
nests of cells, with many nests containing cyst-like spaces with
abundant extracellular matrix. The color of the matrix varies from
pale red to light blue. In the inset, the tumor cells are shown to
have scant cytoplasm and nuclei that show minimal pleomor-
phism. The tumor cell nuclei have small to inconspicuous nucleoli
and the chromatin is finely dispersed. Mitotic figures are rare.
(Hematoxylin-eosin stain, original magnification 3100, inset
3400.) (B) The photomicrograph shows an adenoid cystic carci-
noma in an immunohistochemical stain for the MYB protein. Pro-
tein location is visualized as brown staining. The majority of tumor
cells show moderate to strong staining, with localization to the
nuclei (diaminobenzidine immunohistochemical stain, original
magnification 3400). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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including what may be an ACC-specific deletion of chro-
mosome 1p35–36. Other frequent deletions are located at
6q24, 12q, and 14q.23–25 However, the most intriguing
alteration is a translocation between chromosomes 6q and
9p [(6;9)(q22–23;p23–24)]. Persson et al27,28 were the
first to report that this rearrangement juxtaposes the genes
for the MYB and nuclear factor I/B (NFIB) transcription
factors. This translocation seems to be specific for ACC,
found in up to 86% of these tumors,24,27,28 and may be
helpful in differentiating these tumors from other forms
of carcinoma, such as pleomorphic adenoma.29,30 One
consequence of the rearrangement is the overexpression
of a fusion transcript (perhaps related to absence of a 30

negative regulatory element found in the normal MYB
mRNA) as well as a largely intact MYB oncoprotein.
This leads to deregulation of expression of the MYB tar-
get genes, which, in turn, promotes tumorigenesis.28,31–33

Alterations of NFIB may also be of significance because
mutations that seem to target this gene have been
described in some ACCs.24

The detailed analyses of ACC tumor genomes revealed
fewer overall genetic alterations than are found in most
other carcinomas.24,25,34 In fact, MYB translocations were
the only detectable mutations in a subset of tumors. This
is consistent with the theory that deregulated MYB plays
a central role in the pathogenesis of these tumors. In
those tumors that had acquired non-MYB gene altera-
tions, each exhibited a distinct mutational profile and
only a few of the mutations were shared. Interestingly,
tumor suppressor genes and oncogenes that are frequently
mutated in other cancers were uncommon. For example,
the p53 tumor suppressor gene was mutated in only 3 of
the 84 tumors in the 2 studies, whereas RAS or
phosphotidylinositol-3-kinase (PI3K) growth factor signal-
ing proteins were mutated in only 7.24,25 Although a num-
ber of mutations were unique or only in a small fraction
of the tumors, the altered genes could be grouped together
by their potential to disrupt specific cellular functions or
biochemical pathways. This included those that interact

with the MYB transcription network, but also genes that
influence chromatin remodeling, DNA damage/checkpoint
responses, signaling pathways regulated by fibroblast
growth factor (FGF)-insulin-like growth factor-PI3K, pro-
tein kinase A pathway, or Notch.24,25,35,36 Understanding
the specific contribution of each mutation to tumorigene-
sis might lead to novel pathways for targeted therapy.

Clinical features

The most common presentation of ACC is an asymp-
tomatic slowly enlarging mass, often in the head and
neck area.3 ACCs have been rarely noted to present as
primary intraosseous lesions as well.37 Pain or paresthesia
may also be reported and likely reflect the tumor’s pro-
pensity for perineural infiltration.4,38

Most ACC primary tumors are treated with adequate
surgical resection, yet local and repeated recurrences are
common. Recurrence may relate to perineural or perivas-
cular invasion with occult cells beyond negative resection
margins12,39 or ACC may seed distally very early in
tumorigenesis. Perineural involvement is common, it
increases chances of recurrence, and could account for
the 14% to 22% of patients with head and neck ACCs
who develop intracranial tumor extension.40 Recent data
also suggests intraneural, rather than perineural, invasion
has a larger impact on survival in head and neck ACC.41

Other parameters that correlate with local recurrence after
surgery are age, nonsalivary or minor salivary gland pri-
mary, T classification, tumor grade, lymphovascular inva-
sion, and positive surgical margins.5,11,38,42,43

About 40% of patients with ACC develop metastatic
disease.38 Risk factors for the development of distant
metastases are similar to the local recurrence risk factors
above, with the additions of solid histology, size over
3 cm, and involvement of regional lymph nodes.1,5,38,44,45

The most common sites of metastases are the lungs fol-
lowed by bone, liver, skin, breast, and rarely the brain.44

Intracranial disease, while rare, usually results from direct

FIGURE 2. Tumor response in a
patient with adenoid cystic car-
cinoma (ACC) treated for 2
months with the tyrosine kinase
inhibitor, dovitinib 500 mg. The
fused positron emission
tomography–CT images were
obtained on a participant in a
clinical trial with untreated pri-
mary salivary gland ACC. The
baseline scan is shown on the
left and the 2-month follow-up
scan is on the right. The stand-
ardized fluorodeoxyglucose
uptake in the right posterior
maxilla is markedly decreased
in the absence of any surgical or
other intervention. [Color figure
can be viewed in the online
issue, which is available at
wileyonlinelibrary.com.]
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tumor extension or invasion along cranial nerves rather
than hematogenous spread.40,46 Patients who develop met-
astatic ACC are considered incurable, except in the rare
case in which single or oligometastatic disease is resecta-
ble.38 Of those with disseminated disease, patients who
have metastases limited to the lung survive longer than
those with bone or other visceral metastases.47 It is also
important to note that although ACC in the breast can
seem initially like invasive ductal carcinoma and is typi-
cally triple negative (estrogen receptor, progesterone
receptor, and HER-2) it has a generally more favorable
prognosis than conventional triple negative breast carcino-
mas and ACCs arising at other sites. The c-KIT, EGFR
expression, and Ki-67 activity is typically low in these
cases.48 Clearly, a large proportion of patients harbor
indolent tumors and may survive 5 to 10 years even with
little or no therapy, yet others have tumors that grow
more rapidly and some have tumors that grow rapidly
only after a period of relative stability. A recent analysis
of more than 2600 European patients with metastatic
ACC confirmed that degree of variability in the clinical
course, but overall observed that nearly two thirds of the
patients had died after 5 years.49

Surgery and radiotherapy

The preferred treatment for localized ACC is surgery
that results in a complete resection and negative surgical
margins while maintaining the function of the affected
organs.4,6 In the case of primary tumors of the head and
neck, modified radical neck dissection is reserved for
those with clinically positive cervical lymph nodes.4

Despite adherence to good surgical technique, the 5 to 10
year recurrence rates range from 30% to 75%.50

One strategy to reduce local relapses is to administer
postoperative radiotherapy. Although data from random-
ized trials is lacking, most practitioners consider such
treatment to be beneficial.42,51,52 In 1 retrospective study,
the 5-year local control rate for patients treated with sur-
gery followed by radiation therapy was 78% compared to
44% for those treated with surgery alone.53 In another
report, 10-year local control rates were 83% and 25% for
patients who had surgery with or without postoperative
radiation, respectively.54 In yet another retrospective anal-
ysis of patients with submandibular ACCs, the benefit of
postoperative radiation seemed more modest with local
relapse-free survival at 67 months of 82% compared to
70% for those having only surgery.9

Although postoperative radiation seems to improve
local control rates, the impact on ACC-specific survival is
not clear.43,50,51 Evaluation of survival is confounded by
the requirement for long-term follow-up as one half of
recurrences manifest after 5 years. Moreover, patients
who experience local control may nonetheless develop
recurrences outside the radiation field or at distant sites.
Despite its limitations, postoperative radiation to 60 Gy
or more is recommended after resection of intermediate
or high-grade ACC or tumors of any grade with close or
positive surgical margins.55 Radiation is optional for
patients with small tumors (T1N0), but should be consid-
ered for those who have low-grade tumors with perineural
invasion or evidence of tumor spillage during surgery.
Elective radiation of clinically negative regional nodes to
a lesser dose has also been proposed for patients whose
tumors are located in lymphatic-rich areas.51

Primary treatment with radiation should be considered
when surgery is not feasible. In a series of 44 patients
treated with definitive radiation alone, Balamucki et al51

reported that 36% were free of local relapse at 10 years
with an ACC cause-specific survival of 46%. For those
patients who relapse after surgery, 1 older study indicated
that the response rate to salvage radiation may be as high
as 94%, but long-term control was achieved in only 10%
of the patients.56 Also, radiation is a standard treatment
for palliation of brain and bone metastases.31 Of note,
modern radiation techniques, such as intensity-modulated
radiation therapy, proton beam, and neutron beam thera-
pies seem to be at least equally effective against
ACC.57–59

Chemotherapy

Many ACC tumors have slow growth kinetics and do
not benefit from systemic chemotherapy. Nevertheless,
several chemotherapy studies have been performed over
the years. The results show consistently low response
rates to cytotoxic chemotherapy for metastatic disease.
Thus, there is no accepted standard systemic chemother-
apy for patients with ACC tumors.

The complete listing of clinical trials of single agents
and combination chemotherapies were recently reviewed
by Laurie et al60 and no new chemotherapy studies have
been performed recently. The studies of chemotherapy for
ACC range in size from 10 to 32 patients. The objective
tumor response rate to single or multiple drug regimens
ranges from 0% to 29%, with a single-institution outlier

TABLE 1. Targeted agents in adenoid cystic carcinoma.

Agent Molecular target Authors Size CR PR Overall response Stable disease

Imatinib c-KIT CD117 Hotte et al69 10 0 0 0 2 (20%)
Imatinib, cisplatin c-KIT Ghosal et al67 12 0 1 (8%) 1 (8%) 5 (42%)
Gefitinib EGFR TKI Jakob et al70 19 0 0 0 13 (68%)
Bortezomib Proteasome inhibitor Argiris et al78 25 0 0 0 16 (64%)
Lapatinib HER-2, EGFR Agulnik et al73 19 0 0 0 15 (79%)
Cetuximab (antibody) EGFR Locati et al71 23 0 0 0 20 (87%)
Sunitinib VEGFR, c-KIT, PDGFR Chau et al75 13 0 0 0 11 (62%)
Vorinostat Histone deacetylase Goncalves et al81 30 0 1 1 25 (83%)

Abbreviations: CR, complete response; PR, partial response; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; HER-2, human epidermal receptor-2; VEGFR, vascular endothelial
growth factor receptor; PDGFR, platelet-derived growth factor receptor.
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that reported 7 responses to cisplatin in 10 patients.61

Other studies found 0% response rates to cisplatin,62,63 and
thus the role of cisplatin for metastatic disease remains
unclear. The variation in response rates is likely because
of the small number of patients in each study and risk for
single institution bias. Overall, the antitumor activity
across a variety of chemotherapy classes is poor. A French
literature review examining various chemotherapy regi-
mens for ACC based on studies published after 2000 sug-
gested that the strongest rationale remains in favor of
cisplatin,64 but prospective data is lacking. In addition, a
meta-analysis of published trials concluded that combina-
tion chemotherapy offered no advantage over single-agent
therapy.60 In view of these observations, the role of single-
agent or combination chemotherapy for palliation of ACC
remains controversial. A consensus is to reserve chemo-
therapy for palliation of patients with symptomatic metas-
tases or rapidly progressing disease who are not candidates
for other treatment modalities or clinical trials.

Targeted and novel agents

Given the ineffectiveness of cytotoxic chemotherapy in
advanced ACC, investigators have focused on targeted
therapies. Most of the drugs currently in trials were
selected based on observations from preclinical studies
initiated before the elucidation of ACC genome (Table 1).
For example, the finding that 65% to 90% of ACCs over-
express c-KIT (CD117), a known oncoprotein, suggested
that this receptor would be an appropriate therapeutic tar-
get.21,65,66 Imatinib, a c-KIT inhibitor, produces high rates
of responses in gastrointestinal stromal tumors with
mutant forms of c-KIT. However, in 4 phase II clinical
trials, only 2 of 42 patients with ACC treated with imati-
nib experienced objective tumor responses. The addition
of cisplatin to imatinib also did not improve outcome as
only 3 tumor responses were seen in 28 patients.67 These
disappointing results suggest that the overexpressed c-KIT
receptors are not actively signaling in ACC cells or are
not the major drivers of the malignant phenotype. Addi-
tionally, it is now clear from sequencing data that ACC
tumors express wild-type c-KIT.24,25,66,68,69

The potential benefit of targeting the EGFR family
members in ACC has also been tested. Jakob et al70

treated 18 patients with ACC with gefitinib, a small mol-
ecule inhibitor of EGFR kinase. None of the patients had
an objective tumor response, although stable disease was
seen in 13 (68%). In another trial, 20 patients received
cetuximab, a chimeric monoclonal antibody to the
EGFR.71 Once again, no objective responses were
observed, although 20 of 23 (87%) had stable disease.
Cetuximab was also tested in conjunction with chemo-
therapy (radiation and cisplatin for local disease, cisplatin
15-fluorouracil for metastatic disease), which reported a
>40% objective response rate. The median progression-
free survival (PFS) was 64 months and the overall sur-
vival rate was 100% for localized disease, whereas
median PFS was 13 months and the overall survival was
24 months.72 Agulnik et al73 conducted a phase II trial
for patients whose tumors expressed EGFR and/or HER-
2. Those patients were given lapatinib, an agent that
blocks signaling by both receptors. No objective tumor
responses were observed. Taken together, these trials sug-
gest that signaling by the EGFR and/or HER-2 signaling
is a minor contributor to the malignant phenotype.

Tumor angiogenesis by the VEGFR is hypothesized to
play a role in the pathogenesis of ACC. The expression
of the receptor ligand, vascular endothelial growth factor
(VEGF) by tumor cells correlates with tumor size and
stage, vascular invasion, and increased risk of recurrence
and metastasis.74 Moreover, VEGF-A is a candidate
downstream effector of deregulated MYB expression.33

Thus, inhibition of VEGFR signaling in the endothelial
cells of the tumor vasculature may suppress tumor blood
flow and tumor growth. However, a phase II trial of suni-
tinib, a small-molecule inhibitor of the VEGFR kinases
(as well as well as c-KIT, platelet-derived growth factor
receptor [PDGFR] a/b, and rearranged during transfec-
tion), failed to induce objective tumor responses in any of
13 patients with ACC. On the other hand, the drug proved
to be well tolerated and 11 patients had radiological sta-
ble disease after 2 months and 8 had stability for �6
months.75 The median time to progression was 7.2
months and median overall survival was 18.7 months. A
trial testing another multikinase and VEGFR inhibitor,
axitinib, is currently underway (Table 2); 1 patient treated
with this agent reportedly achieved a partial response that
lasted 4 months.76

TABLE 2. Ongoing or planned clinical trials of novel therapies for adenoid cystic carcinoma.

Agent Target Phase Size Institution

Axitinib VEGF, PDGFR, c-KIT II 32 Memorial Sloan–Kettering Hospital
Dasatinib c-KIT, SRC family, PDGRb, EPHA2 II 65 University of Chicago, NCI consortium
Dovitinib FGFR, VEGFR, PDGFR, c-KIT II 35 University of Virginia
Dovitinib FGF, VEGF, PDGFR, c-KIT II 33 Seoul National University, South Korea
Dovitinib FGF, VEGF, PDGFR, c-KIT II 20 Ontario Clinical Oncology Group
Bortezomib1 doxorubicin Proteasome, NF-jB II 35 University of Pittsburg
Cetuximab, IMRT EGFR I,II 49 University of Heidelberg, Germany
MK-2206 AKT II 41 CALGB
Nelfinavir AKT and MAPK pathways II 35 University of Iowa
Everolimus mTOR II 33 Seoul National University, South Korea

Abbreviations: VEGF, vascular endothelial growth factor; PDGFR, platelet-derived growth factor receptor; NCI, National Cancer Institute; EPHA2, ephrin type-A receptor 2; FGFR, fibroblast growth fac-
tor receptor; VEGFR, vascular endothelial growth factor receptor; FGF, fibroblast growth factor; NF-kB, nuclear factor-kappa B; IMRT, intensity-modulated radiation therapy; EGFR, epidermal growth
factor receptor; CALGB, Cancer and Leukemia Group B; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin.
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Another receptor kinase that is a potential therapeutic
target is the FGFR. Preclinical studies by Moskaluk
et al17 of low-passage primary ACC xenografts expressed
spontaneously activated FGFR-1 receptors. This could be
explained by autocrine activation of the receptor driven
by concomitant expression of one its ligands, FGF2. This
growth factor is upregulated in ACC cells with MYB
overexpression and therefore is a candidate downstream
effector of this oncoprotein.33,77 The relevance of FGF
signaling to ACC tumorigenesis is further supported by
the description of mutations in the FGF14, FGFR4, or
FGFR2 genes in 4 different tumors.24,25 These observa-
tions provide a rational for testing FGFR inhibitors in
ACC. One such inhibitor is dovitinib, which is a small
molecule inhibitor of the FGFR 1 to 3 kinases that also
blocks signaling by the VEGFR, PDGFRb, colony stimu-
lating factor 1 receptor, c-KIT, rearranged during trans-
fection, TrkA, and FMS-like tyrosine kinase 3 (FLT-
3).78,79 The drug demonstrates activity against a variety
of tumor types both in vitro and in vivo with effects on
cell proliferation, angiogenesis, and/or stromal elements
that promote tumor growth. Of note, dovitinib suppressed
tumor growth in the ACC xenograft model.17

Dovitinib is being evaluated for antitumor activity in 3
phase II trials (Table 2). In the University of Virginia
study, 2 participants experienced metabolic responses
with reductions of 18F-fluorodeoxyglucose uptake in
tumor tissues as measured by positron emission tomogra-
phy (Figure 2). Two objective tumor responses and sev-
eral stable diseases were also reported in 2013.80 Because
dovitinib is a multikinase inhibitor, it is not yet clear if
these promising early results are related to inhibition of
FGFR, the other targeted kinases, or a combination of
these.

Other ongoing studies are testing agents that target
components downstream of activated FGFR and other
growth factors such as AKT, mitogen-activated protein
kinase, and mammalian target of rapamycin (Table 2). In
an early report, the histone deacetylase inhibitor, vorino-
stat, achieved stable disease in 25 of 30 patients and had
1 partial response.81 Hoover et al82 conducted a phase II
clinical trial with nelfinavir, which targets AKT signaling
in patients with advanced ACC and did not note a signifi-
cant clinical response with nelfinavir as a monotherapy.
In most of the targeted trials, including the 3 mentioned
above, patients are required to have evidence of disease
progression by Response Evaluation Criteria in Solid
Tumors within 6 months of study participation in order to
avoid falsely assessing disease stabilization.

In summary, trials of targeted therapy to date have not
yet identified an agent with sufficient activity to be
deemed standard in the treatment of advanced ACC.
However, sunitinib may extend PFS and the agents doviti-
nib and vorinostat seem to produce responses in a small
proportion of patients. There is hope that current or future
studies of these and related targeted agents may reveal
clinically relevant antitumor activity.

CONCLUSIONS
The elucidation of the genetic basis of ACCs has iden-

tified novel candidate therapeutic targets. Perhaps the
most appealing is the MYB oncoprotein, given the high

frequency of translocation of the cognate gene. However,
finding a compound that specifically inhibits the MYB
transcriptional function presents a formidable challenge.
On the other hand, some of the proposed downstream
effectors of MYB may be more “druggable.” These
include cell proliferation proteins (MYC, CD53, FGF2,
VEGFA, and KIT), cell cycle proteins (CCNB1, CDC2,
and MAD1L1), apoptosis-related markers (API5, BCL2,
BIRC3, HSPA8, and SET), and cellular adhesion mole-
cules (CD34).28 In addition, the tumor DNA studies sug-
gest that agents that inhibit signaling through the Notch,
protein kinase A, or FGF-insulin-like growth factor-PI3K
pathways or block the epigenetic effects of chromatin
remodeling may also be active in ACC.24,25

In regard to treatment, surgery with adjuvant radiother-
apy is favored for primary disease. For systemic disease,
local therapies are preferred when possible. Otherwise,
clinical trial participation is preferred. For indolent cases
of metastatic disease, observation is standard and may be
superior to systemic therapy. In rapidly progressive sys-
temic disease, chemotherapy may offer modest control in
a minority of patients. Targeted agents are early in devel-
opment for ACC and care should be taken if using them
off-trial.

As with other tumors, future trials of pathway-targeting
agents are expected to be limited to patients whose
tumors carry the relevant targets. In addition, the discov-
ery of new effective therapies for ACC could be acceler-
ated by modifications in clinical trial designs that detect
clinically relevant stable responses or incorporate early
novel endpoints that predict for subsequent improvements
in overall survival.
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