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Abstract

Background Salivary duct carcinoma (SDC) is a highly
aggressive disease which often metastasizes to distant sites,
and there is no established standard therapy for this sys-
temic disease. Given that SDC is biologically similar to
breast and prostate cancer, anti-androgenic receptor (AR)
and anti-human epidermal growth factor receptor 2 (HER2)
therapies have the potential to exert effects, not only on
patients with breast and prostate cancer but also on those
with SDC.

Methods The expression levels of HER2, epidermal
growth factor receptor (EGFR), Ki-67, and AR were
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assessed in 32 patients with SDC, and their correlations
with overall survival (OS) and disease-free survival (DFS)
were analyzed retrospectively. SDC was classified into five
subtypes using a method similar to that used for breast
cancer.

Results Anti-AR, HER2, and EGFR were positive in 23
(71.9 %), 14 (43.8 %), and 26 (81.3 %) cases, respec-
tively. One or more of these 3 factors were positive in 30
(93.8 %) cases. The Ki-67 labeling index was greater than
15 % in all cases. While molecular status did not correlate
with OS, EGFR and AR positivity were significantly
associated with DFS in univariate analysis. Multivariate
analysis revealed that EGFR was the only independent
predictor of DFS.

Conclusions The statuses of some molecules are useful to
predict DFS in patients with SDC. Ki-67 overexpression
suggests that cytotoxic agents are effective for SDC. Since
the majority of SDCs express AR, HER2, and/or EGFR,
assessing and targeting these molecules are promising
strategies to improve the prognosis of unresectable, meta-
static or recurrent SDC, and a classification system
according to the molecular expression status may be useful
to select appropriate therapy.

Keywords Salivary duct carcinoma - Androgen receptor -
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Introduction

Salivary duct carcinoma (SDC) is a malignant disease
which was first described in 1968 by Kleinsasser [1]. SDC
was listed in the second edition of the World Health
Organization (WHO) Classification of Salivary Tumors for
the first time in 1991 [2] and described as “an aggressive
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adenocarcinoma which resembles high-grade breast ductal
carcinoma” [3]. SDC has an extremely poor prognosis;
5-year survival rates of all patients, patients with T2 to T4
tumors, and patients with stage IV disease have been
reported to be 20-30 % [4, 5], 0 % [6], and 23 % [7],
respectively. The most frequent cause of death is distant
metastasis, which occurs in 46-62 % of SDC patients.
Thus, control of distant metastasis is the major concern
when treating SDC [8]. Although the development of
systemic therapies is required to improve the prognosis [9],
prospective clinical trials cannot be performed because of
the low prevalence of SDC. Some chemotherapeutic agents
have been tried but nothing has had significant effective-
ness thus far [10].

SDC is similar to breast cancer in that human epi-
dermal growth factor receptor 2 (HER2), epidermal
growth factor receptor (EGFR), Ki-67, and androgen
receptor (AR) are overexpressed in many cases [11, 12].
Currently, breast cancer is classified into five molecular
subtypes based on the expression profiles of estrogen
receptor (ER), progesterone receptor (PgR), HER2, and
Ki-67 labeling index (LI) as follows: luminal A, luminal
B, Iuminal B HER2, HER2-enriched, and triple negative.
This classification is mainly determined by immunohis-
tochemical findings and offers a strong suggestion of
which medical treatment should be selected [13].
Endocrine therapy is recommended for ER- or PgR-
positive patients, and administration of anti-HER?2 tar-
geted agent is recommended for HER2-positive patients.
Patients with high Ki-67 LI are additionally treated with
cytotoxic agents. The efficacy of anti-EGFR therapy is
under investigation for the basal-like subtype which is
defined as breast cancer negative for ER, PgR, and
HER2 (triple negative) but positive for CK5/6 and/or
EGFR [14]. In SDC, ER and PgR are very rarely
expressed while AR is often expressed [4, 5, 11, 15]. In
prostate cancer, AR is involved in generation, progres-
sion, and relapse of the disease [16], and a treatment
protocol targeting AR for AR-positive prostatic cancer is
already established [17].

Given that SDC is similar in its histopathological and
immunohistochemical findings to breast and prostate can-
cer, treatment strategies used for breast and prostate cancer
have the potential to exert antitumor effects on SDC. In this
study, we have examined the expression levels of AR,
HER2, EGFR, and Ki-67, and classified SDCs using a
novel method similar to the classification of breast cancer.
The relationship between prognosis and the expression
levels of AR, HER2, EGFR, and Ki-67 was also analyzed,
thereby assessing the feasibility of a customized systemic
treatment using cytotoxic drugs and/or molecularly tar-
geted agents appropriate to the biological characteristics of
SDC.
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Patients and methods
Eligible patients

Tissue samples were obtained from patients diagnosed with
SDC and other salivary gland carcinomas which are similar
to SDC in histopathological findings, including adenocar-
cinoma, not otherwise specified, acinic cell carcinoma,
squamous cell carcinoma, anaplastic carcinoma, high grade
mucoepidermoid carcinoma, and carcinoma ex pleomorphic
adenoma [18], at International University of Health and
Welfare Mita Hospital from March 2005 to March 2012. All
samples were fixed in 10 % formaldehyde solution and
embedded in paraffin. Retrospective histological review was
performed according to WHO classification criteria [3] by
two pathologists (T.N. and S.M.) [18-20], and patients
whose diagnoses were confirmed as SDC were eligible for
this study. While SDCs of parotid gland, submandibular
gland, sublingual gland, minor salivary glands in the oral
cavity, oropharynx, and parapharyngeal space were inclu-
ded, the glandular tumors of hypopharynx, paranasal sinu-
ses, larynx, and trachea were excluded from this study. Most
patients were treated surgically and postoperative irradiation
and/or chemotherapy were applied if necessary as the first-
line treatment (Table 1). If recurrent tumor was detected,
salvage surgery, radiotherapy, or chemotherapy were
applied for treatable patients. Treatment plans were not
changed according to the molecular markers. The study
protocol was approved by the ethical board in our institution
and written consent was obtained from each patient.

Immunohistochemical (IHC) analysis

Tumor tissue sections (4-um, formalin-fixed, paraffin-
embedded) were immunohistochemically assessed using
the following primary antibodies: anti-HER2 (PATHWAY
anti-HER-2/neu [4B5], Roche Diagnostics, Penzberg,
Germany), anti-EGFR (CONFIRM EGFR, Roche Diag-
nostics), anti-AR (clone AR441, Dako, Glostrup, Den-
mark), and anti-Ki-67 (clone MIB-1, Dako). Heat-mediated
antigen retrieval was conducted in 1 mmol/L ethylenedia-
minetetraacetic acid solution (pH 8.0) for 30 min. A
polymer-based detection system with diaminobenzidine
was used to detect antigen—antibody reactions. The
immunohistochemical assessment was performed by two
pathologists (Y.O. and S.M.). Appropriate positive and
negative controls were employed for all conditions. AR
positivity was evaluated in a manner similar to ER and PgR
according to the American Society of Clinical Oncology/
College of American Pathologists (ASCO/CAP) guidelines
for evaluation of breast cancer predictive factors [21, 22];
if >1 % of tumor cell nuclei are immunoreactive, the
tumor is considered to be positive for AR. HER2 and
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Table 1 Patient characteristics

Characteristic (N = 32)

Age, year

Median 59

Range 26-90
Sex, no. (%)

Male 27 (84)

Female 5 (16)
Primary tumor site

Parotid gland 25 (78)

Submandibular gland 4 (13)

Sublingual gland 13)

Oral cavity 2 (6)
Tumor stage, no. (%)

T2 14 (44)

T3 5 (16)

T4a 12 (37)

T4b 13
Nodal stage, no. (%)

NO 16 (50)

N2b 16 (50)
Metastasis stage, no. (%)

MO 29 91)

Ml 39
First-line treatment, no. (%)

Surgery alone 16 (50)

Surgery 4 chemotherapy 309

Surgery + radiotherapy 6 (19)

Surgery + concurrent chemoradiotherapy 5 (16)

Chemotherapy alone 1(3)

Radiotherapy alone 1)

EGFR positivity was scored 0-3+ based on the percentage
of positive tumor cells and intensity as follows: 0, no
staining or weak staining in fewer than 10 % of the tumor
cells; 14, weak staining in part of the membrane in 10 %
or more of the tumor cells; 24, complete staining of the
membrane with weak or moderate intensity in 10 % or
more of the tumor cells; 3+, strong and complete staining
in 30 % or more of the tumor cells [23]. For EGFR,
according to the criteria for evaluating responsiveness of
colorectal carcinoma to anti-EGFR treatment, score 0 was
considered as EGFR negative and scores 14 to 34+ were
considered as EGFR positive [24]. Ki-67 LI was the per-
centage of Ki-67-positive cells determined by counting the
number of immunoreactive nuclei in at least 1,000 tumor
cells. According to the criteria of the Breast Cancer
Working Group, tumors with 15 % or more Ki-67 LI were
considered to be Ki-67 high [25].

Fluorescence in situ hybridization (FISH) for HER2

A 5-pm paraffin section from each block was placed on
a glass slide and subjected to FISH. HER2 amplification
was analyzed using FISH HER2 PharmDx (Dako),
which contains both fluorescently-labeled HER2/neu
gene and chromosome enumeration probe 17 (CEP17).
FISH analyses were performed according to the manu-
facturer’s instructions. In each case, 100 non-over-
lapped, intact interphase tumor nuclei identified by
DAPI staining were evaluated, and gene (red signal) and
CEPI17 (green signal) copy numbers in each nucleus
were assessed. Samples were considered to be amplified
when the average copy number ratio, HER2/CEP17, was
>2.0 in all nuclei evaluated, or when the HER?2 signals
formed a tight gene cluster. For HER2, positive was
defined as either IHC 34 or FISH positive according to
the ASCO/CAP guideline for evaluating breast cancer
[23].

Classification of SDC subtypes

A novel classification of SDC into five molecular subtypes
using a method similar to that of breast cancer was
implemented. SDCs were classified based on expression
levels of HER2, EGFR, Ki-67, and AR instead of ER and
PgR into following subtypes: “luminal A” [AR (4)/HER2
(—)/Ki-67 (low)], “luminal B” [AR (+)/HER2 (—)/Ki-67
(high)], “luminal B HER2” [AR (4)/HER2 (+4)/Ki-67
(any)], “HER2-enriched” [AR (—)/HER2 (4)/Ki-67
(any)], and “double negative” (instead of triple negative in
breast cancer) [AR (-)/HER2 (-)/Ki-67 (any)].

Statistical analysis

The primary endpoint of this study was overall survival
(OS). Among patients who achieved complete response
(CR) after definitive treatment, disease-free survival (DFES)
was measured as a secondary endpoint, and was defined as
the number of days from the beginning of treatment to the
date of relapse, which was evaluated and recorded by each
physician. The associations between HER2, EGFR, AR,
Ki-67 status and OS or DFS were evaluated by the Kaplan—
Meier product-limit method and univariate and multivari-
ate Cox proportional hazard models adjusted by age, sex,
primary tumor site, and TNM stage. The measurement of
association was the hazard ratio (HR) along with a 95 %
confidence interval (CI). All statistical analyses were per-
formed using the software STATA ver. 10 (StataCorp,
College Station, TX, USA). All tests were two-sided, and
P values <0.05 were considered to be statistically
significant.
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Results
Patient characteristics and survival

During the study period, 130 patients with salivary gland
carcinoma were treated in our hospital and 32 patients
(24.6 %) were diagnosed with SDC by histopathological
review. The median age was 59 years (range 26-90 years)
and the median follow-up period was 1.8 years (range
0.2-6.8 years). Male patients (84 %) were predominant.
The primary tumor site was the parotid gland in 25 (78 %),
submandibular gland in 4 (13 %), sublingual gland in 1
(3 %), and oral cavity in 2 cases (6 %). Regarding tumor
and nodal stage, T2, T4a, NO and N2b were predominant.
Surgery was performed for 30 patients (94 %) including 2
cases (6 %) with metastatic disease as palliative surgery,
and postoperative irradiation and/or chemotherapy were
applied for 11 (34 %) and 8 (25 %) cases, respectively.
Other than surgery, 1 case was treated by irradiation due to
advanced age and 1 case with metastatic disease was
treated with chemotherapy (Table 1). After the first-line
treatment, CR was achieved in 28 patients and 4 patients
attained a partial response. During the follow up period, 17
cases (53 %) had recurrent disease. Three cases underwent
salvage surgery, 4 cases received irradiation, and 7 cases

Fig. 1 IHC findings of HER2, AR, EGFR, and Ki-67 and FISH for
HER?2 compared with CEP17. a HER2 IHC 3+, b HER2 IHC 2+,
¢ HER2 IHC 1+, d HER2 IHC 0, e HER2 FISH-positive (HER2/
CEP17 ratio = 6.0), f HER2 FISH-negative (HER2/CEP17
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had chemotherapy after recurrence. Best supportive care
was given to the remaining 3 patients. Two-year OS in all
patients was 73.2 % (95 % CI 51.3-86.4) and 2-year DFS
in patients who achieved CR was 50.9 % (95 % CI
29.3-68.9).

THC and FISH findings

Anti-human epidermal growth factor receptor 2 IHC
score was 0 in 4 cases (12.5 %), 1+ in 9 cases (28.1 %),
2+ in 5 cases (15.6 %), and 3+ in 14 cases (43.8 %)
(Fig. la—d). HER2 FISH was positive in 13 cases
(41.9 %) and negative in 18 cases (58.1 %) (Fig. le, f).
All HER2 IHC scores of 0, 14+ and 2+ tumors were
FISH negative, and 13 of 14 HER2 IHC 34 tumors
were positive for FISH. Finally, 14 (43.8 %) of 32
SDCs were HER2 positive.

Anti-androgenic receptor was positive in 24 cases (75.0 %).
Among 27 male patients, 22 cases (81.5 %) were positive for
AR and 2 cases (40.0 %) were positive for AR among 5 female
patients (Fig. 1g, h). EGFR was positive in 26 cases (81.3 %)
[14, 7 cases (21.9 %); 2+, 14 cases (43.8 %); 3+, 5 cases
(15.6 %)] and negative in 6 cases (18.7 %) (Fig. 1i, j). The
median Ki-67 LI was 40 % (range 20-90 %), and all patients
were assessed as Ki-67 high (Fig. 1k).

ratio = 1.1), g AR IHC-positive, h AR IHC-negative, i EGFR THC-
positive, j EGFR IHC-negative, k Ki-67 high (LI 80 %). Scale bars,
100 pm (black a—d and g-K), 5 pm (white e, f)
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Subtypes of SDCs

There were no cases (0 %) presenting an immunoexpres-
sion pattern of luminal A. Twelve cases (37.5 %) of
luminal B, 12 cases (37.5 %) of luminal B HER2, 2 cases
(6.2 %) of HER2-enriched, and 6 cases (18.8 %) of double
negative were observed. Among the double negative SDCs,
4 of 6 cases were EGFR positive. Thus, 30 of 32 (93.8 %)
cases were positive for one or more of AR, HER2, and
EGFR. There were no significant differences in OS or DFS
among the five subtypes (data not shown).

Impact of molecular marker status on clinical outcomes

Anti-human epidermal growth factor receptor 2 status had
no significant impact on either OS or DFS. Two-year OS of
HER2-negative and HER2-positive cases were 68.4 %
(95 % CI 39.5-85.6) and 80.8 % (95 % CI 41.0-95.0),
respectively (P = 0.273), and 2-year DFS rates were
446 % (95 % CI 18.3-68.0) and 589 % (95 % CI
23.1-82.7; P = 0.185), respectively (Fig. 2). While there
was no significant difference in 2-year OS between EGFR-
negative and EGFR-positive cases [83.3 % (95 % CI
27.3-97.5) vs. 72.8 % (95 % CI 48.7-86.9), P = 0.972],
2-year DFS was significantly worse in EGFR-negative
cases than EGFR-positive cases [0.0 % (95 % CI not
evaluable) vs. 57.4 % (95 % CI 33.5-75.5), P = 0.020]
(Fig. 3). Similarly, no significant difference in 2-year OS
was observed between AR-negative and AR-positive cases
[729 % (95 % CI 27.6-92.5) vs. 735 % (95 % CI
46.9-88.3), P = 0.923], whereas AR-negative cases had
significantly worse 2-year DFS than AR-positive cases
[28.6 % (95 % CI 4.1-61.2) vs. 59.0% (95 % CI
32.0-78.3), P = 0.011] (Fig. 4). All Ki-67 LI in tumor

Fig. 2 Kaplan—Meier survival
curves of OS and DFS in 1.00 -
patients with HER2-positive

and negative SDC. Two-year

overall survival was 68.4 %

(95 % CI 39.5-85.6) in HER2- 0.75 4
negative and 80.8 % (95 % CI
41.0-95.0) in HER2-positive
cases (logrank test, P = 0.273).
Two-year DFS in patients who
achieved CR after definitive

0.50 -

Overall survival

tissue exceeded 15 % in this study. When the cutoff value
of Ki-67 LI was set to 30 %, 2-year OS was 100.0 % (95 %
CI not evaluable) in low Ki-67 cases and 64.9 % (95 % CI
39.6-81.7) in high Ki-67 cases, respectively (P = 0.069),
and 2-year DFS was 58.3 % (95 % CI 15.7-85.5) in low
Ki-67 cases and 47.8 % (95 % CI 23.2—68.9) in high Ki-67
cases (P = 0.520) (Fig. 5). Moreover, when 20, 40, and
60 % were used as arbitrary cutoff values of Ki-67 LI,
there were also no significant correlations between Ki-67
LI and prognosis (data not shown). Univariate and multi-
variate analyses revealed that the expression levels of all
molecules assessed in this study had no significant pre-
dictive value for OS (Table 2). However, when univariate
analysis was performed with DFS as an endpoint, EGFR-
and AR-positivity were the significant predictors of
increased DFS rate (HR 0.21, 95 % CI 0.05-0.91,
P = 0.036, and HR 0.27, 95 % CI 0.09-0.80, P = 0.018,
respectively). Multivariate analysis of DFS indicated that
only EGFR-positivity was an independent prognostic factor
of better DFS (HR 0.02, 95% CI < 0.01-0.29,
P = 0.005), while HER2, AR, and Ki-67 status did not
have prognostic value (Table 3).

Discussion

Salivary duct carcinoma is a comparatively rare carcinoma
accounting for approximately 10 % of salivary gland
malignancies [3]. However, in this cohort, SDC accounted
for 24.6 % which supports the opinion of Nagao [18] and
Batsakis [20] that SDC is not as rare as once thought. To
develop customized systemic therapy for SDC, we exam-
ined the clinical significance of expression levels of HER2,
EGFR, Ki-67, and AR instead of ER and PgR, with
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Fig. 3 Kaplan—Meier survival
curves of OS and DFS in
patients with EGFR-positive
and negative SDC. Two-year
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reference to the 2011 St. Gallen recommendations/guide-
lines for breast cancer [13]. As a result, it was found that
EGFR- or AR-positive status in univariate analysis and
EGFR-positive status in multivariate analysis are prog-
nostic factors favorably affecting 2-year DFS. These
molecular factors had no significant correlations with
2-year OS in both univariate and multivariate analyses. The
reason for the discrepancy between OS and DFS is thought
to be that there were many cases who have responded to
secondary treatment after relapse, and further study is
required to clarify the impact of these molecular factors on
OS.

The expression levels of hormonal receptors such as AR
in prostate [26] and breast cancer [12], and ER and PgR in
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Number at risk
AR negative
AR positive
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breast cancer [22] have been reported to be associated with
favorable prognosis. Hoang et al. [15] have reported that
AR expression is associated with lower proliferative
activity in SDC. Williams et al. [5] have reported that
patients with AR—/ERPB— tumors have decreased survival
compared with patients with AR+/ER+ tumors or AR-+/
ERB— tumors. The present study is the first report to show
a correlation between AR expression and favorable prog-
nosis independent of ER status in SDC patients, although
the prognostic value was not significant in multivariate
analysis. AR is expressed in normal prostate, testis, mam-
mary glands, sebaceous glands, and sweat glands, and is
now known to be involved with intracellular signaling at all
carcinoma stages, including generation, progression, and
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0.00 0.00
0 5 1 1.5 2 0 5 1 1.5 2
Survival (years) Survival (years)
Number at risk Number at risk
Ki-67 < 30 9 9 5 5 5 Ki-67 < 30 9 7 3 3 3
Ki-67 > 30 23 20 15 13 9 Ki-67 > 30 19 15 10 9 7
Tabl.e 2. Univariat(? and Characteristic N Univariate analysis Multivariate analysis
multivariate analysis of overall
survival in SDC patients HR (95 % CI) P value HR (95 % CI) P value
HER?2 status
Negative 18 1.00 0.288 1.00 0.787
Positive 14 0.42 (0.08-2.08) 1.33 (0.17-10.43)
EGFR status
Negative 6 1.00 0.972 1.00 0.132
Positive 26 1.04 (0.13-8.55) 0.08 (<0.01-2.13)
AR status
Negative 8 1.00 0.923 1.00 0.712
Positive 24 1.08 (0.22-5.37) 2.11 (0.04-112.3)
Adjusted for age, sex, primary Ki-67 status
tumor site, TNM stage <30 % 9 NE NE NE NE
HR hazard ratio, CI confidence ;30 % 23 NE NE

interval, NE not evaluated

relapse in prostate cancer. On the other hand, the role of
AR in generation or progression of SDC is still unclear,
although AR is undetectable in normal salivary glands [27].
As a treatment target, AR plays a key role in androgen
deprivation treatment (ADT) for prostate cancer. The
efficacy and safety of ADT have been well described [17].
ADT has been reported to be effective for AR-positive
salivary gland carcinoma including SDC [28-31]. Further
study is warranted to assess whether AR-targeted therapies
could improve the prognosis of unresectable and AR-
positive SDC cases.

It has been reported that expression of EGFR is a poor
prognostic factor in head and neck squamous cell carci-
noma [32], prostate cancer [33], and breast cancer [22]. In
SDC, there were no previous reports which showed sig-
nificant correlation between EGFR expression and OS or
DFS. In this study, the DFS rate at 2 years was significantly
higher in EGFR-positive than EGFR-negative cases in

univariate and multivariate analysis, although Williams
et al. [9] reported that EGFR overexpression correlated
with local recurrence with marginal significance
(P = 0.046). Further study is needed as both sets of data
were obtained from small cohorts. EGFR serves as a target
for anticancer therapy in head and neck squamous cell
carcinoma and colorectal carcinoma. There are some
reports in which various histological types of salivary
gland carcinoma have been treated with cetuximab and/or
gefitinib [34-36], but none of these trials included SDC.
KRAS mutation was detected in none of 18 studied patients
(data not shown), suggesting that anti-EGFR drugs such as
cetuximab and panitumumab may be effective for SDC if
EGFR is positive.

HER2 gene amplification and protein overexpression
was reported to be a significant predictor of poor prog-
nosis in breast cancer [37], and trastuzumab, anti-HER2
monoclonal antibody, was first introduced into clinical
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Table 3 Univariate and Characteristic N

Univariate analysis

Multivariate analysis

multivariate analysis of DFS in

SDC patients HR (95 % CI) P value HR (95 % CI) P value
HER?2 status
Negative 18 0.197 1.00 0.768
Positive 14 0.46 (0.15-1.49) 0.74 (0.11-5.26)
EGFR status
Negative 6 0.036 1.00 0.005
Positive 26 0.21 (0.05-0.91) 0.02 (<0.01-0.29)
AR status
Negative 8 0.018 1.00 0.277
Positive 24 0.27 (0.09-0.80) 0.32 (0.04-2.48)
Adjusted for age, sex, primary Ki-67 status
tumor site, TNM stage <30 % 9 0.524 1.00 0.638
HR hazard ratio, CI confidence >30 % 23 1.52 (0.42-5.48) 1.61 (0.22-11.52)

interval

practice as a molecularly targeted therapy [38]. Although
HER2 gene amplification and protein overexpression is
not a prognostic factor in gastric cancer, addition of
trastuzumab to chemotherapy significantly improves OS
[39]. While it is still unclear whether HER2 gene
amplification and/or protein overexpression are predictors
of poor prognosis in carcinomas other than breast cancer,
a recent report indicates that HER2 is not a prognostic
factor in SDC [9]. In this study, HER2 gene amplifica-
tion and protein overexpression had no effect on OS or
DFS. Although various kinds of HER2-positive carcino-
mas have been treated with trastuzumab combined with
chemotherapy, addition of trastuzumab to chemotherapy
shows no efficacy in patients with lung, prostate, ovary,
pancreas, or urothelial cancer [40—43]. On the other
hand, trastuzumab plus taxanes prolong DFS in some
cases of metastatic or recurrent salivary gland carcinoma
including SDC [44-48]. In this study, approximately
40 % of SDCs were HER2 positive, which could be a
good indication for treatment with trastuzumab combined
with taxanes.

Expression of Ki-67, an intranuclear protein expressed
in all phases of the cell cycle other than the GO phase, is
regarded as an indicator of cell proliferation. Although the
impact of Ki-67 LI on prognosis of breast cancer has been
evaluated several times, its prognostic value remains con-
troversial [49, 50]. A report, which includes only 9 cases,
indicates that high Ki-67 LI is a predictor of poor prognosis
in SDC [51]. In this cohort, while 20, 30, 40 and 60 % were
used as arbitrary Ki-67 LI cutoff values, Ki-67 LI had no
correlation with prognosis. Since there were no cases with
less than 15 % Ki-67 LI, SDC is considered to have high
proliferative activity. Thus, the use of cytotoxic drugs may
be reasonable when systemic treatment for patients with
SDC is planned.

@ Springer

As with the classification system of breast cancer [32,
52], in this study SDCs were classified into five subtypes
based on the expression levels of HER2, EGFR, Ki-67, and
AR. Although the usefulness of this classification has yet to
be evaluated, the fact that 30 of 32 (93.8 %) cases were
positive for one or more of AR, HER2, and EGFR indicates
that anti-AR, anti-HER2, and/or anti-EGFR targeted ther-
apies may have efficacy in many cases of SDC. Since whole
exome sequencing has been performed to detect recurrent
somatic mutations and translocations by which the efficacy
of novel drugs has been assessed in previous studies of
breast cancer [53], the same approach will be required when
introducing new drugs to the treatment strategy for SDC.

In conclusion, AR-positivity and EGFR-positivity were
associated with better DFS in patients with SDC in univariate
analysis, and EGFR-positivity was an independent predictive
factor in multivariate analysis. When anti-AR, anti-HER2,
and/or anti-EGFR targeted therapies, which have the potential
to exert efficacy in 90 % or more cases with SDC, and/or
conventional cytotoxic therapy for high Ki-67 LI cases are
planned, a classification system of SDC based on the
expression levels of these molecular factors may be useful to
select adequate treatment. Further studies are required to
evaluate the usefulness of this classification system and of a
customized treatment strategy for SDC in the clinical setting.
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