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Introduction

Salivary duct carcinoma (SDC) is a rare, high-grade tumor aris-
ing from the ductal epithelium of the salivary gland. SDC com-
prises approximately 10% of all salivary gland malignancies
and typically presents in older men, with the parotid gland
being the most common primary site [1]. SDC is typically man-
aged by similar treatment approaches as other high-grade sal-
ivary gland tumors [2-4]. Complete surgical resection of the
involved salivary gland and neck dissection is recommended.
Postoperative radiotherapy (PORT) to the tumor bed and ipsi-
lateral neck is usually recommended. The role of systemic
chemotherapy is unclear despite its evaluation in several clin-
ical trials [5,6]. In the prior studies, 50-70% of the patients
presented with regional lymph node (LN) metastasis at initial
diagnosis, and 30-70% developed distant metastasis (DM)
during follow-up, resulting in 50-70% of deaths by tumor-
related causes [1,7-17]. However, data describing patterns of
failure after surgery and PORT have been limited so far.

This study aimed to elucidate the treatment outcomes and
the patterns of failure of SDC treated with surgery and PORT,
among patients enrolled in the multi-institutional retrospective
study of the Korean Radiation Oncology Group (KROG) 13-09.

Material and methods
Study population and patient eligibility

The eligibility criteria for the KROG 13-09 study were as fol-
lows: patients with pathologically proven salivary gland car-
cinoma in major salivary glands; patients without DM at the
time of diagnosis; patients treated with surgery and/or RT for

curative intent; patients without history of other malignan-
cies; and patients who were treated between January 1999
and December 2008. Patients who did not complete the
planned RT or who received palliative surgery before RT
were excluded from this study.

Before study enrollment, all participating hospitals obtained
ethical approvals from their respective institutional review
boards. In each institution, the medical records of the enrolled
patients were retrospectively reviewed for information about
patient and tumor characteristics, treatments, and follow-up
results. Among 272 enrolled patients from seven hospitals, the
data of 27 patients with SDC were analyzed for this study.

Study endpoints

The study endpoints were overall survival (OS), disease-free sur-
vival (DFS), local control (LC), regional control (RC), and distant
control (DC) rates. OS was calculated from the date of surgery
to the date of death by any cause or the final follow-up. DFS
was calculated from the date of surgery to the date of disease
recurrence or last follow-up. LC, RC, and DC rates were defined
as the proportion of control rates in the primary site, neck, and
distant sites, respectively. In addition, we analyzed the primary
patterns of failure, significant prognostic factors for each study
endpoint, and failure patterns in relation to the RT field.

Statistical analyses

Survival curves were generated using Kaplan-Meier methods,
and survival differences were compared using a log-rank
test. The Pearson’s chi-square test, Fisher's exact test, or
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Mann-Whitney U test was used to compare quantitative and
qualitative variables. Statistical analyses were performed
using SPSS statistics version 18.0 (SPSS, Inc.,, Chicago, IL,
USA). Statistical significance was defined as a p <.05.

Results
Patient and tumor characteristics

The patient and tumor characteristics are summarized in
Supplementary Table 1. The median age was 61 (range,
23-78) years, and 22 patients were male. The tumor location
was parotid gland in 21 and submandibular gland in 6,
respectively. The majority had Eastern Cooperative Oncology
Group performance status of 0-1 (96.3%). During operation,
facial nerve invasion (FNI) was found in 12 (44.4%) patients.
Pathological LN positivity was observed in 18 (66.7%)
patients. Resection margin (RM) and perineural invasion (PNI)
were positive in 9 (33.3%) and 16 (59.3%) patients,
respectively.

Treatment characteristics

The treatment characteristics are outlined in Supplementary
Table 2. The most common types of primary site surgery
were total conservative parotidectomy (85.7%) for parotid
gland cancer, and wide excision (83.3%) for submandibular
gland cancer, respectively. Neck dissection was performed in
85.7% and 66.7% of patients in parotid gland and subman-
dibular gland cancer, respectively, by either one of the fol-
lowing types of surgery; radical neck dissection, modified
radical neck dissection, or supraomohyoid neck dissection.
The most common types of RT techniques were three-dimen-
sional conformal RT (51.9%), followed by two-dimensional RT
(29.6%) and intensity-modulated RT (18.5%). The median
PORT doses were 63 (range, 45-66) Gy for primary site and
54 (range, 41.4-66) Gy for neck. Most patients (92.6%) did
not receive chemotherapy, and adjuvant chemotherapy was
administered in only 2 patients.

Nodal metastasis and neck management

The details of nodal metastasis distribution are summarized
in Table 1. Pathological nodal metastasis was positive in
71.4% and 50% of parotid gland cancer and submandibular
gland cancer patients, respectively. Level Il and lll were the
common metastatic sites, and other Levels (I, IV, and V) were
positive in about 20%. All four parotid gland cancer patients
with intraparotid or periglandular LN metastasis had nodal
metastasis in other nodal stations. In parotid gland cancer
patients, 64.3% had LN metastasis only in Level I-lll, and no
patient had isolated lower neck metastasis.

The mixture of neck dissection level and PORT field was
very heterogeneous but could be simplified according to the
nodal positivity. In nine patients with pNO or pNx, four
patients were treated with neck RT covering lower neck lev-
els (up to Level IV or V). Three patients were irradiated to
only the surgical field (upper neck), and two did not receive

Table 1. Distribution of neck node metastasis.

Parotid gland Submandibular gland

Status of node metastasis

pNO or pNx 6 (28.6%) 3 (50%)
pN+ 15 (71.4%) 3 (50%)
Distribution of node metastasis (I)*

Intraglandular 1 (5.3%)

Periglandular 3 (15.8%)

Level | 4 (21.1%) 1 (20%)
Level II 9 (47.4%) 2 (40%)
Level Il 5 (26.3%) 2 (40%)
Level IV 4 (21.1%) 1 (20%)
Level V 4 (21.1%) 1 (20%)
Level VI 1 (5.3%) 0 (0%)

Distribution of node metastasis (II)°

Level -l (+) and IV-V (—) 9 (64.3%)° 1 (50%)
Level I-lll (+) and IV-V (+) 4 (28.6%) 1 (50%)
Level -l (=) and IV-V (+) 1(7.1%) 0 (0%)

?Denominators were 19 for parotid gland cancer and 5 for submandibular
gland cancer after removing 3 patients who had nodal metastasis without
information on involved nodal stations.

PDenominators were 15 for parotid gland cancer and 2 for submandibular
gland cancer, which had complete information on involved nodal stations.
‘One patient experienced regional failure in the supraclavicular node.

9One patient had single nodal metastasis in Level Va.

neck RT. In 18 patients with pN+, neck RT field covered
lower neck levels in 12 patients and only upper neck levels
in 6 patients. With these treatments, only 1 patient experi-
enced regional failure (RF); he had single nodal metastasis in
level 1l (pN1) and received neck RT covering the dissected
area of Level Il, but RF occurred in the ipsilateral supraclavic-
ular node area (out-field).

Survival outcomes and prognostic factors

The median follow-up duration was 57 (range, 4-141)
months. During follow-up, 13 (48.1%) patients experienced
recurrences, and 13 patients died of cancer progression
(n=12) or unknown cause (n=1). The survival curves are
shown in Figure 1. The 5-year OS, DFS, LC, RC, and DC rates
were 63.4%, 47.4%, 72.7%, 96.3%, and 68%, respectively.

In univariate analysis, pN-stage and PNI showed a mar-
ginal significance for OS (p=.06 and .063) and DFS (p=.076
and .074). With regard to LC, pT-stage (p=.017) and FNI
(p=.026) were the significant prognostic factors. There was
no significant prognostic factor for DC. The statistical results
of univariate analysis are summarized in Supplementary
Table 3.

Patterns of failure

The distribution of relapses in all 13 patients was as follows:
four local; one local and distant; one regional; and seven dis-
tant sites.

The patient, tumor, and treatment characteristics of 6
patients with local and regional recurrences are described in
Supplementary Table 4. Local failures (LFs) occurred
14-44 months after surgery. All patients with LF had both
FNI and pT4-stage. Recurrent patients received 45-66 Gy of
PORT (66Gy in patients with positive RM), and 2 patients
had positive RM status. The LF sites were temporal bone,
internal auditory canal, skull base, and neighboring skins.
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Figure 1. The Kaplan-Meier curves of overall survival, disease-free survival,
local control, regional control, and distant control.
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Four among five LFs occurred from the original PORT field
(in-field). The total PORT dose was not statistically different
between patients with and without LFs (p =.656). There was
one RF, as described above in the section on nodal metasta-
sis and neck management. The DM occurred in bone, lung,
liver, adrenal, and spine in 8 patients, with a median elapsed
time of 6 (range, 3-23) months.

Discussion

In this multicenter study of SDC in major salivary gland
treated with curative surgery and PORT, overall treatment
outcomes and patterns of failure were similar to those of
previous studies [1,7,12,14-171.

In major salivary gland SDC, LF has been reported to be
10-30% after surgery followed by PORT [1,17,18]. In the pre-
sent study, 5 patients experienced LFs; all had pT4-stage and
positive FNI, and 4 patients had facial nerve paralysis at the
time of diagnosis. LF at neighboring skin and internal audi-
tory canal were also commonly observed. Johnston et al. [1]
reported that 6 of the 8 patients with LFs presented with
facial nerve paresis or paralysis. Shinoto et al. [17] described
that PNI was a significant prognostic factor for LC. In our
study, all out-field recurrences developed in patients with
PNI, similarly in Shinoto et al. [17] These findings support
that the clinical target volume should include the involved
cranial nerves and the corresponding parts of the skull base
in patients with positive PNI. With regard to RT dose issue,
the median RT doses were 63Gy for primary site in our
study. Neither resection margin status nor RT doses signifi-
cantly affected the LC rates in the subgroup analysis.
Johnston et al. [1] also reported that the doses given to pri-
mary sites were 66-70Gy in 4 patients with in-field LF and
there was no dose-response relationship for LC. Since there
have been no standard doses for PORT in SDC to date, PORT
doses should be refined to improve LC, and new RT technol-
ogies such as particle therapy should be introduced.
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With respect to neck management, previous studies
described their own institutional treatment policies [17,18].
However, to our knowledge, no studies depicted the distri-
bution of neck node metastasis and the extent of neck treat-
ment. The current study categorized the study population
according to the distribution of LN metastasis (Table 1) and
treatment extent. LN metastasis was positive in 66.7% of
patients, with Level Il and Il being the most commonly
involved sites. There was no lower neck metastasis without
upper neck metastasis. In nine patients with pNO or pNx,
there was no RF regardless of the extent of treatment. In 16
patients with upper neck metastasis, the lower neck node
was positive in 5 patients. RF occurred in the lower neck in 1
patient who had Level Il node metastasis and had been
treated only to the upper neck. Despite the small sample
sizes, these results provided some insightful viewpoints for
RT field design as follows; ipsilateral upper neck for pNO or
pNx, and ipsilateral whole neck for pN+. Although contralat-
eral neck node recurrence has been reported [1,17,18], the
indication of contralateral neck RT is uncertain so far.

In terms of risk factors for DM, multiple pathological LNs,
lymphovascular invasion, and extracapsular extension have
been known to be major factors [1,18]. In the current study,
no factors were statistically significantly associated with DM,
which might be due to the limited sample sizes.
Interestingly, 5 (4 distant and 1 regional) relapsed within
6 months after treatment. The development of disease relap-
ses within the very early period, especially in distant sites,
was also previously described [16,18]. Despite conflicting
results among studies [15,19], human epidermal growth fac-
tor receptor-2 and androgen receptor are emerging as future
potential therapeutic targets, owing to a good response of
metastatic SDC to trastuzumab and anti-androgen drugs. In
addition, programed death ligand-1 was reported to be
expressed as high as 48% in SDC [20], whose expression
allows tumor cells to elude the immune system. Considering
the fact that DM is a major failure pattern of SDC, novel sys-
temic therapies or immunotherapy, combined with surgery
and PORT, is anticipated to improve DC, as well as LRC.

Although our study is limited by its retrospective nature
and small sample sizes, the main strengths are the multicen-
ter nature of the study and the detailed depiction of patterns
in nodal metastasis. A multicenter study has less risk of bias
than a single institutional study, and we proposed perspec-
tives of neck management based on pathological nodal dis-
tribution, PORT fields, and patterns of failure.

In summary, the present study demonstrated that surgery
followed by PORT was effective in LRC, but not in DC, in
major salivary gland SDC. Optimization of radical surgery,
proper RT field design based on this study’s results, and
application of novel systemic agents to minimize DM would
be indispensable for future SDC treatment.
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