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Introduction

About half of the cases of adenocarcinoma, NOS and salivary 
duct cancer (SDC) express androgen receptor (AR).1 The biological 
mechanisms that explain the presence of AR only in selected 
SGCs histotypes, as well as its pathogenetic role, are currently 
unknown. AR is a promising molecular target for tailored therapy 
in SGCs, in fact response to androgen deprivation therapy (ADT) 
has already been reported in AR-expressing, relapsed/metastatic 
(RM) SGCs, irrespective of gender.2,3 Abiraterone, an inhibitor 
of androgen synthesis, was approved in 2011 for metastatic 
hormone-resistant prostate cancer (HRPCa) patients following 
docetaxel and, more recently, before chemotherapy.4,5 Two ADT-
resistant patients with AR-expressing RM-SGCs were treated 
with abiraterone and the results are reported herein. Moreover, 
immunohistochemical, cytogenetic, and molecular analyses of 
AR and other biological markers involved in the AR signaling 
and pathogenesis of SGCs were performed.

Clinical Cases

Case 1
In August 2007, a 59-y-old man had surgery for an adeno-

carcinoma, NOS of the submandibular gland (pT2N0). He had 
two local recurrences (October 2008 and March 2009) treated 
by surgery plus radiotherapy (the second time combined with 
platinum-based chemotherapy). In April 2011, an MRI docu-
mented an unresectable local recurrence, involving the jaw, soft 
tissues, and pterigoid muscles. The IHC analysis of AR expres-
sion in the primary tumor revealed the presence of AR in up 
to 90% of the nuclei of tumor cells (Table 1; Fig. 1A). In May 
2011 the patient started a complete androgen blockade (CAB) 
(bicalutamide 50 mg daily plus triptorelin 3.75 mg q28 d) with 
partial regression of the disease lasting until May 2012 (progres-
sion free-survival [PFS] 12 mo) when CAB was stopped due to 
local progression. Abiraterone at a daily dose of 1 g plus pred-
nisone was started one month later. A clinical response to abi-
raterone was observed two months later lasted until January 2013 
(PFS 8 mo). The polylobulated mass present in the MRI of May 
2012 (Fig. 2A), evolved into a liquid mass, without a clear solid 
component (Fig. 2D). The two diffusion weighted (DW)-MRIs 
performed in May and July 2012 showed a different apparent 
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Androgen-deprivation therapy (ADT) has been reported to be active in androgen receptor (AR)-expressing, relapsed/
metastatic (RM), salivary gland cancers (SGCs). Abiraterone, an inhibitor of androgen synthesis, has recently been 
approved as a second-line treatment in hormone-resistant (HR) prostate cancer (PCa) patients. Two patients with AR-
positive HR-RM adenocarcinoma, NOS of the salivary glands have been treated with abiraterone. This is the first time 
that this agent has been reported to be active in tumors other than HRPCa. Immunohistochemical analysis showed 
overexpression of EGFR, HER2, and HER3 in both untreated primary tumors. Sequencing analysis revealed a TP53 non-
functional mutation in one case and a PIK3CA-activating mutation in the other. In conclusion, second line activity of ADT 
in AR-expressing, adenocarcinoma, NOS of salivary glands further strengthens the pathogenic and therapeutic role of 
AR signaling in AR-positive SGCs.
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diffusion coefficient (ADC) maps (Fig. 2B and E, respectively), 
suggestive of drug activity.6,7

Case 2
In April 2004, a 44-y-old man underwent a total parotidec-

tomy and radiotherapy (60 Gy) due to an adenocarcinoma, NOS 
(pT2N0). For a local relapse plus lung metastases, in October 
2006 he received chemotherapy for 3 cycles (carboplatin plus 
paclitaxel) with disease progression (right coroide and spleen). 
In December 2006, the immunohistochemistry (IHC) analy-
sis performed on both the primary tumor and lung metastasis 
demonstrated a strong AR-expression in almost all the nuclei of 

the tumor cells (Table 1). CAB was started and after 4 mo we 
observed a partial response with the disappearance of the spleen 
lesion and a significant reduction of the local recurrence. CAB 
was administered from December 2006 to January 2008, and 
then stopped for mandibular progression treated by palliative 
RT (PFS 25 mo); CAB was restarted in November 2008 and 
continued until January 2012, at which time a laminectomy was 
performed for a new spinal lesion (PFS 38 mo). Histopathology 
was consistent with adenocarcinoma showing an immunophe-
notypic AR profile superimposable to the primary tumor. In 
March 2012, he started abiraterone. Two months later a CT scan 

Table 1. Immunohistochemical, cytogenetic, and molecular analyses by FFPE samples

Immunohistochemistry FISH Sequencing

AR ER PgR EGFR HER2 HER3 AR HER2 AR TP53 PIK3CA PTEN

Case 1

Primary 
tumor

Pos Neg Neg Low 3+ Pos
Not 

amplified
Amplified wt

R175H (not 
functional)

wt wt

Case 2

Primary 
tumor

Pos Neg Neg Intermediate 2+ Pos
Not 

amplified
Not 

amplified
wt wt H1047R wt

HR− bone 
metastasis

Pos Neg Neg ND* ND* ND*
Not 

amplified
ND* wt wt H1047R wt

FISH, fluorescent in situ hybridization; pos, positive; neg, negative; wt, wild type; ND*, not done for FFPE material exhausted.

Figure 1. Case 1: MRI performed before starting abiraterone (A); MRI done two months later, showed the evolution of the solid tumor lesion into a liquid 
mass (D). The DW-MRI images (B and E) demonstrated a different ADC maps, confirming the activity of the drug: the region of interest (ROI) correspond-
ing to the tumor had a mean/standard deviation ADC value of 1200/178 in May 2012 (B) while in (E) (July 2012), the mean ADC/standard deviation value 
was 2410/166. Case 2: CT scan performed on March 2012 (baseline) (C) and on May 2012 (F); this latter showed a regression of the right paracardiac mass 
and the disappearance of a solid lesion in the lower left lobe.
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showed a partial regression of lung lesions (Fig. 2C and F) along 
with disease stabilization at the locoregional level. Abiraterone 
was interrupted on October 2012 (PFS 7 mo) due to local 
progression.

Immunohistochemical, Cytogenetic,  
and Molecular Analyses

The results are summarized in Table  1. In both primary 
tumors aside from AR overexpression (Fig. 1A), IHC revealed a 
null ER/PgR immunophenotype as well as AR gene fluorescence 
in situ hybridization (FISH). Sequencing showed the absence 
of AR amplification and mutation, respectively. Moreover, we 
observed overexpression of EGFR, HER2, and HER3 (Fig. 1B).

In case 1, HER2 overexpression paralleled gene amplification, 
assessed by FISH. TP53 sequencing revealed in exon 5 the pres-
ence of the single substitution CGC > CAC leading to the mis-
sense mutation R175H (Fig. 1C). Following Kato classification,8 
this mutation results to be “non-functional”.

In case 2, the sequencing of PIK3CA, encoding the catalytic 
subunit of PIK3, showed in exon 20 the presence of the single 
substitution CAT > CGT leading to the missense activating 
mutation H1047R (Fig. 1D). A part from the PIK3CA mutation 
already described in the primary tumor, no additional AR, PTEN, 
or TP53 deregulations were observed in the metastatic bone sam-
ple. In both the cases, no PTEN mutations were observed.

Discussion

To our knowledge, we report for the first time the activity 
of abiraterone in two ADT resistant AR-expressing, RM-SG 
adenocarcinomas, NOS. Both patients were responsive to CAB, 
then they developed a secondary resistance and abiraterone was 
administered with clinical benefit. The duration of abiraterone 
exposure and the number of cycles (mean 7.5) was comparable to 
that reported in HRPCa patients.4 Treatment was well tolerated 
in both patients without significant adverse events. The clinical 
activity of CAB and abiterone supports an AR addiction in this 
selected histotype, that persists after the development of a sec-
ondary resistance. Indeed, likewise to HRPCa data,5 the rechal-
lenging to a second line of ADT yielded a clinical benefit, in line 
with AR overexpression still present in the bone metastasis of 
Case 2.

The biological mechanism underpinning AR overexpression 
in selected SGCs histotypes such as adenocarcinoma, NOS and 
SDC is poorly understood. In order to acquire pathogenetic 
insights we performed thorough immunohistochemical, cyto-
genetic, and molecular analyses in the formalin-fixed paraffin-
embedded (FFPE) available sections. Analyses were backed up 
from the evidence that adenocarcinoma, NOS mimics breast 
cancer and PCa both in terms of morphology and immunophe-
notype. Our findings showed a null ER/PgR immunophenotype 
in both primary tumors, together with a relevant deregulation 
of all the three members of ErbB family, as well as a normal AR 

Figure 2. Immunohistochemical and molecular analyses. (A) AR-positive immunostaining in tumor nuclei. (B) HER3-positive membrane and cytoplasm 
immunostaining. (C) Case 1: electropherogram of TP53 mutation analysis showing the missense mutation R175H in exon 5. (D) Case 2: electropherogram 
of PIK3CA mutation analysis showing the missense mutation H1047R in the kinase domain (exon 20).
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monosomic pattern along with a wild-type AR gene status, in 
spite of a strong AR immunostaining. Moreover, sequencing 
analysis of TP53, PI3KCA, and PTEN revealed the presence 
of R175H mutation of TP53 in case 1 and an activating muta-
tion in the kinase domain (exon 20) of PI3KCA in case 2. No 
PTEN mutation was observed, in keeping with a recent study.9 
Notably, R175 TP53 mutation leads to a “non-functional” p53 
protein lacking transcriptional activity.8 Abrogation of p53 func-
tion could have a relevant implications in AR expression regula-
tion: it has been demonstrated that p53 wild type inhibits AR 
transcription10 and the removal of the negative regulation of AR 
could lead to an AR overexpression. Furthermore, clinical data in 
ER/PgR-negative AR-positive breast cancer have demonstrated 
that PI3KCA kinase domain mutations (exon 20) significantly 
correlate with higher level of AR as compared to AR expression 
in presence of the mutation in helical domain (exon 9) or a wild-
type PIK3CA gene.11

All these findings reinforce the notion that AR expression 
in selected SGCs, i.e., SDC and adenocarcinoma, NOS may be 
similarly regulated to more common closely related histotypes, 
such as PCa and breast cancer.

Our results also confirm that ErbB family deregulation is a 
trait which characterizes SGCs1,12 and in particular among ErbB 
members, we would underline the overexpression of HER3, 
found in both primary tumors. An increase of HER3 protein 
is reported to occur after ADT in HRPCa, rising the AR tran-
scriptional activity which in turn leads to PI3K/AKT cascade.13 
Since our preliminary data showed the presence of HER3 in 
untreated tumors, a combined block of AR and PI3K signaling 
could be beneficially applied as first line treatment. Silencing of 
PI3K/AKT pathway might also counteract signals from activat-
ing mutation of PIK3CA accounting for 5% of SGCs.9

In case 2, we also analyzed the bone metastasis developed 
during CAB, in order to identify biomarkers potentially related 
to resistance to ADT such as AR mutation/amplification and 
PI3K/PTEN mutation pathway,14 whereas due to the exiguity of 
the FFPE material we were not able to investigate PTEN loss, 
recently reported in AR-positive SDCs.15 Primary tumor and 
metastatic bone lesion presented the same immunohistochemi-
cal, cytogenetic, and molecular profile, suggesting that secondary 
hormone resistance mechanisms require further investigations in 
AR-positive SGCs.

In conclusion, even if the role of the AR and the biological 
reasons of its narrow histotype distribution among SGCs have 
yet to be clarified, the clinical activity of abiraterone in these two 
male patients provides further convincing data on the efficacy 
in inhibiting the AR-signaling in AR-expressing SGCs. Whether 
abiraterone is active in AR-positive SGCs irrespective of the gen-
der as demonstrated in case of androgen-blockade1,2 remains an 
open question.

Materials and Methods

Formalin-fixed paraffin-embedded (FFPE) unstained slides 
of the primary untreated tumor were obtained in the 2 cases 
under study, both referred. A FFPE bone biopsy, obtained at the 
time of ADT resistance appearance, was also available in case 2.

Protein expression was investigated by IHC performed on an 
automated immunostainer (BenchMark Ultra, Ventana Medical 
Systems, Inc.) according to the manufacturer’s instructions. The 
following antibodies were used: Androgen Receptor AR441 
(Dako); ER clone EP1 M3643 (Dako); PgR clone 636S M3569 
(Dako); EGFR (kit Dako); polyclonal HER2 A0485 (Dako); 
c-erbB3 polyclonal rabbit antibody 20-786-255900 (GenWay). 
AR, ER, and PgR positivity was defined when an immunodeco-
ration was observed in >70% of nuclei; EGFR was scored as pre-
viously described;16 HER2 staining was interpreted on the basis 
of the Dako HercepTest scoring guidelines; HER3 was assessed 
as positivity when an immunodecoration was present in >50% of 
tumors cells.

AR and HER2 gene copy number was assessed by FISH per-
formed on 2 μm FFPE sections, as previously described.16 The 
following probes were used: AR gene Xq12 Spectrum Orange 
(Vysis); HER2/neu/CEP 17SG probe 30-171060 (Abbot 
Molecular). The AR and HER2 copy number in each nucleus 
was assessed in relation to the centromeric signals.

To perform gene sequencing, genomic DNA was extracted by 
using the Qiamp FFPE DNA kit (Qiagen) following manufac-
turer’s instructions. TP53 (exons 5 to 8), PIK3CA (exons 9 and 
20), and PTEN (exons 5 to 9) mutational analysis was performed 
by means of PCR using specific primers previously described.17,18 
Specific primers for AR (exons 5 to 8 corresponding to the 
ligand binding domain) were designed using Primer3 program: 
exon 5: forward 5′-CAGACTGACC ACTGCCTCTG-3′ 
reverse: 5′-CAGATCAGGG GCGAAGTAGA-3′; exon 6: 
forward 5′-AGGTACCGCA TGCACAAGTC-3′ reverse 
5′- TCCCTGCACT TCTAGGCACT-3′; exon 7: for-
ward 5′-TTCATCCCAC ATCAGTTCCA-3′ reverse 
5′- GGAGCTTGGT GAGCTGGTAG-3′; exon 8: for-
ward 5′-AGATTGCGAG AGAGCTGCAT-3′ reverse 
5′-GCTTCACTGG GTGTGTGGAA AT-3′. The PCR prod-
ucts were subjected to direct sequencing using a 3500 DX Genetic 
Analyzer (Applied Biosystems) and then evaluated by means of 
the ChromasPro software.
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