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Objective: Although immune checkpoint inhibitors (ICls) have improved survival
in head and neck squamous cell carcinoma (HNSCC), associated adverse events,
such as sialadenitis, remain poorly characterized. This study aimed to de ne the
clinicopathological features, establish the causal pathogenic mechanism, and
validate a therapeutic target for ICl-associated sialadenitis.

Methods: This study integrated three complementary approaches. First, a prospective
cohort of 25 HNSCC patients underwent functional assessment of salivary and
lacrimal glands before and after ICI therapy. Second, salivary gland tissues from
separate cohorts of ICI-treated (n=30) and untreated control (n=30) patients were
subjected to comprehensive analysis, including histology, multi-platform
immunophenotyping (immunohistochemistry, multiplex immuno uorescence, ow
cytometry), and cytokine quanti cation at both transcript and protein levels. Finally, a
preclinical mouse model was established to con rm causality and validate the
therapeutic ef cacy of IL-17A blockade.

Results: Following ICI treatment, patients showed signi cantly reduced salivary
and lacrimal secretion (P < 0.05). Histopathological analysis revealed extensive
lymphocytic in Itration, marked periductal brosis, and substantial loss of acinar
structures. The immune in Itrate was dominated by CD4™" T cells, particularly the
Th17 subset, with corresponding upregulation of IL-17A both at transcriptional
and protein levels. Crucially, we established a mouse model of anti-PD-1-induced
sialadenitis and demonstrated that therapeutic blockade of IL-17A restores
salivary function.

Conclusion: This study establishes ICl-associated sialadenitis as a distinct
pathological entity characterized by CD4"T cell-driven in ammation mediated
through the Th17/IL-17 axis, which differs from Sj gren syndrome, predominantly
involving B cells and from IgG4 related sialadenitis. By demonstrating therapeutic
ef cacy in a preclinical model, our ndings provide the rst preclinical validation
of the IL-17 axis as an actionable therapeutic target for this condition.

KEYWORDS
chronic sialadenitis, head and neck squamous cell carcinoma (HNSCC), immune
checkpoint inhibitors, CD4-T cells, Th17/IL-17 axis
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1 Introduction

Immune checkpoint inhibitors (ICls) have revolutionized
cancer therapy, particularly in the treatment of head and neck
squamous cell carcinoma (HNSCC). Although their therapeutic
bene ts are substantial, ICls frequently trigger immune-related
adverse events (irAE) affecting multiple organs, including
endocrine glands (1 5), exocrine glands (6 8), skin (9),
gastrointestinal tract (10), and liver (11, 12). In particular,
Cappelli et al. reported that sicca symptoms affecting the eyes and
mouth occur in 30.7% of patients receiving ICI therapy,
substantially impacting their quality of life (13). Despite their
clinical signi cance, the underlying mechanisms of these
complications remain poorly understood, which hinders the
development of effective prevention and management strategies.

The salivary glands play an essential role in oral health through
their production of saliva, which maintains dental mineral balance,
provides mucosal protection, and establishes crucial antimicrobial
defenses (14, 15). Although ICI-induced sialadenitis is increasingly
recognized, its pathophysiology remains controversial (16, 17). Some
researchers classify it as ICl-induced Sj grens syndrome (SjS) (18,
19); however, distinct clinical and histological features challenge this
classi cation (20 24) (25, 26). Unlike classic SjS, it does not exhibit a
female predominance (27), lacks characteristic autoantibodies (anti-
SSA/SSB) (27, 28), and demonstrates predominantly T-cell rather
than B-cell-rich in Itrates (16, 29). These differences raise a crucial
question of whether ICl-induced sialadenitis is a variant of SjS or
should it be recognized as a distinct pathological entity.

To bridge this knowledge gap, we conducted a comprehensive
study integrating clinical observation, human tissue analysis, and a
preclinical animal model. We rst identi ed a unique CD4" T cell-
dominant, Th17-skewed in ammation with elevated IL-17A in
patients with HNSCC undergoing ICI therapy. To test the functional
signi cance of this pathway, we generated a mouse model of
sialadenitis induced by anti-PD-1 therapy. Critically, therapeutic
blockade of IL-17A in this model restored glandular function. Thus,
our ndings identify ICI-induced sialadenitis as a Th17-driven
pathology and highlight the IL-17 axis as a promising druggable target.

2 Results

2.1 ICI therapy induced severe glandular
hypofunction and sicca-like symptoms

The study cohort comprised 25 pathologically con rmed
patients (21 male; median age 52 years) with HNSCC who were

Abbreviations: AM, Aure MH; ANOVA, Analysis of variance; BSA, Bovine
serum albumin; ELISA, Enzyme-Linked Immunosorbent Assay; EMT, Epithelial-
Mesenchymal Transition; H&E, Hematoxylin and Eosin; HIER, Heat-induced
epitope retrieval; HNSCC, Head and Neck Squamous Cell Carcinoma; ICI,
Immune checkpoint inhibitors; MSGS, Multidisciplinary Salivary Gland
Society; SEM, Standard error of the mean; SWS, Stimulated whole saliva;
SWSF, Stimulated Whole Salivary Flow; UWS, Unstimulated whole saliva;
WSI, Whole-slide images.
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being treated with pembrolizumab or tislelizumab, a biologic
targeting programmed cell death 1 (PD 1) (Figure 1A). No
patient had a pre existing autoimmune disease. The median
interval between the onset of ICI and the onset of dry mouth was
3 months (Table 1).

To quantitatively assess the impact of ICI therapy on exocrine
gland function, we prospectively monitored salivary and lacrimal
secretion in the 25 patients before and after treatment. After
treatment, the total unstimulated salivary ow (UWSF) was
signi cantly reduced compared with the pre-treatment levels (P <
0.05), with decreased secretion observed in 64% of patients (16/25)
(Figure 1B). Notably, all treated patients exhibited UWSF rates
below the diagnostic threshold for hyposalivation (1.5 mL/15 min),
with a median of 0.45 mL/15 min (range: 0 2.49 mL/15 min),
indicating severe resting-state salivary hypofunction. Similarly,
Stimulated Whole Salivary Flow (SWSF) following exposure to
3% citric acid exhibited signi cant post-treatment reduction in
72% of patients (18/25) (P < 0.05) (Figure 1C). A common
clinical sign among the enrolled patients was severe xerostomia,
characterized by the absence of salivary pooling and an atrophic
tongue surface (Figure 1D). Beyond salivary dysfunction, lacrimal
gland function, assessed by the Schirmer s test, was also signi cantly
impaired. Post-treatment tear secretion demonstrated marked
bilateral reduction compared with baseline measurements in 68%
of patients (17/25) (P < 0.05), providing an objective physiological
basis for xerophthalmia (Figure 1E).

From a subjective assessment perspective, we employed the
Multidisciplinary Salivary Gland Society (MSGS) scale (30) as our
primary evaluation tool. Despite the lack of signi cant changes in
xerostomia scores on the MSGS scale (Supplementary Figure S1),
subsequent clinical interview assessments revealed a substantial
symptomatic burden reported by patients. Xerostomia was often
exacerbated during physical activity or at night, and some
individuals experienced nocturnal awakening due to tongue
palate adhesion, which required frequent water intake. Additional
complaints included viscous saliva, dry throat with hoarseness,
dysgeusia (altered taste perception), and reduced tolerance to
spicy or acidic foods.

2.2 IClI therapy caused salivary gland
brosis and destruction of functional
acinar structures

To elucidate the pathological basis of glandular hypofunction
after ICI therapy, we analyzed salivary gland specimens
(submandibular gland, SMG; sublingual gland, SLG; and parotid
gland, PG) from 50 patients treated with and without ICI. The
baseline information is shown in Table 2. The acinar marker
aquaporin-5 (AQP5) (31) and the ductal marker cytokeratin 7
(CK7) were analyzed, re ecting secretory function and ductal
architecture, respectively. The ICls-treated group and the
untreated group showed different patterns: In the untreated
group, AQP5 and CK7 precisely delineated the acinar and ductal
structures (Figures 2A, B). In contrast, glands from the ICls group
exhibited widespread atrophy and loss of AQP5-positive acini
(Figures 2A, C, D). Quantitative analysis con rmed a signi cant
downregulation of the expression of the AQP5 protein in the ICI
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ICI therapy induces severe glandular hypofunction and sicca-like symptoms. (A) Flowchart of patient enrollment, treatment, clinical testing, and
specimen collection. (B) Unstimulated whole salivary ow (UWSF), (C) stimulated whole salivary ow (SWSF), and (E) tear secretion (Schirmer’s test)
were signi cantly reduced after treatment compared with baseline. (D) Intraoral photographs of patients with xerostomia. Data represent mean —

SEM. Paired t-test; *p < 0.05, **p < 0.01, ***p < 0.001.

group compared with that of controls, whereas the CK7 protein
remained unchanged (Figure 2E). These ndings suggest that ICI
therapy causes selective damage to acinar cells, thereby
compromising glandular secretory function, while the ductal
structures remained relatively intact.

The destruction of the acinar and duct appeared to be the result
of lymphocyte in lItration. A striking example was observed in a
patient who had received ve cycles of ICI therapy, and whose
submandibular gland showed near-total acinar destruction, with
remnant ducts engulfed by diffuse lymphocytic in Itrates
(Figure 2D). Hematoxylin and Eosin (H&E) staining revealed
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prominent focal lymphocytic in Itrates in glands of the ICI
group, predominantly in periductal areas, which were absent in
controls (Figure 2F). Semi-quantitative scoring con rmed this
nding (P < 0.05) (Figure 2G).

To assess tissue remodeling, Masson s trichrome staining was
performed. This revealed extensive deposition of dense collagen
bers, indicative of signi cant brosis, in the interlobular and
periductal stroma of the ICI group, a feature not observed in
controls (Figures 2H, I).

Collectively, these ndings demonstrate that ICI therapy
induces periductal-centric lymphocytic sialadenitis accompanied
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TABLE 1 Baseline characteristics of patients.

Patient

Gender

Age at
diagnosis

Previous
autoimmune

Underlying cancer

Tumor
classi cation

Previous history

Smoking
history

Chewing
betelnut
history

Drinking
history

1 Male 35 No Right tongue cT3N1MO Zig?:::;f' Nasopharyngeal Yes Yes No
2 Male 69 No bilateral mouth oor cT4aN2bMO0 No Yes Yes No
3 Female 58 No Left inferior gingiva cT3N2bMO No No No No
4 Male 52 No Left buccal cT3N2bMO0 No No No No
5 Male 36 No Right tongue cT4aN2bMO No Yes . Yes Yes
6 Male 47 No bilateral maxillary sinus cT4aN2bMO Diabetes Mellitus, Hyperuricemia Yes Yes No
7 Male 57 No Right tonsil, root of tongue cT4bN3bMO0 Hypertension, Diabetes Mellitus No Yes No
8 Male 57 No Left skull base, maxilla cT4bNOMO Diabetes Mellitus Yes No No
9 Female 25 No Right mouth oor, tongue CT3N1IMO No No No No
10 Male 44 No Left palate cT4aNOMO No No . No No
11 Male 56 No ;ﬂi’:;ﬁf'ﬂ;ﬁeigm oropharynx , CT4aN3bMO No Yes Yes Yes
12 Female 65 No bilateral upper lip, superior gingiva cT3NOMO No No . No No
13 Male 65 No Right maxilla, gingiva, oropharynx cT4bNOMO Hypertension Yes Yes Yes
14 Male 49 No bilateral tongue, mouth oor cT4aN2aMO0 No Yes Yes No
15 Male 48 No bilateral tongue cT3NOMO No No Yes No
16 Male 43 No ;ﬁ:qir:;mh oor, buccal, inferior cT4aNOMO Hypertension Yes Yes Yes
17 Male 58 No Right mouth oor, tongue cT2N2bMO0 No Yes Yes Yes
18 Male 67 No Right superior gingiva cT3NOMO Hypertension, Diabetes Mellitus No No No
19 Female | 75 No Left buccal cTisNOMO 32;?;?““" Hypertension, Diabetes No No
20 Male 50 No Right tongue cT3NOMO No No No Yes
21 Male 61 No bilateral inferior gingiva cT4aN2bMO0 Hypertension Yes Yes Yes
22 Male 59 No Left root of tongue, oropharynx cT4aN3bMO Hypertension, Diabetes Mellitus Yes Yes No
23 Male 73 No Right inferior gingiva, buccal cT4bN1MO Hypertension, Diabetes Mellitus No . Yes No
24 Male 32 No Right tongue CT3NOMO No Yes Yes Yes
25 Male 52 No Left oropharynx cT4bNOMO Hypertension Yes Yes Yes
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TABLE 2 Baseline characteristics of patients whom clinical specimens were obtained.

Untreated immunotherapy group

Treated immunotherapy group

Characteristic (n=20) (n=30) Total(n=50)
Year 50.7 — 15.0 51 —12.75
Sex

Male 14 25 39

Female 7 4 11
Position of tumor

Tongue 15 13 28

Buccal 2 6 8

Gingival 2 5 7

other 1 6 7
Smoking history

+ 10 24 34

- 11 5 16
History of chewing betelnut

+ 7 11 18

- 14 18 32
History of alcoholism

+ 9 22 31

- 12 7 19
Radiotherapy

+ 0 0 0

- 21 29 50
Chemotherapy history

+ 1 3 4

- 20 26 46
TNM stage

| 2 0 2

1 3 0 3

1 9 6 15

IVA 7 13 20

VB 0 8 8

IvC 0 2 2
Comorbidities

Hypertension 5 3 8

Diabetes Mellitus 3 1 4

by severe brosis. This pathological process culminates in the
destruction of functional acinar-ductal units, which is responsible
for the progressive loss of secretory function.

2.3 Immunotherapy-induced sialadenitis
was characterized by a unique CD4" T
cell-dominant lymphocytic in Itrate

The pathological pro le of sialadenitis is etiology-dependent

and requires a careful differential diagnosis. Therefore, to identify
the underlying cause of this ICl-induced-condition, further
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elucidation of its pathological characteristics is required. To
characterize the immune composition of ICI-induced sialadenitis,
we performed immunohistochemistry and immuno uorescence
staining of tissue sections in 3 major glands. The results revealed
that lymphocytic foci were densely populated by CD3* T cells and
CD19™ B cells were scattered only sparsely and individually, failing
to form aggregates (Figures 3A, B).

Further analysis of T cell subsets revealed that the distribution
of CD4" T cells within the foci closely mirrored that of CD3™ T cells,
identifying them as the core component of the in Itrated
lymphocyte. Compared with the untreated group, the glands of
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FIGURE 2
ICI therapy causes salivary gland brosis and destruction of functional acinar structures. (A) Immunohistochemistry (IHC) for aquaporin-5 (AQP5) in
salivary gland (SG) sections from control and treated patients; nuclei counterstained with hematoxylin. Scale bars, 1 mm (1 ) and 100 m (20 ).
Right: quanti cation as percent AQP5-positive area per eld. (B) IHC for cytokeratin 7 (CK7); nuclei counterstained with hematoxylin. Scale bars, 1
mm (1 )and 100 m (20 ). Right: quanti cation as percent CK7-positive area per eld. (C) Western blots of AQP5 and CK7 in SG lysates; b-actin as
loading control. Right: densitometry normalized to b-actin. (D) Immuno uorescence for AQP5 (red), CK7 (yellow), and nuclei (Hoechst, blue). Scale
bars, 20 m. (E) Quanti cation of mean uorescence intensity (MFI) for AQP5 and CK7. (F) Hematoxylin and eosin (H&E) staining of submandibular
(SMG), parotid (PG), and sublingual (SLG) glands. Scale bars, 1 mm (1 ) and 100 m (20 ). (G) Lymphocytic in Itration quanti ed by focus score
(number of foci 50 lymphocytes per 4 mm”2). Data are mean — SEM. Mann—Whitney U test. (H) Masson'’s trichrome staining of SMG, PG, and SLG;
collagen blue, cytoplasm/muscle red. Scale bars, 1 mm (1 ) and 100 m (20 ). () Fibrotic area quanti ed as percent blue-stained area per eld. Data
are mean — SEM. Student’s t test. *p < 0.05, **p < 0.01.
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