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prognosis, researchers have focused on identi‑
fying factors and driver genomic alterations that 
may account for its behavior, ultimately yield‑
ing potential therapeutic targets. This review 
summarizes the growing body of knowledge on 
SDC since the publication of the latest WHO 
Classification of Tumors of the Head and Neck. 
Updates on emerging subtypes, immunohisto‑
chemical profiles, molecular alterations, and 
potential therapeutic targets are succinctly pre‑
sented. Findings from studies on tumor immune 

ABSTRACT

Salivary duct carcinoma (SDC) is an aggressive 
neoplasm that typically involves the major 
salivary glands. This rapidly growing tumor 
is known to recur and metastasize to the neck 
nodes and to distant sites. Given its poor 
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microenvironment (TIME), which may have 
implications for the treatment and prognosis of 
SDC, are also discussed in this narrative review.

Keywords:  Salivary duct carcinoma; Molecular 
landscape; Tumor immune microenvironment; 
Androgen receptor; HER2 expression; Genetic 
alterations

Key Summary Points 

Salivary duct carcinoma (SDC) is a rapidly 
growing malignancy with high recurrence 
and metastatic potential, particularly to cer‑
vical lymph nodes, and also to distant sites.

Understanding of the pathogenesis of SDC 
has significantly improved since the publi‑
cation of the fifth edition of the WHO Clas-
sification of Head and Neck Tumors.

The identification of new morphologic 
subtypes and novel driver molecular altera‑
tions may contribute to prediction of clini‑
cal behavior, ultimately yielding potential 
therapeutic targets.

While the prognosis of SDC remains poor, 
recognizing factors that impact disease-free 
(DFS) and overall survival (OS) will further 
refine personalized patient care.

INTRODUCTION

Salivary gland carcinomas (SGCs) are among the 
most diverse malignancies, with a remarkable 
range of histomorphologic features and biologi‑
cal behavior [1]. The fifth edition of the WHO 
Classification of Head and Neck Tumors recognizes 
21 malignant epithelial neoplasms arising from 
the salivary glands [2]. Of these tumors, arguably 
the most aggressive is salivary duct carcinoma 
[3]. Salivary duct carcinoma (SDC) is defined by 
the WHO as “an aggressive carcinoma resem‑
bling mammary ductal carcinoma, most typi‑
cally with an apocrine phenotype.” It may arise 
de novo or from a pre-existing pleomorphic 
adenoma (SDC ex PA) [4].

The majority of SDCs involve the major sali‑
vary glands, particularly the parotid gland [2, 5]. 
In recent years, unusual locations in the head 
and neck region have been reported, such as the 
inferior turbinate [6] and the tip of the tongue 
[7]. The clinical presentation of SDC is typi‑
cally characterized by a rapidly growing mass. 
SDC has a marked sex predilection, with up to 
80% of cases presenting in male individuals [8, 
9]. It may present with additional signs and 
symptoms such as facial nerve palsy, pain, and 
enlarged lymph nodes [4].

According to the European Society for Medi‑
cal Oncology-European Reference Network on 
Rare Adult Solid Cancers (ESMO-EURACAN) 
guidelines, the standard treatment for SDC is 
surgery with radiotherapy. In case of clinical or 
radiologic evidence of lymph node involvement, 
tumor resection is performed with a comprehen‑
sive neck dissection. This is followed by radio‑
therapy, provided there are no distant metasta‑
ses. However, despite treatment, approximately 
50% of patients will develop recurrences or 
metastases (R/M) [10].

The aggressive behavior of SDC can be attrib‑
uted to frequent recurrences and distant metas‑
tases. The regional lymph nodes, liver, lung, 
bone, and brain are the most common sites of 
metastases [9, 10]. Malignant pleural effusion 
secondary to SDC, i.e., pleuritis carcinomatosa, 
has been reported [13]. Cutaneous lymphangi‑
tis carcinomatosa has also been reported in 
5% of patients with SDC [14]. The cutaneous 
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manifestations can be variable, and metastatic 
SDC can present as erythematous plaques or 
hemorrhagic papules, associated with varying 
degrees of edema and induration, mimicking 
erysipelas [15]. Metastatic SDC has also been 
documented to arise in scald injuries and irradi‑
ated skin fields following radiation therapy [16, 
17]. In both cases, alterations in the microen‑
vironment are presumed to play a role in the 
metastatic process. In most reported cases of 
metastatic SDC, patients had a prior diagnosis of 
SDC, and immunohistochemistry (IHC) panels 
consisting of androgen receptor (AR) and breast 
markers, such as GCDFP-15, were usually suffi‑
cient to confirm the diagnosis [13, 18, 19].

Since the release of the fifth edition of the 
WHO Classification of Head and Neck Tumors, 
a remarkable number of publications have 
focused on SDC. Given the aggressiveness of 
the tumor, most of these articles have centered 
on the molecular pathology of SDC. This review 

summarizes the most significant developments 
in terms of SDC morphology, molecular pathol‑
ogy, and targeted therapy.

EXTENDING THE SPECTRUM OF 
THE HISTOPATHOLOGIC FEATURES 
OF SDC

SDC typically presents as a firm, infiltrative mass 
that involves surrounding tissues. The conven‑
tional histology of SDC is a tumor composed of 
malignant cells with large pleomorphic nuclei, 
coarse chromatin, and prominent nucleoli. The 
eosinophilic, abundant cytoplasm has char‑
acteristic apocrine features. Architecturally, 
tumor cells form complex solid, cribriform, and 
papillary-cystic patterns (Fig. 1). Comedo-type 
necrosis is a usual finding and contributes to 

Fig. 1   A variety of architectural patterns may be seen in 
salivary duct carcinoma. These include a solid (×40), b 
cystic to macrocystic (×4), c cribriform (×10), and d pap-

illary architecture (×10). Perineural invasion and necrosis 
are seen in a and b, respectively
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the tumor’s striking resemblance to mammary 
ductal carcinoma [4].

Based on morphology, several subtypes of 
SDC are recognized (Fig. 2). The tumor may 
present with markedly atypical spindle-shaped 
cells and heterologous mesenchymal differen‑
tiation (sarcomatoid) (Fig. 2a) [19], pools of 
extracellular mucin (mucin-rich) (Fig. 2b) [20], 
and small nests of tumor cells with retraction 
artifacts (micropapillary) (Fig. 2c) [21]. Simi‑
lar to the micropapillary subtype of invasive 
ductal carcinoma of the breast, the micro‑
papillary subtype of SDC has an “inside-out 
pattern” when stained with EMA. Other sub‑
types are basal-like (amphophilic cytoplasm) 

(Fig. 2d) and oncocytic (abundant eosinophilic 
cytoplasm) (Fig. 2e) [22]. These five subtypes 
(sarcomatoid, mucin-rich, micropapillary, 
basal-like, and oncocytic) are recognized in 
the current WHO classification [4, 23]. Areas 
of conventional SDC are usually readily iden‑
tified and make the diagnosis straightforward. 
Because more than one subtype may be pre‑
sent in a given tumor, no minimum morpho‑
logic threshold is required to report a specific 
subtype, although some authors recommend a 
50% cutoff for the oncocytic subtype [24, 25]. 
Micropapillary SDC is known to have the worst 
prognosis, but the biologic behavior of all sub‑
types remains to be further studied [22].

Fig. 2   Subtypes of salivary duct carcinoma: a sarcomatoid (×20), b mucin-rich (×20), c micropapillary (×10), d basaloid 
(×4), and e oncocytic (×40)
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Emerging subtypes include squamous [26], 
rhabdoid [27], macrocystic [28], mucocyte-rich/
extracellular mucin-poor [29], signet ring [30], 
and SDC with osteoclast-like giant cells [22]. It 
is of note that metastases from SDC of the dif‑
ferent subtypes, particularly SDC with squamous 
differentiation, may present with a pure ductal 
histomorphology [26].

Conventional SDC is characterized by positive 
AR immunoexpression in about 90% of SDCs, 
consistent with an apocrine immunopheno‑
type [8, 31]. GATA3 immunoexpression is char‑
acteristically positive [29]. Diffuse and strong 
HER2 expression is present in about one-third 
of cases [5, 12, 32, 33]. Cytokeratin CK7 is reli‑
ably positive, while SOX10 and S100 are nega‑
tive. Immunostaining for p63 assists in identify‑
ing the intraductal component by staining the 
myoepithelial cells underlying the neoplastic 
cells. Recent studies have shown some variations 
in the immunoprofiles of SDC subtypes. Among 
the SDC subtypes in the WHO classification, 

sarcomatoid SDCs do not express AR and HER2 
in their neoplastic cells with spindle morphol‑
ogy. The basal-type SDC subtype is positive for 
p63 but negative for AR, which may represent a 
diagnostic pitfall [22]. In the emerging SDC sub‑
types, AR immunoexpression in SDCs with squa‑
mous differentiation is variable, while such cells 
with squamous morphology express the classical 
markers CK5/6, p63, and p40. Most SDCs with 
rhabdoid features express AR and HER2, while 
e-cadherin expression is decreased or lost in 
more than 90% of such cases (Fig. 3) [27].

Immunostains, including HES1, BAP1, and 
p53, have been investigated for their ability 
to identify subtypes, to differentiate between 
de novo cases of SDC and SDC ex PA, and for 
prognostication. HES1, which labels intercalated 
duct cells, is highly expressed in SDC, although 
it has not been thoroughly investigated in other 
SGCs [34]. BAP1 expression may be lost in SDC 
ex PA [35]. Cytoplasmic staining of p53 in SDC 
has been shown to be associated with truncating 

Fig. 3   Salivary duct carcinoma is positive for a CK7 (×10), b GATA3 (×20), and c AR (×20). One-third of cases may be 
positive for d HER2 (×40)
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mutations in TP53 [36]. The patient cohort in 
the study by Utsumi et al. (2025) further demon‑
strated that SDCs with cytoplasmic p53 staining 
have shorter disease-free survival (DFS), suggest‑
ing the use of p53 as a prognostic marker [22].

MOLECULAR ALTERATIONS IN SDC

It is recognized that tumor mutation burden in 
SDCs may be extremely high [37]. A large num‑
ber of molecular alterations can be present in 
a single case of SDC. A comprehensive review 
by Pikul and Rzepakowska (2024) indicates that 
the most common alteration is the TP53 muta‑
tion, which is reported in more than half of SDC 
cases. Other commonly encountered molecular 
alterations are HER2/ERBB2 amplification (the 
second most common, approximately 30%), 
FGFR1 amplification, PIK3CA mutation, HRAS 
mutation, copy number gains in AR, loss of 
PTEN or CDKN2A, rearrangements of PLAG1 
and HMGA2 (in SDC ex PA), and BRAF patho‑
genic variants. ALK fusions and ETV6::NTRK3 
fusions have also been reported [4]. None of 
these molecular alterations is entirely specific to 
SDC, but ERBB2 amplification is unique for SDC 
amongst salivary gland tumors. This amplifica‑
tion, however, does not result from an increase 
in gene copy number but is due to epigenetic 
alterations in the form of gene promoter hypo‑
methylation [1]. Table 1 shows the different 
molecular alterations associated with SDC that 
have been reported in the literature.

The apocrine subtype of intraductal carci‑
noma (IDC) reportedly has high rates of muta‑
tions in PIK3CA and HRAS. This suggests that 
IDC could be a true carcinoma in situ related to 
SDC. However, a true neoplastic nature of the 
myoepithelial cell layer of IDC, as considered 
by some authors, would rule out that possibility 
[2, 38]. In addition, HRAS mutations are mostly 
seen in de novo SDCs, which supports the car‑
cinoma in situ status of apocrine IDC [37, 39].

A few novel molecular alterations in SDC 
have been recently described. These include 
EGFR mutation, which is more commonly 
expressed in SDC ex PA [40]; concurrent RAD50 
and POLE mutations [29]; and CDH1 biallelic 

inactivation [41]. Interestingly, SDC was 
reported in a patient with a germline mutation 
in NF1, which might work synergistically with 
TP53 in the pathogenesis of SDC [42].

Other genetic aberrations reported include 
SZT2::MAST2  fusion [43]; MET  fusions 
(KMT2C::MET, PCM1::MET) in a case of SDC 
with IDC [44]; MLH1 mutation [45]; CDK12 co-
amplification with HER2, which might herald 
poor prognosis [46]; FGFR3::TACC3 fusion [47]; 
and LAT1 overexpression, which is a potential 
target for boron neutron capture therapy [48].

Additional cases of ALK fusions consistent 
with those published in the fifth edition of 
the WHO classification have been reported 
since 2023. A classic fusion seen in non-small 
cell lung carcinoma, EML4::ALK fusion, was 
also reported in a patient with metastatic 
SDC. The patient had a complete response 
at 8 months after initiating alectinib therapy 
[11]. HNRNPH3::ALK fusions have also been 
described [49]. These cases further reinforce 
the potential impact of performing molecular 
testing on a case-to-case basis.

Recently, potential SDC biomarkers have 
been identified through bioinformatics anal‑
yses of differentially expressed genes and 
through an analysis of copy number alterations 
(CNAs). These biomarkers include FOXM1, a 
transcription factor that is aberrantly expressed 
in solid tumors and is involved in cancer cell 
proliferation [50]. SDC ex PA displays unique 
CNAs, including GRB7 and RPSAP52 amplifica‑
tions, which may account for the differences in 
its biologic behavior from de novo SDCs [51].

Although some molecular alterations imply a 
characteristic morphology, occasional discord‑
ance between histology and molecular profile 
of some SDC cases may exist. One such exam‑
ple is a patient with biallelic inactivation of 
CDH1, a gene that encodes for e-cadherin, but 
the SDC of this patient had no rhabdoid fea‑
tures [41]. Another case of SDC had signet ring 
cells and an AKT1 mutation, which is classi‑
cally seen in mucinous adenocarcinomas [30].

Molecular testing is not mandatory to make 
a diagnosis of SDC, but patients may benefit 
from targeted therapy based on molecular find‑
ings [4].
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Table 1   Molecular alterations reported in salivary duct carcinoma (adapted from Skálová et al. [2] and Pikul and Rzepa-
kowska [37])

Commonly reported altered genes in salivary duct carcinoma

Gene Frequency References

TP53 mutation 39–68% [36, 109–115]

HRAS mutation 11–49% [110, 112–114, 116–121]

NF1 mutation 7–20%

ERBB2 amplification 10–100% [110, 112–114, 117, 120]

PIK3CA mutation 18–47% [110, 112–114, 116–121]

PTEN mutation 6–13.5% [109, 110, 112–114, 
116–120]

PLAG1 rearrangements 22–73% [122, 123]

HMGA2 rearrangements 18–44% [122, 123]

Other uncommonly altered genes in salivary duct carcinoma

Pathway Gene References

DNA damage pathway ATM [109–115]

BRCA2

CHEK2

MDM2

MDM4

MLH3

MLH5

MAPK BRAF [110, 112–114, 116–120]

KRAS

NRAS

RTK ALK [110, 112–114, 117, 120]

EGFR

ERBB3-4

FGFR1-2

FGFR4

FLT3

JAK2

KDR

KIT



582	 Oncol Ther (2026) 14:575–595

Table 1   continued

Other uncommonly altered genes in salivary duct carcinoma

Pathway Gene References

MET

NTRK2

PDGFRA

RET

PI3K/AKT/mTOR AKT1-3 [109, 110, 112–114, 
116–120]PIK3R1

RICTOR

RPTOR

TSC2

Androgen signaling FASN [112, 117]

FOXA1

Histone modification KDM6A [110, 112, 113, 117]

KMT2A

KMT2C

KMT2D

KMT2E

NSD1

Cell cycle CDK4 [110, 112–114, 117, 118]

CDK6

CDK12

CDKN1A

CDKN1B

CDKN2A

CCNE1

CCND1-3

RB1

NOTCH CREBBP [113, 114]

EP300

FBXW7

NOTCH1-3
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Table 1   continued

Other uncommonly altered genes in salivary duct carcinoma

Pathway Gene References

SWI/SNF complex ARID1A [110, 112, 114, 117]

SMARCA4

SMARCB1

WNT-β-catenin APC [113, 114, 117]

CDH1

CTNNB1

FAT1

Other genes ABL1 [110, 112–114, 117, 118]

AURKA

BCOR

CCND1

CCNE1

FLCN

GNAS

IDH1/IDH2

IGFR1

IKBKE

KLF5

AMP

MAP2K1

MAP2K4

MITF

MPL

MYC

PRDM1

SMAD4

SMO

STK11

TNIK

VHL

ZFHX3
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Table 1   continued

Other uncommonly altered genes in salivary duct carcinoma

Pathway Gene References

POLE [29]

LAT1 [48]

FOXM1 [50]

GRB7 [51]

RPSAP52

Fusions ETV6::NTRK3 [110, 112, 117, 124]

ABL1::PPP2R2C

BCL6::TRADD

HNRNPH3::ALK

EML4::ALK

RAPGEF6::ACSL6

SZT2::MAST2 [43]

FGFR3::TACC3 [47]

Other reported genetic alterations in salivary duct carcinoma ex pleomorphic adenoma

CTNNB1::PLAG1 [117, 125, 126]

FGFR1::PLAG1 [109, 116, 124, 
126]

LIFR::PLAG1 [117, 126]

ASXL1 [110]

BAP1

BTK

CTCF

DNMT1, DNMT3A, DNMT3B

FANCA, FANCC

FH

GATA2

HNF1A

JUN

MAP3K1

PTPN11

PTPRS
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THE ROLE OF TUMOR 
MICROENVIRONMENT IN SDC

Several studies have focused on evaluating 
tumor immune microenvironment (TIME) of 
SGCs. TIME is composed of the stroma and 
cells, such as fibroblasts and leukocytes, that 
may play a role in the pathogenesis and pro‑
gression of SDC. This makes the TIME a poten‑
tial target for immune checkpoint inhibitors 
(ICIs).

On the basis of the patterns of immune cell 
infiltration, SGCs may be classified as immune-
desert (not responsive to ICIs), immune-
inflamed (potentially responsive to ICIs), 
and immune-excluded [52]. SDCs are consid‑
ered immune-excluded tumors, i.e., immune 
cells infiltrate their stroma but not the malig‑
nant cells. The response of immune-excluded 
tumors to ICIs is not yet well established. How‑
ever, one study notes that SDCs are relatively 
immunogenic and may therefore benefit from 
immunotherapy [53].

Elevated expression of certain IHC markers, 
such as CD8, FOXP3, PD1, CTLA4, LAG3, and 
PD-L1, in the TIME was associated with a more 
aggressive histology and poorer outcomes [42, 
54]. Analysis of the exact location of these mark‑
ers, i.e., within the center or at the periphery of 
the tumor, may also play a role in SDC behavior. 
Expression of PD1 and PD-L1 by peripheral SDC 
tumor cells, for instance, was shown to be asso‑
ciated with a higher tumor stage [55].

Aside from the presence of immune cells, 
the collagenized stroma of SDCs harbors an 
increased number of matrix cancer-associated 
fibroblasts (mCAFs). Mayer et al. (2025) dem‑
onstrated that mCAFs are significantly associ‑
ated with tumor R/M [56]. Increased deposition 
of collagen may be associated with aggressive 
behavior and chemoresistance [57]. One study 
focused on the expression of markers, such as 
PSMA, in the tumor neovasculature; however, 
no relationship between these markers and 
SDC prognosis was found [58].

Other studies have investigated proteins pro‑
duced by tumor cells that may play a role in 
how a tumor interacts with the native stroma. 
Some tumors express aberrant forms of MUC1 
glycoprotein, which is involved in prolif‑
eration, invasion, and metastasis. SDC cells 
express an aberrant form of MUC1, termed 
Tn-MUC1, which is associated with poor prog‑
nosis [59]. Another glycoprotein of interest is 
tissue factor (TF), which is expressed in SDC 
and other SGCs such as mucoepidermoid carci‑
noma (MEC) and secretory carcinoma (SC). TF 
is implicated in tumor growth, angiogenesis, 
and metastasis, and it creates a TIME that is 
able to evade T cells by impeding their infil‑
tration and function [60]. Nectin-4, a trans‑
membrane protein that activates the PI3K/
AKT pathway, resulting in VEGF overexpres‑
sion and promotion of angiogenesis, is overex‑
pressed in 25% of SDC tumors. Immunother‑
apy with enfortumab vedotin targets nectin-4 
[61]. Similar to antigens within the TIME, these 

Table 1   continued

Other reported genetic alterations in salivary duct carcinoma ex pleomorphic adenoma

RAD51C

RTEL1

DOCK7 [117]

MSH5

MTOR

SF3B1

NCOR1 [110, 117]
ROS1 [114]
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aberrantly expressed proteins might serve as 
potential therapeutic targets.

PRECISION MEDICINE IN THE 
MANAGEMENT OF SDC

Recurrences and distant metastases eventually 
develop in 54% of patients with SDC, despite 
the current standard of treatment with curative 
intent, i.e., surgery followed by radiotherapy. 
Because of the dismal prognosis of SDC asso‑
ciated with R/M, systemic therapy is usually 
required [10]. Comprehensive genomic profiling 
has shown that among salivary gland tumors, 
SDC has the highest mutation burden, with a 
median of 15 mutations per case [37]. TP53 and 
HER2 were the most frequently mutated genes in 
both primary and metastatic or recurrent SDCs 
(RM-SDC). From a therapeutic perspective, HER2 
status, along with AR expression, may be suit‑
able in stratifying patients [62–68].

Among SGCs, SDC is the most commonly 
studied in terms of molecular-matched therapies 
[69]. The currently accepted optimal approach 
in HER2+ and AR+ R/M-SDCs includes HER2-
targeted therapy, such as trastuzumab and 
bevacizumab, preferably in combination with a 
taxane [69]. This is followed, when progression 
occurs, by AR blockade, with medications such 
as bicalutamide and triptorelin. This approach 
resulted in an increase in median overall sur‑
vival to 45 months, versus 21 months in his‑
torical controls [70, 71]. Earlier phase II trials 
showed that the median progression-free sur‑
vival (mPFS) for SDC is 8.8 and 8.9 months for 
combined AR blockade and trastuzumab–doc‑
etaxel, respectively [70, 72]. In a more recent 
study, two pooled phase I studies using the anti‑
body–drug conjugate trastuzumab–deruxtecan 
showed an improved mPFS of 20.5 months [73]. 
Most of these clinical trials were performed in 
high-income countries; further studies involving 
institutions from low- to middle-income coun‑
tries are recommended.

Determination of HER2 status in SDCs makes 
use of the 2018 ASCO/CAP guidelines for HER2 
expression [74, 75]. Patients with HER2-low 
SDC, i.e., those with IHC 1+ or 2+/ISH−, tend 

to have fewer distant metastases and represent 
more often cases of de novo origin [20, 65]. Fur‑
thermore, in these patients, Ki-67 is low, and 
there is intermediate p53 expression in the 
HER2-low group, compared with HER2-positive 
patients. Studies show that in patients receiving 
AR-targeted therapy, HER2-low cases have bet‑
ter progression-free survival (PFS) and objective 
response rates (ORR) than patients with HER2-
positive SDC [66]. Genetically more complex 
cases may require a different approach. The 
study by Rieke et al. (2023) on a limited num‑
ber of patients with genomic complexity (AR+, 
HRAS/PIK3CA co-mutated) and AR-targeted ther‑
apy reported mixed results (partial response, sta‑
ble disease, progressive disease) [76].

Other treatment options being explored 
include EGFR-based therapies such as near-
infrared photoimmunotherapy [40], PD-
L1-based immunotherapy [77], and ICIs such 
as nivolumab [78]. A small number of patients 
may respond to ICIs [79]. More robust stud‑
ies are needed to establish the true benefit of 
other treatment options, as most of these stud‑
ies involved only a single or a small number of 
patients [7, 40, 45, 52, 76–78, 80–95].

On the basis of recent advances in the under‑
standing of its molecular profile, in RM-SDC, a 
combined biomarker panel is recommended to 
be performed. In addition to AR expression and 
HER2 status, molecular markers such as EGFR, 
PIK3CA, HRAS, NTRK, and BRAF are studied to 
enhance precision in patient management on 
a case-to-case basis [64, 65, 96]. At the same 
time, certain markers may predict the response 
to therapy. Examples are EZH2 and H3K27me3, 
which, when overexpressed, are predictive of 
poor efficacy of AR-targeted therapy [97].

FACTORS AFFECTING PROGNOSIS 
IN SDC

Factors associated with a worse prognosis in SDC 
are well established. These include disease stage, 
nodal and distant metastases, perineural inva‑
sion, lymphovascular invasion, and tumor size 
[86, 98–101]. Histopathologic features associated 
with poor prognosis include prominent nuclear 
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pleomorphism, high tumor budding, and high 
poorly differentiated clusters [9]. De novo SDCs 
have higher rates of perineural and lymphovas‑
cular invasion compared to SDC ex PA. In one 
study, EGR1, a gene involved in neural cell pro‑
liferation, differentiation, and apoptosis, was 
found to have decreased expression in de novo 
SDC compared to SDC ex PA [102]. Neverthe‑
less, there is no significant difference between 
the prognosis of de novo SDC and SDC ex PA [9]. 
Positive margins after resection and extranodal 
extension also resulted in poorer DFS [103, 104].

Several studies have explored other possible 
prognosticators of SDC. A study by Kajiwara 
et al. (2024) showed that the presence of an 
increased number of autonomic nerves, based 
on immunostaining with tyrosine hydroxylase 
(TH) and vesicular acetylcholine transporter 
(VACT), has a significant association with aggres‑
sive behavior, including advanced T/N classifica‑
tion, and shorter DFS and overall survival (OS) 
[105]. In another cohort of 61 patients with 
SDC, thrombocytopenia was deemed an inde‑
pendent predictor of poor OS [106]. Lastly, cir‑
culating tumor DNA, which is seen in advanced 
SDC, appears to have some correlation with 
radiologic response [107].

A graded prognostic assessment (GPA) in SDC 
was developed by Fushimi et al. (2024), incorpo‑
rating the Eastern Cooperative Oncology Group 
performance score (ECOG-PS), HER2 status, 
and extent of locoregional disease. A score of 
1 is given for each category when PS is greater 
than 1, HER2 status is negative, or uncontrolled 
locoregional disease is present. SDC-GPA scores 
of 0, 1, 2, and 3 points resulted in median OS 
estimates of 50.5, 16.1, 3.9, and 1.2 months, 
respectively [108]. With advances in molecular 
diagnostics, the significance of these prognostic 
factors might be better understood in the future.

CONCLUSION

Our understanding of the pathogenesis of SDC 
has significantly improved since the publication 
of the fifth edition of the WHO Classification 

of Head and Neck Tumors. The identification of 
new morphologic subtypes and novel molecular 
alterations, along with a better understanding of 
TIME, will greatly impact patient management 
in the era of precision medicine. While the prog‑
nosis of SDC remains poor, recognizing factors 
that impact the OS of these patients will further 
refine personalized patient care.
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