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Immunohistochemical Analysis of Various Salivary Gland Carcinomas 
Focusing on the Possibility of Molecular-targeted 

and Hormonal Therapy

Yojiro KAWAMURA1）, Toshiaki KUNIMURA2）, Mutsuko OMATSU2）, 
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Abstract : This study aimed to determine the expression of c-kit, human epidermal 
growth factor receptor type 2（HER2）, insulin-like growth factor receptor（IGFR）, 
estrogen receptor（ER）, progesterone receptor（PgR）, vascular endothelial 
growth factor（VEGF）, c-MET, and survivin in adenoid cystic carcinomas
（ACC）, carcinomas ex pleomorphic adenomas（CXPA）, and mucoepidermoid 

carcinomas（MEC）of the salivary glands.  These expression levels and locations 
were compared to estimate the availability of molecular and hormonal targets 
for therapy in salivary gland carcinomas.  Forty patients with a salivary gland 
carcinoma, diagnosed and treated at our hospital, were studied.  On the basis of 
histopathology, 13, 12, and 15 patients were diagnosed with ACC, CXPA, and MEC, 
respectively.  Associations between histological types were evaluated by Fisher’
s exact test, with a significance level of P＜0.05.  Compared with the other two 
histological types, ACC samples demonstrated significantly higher c-kit（85％）, 
IGFR（77％）, and ER（38％）expression, while CXPA demonstrated significant 
HER2（75％）staining, and MEC demonstrated significant IGFR（77％）staining.  
The differences in expression of the tested markers among the histological types 
in our study suggested that c-kit- and IGFR-targeted therapy and anti-estrogen 
treatment could be effective in ACC, HER2-targeted therapy could be effective in 
CXPA, and that IGFR-target therapy could be effective in MEC of the salivary 
glands.
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Introduction

　Salivary gland tumors constitute approximately 5％ of all head and neck neoplasms1）.  Of 
these tumors, 70％ arise from the parotid gland, 10％ arise from the submandibular glands, 
20％ arise from the minor salivary glands, and less than 1％ arise from the sublingual glands2）.  
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Approximately 25％ of tumors in the parotid gland and 50％ of tumors in the other salivary 
glands are malignant1）.  Adenoid cystic carcinomas（ACC）, carcinomas ex pleomorphic adenomas
（CXPA）, and mucoepidermoid carcinomas（MEC）are the main histological types, with each 

accounting for approximately 10％ of salivary gland tumors1）.
　The principal treatment for salivary gland carcinoma in the absence of distant hematogenous 
metastases is surgical resection.  The use of adjuvant postoperative radiotherapy is indicated in 
patients who have close or positive margins, lymph node metastases, locally advanced disease, 
bone or nerve involvement, recurrent disease, or a combination of other adverse features such 
as high nuclear grade, perineural invasion, or lymphovascular invasion2）.  Moreover, the use 
of systemic chemotherapy has, in general, been confined to those patients.  The most active 
single agents include cisplatin, cyclophosphamide, doxorubicin, and 5-fluorouracil, with a typical 
treatment-response rate of 10～46％, although with a short effect duration and unknown long-
term effectiveness1）.  Therefore, there is a definite need for additional therapeutic strategies to 
improve the survival and quality of life for these patients.
　Molecular-targeted therapy and hormonal therapy are impacting positively on the daily practice 
of clinical oncology and are potential treatment strategies for patients with salivary gland 
carcinoma.  Tumor biomarker overexpression also has therapeutic implications, and several studies 
have demonstrated the in vitro and in vivo efficacy of some antibodies on human carcinomas 
including c-kit in chronic myelogenous leukemia and advanced c-kit–positive gastrointestinal 
stromal tumor（GIST）3）, human epidermal growth factor receptor type 2（HER2）in breast 
carcinoma4）, insulin-like growth factor receptor（IGFR）in non-small cell lung carcinoma5）, 
estrogen receptor（ER）and progesterone receptor（PgR）in breast carcinoma6）, vascular 
endothelial growth factor（VEGF）in colon carcinoma and non-small cell lung carcinoma7，8）, 
c-MET in squamous cell carcinoma9）, and survivin in non-small cell lung carcinoma10）.  
Accordingly, the present study sought to determine the expression of c-kit, HER2, IGFR, ER, 
PgR, VEGF, c-MET, and survivin in ACC, CXPA, and MEC of the salivary glands, to investigate 
their different levels and locations of expression and to estimate the efficacy of molecular-
targeted and hormonal therapy in salivary gland carcinomas.

Materials and Methods

Patients and samples

　This study included 40 patients diagnosed and treated for a primary malignant salivary gland 
tumor at our hospital from 1990 to 2011.  All patients underwent surgical resection of the tumor.  
On the basis of histopathology, 13, 12, and 15 patients were identified with ACC, CXPA, and 
MEC, respectively.

Immunohistochemical staining 

　Details of the antibodies used in this study are provided in Table 1.  Prior to the antibody 
incubations, 3-μm tumors sections were subjected to antigen retrieval by heat treatment, 
followed by the inhibition of endogenous peroxidase activity using hydrogen peroxide solution.  
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Primary antibody binding was detected using a secondary antibody raised against biotinylated 
immunoglobulin（Ventana Medical Systems, Inc, Tucson, Arizona, USA）for 8 minutes and 
conjugated with avidin-horseradish peroxidase（HRP）.  Each staining was visualized using a 
Ventana I-View DAB universal kit（Roche, Tokyo, Japan）.  The antibody-antigen reaction was 
enhanced using copper sulfate, after nuclear staining with Mayer’s hematoxylin.

Scoring 

　The intensity of the immunoreactions（negative, positive）was assessed for each marker and 
tissue combination.  Expression was considered positive only if distinct immunoreactivity was 
present.  To determine percentage labelling indices, all carcinoma cells in each section were 
analyzed.  The cellular location of immunoreactivity and the cutoff value for a positive reaction 
of each marker are presented in Table 2, as described in previous reports11-17）.  
　All slides were evaluated independently by at least two investigators.

Analysis

　The associations between histological types were evaluated using Fisher’s exact test.  
Differences were considered statistically significant at P＜0.05.

Table 1.  Antibody details

Antibody Clone Company Dilution Antigen retrieval
Incubation
（min）

c-kit polyclonal DAKO, Glostrup, Denmark 1 : 50
heat-treated with 

EDTA for 60 min
32

HER2/neu 4B5
Ventana Medical Systems, Inc, 

Tucson, AZ, USA
Prediluted

heat-treated with 

EDTA for 60 min
32

IGF1R G11
Ventana Medical Systems, Inc, 

Tucson, AZ, USA
Prediluted

heat-treated with 

EDTA for 60 min
32

ER SP1
Ventana Medical Systems, Inc, 

Tucson, AZ, USA
Prediluted

heat-treated with 

EDTA for 60 min
16

PgR 1E2
Ventana Medical Systems, Inc, 

Tucson, AZ, USA
Prediluted

heat-treated with 

EDTA for 60 min
16

VEGF polyclonal
Biotechnology, Santa Cruz, 

California, USA
1 : 500

heat-treated with 

EDTA for 90 min
32

c-MET SP44
Ventana Medical Systems, Inc, 

Tucson, AZ, USA
Prediluted

heat-treated with 

EDTA for 60 min
16

survivin polyclonal
Abcam, Cambridge Science 

Park, UK
1 : 250

heat-treated with 

EDTA for 30 min
32
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Results（Table 3, Figs. 1-3）

　C-kit-positive expression was observed in 85％ of ACC, 25％ of CXPA, and 7％ of MEC.  
HER2-positive expression was observed in 0％ of ACC, 75％ of CXPA, and 7％ of MEC.  
IGFR-positive expression was observed in 77％ of ACC, 0％ of CXPA, and 40％ of MEC.  
ER-positive expression was observed in 38％ of ACC, 25％ of CXPA, and 0％ of MEC.  PgR-
positive expression was observed in 0％ of ACC, 17％ of CXPA, and 0％ of MEC.  VEGF-
positive expression was observed in 8％ of ACC, 17％ of CXPA, and 0％ of MEC.  No c-MET 
expression was detected in any of the tumor types.  Survivin-positive expression was observed in 
8％ of ACC, 17％ of CXPA, and 13％ of MEC.
　There were significant differences（P＜0.05）in marker expressions among the tumor types 

Table 2.  Interpretation of immunohistochemical staining patterns

Marker Cellular location Cut-off value

c-kit Membrane 5％

HER2/neu Membrane 10％

IGF1R Membrane 10％

ER Nucleus 3～8※

PgR Nucleus 3～8※

VEGF Cytoplasm 20％

c-MET Membrane 60％

survivin Cytoplasm 5％
※Allred score

Table 3.  Expressions of c-kit, HER2, IGFR, ER, PgR, VEGF, c-MET, and survivin determined by immuno-
histochemical analysis and differences in marker expressions among ACC, CXPA, and MEC.

Marker
Adenoid cystic 

carcinomas ％（n/13）
Carcinoma ex pleomorphic 

adenomas ％（n/12）
Mucoepidermoid 

carcinomas％（n/15）
P-value

c-kit 85％（11） 25％（3） 7％（1） 0.00004

HER2/neu 0％（0） 75％（9） 7％（1） 0.00001

IGFR 77％（10） 0％（0） 40％（6） 0.00021

ER 38％（5） 25％（3） 0％（0） 0.01807

PgR 0％（0） 17％（2） 0％（0） 0.08462

VEGF 8％（1） 17％（2） 0％（0） 0.18411

c-MET 0％（0） 0％（0） 0％（0） 1

survivin 8％（1） 17％（2） 13％（2） 0.85064
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as follows : c-kit expression between ACC and CXPA, and between ACC and MEC（Fig. 4）; 
HER2 and IGFR expression between ACC and CXPA, and between CXPA and MEC（Fig. 4）; 
ER expression between ACC and MEC（Fig. 4）.  Moreover, across the three histological types, 
there were significant differences in c-kit, HER2, IGFR, and ER expressions, while there were 
no significant differences in PgR, VEGF, c-MET, or survivin expression（Table 3, Fig. 4）.
　With respect to HER2, ER, and PgR, no cases of ACC or CXPA showed were identified as 
immunopositive for more than two these markers, with 62％ of ACC and 87％ of MEC scored 
as triple negative.  However, in the CXPA samples, all ER-positive cases also showed HER2 
overexpression and all PgR-positive cases showed both HER2 and ER overexpression, with only 
17％ scored as triple negative.

Discussion

　The identification of molecular targets in salivary gland carcinomas is crucial for improving 
treatment outcomes.  In several other carcinomas, molecular-targeted therapy with antibodies or 
antagonists and hormonal therapy are promising therapeutic strategies, with some reports that the 
appearance rates of these markers are reflected in the therapeutic gain in vitro and in vivo3-10）.

Fig. 1.  Immunohistochemical expression in ACC（A, H＆ E staining）
High expressions were observed for c-kit（B）, IGFR（D）, and ER（E）, while low expressions were 
observed for HER2（C）, PgR（F）, VEGF（G）, c-MET（H）, and survivin（I）.
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　The c-kit proto-oncogene encodes a transmembrane receptor-type tyrosine kinase, which 
belongs to a family of receptors that includes those for colony-stimulating factor-1 and platelet-
derived growth factors.  C-kit overexpression is found in GIST, testicular seminoma, mast cell 
disease, melanoma, and acute myeloid leukemia3）.  The tyrosine kinase inhibitor against c-kit
（imatinib mesylate）has demonstrated significant treatment response to chronic myelogenous 

leukemia and advanced c-kit–positive GIST 3）, and several studies demonstrated c-kit expression 
in the majority of ACC 18）.  However, there are few previous studies of c-kit expression in 
MEC or CXPA.  In our study, similar to these previous reports, expression of c-kit in ACC 
was higher than in the other two histological subtypes, suggesting that the c-kit receptor could 
be specifically targeted in the treatment of patients with ACC.  Ghosal et al 18） suggested that 
imatinib combined with cisplatin could reduce distant metastasis or local progression in ACC of 
the salivary gland.  Mutations in the KIT gene could also affect the efficacy of such targeted 
therapies, although this remains a controversial issue for ACC and needs to be clarified in future 
studies.  Thus, c-kit in ACC is a potentially useful biomarker for targeted therapies and advanced 
clinical trials testing this are ongoing.  Whether c-kit could similarly be a biomarker for targeted 
therapies in CXPA and MEC remains unclarified.

Fig. 2.  Immunohistochemical expression in CXPA（A, H＆E staining）
High expression was observed for HER2（C）, while low expressions were observed for c-kit（B）, 
IGFR（D）, ER（E）, PgR（F）, VEGF（G）, c-MET（H）, and survivin（I）.
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　HER2-overexpressing breast carcinomas and gastric carcinomas are responsive to trastuzumab
（herceptin）, and the antitumor effect of trastuzumab on other HER2-overexpressing carcinomas 

is being examined19）.  There are few previous studies about HER2 overexpression in salivary 
gland carcinomas, especially in CXPA and MEC.  Of these, Glisson et al 12） reported HER2 
expression in 4％ of ACC, 25％ of CXPA, and 21％ of MEC, while Mori et al 20） reported 
HER2 expression in 10％ of ACC, 84％ of CXPA, and 18％ of MEC.  Other reports include 
a case of HER2-positive metastatic submandibular salivary ductal carcinoma with a complete 
and durable clinical response to treatment with trastuzumab in combination with chemotherapy, 
and a 58-year old man with metastatic CXPA who achieved a sustained long-term response to 
combination therapy with trastuzumab and capecitabine21，22）.  In our study, HER2 expression 
in CXPA was significantly higher than in other histological types, suggesting that the HER2 
receptor should be specifically targeted in the treatment of patients with CXPA.  
　IGFR is a tyrosine kinase transmembrane receptor implicated in the regulation of cell 
metabolism, growth, and survival.  According to Ouban et al 23） IGFR overexpression is 
commonly found in breast, ovarian, endometrial, gastrointestinal, pulmonary, bladder, and 
prostatic carcinomas.  Karp et al 5） reported that figitumumab（a monoclonal antibody targeting 

Fig. 3.  Immunohistochemical expression in MEC（A, H＆E staining）
High expression was observed for IGFR（D）, while low expressions were observed for c-kit（B）, 
HER2（C）, ER（E）, PgR（F）, VEGF（G）, c-MET（H）, and survivin（I）.
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IGFR-1）in combination with carboplatin and paclitaxel was safe and effective in previously 
untreated, locally advanced, or metastatic non-small-cell lung carcinomas.  There are few previous 
studies about IGFR overexpression in salivary gland carcinoma, and one study found no IGFR 
overexpression was in CXPA and ACC types of salivary gland carcinomas（0/8）23）.  However, 
the present study demonstrated significant higher IGFR expression in ACC and MEC than in 
CXPA.  Thus, although there has been no report concerning anti-IGFR therapies in salivary 
gland carcinomas, our findings suggest the possibility of specifically targeting this receptor in the 
treatment of patients with ACC or MEC.
　ER and PgR are valid markers for anti-hormone therapies of many hormone-dependent 
tumors, such as breast and prostate cancers.  Barnes et al 6） reported that ER- and PgR-positive 
breast carcinomas are highly responsive to the ER antagonist tamoxifen, while there are several 
studies about ER and PgR overexpression in salivary gland carcinomas.  Ito et al 24） reported 
no ER or PgR immunopositivity in ACC or MEC patients, while Jeannon et al 25） reported 
that 50％ of ACC and 30％ of MEC were positive for ER, but that none were positive 
for PgR.  In our study, expression of ER in ACC was higher than in the other histological 
types and expression of PgR was low in all histological types.  There are few reports on anti-
hormone therapies in salivary gland carcinomas, although Elkin and Jacobs.26） reported long-term 
therapeutic effect in two ACC patients treated with tamoxifen/toremifene.  Thus, ER is another 
possibility for specific targeting in the treatment of patients with ACC.
　Regarding HER2, ER and PgR, a positive combination of these three affects therapeutic 

Fig. 4.  C-kit, HER2, IGFR, and ER showed significant 
differences in expression among the histological 
types（P＜0.05）. Significant differences between 
ACC and CXPA and between ACC and MEC 
were observed in c-kit, significant differences 
between ACC and CXPA and between CXPA 
and MEC were observed in HER2 and IGFR, 
and a significant difference between ACC and 
MEC was observed in ER. In PgR, VEGF, 
c-MET, and survivin, no significant differences 
among the histological types were observed.
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effect and prognosis, and triple-negative carcinomas（TNT）have a poor prognosis in breast 
carcinomas6）.  In ACC and MEC of our study, no cases showed two or three positive 
expressions between them and 62％ of ACC and 87％ of MEC were TNT.  In CXPA of our 
study, all ER-positive cases had HER2 overexpression and all PgR-positve cases had HER2 
and ER overexpression.  TNT made up only 17％ of CXPA, which may be related to the 
fact that CXPA generally have a good prognosis1）.  There are no studies on the relationship 
of expressions between them in CXPA.  More research may contribute to the treatment and 
prognosis in the future.
　VEGF, a chemical signal produced by cells, stimulates the growth of new blood vessels.  It 
is part of the system that restores the oxygen supply to tissues when blood circulation is 
inadequate.  VEGF overexpression is found in many carcinomas, such as gastrointestinal and 
lung7，8）.  Clinically, bevacizumab（a monoclonal antibody against VEGF）shows high response 
rates against colon carcinomas and non-small cell lung carcinomas7，8）.  There are several previous 
studies on VEGF overexpression in salivary gland carcinomas.  VEGF is frequently expressed in 
ACC, CXPA and MEC 15，27）.  Chau et al reported that sunitinib（a multi-targeted small molecule 
inhibitor of the receptor tyrosine kinases including VEGF）prolonged stable disease beyond 6 
months although no objective responses were identified 27）.  In our study, expression of VEGF 
was rare in ACC, CXPA and MEC.  Whether VEGF in salivary gland carcinomas can be a 
biomarker for the targeted therapies remains controversial.
　C-Met is a proto-oncogene that encodes a protein known as hepatocyte growth factor receptor.  
It is reported that c-MET takes part in cancer invasions and metastases including pancreatic, 
mammary, pulmonary, and renal cell carcinomas28）.  Seiwert et al 9） also reported that single-agent 
foretinib（an inhibitor of the kinase enzymes c-Met and VEGF-2）showed prolonged disease 
stabilization and a tolerable side-effect profile in patients with recurrent or metastatic squamous 
cell carcinoma of the head and neck.  Suzuki et al 29） reported c-Met expression in 67％ of 
ACC ; however, our study found no c-Met expression in any of the salivary gland carcinomas 
tested.  Whether c-Met in salivary gland carcinomas can be a biomarker for targeted therapies 
remains unclarified.
　Survivin is a protein that functions to inhibit apoptosis, promote proliferation, and enhance 
invasion.  Survivin overexpression has been reported in breast carcinomas, non-small cell lung 
carcinomas, ovarian carcinomas, pancreatic carcinomas, and esophageal carcinomas 30）.  Giaccone 
et al 10） reported that YM155（small-molecule suppressor of survivin）exhibited modest single-
agent activity in patients with refractory, advanced NSCLC.  There are few studies on survivin 
overexpression in salivary gland carcinomas ; Stenner et al 16） reported high cytoplasmic expression 
of survivin in 18.5％ of ACC, 12.5％ of CXPA, and 31.8％ of MEC.  In our study, similar to the 
previous report, there are few cases with high expression of survivin in salivary gland carcinomas.  
Whether survivin in salivary gland carcinomas can be a biomarker for targeted therapies remains 
controversial.
　In summary, we investigated the expression of c-kit, HER2, IGFR, ER, PgR, VEGF, 
c-MET, and survivin in salivary gland carcinomas.  There are almost no studies comparing the 
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expressions of these markers in ACC, CXPA, and MEC.  This study emphasized the importance 
of discriminating the histological type in salivary carcinomas and showed the potential beneficial 
effect of markers according to each histological type, bringing new insight especially in MEC.  
Differences in the expression of markers among the various histological types indicate the 
efficacy of targeted therapy for salivary gland carcinomas.

References

1） Hirokawa M, Nagano T, Morinaga S, et al. Introduction to salivary gland tumor. In Japan Salivary Gland Society 

ed. Atlas of salivary gland tumors. Tokyo: Kanehara Shuppan; 2005. pp2-37.（in Japanese）.

2） Adelstein DJ, Koyfman SA, El-Naggar AK, et al. Biology and management of salivary gland cancers. Semin Radiat 

Oncol. 2012;22:245-253.

3） Heinrich MC, Blanke CD, Druker BJ, et al. Inhibition of KIT tyrosine kinase activity: a novel molecular approach 

to the treatment of KIT-positive malignancies. J Clin Oncol. 2002;20:1692-1703.

4） Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal antibody against HER2 for 

metastatic breast cancer that overexpresses HER2. N Engl J Med. 2001;344:783-792.

5） Karp DD, Paz-Ares LG, Novello S, et al. Phase Ⅱ study of the anti-insulin-like growth factor type 1 receptor 

antibody CP-751, 871 in combination with paclitaxel and carboplatin in previously untreated, locally advanced, or 

metastatic non-small-cell lung cancer. J Clin Oncol. 2009;27:2516-2522.

6） Barnes DM, Harris WH, Smith P, et al. Immunohistochemical determination of oestrogen receptor: comparison of 

different methods of assessment of staining and correlation with clinical outcome of breast cancer patients. Br J 

Cancer. 1996;74:1445-1451.

7） Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus irinotecan, �uorouracil, and leucovorin for meta-

static colorectal cancer. N Engl J Med. 2004;350:2335-2342.

8） Sandler A, Gray R, Perry MC, et al. Paclitaxel-carboplatin alone or with bevacizumab for non-small-cell lung 

cancer. N Engl J Med. 2006;355:2542-2550.

9） Seiwert T, Sarantopoulos J, Kallender H, et al. Phase Ⅱ trial of single-agent foretinib（GSK1363089）in patients 

with recurrent or metastatic squamous cell carcinoma of the head and neck. Invest New Drugs. 2012;31:417-424.

10） Giaccone G, Zatloukal P, Roubec J, et al. Multicenter phase Ⅱ trial of YM155, a small-molecule suppressor of 

survivin, in patients with advanced, refractory, non-small-cell lung cancer. J Clin Oncol. 2009;27:4481-4486.

11） Penner CR, Folpe AL, Budnick SD. C-kit expression distinguishes salivary gland adenoid cystic carcinoma from 

polymorphous low-grade adenocarcinoma. Mod Pathol. 2002;15:687-691.

12） Glisson B, Colevas AD, Haddad R, et al. HER2 expression in salivary gland carcinomas: dependence on histologi-

cal subtype. Clin Cancer Res. 2004;10:944-946.

13） Aishima S, Basaki Y, Oda Y, et al. High expression of insulin-like growth factor binding protein-3 is correlated 

with lower portal invasion and better prognosis in human hepatocellular carcinoma. Cancer Sci. 2006;97:1182-1190.

14） Tabuchi Y, Nakamura T, Ohno M, et al. Immunohistochemical expression of c-Met（HGF receptor）in colorectal 

cancer lesions. Bull Health Sci Kobe. 1998;14:43-48.

15） Kim JW, Kwon GY, Roh JL, et al. Carcinoma ex pleomorphic adenoma of the salivary glands: distinct clinico-

pathologic features and immunopro�les between subgroups according to cellular differentiation. J Korean Med Sci. 

2011;26:1277-1285.

16） Stenner M, Demgensky A, Molls C, et al. Prognostic value of survivin expression in parotid gland cancer in con-

sideration of different histological subtypes. Eur J Cancer. 2011;47:1013-1020.

17） Allred DC, Harvey JM, Berardo M, et al. Prognostic and predictive factors in breast cancer by immunohistochemi-

cal analysis. Mod Pathol. 1998;11:155-168.



39Immunohistochemical Analysis of Salivary Gland Carcinomas

18） Ghosal N, Mais K, Shenjere P, et al. Phase Ⅱ study of cisplatin and imatinib in advanced salivary adenoid cystic 

carcinoma. Br J Oral Maxillofac Surg. 2011;49:510-515.

19） Clauditz TS, Reiff M, Gravert L, et al. Human epidermal growth factor receptor 2（HER2）in salivary gland 

carcinomas. Pathology. 2011;43:459-464.

20） Mori T, Kunimura T, Matuo K, et al. Expression of HER2, EGFR, CD44, PPARγ and AR in salivary cancer: 

immunohistochemical analysis focusing on the possibility of specialized molecular-targeted and hormonal therapy 

for different histological subtypes. Showa Univ J Med Sci. 2010;22:171-182.

21） Prat A, Parera M, Reyes V, et al. Successful treatment of pulmonary metastatic salivary ductal carcinoma with 

trastuzumab-based therapy. Head Neck. 2008;30:680-683.

22） Sharon E, Kelly RJ, Szabo E. Sustained response of carcinoma ex pleomorphic adenoma treated with trastuzumab 

and capecitabine. Head Neck Oncol. 2010;2:12.

23） Ouban A, Muraca P, Yeatman T, et al. Expression and distribution of insulin-like growth factor-1 receptor in 

human carcinomas. Hum Pathol. 2003;34:803-808.

24） Ito FA, Ito K, Coletta RD, et al. Immunohistochemical study of androgen, estrogen and progesterone receptors in 

salivary gland tumors. Braz Oral Res. 2009;23:393-398.

25） Jeannon JP, Soames JV, Bell H, et al. Immunohistochemical detection of oestrogen and progesterone receptors in 

salivary tumours. Clin Otolaryngol Allied Sci. 1999;24:52-54.

26） Elkin AD, Jacobs CD. Tamoxifen for salivary gland adenoid cystic carcinoma: report of two cases. J Cancer Res 

Clin Oncol. 2008;134:1151-1153.

27） Chau NG, Hotte SJ, Chen EX, et al. A phase Ⅱ study of sunitinib in recurrent and/or metastatic adenoid cystic 

carcinoma（ACC）of the salivary glands: current progress and challenges in evaluating molecularly targeted agents 

in ACC. Ann Oncol. 2012;23:1562-1570.

28） Sierra JR, Tsao MS. c-MET as a potential therapeutic target and biomarker in cancer. Ther Adv Med Oncol. 

2011;3（1 Suppl）:S21-S35.

29） Suzuki K, Cheng J, Watanabe Y. Hepatocyte growth factor and c-Met（HGF/c-Met）in adenoid cystic carcinoma 

of the human salivary gland. J Oral Pathol Med. 2003;32:84-89.

30） Church DN, Talbot DC. Survivin in solid tumors: rationale for development of inhibitors. Curr Oncol Rep. 

2012;14:120-128.

［Received December 13, 2012 : Accepted December 26, 2012］ 


