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/ABSTRACT

Objectives. Salivary duct carcinoma (SDC) isa rare and aggres-
sive malignancy with high mortality and poor response to
treatment. A significant fraction of SDCs are HER2 positive.
This retrospective review examines HER2 testing in SDC and
the outcome of trastuzumab-based therapy in adjuvant and
palliative settings.

Methods. A total of 13 patients with SDC and HER2/neu ex-
pression by immunohistochemistry of 1-3+ were treated
with trastuzumab in adjuvant (n = 8) or palliative (n = 5) set-
ting. Adjuvant therapy consisted of concurrent radiation and
chemotherapy with weekly paclitaxel, carboplatin, and tras-
tuzumab (TCH) for 6 weeks followed by TCH for 12 weeks and
trastuzumab alone for 1 year. Palliative treatment for meta-
static disease consisted of TCH every 3 weeks for 6 cycles fol-
lowed by trastuzumab for variable time periods with or
without second-line chemotherapy for progression. All pa-

tients had fluorescence in situ hybridization testing for HER2/
neu gene amplification.

Results. The median duration of follow-up was 27 months
(range: 8—48 months). In all, 62% of adjuvant patients (5/8)
had no evidence of disease more than 2 years from comple-
tion of therapy. All patients with metastatic disease (5/5 pa-
tients) responded to treatment with TCH. One patient
achieved a complete response and remains with no evidence
of disease 52 months after initiation of TCH. The median dura-
tion of response was 18 months (range: 8—52 months).
Conclusion. HER2/neu positivity and treatment with trastu-
zumab correlated well with long-term survivaland responsein
our patients. Based on this data, we propose that HER2/neu
status be examined routinely in all patients with SDCs and the
treatment be directed accordingly. The Oncologist 2013;18:
294-300

Implications for Practice: Salivary duct carcinoma (SDC) is an extremely rare and aggressive type of salivary gland cancer with
high morbidity and mortality. Current treatment options of surgery with or without radiation therapy provide limited benefit.
Conventional chemotherapeutic agents have been utilized in the palliative setting with modest results. Randomized prospective
clinical trials are difficult due to the rarity of the disease. Newer treatment strategies are needed to improve outcomes. At Dana-
Farber Cancer Institute, we treated HER2 positive SDCs with trastuzumab-based therapy with excellent results. Patients with
HER2 positive SDC received a combination of paclitaxel, carboplatin and trastuzumab (TCH) in the palliative or adjuvant setting.
Although the results below are from a small cohort of patients, treatment with trastuzumab correlated well with long-term sur-
vival and response to therapy. The unique application of this treatment in the adjuvant and palliative setting is practice changing
and could have direct clinical implications.

INTRODUCTION

Malignant salivary gland tumors form 11% of all head and
neck cancers, accounting for nearly 10,000 cases peryearin
United States [1]. Salivary duct carcinoma (SDC) is a rare
type of salivary gland cancer that was first defined as a sep-
arate pathologic entity in 1991 [2]. Nearly 100 cases of SDC
are diagnosed each year, with a male-to-femaleratio of 3:1.
SDC is now well recognized as an aggressive malignancy,
frequently presenting as stage IV disease with large prima-
ries, early facial nerve involvement, extra parotid growth,

frequent regional lymph node involvement, and distant
spread [2, 3].

The standard treatment for SDC is surgical resection with
or without adjuvant radiation. However, the results of stan-
dard therapy have been disappointing. The survival rate is
poor, with more than 60% of patients dying of recurrent dis-
ease within 3 years despite aggressive surgical resection and
radiotherapy [3, 4]. In one of the largest reviews of 104 pa-
tients, 33% of curatively treated cases relapsed with local re-
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currence, 59% developed regional nodal recurrences, and
46% developed systemic disease. Ultimately, 65% of patients
died from distant disease [4].

SDC histologically resembles ductal carcinoma of the
breast, with both intraductal (or in situ) and invasive compo-
nents [2]. The resemblance of SDC to ductal carcinoma of the
breast led to the study of hormone receptor status and HER2/
neu expression [5]. HER2/neu overexpression or amplification
is seen in 15%—20% of patients with invasive breast cancers
and is considered an adverse prognostic factor [6]. Strong im-
munohistochemical (IHC) staining for HER2/neu protein has
been identified in 25%—90% of SDCs and is associated with a
poor prognosis [3, 5, 7, 8]. SDCs can be IHC 1-3+ for HER2 in
the absence of amplification. The discordance between HER2/
neu expression by IHC and fluorescence in situ hybridization
(FISH) also has been of concern in SDC [7]. HER2/neu 3+ posi-
tive/FISH nonamplified tumors are considered to be false pos-
itive in breast cancer. Such false-positive cases have been
reported at 3% in breast cancer versus 27%—43% in SDCs [7].

Single-agent trastuzumab (Herceptin; F. Hoffmann-La
Roche, Basel, Switzerland) was previously studied in a phase Il
trial of multiple histologies of advanced salivary gland carcino-
mas with minimal benefit. One patient with advanced salivary
gland cancer had stabilization of disease for 40 weeks [9].
Based on the palliative and adjuvant data for combination ac-
tivity of trastuzumab in breast cancer, we treated patients
with SDCwith trastuzumab-based therapy and present the re-
sultsinthis retrospective analysis. Because of the data regard-
ing discordance in IHC expression and FISH positivity, all
patients who were IHC 1-3+ were included in the study.

PATIENTS AND METHODS

Thirteen patients with SDC who were treated with trastu-
zumab-based therapy asthefirsttreatment foradjuvantorre-
current metastatic disease between 2005 and 2010 were
identified using the pathology and chemotherapy pharmacy
database. All patients were initially evaluated at our institu-
tion. A detailed physical examination was done and staging
scans were reviewed. Histologic confirmation of disease was
made before initiating treatment. Data were reviewed under
a retrospective protocol approved by the institutional review
board.

Pathologic Analysis

Immunohistochemistry

IHC was performed on 4-um tissue sections using the EnVi-
sion+ System (Dako, Carpinteria, CA). Briefly, slides were
deparaffinized and rehydrated, with endogenous peroxidase
activity blocked using 3% hydrogen peroxide in methanol. An-
tigen retrieval was performed using 10 mM of citrate buffer
pH 6.0 (Target Retrieval Solution S1699, Dako) and pressure
cooking (Biocare Medical, Concord, CA) at 122°C (14 and 17
psi) for 45 minutes. The primary antibody for HER2/neu (SP3
1:100; Labvision, Fremont, CA) was incubated for 40 minutes
at room temperature. A Dako polymer secondary antibody
system was used and incubated at room temperature for 30
minutes in a humid chamber. 3,3’-diaminobenzidine (Sigma
Chemical, St. Louis, MO) was used for detection with counter-
staining using Mayer hematoxylin. External positive controls
were included with each run.
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Figure 1. Chemotherapy design for adjuvant therapy (top) and
palliative therapy (bottom).

Abbreviations: H, Herceptin/trastuzumab; IMRT, intensity
modulated radiation therapy; TCH, paclitaxel, carboplatin,
Herceptin/trastuzumab.

Slides were scored by a pathologist at Brigham and Wom-
en’sHospital (J.K.) as positive 3+ (strong complete membrane
immunoreactivity in >30% of tumor cells), equivocal 2+
(weak to moderate complete membrane immunoreactivity in
at least 10% of tumor cells), negative 1+ (faint, weak partial
membraneimmunoreactivityinatleast 10% of tumor cells), or
negative 0 (no immunoreactivity or immunoreactivity in
<10% of tumor cells) according to guidelines from the Ameri-
can Society of Clinical Oncology/College of American Patholo-
gists (ASCO/CAP) [10].

Fluorescence In Situ Hybridization

Bacterial artificial chromosome clones RP11-62N23, RP11-
1065L22, and RP11-1044P23 were obtained from Children’s
Hospital (Oakland, CA) and used in construction of FISH probes
fora340-kb regionincluding ERBB2. Probes were labeled with
biotin using the Random Prime DNA Labeling System (Invitro-
gen, Grand Island, NY) according to the manufacturer’s proto-
col and detected with rhodamine (red). A probe to the
chromosome 17 centromeric region labeled with fluorescein
isothiocyanate was purchased from Abbott Laboratories (Des
Plaines, IL)/Vysis Corp (Downers Grove, IL). Specificity of
probe binding was verified using normal lymphocyte meta-
phase spreads.

Dual-color FISH was performed on 4-um tissue sections.
Slides were counterstained with 4’,6-diamidino-2-phenylin-
dole (DAPI)/Antifade (Vector Labs, Burlingame, CA) and eval-
uated using an Olympus BX51 fluorescence microscope.
Hybridization signals were scored in at least 20 tumor cells ac-
cording to ASCO/CAP guidelines [10]. A ratio of HER2 probe
signals to centromere probe signals was calculated, with a ra-
tioof >2.2reported asamplifiedand aratioof <1.8asnotam-
plified.

Primary and Adjuvant Treatment
Patients were first considered for primary surgical manage-
ment if resectable. Postoperative concurrent chemoradio-
therapy (CRT) and adjuvant chemotherapy was given in all
cases. Radiotherapy was delivered using intensity-modulated
radiation therapy for all cases (Fig. 1A; Table 1). All patients re-
ceived a median of 66 Gy of radiation mostly to the tumor bed
and ipsilateral neck. The CRT was given over 6 weeks.
Chemotherapy consisted of weekly carboplatin (area un-
der the curve [AUC] 1.5), paclitaxel (45 mg/m?), and trastu-
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Table 1. Adjuvant therapy with trastuzumab for salivary duct carcinoma

Patient Age
no. Stage Primary site (yrs) IHC FISH Primary treatment Current state
1 IVA (T3N2bMO) Parotid 84 AF A A Polysomy with Surgery followed by CRT NED*® at 27 mos
amplification with adjuvant TCH
2 IVA (T3N2bMO) Hard palate 73 +++ Amplified Surgery followed by CRT Progression at 6 mos from
and sinonasal with adjuvant TCH starting TCH therapy and
death at 8 mos
3 IVA (T2N2bMO) Parotid 65 +++ Amplified Surgery followed by CRT NED at 48 mos
with adjuvant TCH
4 111 (T3N1MO) Parotid 64 +++ Polysomy with no Surgery followed by CRT NED at 36 mos
amplification with adjuvant TCH
5 IVA (T3N2bMO) Parotid 69 +/+++ Nonamplified Surgery followed by CRT NED at 24 mos
with adjuvant TCH
6 IVA (T3N2bMO) Parotid 59 ++ Nonamplified Surgery followed by CRT NED at 36 mos
with adjuvant TCH
7 IVA (T4aN2bMO0) Parotid 56 ++/+++ Nonamplified Surgery followed by CRT Metastatic disease 4 mos after
with adjuvant TCH starting TCH adjuvant therapy;
on palliative therapy at 26 mos
8 111 (TAIN1 MO) Submandibular 58 + Nonamplified Surgery followed by CRT Metastatic disease 11 mos

with adjuvant TCH after starting TCH adjuvant
therapy; on palliative therapy

now at 27 mos

Abbreviations: CRT, chemoradiation; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NED, no evidence of disease; TCH,

paclitaxel, carboplatin, and trastuzumab.

zumab (2 mg/kg; TCH) in all patients who were HER2/neu
positive by IHC 1-3+. Adjuvant chemotherapy comprising the
same doses of TCH was continued on a weekly basis for 12 ad-
ditional weeks after completion of CRT. Adjuvant trastuzumab
was then continued for a total of 1 year in accordance with
breast cancer treatment paradigms.

Palliative Treatment

Patients who were treated with palliative therapy had re-
ceived their primary treatment prior to assessment by our
multidisciplinary team. Patients generally (a) had initial surgi-
cal resection of the primary with adjuvant radiation with or
without chemotherapy and then developed recurrence or (b)
presented with systemic disease (Fig. 1B; Table 2). Three of
five patients had received adjuvant radiation at outside cen-
ters.

After evaluation by our team, palliative treatment was ini-
tiated with carboplatin (AUC 5-6), paclitaxel (175 mg/m?),
and weekly trastuzumab (2 mg/kg) every 3 weeks for six cy-
cles. Trastuzumab was then given every 2 weeks at 4 mg/kg for
variable time periods or until progression. Second-line thera-
pies were determined at the time of progression.

Follow-up and Evaluation of Response

Adjuvant patients were followed every 6 weeks in the first
year after treatment and every 3 months in the second year.
They were evaluated by imaging (computed tomography
[CT]/magnetic resonance imaging and/or positron-emission
tomography [PET]) after 3 months of completion of radiation
therapy, then every 6 months for the first 2 years, and yearly
thereafter.

Palliative patients were evaluated by imaging (CT and/or
PET) every 3—6 months to monitor for response to therapy. In
the patient who had complete response from treatment,
yearly PET scans were done to monitor for sustained response
from the third year. Radiologists at our institution or at local
imaging centers reviewed all follow-up/restaging imaging.

©AlphaMed Press 2013

Cardiac function was monitored every 3 months by echocar-
diogram.

Toxicity

Acute (=3 monthsfrom treatment) and late (>3 monthsfrom
treatment) toxicities were analyzed by retrospective chart re-
view and defined according to the Common Terminology Cri-
teria for Adverse Events (version 4.0, http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/ctc.htm#tctc_
40).

RESULTS

The median age of presentation for all 13 patients was 64
years (range: 51-84 years). The majority of patients (9/13)
were men and the most common primary site was the parotid
gland (11/13; Tables 1, 2). Eight patients presented for initial
treatment of localized disease and five presented for recur-
rent or metastatic disease. The 13 patients with HER2/neu
overexpression represented 20% of all cases of SDC seen be-
tween 2005 and 2010.

Patients Undergoing Adjuvant Treatment

All eight patients presented with locally advanced stage IVA
disease. Six of eight patients had primary SDC of the parotid
gland, one patient had a submandibular gland primary, and
one patient had a hard palate and paranasal sinus primary. Six
patients had T3 disease with extraparotid extension; another
patient had T4a disease with facial nerve involvement. Six of
eight patients had multiple ipsilateral lymph node involve-
ment (N2b).

HER2/neu status was analyzed by IHC prior to initiating
therapyinall eight patients. Four patientshad IHC3+. Two pa-
tients had variable HER2/neu expression of IHC 1-3+ and
2-3+, respectively. One patient had IHC 2+ and another had
IHC 1+. FISH testing was performed retrospectively for all
eight patients. Three patients were found to have HER2/neu
gene amplification by FISH. One of these patients had poly-
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Table 2. Palliative therapy with trastuzumab for salivary duct carcinoma

Patient Primary Age
no. Stage site (yrs) Metastasis IHC FISH Primary therapy DOR Palliative therapy
1 IVA(T3N2bMO)  Parotid 82 Diagnosed 2 years after +++ Amplified Surgeryand CRT 9 mos TCH for 8 mos, then CAF for
primary CRT with (carboplatin and 11 mos; PD 22 mos after
pulmonary metastasis paclitaxel) starting TCH
2 IVA(T2N2bM1) Parotid 63 Metastatic disease at +++ Amplified None CRat 15 mos; TCH for 6 mos, then
presentation NED 52 mos after  trastuzumab for 2 yrs,
starting TCH followed by observation
3 IVC(TIN2bM1)  Parotid 51 Metastatic disease at +++  Amplified Surgery 18 mos TCH for 1yr; PD at 20 mos
presentation and currently on
observation
4 IVA (TIN2bMO)  Parotid 52 Diagnosed with metastatic +++  Amplified Surgeryand 8 mos TCH for palliation for 10 mos
disease a few months after radiation and whole brain radiation
adjuvant radiation therapy for brain
metastasis, then TH for 25
mos; PD 36 mos after
starting therapy
5 IVC (Tx Nx M1) Parotid 72 Metastatic disease at +++ Amplified Surgeryand 18 mos TCH for 1 yr, then
presentation radiation trastuzumab for 3 yrs; PD at

20 months but maintained
on trastuzumab alone with
further stable disease

Abbreviations: CAF, cyclophosphamide, adriamycin, and 5-fluorouracil; CRT, chemoradiation; FISH, fluorescence in situ hybridization; IHC,
immunohistochemistry; NED, no evidence of disease; PD, progression of disease; TCH, paclitaxel, carboplatin, and trastuzumab; TH, paclitaxel and

trastuzumab.

somy of chromosome 17. Another patient had polysomy of
chromosome 17 without any HER2/neu gene amplification on
FISH. Four patients had no HER2/neu amplification by FISH.
There was 75% (3/4) concordance between IHC 3+ and FISH
amplification.

Patients With Metastatic Disease

Five patients had been treated for metastatic disease with
TCH. All five patients had a primary malignancy of the parotid
gland. Two patients had initially presented with localized
stage IVA disease, and three patients presented with meta-
staticstage IVCdisease. All five patients presented to our insti-
tution with distant metastatic disease. Three out of five
patients had multiple pulmonary and bony metastases, one
had skeletal metastasis alone, and one had metastasis to the
lung and bones and later to the brain.

For the primary treatment elsewhere, one patient was
treated with surgical resection followed by concurrent CRT
with weekly carboplatin and paclitaxel; this patient developed
distant disease 2 years later. Two other patients had primary
surgical resection followed by adjuvant radiation. One patient
had metastatic disease at diagnosis and the other developed
metastatic disease after finishing adjuvant radiotherapy. One
patient had primary surgical resection alone and had metasta-
sis at diagnosis. Another patient was found to have metastatic
disease at the time of diagnosis and no primary surgical resec-
tion was performed. No patient had received prior chemo-
therapy for recurrent/metastatic disease.

HER2/neu status was analyzed by IHC prior to initiating
therapy. All five patients had IHC 3+ for HER2/neu protein. All
five patients were to have amplification of the HER2/neu gene
retrospectively on FISH. There was 100% concordance be-
tween IHC 3+ and FISH.

Outcomes of Treatment and Correlation With HER2/
neu Expression and Amplification

Adjuvant Therapy
Three patients were HER2/neu amplified by FISH (one with
polysomy 17). Of these, one patient developed progressive
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disease (base of skull) at 6 months after beginning TCH ther-
apy and died after 8 months. One patient had no evidence of
disease at 48 months. One patient with HER2/neu gene ampli-
fication on FISH and polysomy of chromosome 17 had no evi-
dence of disease at 27 months. One patient with polysomy of
chromosome 17 and no amplification remained with no evi-
dence of disease at 36 months.

Four patients had no HER2/neu gene amplification on
FISH. One patient with IHC 2-3+ at presentation developed
metastatic disease at 4 months. Another patient who had
HER2/neu IHC 1+ at presentation developed metastatic
disease 11 months after beginning TCH therapy. Two other
patients who had no HER2/neu gene amplification retro-
spectively on FISH were IHC 1-3+ and IHC 2+, respectively;
these patients continued to have no evidence of disease 24
months and 36 months after beginning TCH therapy.

The median duration of follow-up was 27 months (range:
8—-48 months). Five out of eight patients (62%) remained
without any evidence of disease after more than 2 years of
therapy. All three recurrences were seen within the first 12
months of starting CRT and adjuvant therapy.

Palliative Therapy
All five patients presenting with metastatic disease were IHC
3+ and had HER2/neu gene amplification on FISH. All five pa-
tients had TCH as initial treatment for metastatic disease. Two
patients showed partial response (PR), one patienthad acom-
plete response (CR), and two patients had progressive disease
(PD) at the time of this analysis. One patient who had biopsy-
proven widespread skeletal metastasis at the time of initial
presentation was treated with TCH followed by trastuzumab
alone for 2 years; this patient had a CR and remained without
any evidence of disease 52 months after beginning therapy.
One patient was treated with TCH followed by trastu-
zumab for 3 yearsfora PR; this patient has since been followed
clinically for minimal disease without any treatment. One pa-
tient was treated with TCH followed by trastuzumab for 1 year
for multiple pulmonary and skeletal metastases; this patient
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developed minimal progression in the pulmonary metastasis
at 20 months. The lesions subsequently remained stable for
over 16 months without any further treatment.

Two patients died from progressive disease. One patient
developed brain metastasis while on treatment with TCH. This
patient required whole brain radiation followed by weekly
trastuzumab and paclitaxel; the patient developed progres-
sive disease and died 42 months after starting therapy with
TCH. The other patient received TCH followed by trastuzumab
for 8 months. The patient developed progressive disease and
died 25 months after beginning TCH.

Toxicity From Adjuvant and Palliative Therapy

The acute toxicities (any grade) reported during adjuvant
therapy were mucositis, dermatitis, esophagitis, and otitis ex-
terna. The late toxicities (any grade) reported were xerosto-
mia, increased sensitivity of the skin and ear (serous otitis
media), and neuropathy (Table 3). One patient developed
grade 3 mucositis and dermatitis acutely. The most common
toxicities (any grade) of palliative treatment were fatigue, an-
orexia, myelopathy, neuropathy, and arthralgia. Grade 3 fa-
tigue and thrombocytopenia were seen in one patient each.
There were no grade 4 or 5 toxicities reported. No cardiac dys-
function was seen as a result of trastuzumab-based therapy.

DiscussioN

Systemictherapies are generally ineffective in the manage-
ment of salivary gland cancers. Chemotherapy is reserved
for palliative management, although adjuvant CRT has
been advocated in selected settings [11]. Conventional
agents have limited response rates that vary with the histo-
logictypes and few long-term responses are observed [12].
SDC is a rare, distinct, and aggressive subtype of salivary
gland cancer with early metastasis and a median overall
survival of <3 years from the time of diagnosis [4]. The risk
of recurrence is >60% at 2 years. Primary treatment is sur-
gery with or without adjuvant radiation. Because of the rar-
ity of disease and lack of prospective studies, there are no
standard or evidence-based chemotherapeutic recom-
mendations for the treatment of SDC. The poor survival
seeninlocally advanced and metastatic settings warrants a
changein strategy of treatment, even though the pursuit of
a prospective trial is not realistic.

Because of the efficacy of trastuzumab in HER2 + breast
cancer and the observed similarities between SDC and
breast cancer, we treated HER2+ SDC with TCH in the adju-
vant and palliative setting and achieved excellent results.
We saw benefit in all five of our patients with metastatic
SDC who showed HER2 amplification on FISH. The median
survival for metastatic patients is 40 months, and three of
our five patients were alive at the time of this analysis. No-
tably, one patient with widely metastatic disease had com-
plete response and remained free of disease 52 months
after beginning therapy.

Five of eight adjuvant patients also remained disease free
>2 years after treatment. Of the five patients who did not
show HER2/neu gene amplification on FISH, two have re-
mained free of disease. Because of concerns regarding the dis-
cordance reported between IHC and FISH for HER2/neu
positivity in SDC, we treated all patients with IHC 1-3+ ex-
pression. Itis unclear with these small numbersifthe adjuvant
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Table 3. Toxicity from treatment

Toxicity Gradelor2 Grade 3
Adjuvant therapy (n = 8)
Acute toxicity
Mucositis 7 (87) 1(13)
Dermatitis 5 (62) 1(13)
Esophagitis 5(62) 0
Ear (otitis externa) 2 (25) 0
Late toxicity
Xerostomia 4 (50) 0
Skin (sensitivity) 1(13) 0
Ear (serous otitis media) 1(13) 0
Neuropathy 1(13) 0
Palliative treatment (n = 5)
Fatigue 4 (80) 1(20)
Anorexia 4 (80) 0
Myelopathy
Anemia 2 (40) 0
Neutropenia 2 (40) 0
Thrombocytopenia 2 (40) 1(20)
Neuropathy 1(20) 0
Arthralgia 1(20) 0

Dataaren (%).

patients derived any benefit from adjuvant trastuzumab ther-
apy or maintained disease control due to the aggressive che-
motherapy and radiation strategy. However, the treatment
appearsreasonableinlight of theiradvanced diseaseand poor
prognosis. The median survival for the IHC3+ adjuvant pa-
tients is 32 months.

The major limitations of our study were the retrospective
nature of our study, the small sample size, and the lack of a
complete analysis of androgen receptor statusin our patients.
These limitations make interpretation of the impact of trastu-
zumab-based therapy on response and survival difficult.

Trastuzumab has proven benefit for HER2/neu+ breast
cancer in the adjuvant and metastatic setting and for ad-
vanced gastric cancer [13—15]. Trastuzumab has a favorable
safety profile with reversible cardiac dysfunction in <5%,
which is significantly reduced with nonanthracycline-based
chemotherapy [14]. Trastuzumab use was studied prospec-
tively in a phase Il trial of advanced salivary gland carcinomas
with minimal benefit. However, one patient with advanced
salivary gland cancer had stabilization of disease for 40 weeks
[9]. There are now multiple case reports of benefit from tras-
tuzumabintreatmentofadvanced SDC[16—-18].Inourreport,
all five patients with HER2/neu+ metastatic SDC showed ben-
efit from treatment with trastuzumab-based therapy.

The combination of carboplatin and paclitaxel has shown
benefitin several malignancies, including lung cancer, ovarian
cancer, and squamous cell carcinoma of head and neck. The
combination of TCH has synergistic properties and is effective
in HER2+ breast cancer in the adjuvant setting [14]. Weekly
carboplatin and paclitaxel has radiation-sensitizing effects
[14, 19]. Based on data of the benefit from adjuvant use of
trastuzumabfor HER2 + breast cancer [14], we treated our pa-
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tients with trastuzumab-based adjuvant therapy and used a
similar combination in the metastatic setting.

Because of similaritiesto breast cancer, hormonereceptor
expression has been studied widely for SDC. Estrogen recep-
tor (ER) and progesterone receptor (PR) expression was
shown in 2% and 12% of patients with SDC, respectively [2].
Androgen receptor (AR) expression has been ubiquitously re-
ported in SDC (range: 66%—91%), with reports of response to
androgen deprivation therapy [20, 21]. AR positivity has been
shown to segregate with HER2 positivity and is well described
in ER/PR negative, HER2+ breast cancer. These data in breast
cancer have initiated new discussions regarding the role of AR
in the management of HER2 + disease [22].

The assessment of AR in HER2+ SDC also will indicate an al-
ternative treatment for this aggressive disease. Locati et al. ana-
lyzed HER+ SDCs for AR positivity and found equal percentages
of AR and HER2/neu expression in their SDC samples [23]. Al-
though HER2+ SDCs are known to have a high coexpression of
AR, this assessment was not complete in our SDC cases. Because
taxane-based treatment is known to be effective in AR-positive
cancers, it is difficult to negate the response as a result of this
mechanism, especially due to lack of details regarding AR status
in our patients. However, HER2 positivity is known to contribute
to taxane/chemotherapy resistance [24]. In our view, the re-
sponse to treatment seen in our patients mostly resulted from
overcoming this resistance with trastuzumab and the synergistic
effects of the trastuzumab, taxanes, and platinum combination.
Trastuzumab has been widely shown to overcome chemother-
apy resistance in HER2+ breast cancer and enhance the effects
of chemotherapy, especially taxanes [25].

EGFR expression was reported in nearly 70% of SDCs, and
10% of patients had an EGFR mutation, although no EGFR am-
plification was seen [8]. There was no significant benefit noted
with gefitinib in a study on salivary gland cancers [26]. Wirth
and Juric detected mutually exclusive genetic aberrations
(BRAF, PI3K, HER2/neu) in 13 of 24 (54%) patients with SDCs
and facilitated treatmentin a phase | study where appropriate
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[27]. A case report also described benefit from mammalian
target of rapamycin in two patients with SDC [28]. New molecu-
lartargets are beingidentified in SDCand might be used for treat-
ment.

SDC is an extremely rare disease with variable HER2/neu
overexpression. Prospective, randomized trial-based verification
of the benefits of trastuzumab use is, therefore, nearly impossi-
ble. Based on the results in our case series and evidence from
other case reports, we propose that HER2/neu expression and
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