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Abstract
Purpose: Salivary duct carcinoma (SDC) is a high-grade subtype of salivary gland malignancy. Distant
metastasis was the common pattern of failure for patients receiving surgery and adjuvant radiotherapy.
We are aimed to analyze the prognostic value of positive lymph nodes for distant metastasis in the SDC
following postoperative radiotherapy.

Patients and Methods: We reviewed the data of patients with SDC receiving surgical resection and
radiotherapy. The univariate analysis was conducted using Log-rank method for the clinicopathological
features with distant-metastasis-free survival (DMFS). The multivariable analysis was performed by Cox
regression hazards method. A risk strati�cation model was established by the score calculated with the
variables quali�ed by multivariate P<0.05.

Results: 91 patients were enrolled, and the median age at diagnosis was 58.5 years. 53.8%(n=49) of the
patients appeared with the involvement of neck lymph nodes after surgery. The advanced T stage (95% CI
1.325-5.38; P=0.006), number of positive lymph nodes (PLN≥8) (95% CI 1.241-6.58; P =0.013), and
peripheral invasion (PNI) (95% CI 1.059-4.65; P=0.034) were signi�cantly associated with DMFS for the
SDC in the multivariate analysis. Patients were divided into two subgroups based on the risk factors,
while signi�cant differences of DMFS and OS were observed between the risk cohorts (5-year DMFS:35%
vs.64.4%, P=0.0001; 5-year OS:53.6% vs.70.4%; P=0.048).

Conclusion: Higher number of positive lymph nodes was associated with worse DMFS in SDC following
PORT. The patients at high risk appeared with signi�cantly poor DMFS and survival, and clinical trials on
adjuvant therapy are warranted for this subgroup. 

1 Introduction
Salivary duct carcinoma (SDC) is a rare malignancy accounting for 1–3% of salivary gland
carcinomas(SGCs)(1). It was typically originated from major salivary glands and more likely to occur in
elderly male patients. The histology of the SDC resembles high-grade ductal breast carcinoma which
presented with high aggression. Consequently, high rates of locoregional and distant failure were reported
in the patients with SDC(2). As the majority of the patients were initially diagnosed with distant
metastasis, the 5-year overall survival (OS) for SDC ranged from 20–50%(3). In addition, the 3-year
disease-free survival (DFS) was reported as 35.5%-38.2% in those cases without distant metastasis(4, 5).

Because of the low incidence, no large or prospective studies have explored the treatment strategy for the
SDC. The primary therapeutic approach for the SDC was referred to the management of high-grade SGCs
which included surgical resection and postoperative radiotherapy (PORT)(6). Adjuvant radiotherapy was
signi�cantly associated with better locoregional control rate(P = 0.004) in the patients with SDC(7).
However, distant metastasis remained the main failure pattern in the SDC after PORT. Studies with a
number of cases have showed that nodal involvement, HER-2 overexpression, and perineural invasion
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(PNI) were associated with poor overall survival (OS) in the SDC(8, 9). However, little was known about
the distant metastatic risk after PORT.

The absolute number of tumor-associated lymph nodes was an independent prognostic risk factor for
head and neck cancer(10). In addition, the involvement of regional lymph nodes was signi�cantly
correlated with poor disease-free survival (DFS) in ductal breast cancer(11). A positive correlation was
observed between the presence of cervical lymph nodes in salivary gland malignancies and high
pathological aggression or advanced stages. As a high-grade histological type, cervical lymph metastasis
occurred in more than 50% of the patients with SDC(12). Yet, the prognostic value of positive lymph
nodes (PLN) in SDC was inconclusive because of the very low incidence.

In this study, we reviewed the cohort with SDC following PORT in our institution, and evaluated the
association of PLN and other features with DMFS. Moreover, we conducted a risk strati�cation model
with the risk variables to identify the patients with poor long-term outcome.

2 Methods

2.1 Patients and study design
This study was conducted retrospectively on a primary cohort of patients histologically proven to be
primary salivary malignancy in Fudan Cancer Shanghai Cancer Center (Shanghai, China) from January
2008 to December 2020. All patients were reviewed by the pathologists in this institution for the
diagnosis of salivary duct carcinoma. The patients who underwent complete resection of the primary
tumor and adjuvant radiotherapy were included. Exclusion criteria were as follows: distant metastasis at
initial diagnosis; no treatment of surgery or radiotherapy was delivered; medical data and follow-up
information unavailable. All the data of participants were collected retrospectively through medical
records, ethical approval was obtained through the ethics committee if needed. We con�rm that all
experiments were performed in accordance with relevant guidelines and regulations

2.2 Endpoints and statistical analysis
The treatment decisions for the patients were made with the consistency of the multidisciplinary head
and neck oncology board. Radiotherapy was delivered covering tumor bed and elective nodes after
primary tumor removal. The positive lymph nodes were con�rmed by pathological examination after
surgical resection. The primary endpoint for this study was distant-metastasis-free survival (DMFS),
which was de�ned as the time from the date of initial surgery to the date of the �rst-time distant
metastasis, death of any cause, or the last contact time. The second endpoint was overall survival (OS)
which was calculated from the date of initial surgery to the latest follow-up visit or death of any cause.

The characteristics of continuous variables were descriptively displayed using mean values and standard
deviations. Categorical variables were listed based on the clinical �ndings. Kaplan-Meier method was
adopted for drawing survival curves. The log-rank test was used for statistical comparison of the DMFS
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and OS in univariate analysis. The multivariable survival analysis was performed using the Cox
proportional hazards model. The relationship between the number of positive lymph nodes (PLN) and
DMFS was de�ned by the restricted cubic spline functions method. The optimal cutoff value of the
number was determined by maximally selected rank statistics. P 0.05 was considered statistically
signi�cant. All of the statistical analyses were performed using R software (4.15 vision) and SPSS 24.0.

3 Results

3.1 Clinicopathologic characteristics of the participants
After reviewing the medical records, 91 patients with histologically con�rmed as de novo SDC and SDC ex
pleomorphic adenoma (CaExPA) met the inclusion criteria and entered into this analysis (Table 1). In
which, 5.5%(n = 5) of the patients were reported with the pathological SDC arising from pleomorphic
adenoma. The median age at diagnosis was 58.5 years (Range 39–79 years), and 93.4%(n = 85) of the
patients were male. Tumors originated from the parotid in 61(67%) cases and the submandibular in
30(33%) cases. About half of the patients appeared with advanced T (T3-4) stage (n = 48, 52.8%) by
surgical con�rmation. The involvement of lymph nodes occurred in 53.9%(n = 49) of the patients. The
median cumulative dose for Plan Tumor Volume (PTV) was 58.5Gy (Range 56-70.4Gy). Furthermore,
chemotherapy was administrated using platinum-based regimen in 18.7%(n = 17) of the patients after
surgery.
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Table 1
Characteristics and Treatment of the patients 2008–2020

Characteristics N = 91, % Characteristics N = 91, %

Gender:   Primary tumor site  

Male 85 (93.4) Parotid 61 (67.0)

female 6 (6.59) Submandibular 30 (33.0)

Age 58.5 (39–79) Pathology  

Pathological T stage   De novo 86 (94.5)

T1 16 (17.6) CaExPA 5 (5.5)

T2 27 (29.7) AR  

T3 38 (41.8) Positive 48 (53.9)

T4 10 (11.0) Negative 2 (2.2)

Pathological N stage   Unknown 41 (45.1)

N0 42 (46.2) Her-2  

N1 15 (16.5) Positive 39 (45.3)

N2 30 (33.0) Negative 5 (5.5)

N3 4 (4.40) Unknown 47 (51.6)

Stage   PNI  

I 8 (8.8) Negative 47 (51.6)

II 18 (19.8) Positive 44 (48.4)

III 27 (29.8) LVI  

IVa 34 (37.4) Negative 63 (69.2)

IVb 4 (4.4) Positive 28 (30.8)

Chemotherapy   Surgical margin  

Yes 17 (18.7) Negative 87 (95.6)

No 74 (81.3) Positive 4 (4.40)

PLN 4.2 (0–44) RT dose (Gy) 58.5 (56-70.4)

*Notes: LVI: lymph vascular invasion, PLN: positive lymph number, PNI: peripheral invasion

3.2 follow-up and outcomes
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The median follow-up time for the cohort was 56.23 months (range 4.5–160 months). We observed
37.4%(n = 34) of the patients presenting with distant metastasis after PORT. Lung failure (n = 20, 58.8%)
was the most reported, followed by bone and liver metastasis. The estimated 3, and 5-year DMFS were
57% and 47.2%, respectively. In addition, 28 (30.8%) of the cases died during the follow-up because of the
failure of distant metastasis (28/28, 100%). The estimated 3, and 5-year OS were 82.1% and 60.5%,
respectively. The median survival time was not reached and median distant-metastasis free time was
52.1 months (95% CI 28.89–75.31).

3.3 Positive lymph number (PLN) and prognostic factors
The mean number of 4.2 (range 0–44) positive lymph nodes was detected after surgery. A linear
correlation was observed between the risk of distant metastasis and the PLN(Figure.1A). Therefore, we
determined the best cutoff number for PLN with the maximally selected rank statistics(Fig. 1B), which
showed that the cutoff value was PLN = 8. Signi�cantly worse DMFS was observed for the patients with
high PLN(≥ 8) compared with those with low PLN (< 8)(Fig. 1.C).

In the univariate analysis for DMFS, pathological T stage (P = 0.001), pathological N (P = 0.003),
peripheral invasion (PNI) (P = 0.001), lymph vascular invasion (LVI) (P = 0.027), PLN ≥ 8 (P = 0.003) and
chemotherapy(P = 0.038) were associated with decreasing DMFS for the SDC after PORT. Following the
multivariable Cox regression analysis, advanced T stage (T3-4) (95% CI 1.325–5.38; P = 0.006), PLN ≥ 8
(95% CI 1.241–6.58; P = 0.013) and PNI (95% CI 1.059–4.65; P = 0.034) were signi�cantly correlated with
poor DMFS(Table 2).
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Table 2
Univariate and multivariable analysis of factors for DMFS (n = 91)

  Univariate analysis Multivariable analysis

  HR (95%CI) P-value HR (95%CI) P-value

Gender:        

Male 1.36 (0.49–3.83) 0.556    

Female Ref.      

Age 1 (0.97–1.03) 0.994    

Primary site        

Parotid Ref.      

Submandibular 1.2 (0.63–2.28) 0.579   .

Pathological T       0.006

T1-2 Ref.   Ref.  

T3-4 3.26 (1.66–6.39) 0.001 2.669 (1.325–5.38)  

Pathological N        

N0 Ref.      

N+ 2.69 (1.4–5.2) 0.003    

PLN       0.013

<8 Ref.   Ref.  

≥8 2.81 (1.36–5.81) 0.005 2.858 (1.241–6.58)  

PNI       0.034

Negative Ref.      

Positive 2.83 (1.5–5.35) 0.001 2.218 (1.059–4.65)  

LVI       0.619

Negative Ref.   Ref.  

Positive 2.01 (1.08–3.74) 0.027 0.822 (0.379–1.78)  

Pathological margin:        

Negative Ref.      

*Note: PLN: positive lymph number, LVI: Lymph vascular invasion, PNI: peripheral invasion
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  Univariate analysis Multivariable analysis

Positive 2.11 (0.5–8.92) 0.308    

Chemotherapy:       0.094

No Ref.   Ref.  

Yes 2.16 (1.04–4.48) 0.038 1.96 (0.891-4.30)  

*Note: PLN: positive lymph number, LVI: Lymph vascular invasion, PNI: peripheral invasion

3.3 Risk strati�cation for distant metastasis
To build the risk strati�cation for DMFS of the patients with SDC following PORT, we calculated the risk-
score based on the weighting(β-coe�cient) of signi�cant factors of the multivariate analysis. In that
cases, the pathological T stage, PLN, and PNI were included for the establishment of the �nal model, and
patients were divided into two risk subgroups based on the cutoff value representative of the 50th
percentile risk-score (Table 3). The 5-year DMFS and OS for the high and low-risk groups were 35%,
64.4%, 53.6%, and 70.4%, respectively. Signi�cant differences in DMFS (P = 0.00018) and OS (P = 0.049)
were observed between the high-risk and low-risk subgroup of the patients after PORT(Figure.2).
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Table 3
Risk strati�cation of DMFS in patients with SDC (n = 91)
Covariate β-coe�cient Risk-score

Pathological T    

T1-2 Ref. 1*β (T1-2 = 1)

T3-4 0.9818 2*β (T3-4 = 2)

PLN    

PLN < 8 Ref. 1*β (PLN < 8 = 1)

PLN ≥ 8 1.0500 2*β (PLN ≥ 8 = 2)

PNI    

Negative Ref. 1*β (Negative = 1)

Positive 0.7967 2*β (Positive = 2)

Group    

High-risk   ≥ 3.6252 (n = 54)

Low-risk   < 3.6252 (n = 37)

*PLN: positive lymph number; PNI: Peripheral invasion

Discussion
Salivary duct carcinoma (SDC) was a highly aggressive subtype of salivary gland malignancy according
to the WHO classi�cation(13). Previous studies(14, 15) have shown that this subtype of patients
presented with a high rate of distant metastasis in the clinic. In this study, we retrospectively collected the
data of patients with SDC who underwent PORT and analyzed the prognostic value of the number of
positive lymph nodes (PLN) and other risk factors for the DMFS. Moreover, we constructed the risk
strati�cation which may be useful to identify the patients at high risk of poor survival. 

 Primary tumor resection was essential for the treatment of the head and neck cancer according to the
National Comprehensive Cancer Network (NCCN) guidelines(6), while it could provide accurate diagnosis
and treatment for the major salivary gland carcinomas. Regardless of the stage of SDC, postoperative
radiotherapy (PORT) was strongly recommended because that adjuvant radiotherapy could signi�cantly
improve the local-regional control rate for the SDC (P =0.004)(7, 14). However, distant metastasis
remained the major cause affecting the survival of the patients after PORT. But, few studies have
investigated the prognostic predictors for distant failure with more than 50 cases due to its rarity. The
largest study including the patients from the SEER database with 228 cases(16) showed that older age,
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large tumor size, and lymph node involvement were signi�cantly associated with poor prognosis for the
SDC. Nevertheless, factors involving distant metastasis were not reported in that study. 

Regional lymph nodes played a signi�cant role as a predictor of disease metastasis in most solid tumors.
In breast cancer, the sentinel lymph node was the initial region for the tumor spreading to other organs.
The tumor-positive nodes were a signi�cant prognostic predictor for local regional and distant recurrence
in breast cancer(17). The SDC shared a similar histological type with breast cancer, and nodal metastasis
could predict the disease metastasis in the early time. Two retrospective studies have shown that
advanced N stages (N2-3) were correlated with decreasing disease-free survival (DFS) and DMFS for the
SDC(15, 18). In addition, the positive lymph ratio has also been reported as an indicator for poorer DMFS
in the major salivary gland carcinoma(19, 20). And, T. J. Roberts(21) has illustrated the superior
predicting value of positive lymph number (PLN) than lymph node ratio in head and neck cancer. In the
major SGCs, the number of positive lymph nodes was associated with worse OS (P < 0.001) (22).
However, different subgroups of the SGCs appeared with heterogeneous histological types and clinical
phenotypes. Of note, the SDC was a highly aggressive subtype of malignancy compared with other SGCs,
and the highest proportion of nodal involvement was observed among the major histological types in
SGCs (54% vs. 24%, SDC vs. others)(23). In another study from the Netherlands, increasing PLN was
associated with worse OS and DMFS in a non-linear way(24). For cases with 0 nodes being the reference,
signi�cantly worse DMFS was observed for those patients with 3-15 lymph nodes (P=0.007).
Nevertheless, the study also included those patients with initial metastasis (stage M1) and those without
radiotherapy. In our opinion, PORT was the standard approach for the SDC without distant metastasis.
Thus, we analyzed the cohort after radical PORT and found that the risk of distant metastasis increased
linearly by the PLN (Figure1.A). Moreover, we believe that several other pathological features (such as
PNI, LVI) could predict the DMFS of the SDC, which were also not reported in that paper(24).   

In our �ndings, the advanced T stage was an independent predictor for poor OS and DMFS in the
multivariate analysis, which was consistent with the results from several other studies of salivary gland
carcinomas following PORT(25, 26). Despite the factors of the TNM stage, PNI was correlated with
decreasing DMFS in the univariate and multivariable analysis of the SDC(P=0.003). The PNI represented
the metastatic ability through peripheral nerves and could predict the high risk of distant metastasis for
patients with SGCs(27). The probability of PNI was higher in the SDC than that of other SGCs(28).
However, few reports have included PNI into the analysis because of the very low incidence. Another
study with 35 cases has illustrated the signi�cant prognostic value of PNI for OS in the SDC(P=0.005)(8).
While 48.4% of the patients were con�rmed as PNI by pathological examination in our study, which
indicated that the SDC appeared with high pathological aggressiveness. Furthermore, the patients with
positive PNI were reported with signi�cantly higher risk of distant recurrence(P<0.05). 

For effective utility in the clinic, we combine the independent predictors to �gure the risk score for every
individual. Furthermore, the cohort was divided into two risk groups, whereas signi�cant worse OS and
DMFS were observed in the high-risk group and the administration of consolidation therapy may be
bene�cial. Several studies have investigated the e�cacy of therapeutic approaches targeting AR and
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HER-2(29, 30), and the evaluation of AR and HER-2 was strongly recommended in NCCN guidelines for
the SDC(6). However, nearly half of the patients in our study were reported with unknown status with AR
and HER-2 due to the long timeline. In addition, identi�cation of the patients at high risk could provide a
reference for the trials of immune checkpoint inhibitor therapy in the SDC(13). 

However, there were several limitations of this study. Firstly, the retrospective nature of the study may lead
to the selection bias of the cohort. Secondly, the data of the patients were collected over a 15-year period,
which could explain the lack of pathological information in AR and HER-2 (50% patients with unknown
status). Lastly, the sample size was still small as the data was based on a single institution, and external
validation is needed for the risk strati�cation model. Nevertheless, given the rarity of incidence in SDC, our
study demonstrated the clinicopathologic factors that could predict the risk of distant metastasis in a
moderate number of cases. In addition, some other prognostic information such as AR, HER-2, and other
potential biomarkers were to be further explored.   

Conclusion
Salivary duct carcinoma (SDC) was a high-grade subtype of salivary gland malignancy with a poor
prognosis and high risk of distant metastasis. Positive lymph nodes (PLN), advanced T stage, and
peripheral invasion (PNI) were signi�cant risk factors for the SDC following PORT. Moreover, we reported
a distant metastasis risk strati�cation system for the SDC with primary resection and adjuvant
radiotherapy. Further work for validating the model in various institutions was needed. More potential
biomarkers in SDC are expected to be investigated for predicting the prognosis of the tumor.  
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Figure 1

(A). a linear relationship between PLN and hazard risk of distant metastasis; (B). The best cutoff value for
PLN was 8;(C). DMFS for the group (PLN≥8, blue line) and group (PLN<8, red line) compared using Log-
Rank  
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Figure 2

(A). DMFS for the risk groups of SDC (high-risk: blue line; low-risk: red line) by Log-Rank test(P<0.001);
(B). OS for the two risk groups (high-risk: blue line; low-risk: red line) compared using Log-rank (P=0.049)


