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ABSTRACT
The advent of immune checkpoint inhibi-
tor (ICI) therapy for treatment of cancers 
is unfortunately coupled with a broad 
panoply of side effects, related to non-
specific activation of the immune system. 
One such side effect is the development 
of sicca complaints. This culminates in 
a proportion of patients who, according 
to the ACR-EULAR 2016 criteria, can 
be classified as suffering from the auto-
immune disease primary Sjögren’s syn-
drome (pSS). Although salivary gland 
(SG) loss of function is often seen after 
ICI therapy, the similarities with ‘clas-
sical’ pSS patients would appear to end 
there. Despite the presence of focal lym-
phocytic sialadenitis typical for SS in 
salivary gland biopsies from patients 
receiving ICI therapy, the nature of the 
immune infiltration (foci) following ICI 
use (T-cell dominated) is starkly differ-
ent to that in pSS (B-cell dominated). 
The SG parenchyma post-ICI use does 
not present with germinal centres, lym-
phoepithelial lesions or IgG plasma 
cells, which are frequently found in the 
SG in pSS. Here we review the functional 
deterioration of SGs following ICI use, 
the SG parenchyma phenotype associat-
ed with this, and ultrasound abnormali-
ties. We conclude by suggesting that ICI-
induced SG dysfunction may represent a 
new interferonopathy, driven by IFNγ, 
and that this ‘pSS’ patient cohort may 
require a different management than 
classical pSS patients.

Immune checkpoint inhibitors, 
a double-edged sword
Cancer can be considered a ‘hypoim-
mune disease’. T-cell activation against 
tumor cells can be inhibited by T-cell 
expression of inhibitory signalling pro-
teins CTLA-4 (inhibition at the level 
of T-cell activation in the lymphoid 
organs) and PD-1 (inhibition at the 
level of tumors expressing PD-L1). 
These proteins normally prevent T-cell 
over-activation during regular immune 

responses against micro-organisms 
and are named ‘immune checkpoints’. 
Blockade of these proteins inevita-
bly results in enhanced activation of 
T-cells, and in the case of anti-tumour 
immune responses, in consequential 
enhanced tumor cell killing. Therapy 
exploiting monoclonal antibodies de-
signed to perform exactly this function 
is termed immune checkpoint inhibi-
tor (ICI) therapy. ICIs are efficacious 
in treatment of melanoma, lung cancer 
and head and neck cancer (1).
Whilst cancer is considered a ‘hypo-
immune disease’, ICI use results in a 
‘hyperimmune’ state. Current literature 
suggests that in up to 60% of patients 
taking ICIs, autoimmune-like diseases 
such as colitis, pneumonitis, inflamma-
tory arthritis, inflammatory myopathy, 
vasculitis, and lupus nephritis are ob-
served (1-7). Also included in this list 
is the autoimmune disease Sjögren’s 
syndrome, based on an amalgamation 
of manifestations including fatigue 
and presence of autoantibodies, to-
gether with dysfunction of the salivary 
and lacrimal glands. Sicca complaints 
(reduction in saliva production) are 
frequently reported after ICI use, al-
though reports tend to stop short of any 
detailed consideration of mechanisms 
lying behind these complaints (2, 3, 
8-14). Here we review the current liter-
ature concerning prevalence, functional 
data, pathology and potential causative 
mechanisms underlying development 
of sicca complaints following ICI use. 
We focus on the common ground and 
striking contrasts between classically 
presenting Sjögren’s syndrome and the 
‘Sjögren’s syndrome’ developing when 
a patient receives ICI therapy. We also 
emphasise the importance of examin-
ing the histology of the major salivary 
glands, in contrast with the minor SGs 
reported by most studies, as an insight 
into the destruction of the glands that 
provide most of the saliva production 
after stimulation. 
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Functional SG deterioration 
following checkpoint inhibiton 
therapy
In 2017 Cappelli et al. commented 
that the prevalence of sicca complaints 
following ICI use is unclear (5). Ac-
knowledgement of the effects of ICIs 
on salivary gland (SG) function is lag-
ging indeed somewhat behind com-
pared to that of other organ systems, 
perhaps due to a perception that SG 
malfunction is less traumatic than in-
testinal manifestations, for example. 
Lack of SG function, however, reduces 
patients’ quality of life dramatically, 
via a menagerie of symptoms ranging 
from loss of sleep, difficulty eating and 
dental complications (15). 
SG dysfunction is often omitted from 
specific mention of ICI-induced organ 
pathologies and amalgamated presum-
ably into the gastrointestinal tract cat-
egory. When specifically stated, how-
ever, general reports of adverse events 
following ICI use quote prevalence of 
dry mouth complaints in 3–11% of pa-
tients (1, 11, 16-18). Severity of sicca 
complaints in the context of ICI use are 
graded using the common terminology 
criteria for adverse events (CTCAE) 
system, where according to secretion 
and subjective symptoms SG function is 
scored from 0 (no decrease in SG func-
tion) to 4 (extreme SG dysfunction). In-
cidence appears to be related to dosage 
of PD-1/PD-L1 inhibitors, whereby in-
creasing the dosage of nivolumab (anti 
PD-1 ICI) from 0.3, to 2.0 and 10.0 mg/
kg was reflected in dry mouth of CT-
CAE grade 1-4 prevalence of 3%, 6% 
and 11% respectively (17). Develop-
ment of SG dysfunction appears to man-
ifest abruptly, with patients reporting a 
sudden onset of dry mouth from one day 
to the next, (time range of 30-206 days, 
mean of 70 days) (3, 14, 19, 20). This is 
in contrast to the general clinical picture 
in classical pSS, where saliva produc-
tion is widely accepted to deteriorate 
with time (21). A preliminary study of 
4 patients with rheumatological com-
plaints following ICI use (nivolumab, 
anti-PD-1 and ipilimumab, anti-CTLA4 
mono- or combined-therapy) stated that 
the subjective sensation of dry mouth 
experienced by the patients could not be 
attributed to other medication use, and 

hence laid the groundwork for the de-
velopment of this field (2). 
Although other studies state ‘abnormal 
oral diagnostic tests’ (22), only two 
studies at time of writing have objec-
tively measured unstimulated whole sa-
liva (UWS) production in patients with 
sicca complaints post ICI-use. Forty and 
95 percent of patients demonstrated a 
UWS secretion rate under 0.1mL/min, 
the threshold used by both the 2016 
ACR-EULAR criteria for classification 
of primary Sjögren’s syndrome, and the 
CTCAE scoring system for Grade 3 SG 
dysfunction (3, 23). In the more detailed 
study by Warner et al. (3) 20 consecu-
tive patients presenting with sicca com-
plaints in the context of ICI therapy 
were examined. Eight out of these 20 
patients were not capable of produc-
ing any UWS at all. Citric acid stimu-
lated parotid SG saliva secretion was 
only possible in 6/20 patients, and in 
10/20 and 12/20 respectively from the 
submandibular and sublingual SGs (3). 
Interestingly, patients prescribed only 
anti-PD-L1 ICIs (avelumab), compared 
to those taking PD-1 ICIs (nivolumab 
or pembrolizumab), could produce less 
UWS (0.025 mL/min vs. 0.059 mL/
min) (3). A combination of nivolumab 
and ipilimumab, blocking PD-1 and 
CTLA-4, respectively, resulted in no 
UWS secretion capabilities in the 3 pa-
tients examined, reflecting presumably 
a summative effect of the two different 
sets of ICIs (no patients receiving anti-
CTLA-4 therapy alone were examined 
in this study). We have also examined 
function of the SG of a patient with dry 
mouth complaints following 43 weeks 
of fortnightly treatment with 10mg/kg 
of anti-PD-L1 ICI durvalumab. At cycle 
11 of treatment (22 weeks after initia-
tion), the patient was not capable of pro-
ducing any stimulated or unstimulated 
whole or parotid-specific saliva (12). 
When patients present with sicca symp-
toms in the wake of ICI treatment, 
whether this be anti PD-1, PD-L1 or 
CTLA-4, it is clear that SG dysfunction 
can be total, fulfilling the most severe 
CTCAE grade levels. The most severe 
degrees of SG dysfunction appear to 
be related to anti PD-L1 ICI therapy, 
compared to anti-CTLA-4 or anti-PD-1 
therapy. 

Histological abnormalities of 
the glandular tissue following 
checkpoint inhibitor therapy
Lymphocytic infiltration
In addition to functional SG analy-
sis, several studies have examined the 
nature of lymphocytic infiltration in 
minor SGs following ICI use. Minor 
SGs, contributing 10% to UWS and 
being important for lubrication of the 
oral cavity, are widely employed in 
pSS research as a proxy gland to reflect 
potential damage to larger SGs. Minor 
salivary glands of patients with pSS are 
characterised by the presence of focal 
lymphocytic sialadenitis (inflammation 
of the SG). In pSS, these foci are asso-
ciated with striated ducts. A focus score 
is usually calculated, whereby the num-
ber of clusters of ≥50 lymphocytes per 
4mm2 tissue is used to reflect the degree 
of lymphocytic infiltration. 
General descriptions of the morphology 
of minor SGs of patients on or having 
been treated with ICI therapy include 
interstitial sclerosis, mild-severe lym-
phocytic sialadentitis, and lymphohis-
tiocytic infiltration (lymphocytes plus 
phagocytic cells found in connective 
tissue) (9-11, 14, 19, 22). To this end, 
two groups demonstrated presence 
of focal and dispersed CD3+ cell rich 
lymphocytic infiltration in minor SGs 
post-ICI use, with a tendency for pre-
dominance by CD3+ T-cells, and vary-
ing reports of either CD4+ and CD8+ T-
cell dominance (3, 11, 14). Presence of 
CD20+ B-cells was minimal. The path-
ological profiles observed by Warner 
et al. (3) in the 20 patients examined 
could be grouped into 3 categories. Ten 
out of 20 patients demonstrated non-
specific chronic sialadenitis, without 
foci. Nine out of 20 patients had focal 
lymphocytic sialadenitis with a positive 
focus score with respect to criteria for 
pSS. Of these 9 patients, 6 displayed 
mild-to-moderate focal lymphocytic 
sialadenitis and 3 severe, with more in-
jury to the parenchyma. Interestingly, 
all 3 patients displaying severe focal 
lymphocytic sialadentitis were within 
the anti-PD-L1 (avelumab) treatment 
group, which was also associated with 
lower UWS production compared to 
anti-PD-1 and anti-CTLA-4 combina-
tion therapy.
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In our case following anti-PD-L1 ICI 
therapy, the parotid SG parenchyma 
also demonstrated both focal and dis-
persed lymphocytic sialadenitis. This 
infiltration was, similarly to Warner et 
al. (3), predominated by CD3+ cells. 
Focal infiltration tended to be localised 
periductally, in a similar manner to pSS. 
Dispersed CD4+ or CD8+ cells were 
also noted both between and inside pa-
renchymal tissue. Only relatively few 
B-cells were present and intraepithelial 
B-cells, in pSS associated with forma-

tion of lymphoepithelial lesions, were 
not found (12). Also, other B-cell as-
sociated histopathological features seen 
in pSS glands, i.e. germinal centres and 
IgG plasma cells, were all absent in pa-
tients who developed sicca complaints 
on ICI therapy (12). Examination of a 
parotid SG following anti PD-1 therapy 
using pembrolizumab suggested a simi-
lar pattern of T-cell rich lymphocytic 
infiltration of the major SGs (Figure 
1A-D). CD20+ B-cells were again only 
present in small numbers, in continued 

contrast to what is commonly seen in 
pSS.
Summarising the basic observations 
until now, we can conclude that ICI 
therapy can induce extensive SG dys-
function, and that the affected minor or 
major SGs are likely to contain CD3+ 
cell rich (focal) lymphocytic infiltra-
tion, in differing graduations of pa-
thology. In order to comprehend how 
this damage is manifest, we must also 
probe the functional parenchyma of the 
SG.

Table I. 

Authors Number of  Proportion with Minor SG biopsy Minor SG biopsy Major SG Major SG Hypoechoic Results
 patients hyposalivation infiltration parenchyma biopsy parenchyma regions compared
     infiltration   with other
        diseases

Cappelli (2) 4 4 / 4  ND ND ND ND 1 / 4  ND

Calabrese (8) 15 5/15  ND ND ND ND ND ND

Burel (9) 4 2 / 4 1 / 4 lymphocytic ND ND ND ND ND
   (CTCAE v4.0 ≥3) sialadenitis (FS=1)  

Takahashi (19) 1 1 / 1 ## lymphocytic ‘exfoliation of the ND ND 0 / 1 ND
   inflammation.  no  epithelium, enlargement
   focus score reported  of glands with mucous 
    retention, and 
    disappearance of acini’ 

Ghosn (10) 1 ND interstitial sclerosis,  ND ND ND ND ND
   FS=1, T-cell based 

Narváez (20) 2 2 / 2 ### ND ND ND ND ND ND

Warner  (3) 20 20 / 20 19 /20 with either In mild-moderate  ND ND 4 /20 healthy
   mild (FS=0),  ialadenitis: atrophy,    volunteer,
   mild-moderate  fibrosis. In severe    pSS
   (FS=1-2) or severe ialadenitis: injury
    sialadenitis  to ducts and acinar
   (FS 8 & 12). s s cells, fibrosis, 
    acinar cell atrophy  

Ramos-Casal (22) 26 12 / 14  8/15 with mild chronic ND ND ND ND pSS
  (ND for 12)  sialadenitis (FS=0),
   7/15 with focal 
   lymphocytic sialadenitis
   (FS1-4). (ND for 11) 

Ortiz Brugués (11) 15 4 /15 1 / 15 with CD4+ ND ND ND ND ND
  (CTCAE v5.0 ≥3) T cell-rich infiltration 

Pringle (12) 1 1 / 1 ND ND T-cell rich  Lack of 0 /1 sicca
     infiltration, no  acinar cells.  control,
     clear CD4+  Many ID  pSS
     or CD8+ bias cells. 

Mavragani (13) 1 ND Mild lymphocytic ND ND ND ND Yes$

   sialadenitis 

Higashi (14) 1 1 /1 ### CD8+ T cell-rich ND ND ND ND ND 
   infiltration 

ND: no data; FS: focus score; ID: intercalated duct cells. SSA screening is described in more detail in Table II.
#Patient with parotid gland carcinoma; ##Saxon test performed; ###Salivary gland scintigraphy performed; *One biopsy not performed; $Clinical presentation 
compared with classical presentation in pSS, sarcoidosis, IgG4, chronic graft-vs-host disease, and HIV infection. 
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Lack of conventional acinar cells 
following checkpoint inhibitor use
SGs are comprised of several cell types. 
Acinar cells produce and secrete saliva. 
Secretion is facilitated by myoepithelial 
cells surrounding the acini and chan-
neled through small intercalated ducts, 
larger striated ducts and finally through 
excretory ducts into the mouth. Com-
plementing these cell types and criti-
cal for the SG function are resident SG 
progenitor cell populations (SGPCs) in 
the salivary gland parenchyma. SGPCs 
proliferate and differentiate into fresh 
acinar cells, to replenish exhausted 
ones, and have been suggested to reside 
in the basal layer of the striated duct and 
intercalated ducts, in addition to within 
the acinar cell compartment itself (24-
32). If, therefore, substantial and persis-
tent damage to the functionality of SGs 
is observed, logic may suggest that one 
of the progenitor cell populations of the 
SGs has been compromised. In pSS, 
for example, we suggest that the basal 
striated duct compartment, comprising 

SGPCs, becomes senescent, diminish-
ing the ability of the SG to regenerate 
its parenchyma, and ageing the SG pre-
maturely (27, 33). 
Although difficult to interpret due to 
the lack of high resolution microscopy 
in the article, Warner et al. (3) state that 
in that patients demonstrating severe 
sialadentitis of the minor SGs evidence 
of damaged epithelial cells (‘injury to 
the ducts and acini, nuclear enlarge-
ment, anisonucleosis, and irregular dis-
tribution, apoptosis, fibrosis, luminal 
mucin inspissation, and rupture mucin 
extravasation’) was observed (3). Latter 
the authors also stated that patients dis-
playing non-specific chronic sialadenti-
tis also showed evidence suggesting ac-
inar cell atrophy (3). In our recent case 
report, and considering the more ad-
vanced knowledge about the progenitor 
populations of parotid SGs compared to 
minor SGs, we examined in detail the 
parenchyma of the parotid SG follow-
ing ICI use, together with that of a sicca 
control and pSS patient (12). Strik-

ingly, we observed a total lack of con-
ventional acinar cells, normally easily 
recognisable due to their characteristic 
large cytoplasmic to nuclear ratio and 
immunohistologically by apical mem-
brane AQP5 positivity and absence of 
cytokeratin (CK) 7(12). CK7, under 
the correct conditions, can be used in a 
healthy parotid SG to demarcate inter-
calated ducts. The salivary gland paren-
chyma following anti-PD-L1 therapy 
was dominated by hybrid structures, 
composed of mixture of AQP5+ cells 
and CK7+ cells, with no classical acinar 
cell morphology. These hybrid struc-
tures also sometimes contained AQP5/
CK7 double positive cells, appeared 
proliferative (Ki67+) and to some extent 
senescent, as reflected by their stain-
ing for p16. We also observed CD4+ 
T-cells and CD8+ T-cells within and 
in-between these unusual parenchyma 
organisations. Interestingly, expression 
of PD-L1 itself by the SG epithelium 
was upregulated following anti-PD-
L1 immunotherapy, most noticeably 

Fig. 1. Parotid SG parenchy-
ma from patient with severe 
hyposalivation following anti 
PD-1 ICI therapy displays 
similar phenotype to that fol-
lowing PD-L1 therapy. 
A: H&E overview of SG 
morphology. 
B: CD45 Immunostaining. 
C: CD4 immunostaining. 
D: CD8 immunostaining. 
E: Ki67 immunostaining 
(marker of proliferation). 
F: p16 immunostaining 
(marker of senescence). 
G: PD-L1 immunostaining. 
H: Patterning of AQP5 and 
CK7 immunostaining in con-
trol parotid SG. 
I: AQP5 and CK7 immunos-
taining in parotid SG follow-
ing anti PD-1 ICI therapy. 
Scale bars represent 50 µm. 



S-257Clinical and Experimental Rheumatology 2020

Immune checkpoint inhibitors, pSS and type II IFN / S. Pringle et al.

in the AQP5+CK7+ hybrid structures. 
No PD-L1 expression was observed in 
control sicca SG tissue and in SG tis-
sue from a pSS patient, suggesting that 
PD-L1 expression is not upregulated in 
all inflammatory SG environments. Ex-
amination of a second SG biopsy, this 
time following PD-1 blockade using 
pembrolizumab, also showed a similar 
parenchyma phenotype, with a lack of 
recognisable acinar cells and a skew-
ing of the parenchyma towards hybrid 
AQP-5+, CK7+ mixed structures (Fig. 
1E, F). Similar to the phenotype post 
PD-L1 ICI use, proliferative (Ki67+) 
and potentially senescent (p16+) epi-
thelial cells were also observed, as was 
PD-L1 expression (Fig. 1G-I). Return-
ing to minor SGs and upon closer ex-
amination of the histology as judged by 
H&E staining reported, two studies also 
suggest ‘disappearance’ of normal aci-
nar cells following ICI use, suggesting 
perhaps a common mechanism for lack 
of saliva production between major and 
minor glands (10, 19). 

Ultrasound SG abnormalities 
following ICI use
In recent years, ultrasound is increas-
ingly used to detect abnormalities of 
SGs in pSS. Hypoechoic SG region 
presence correlates well with SG func-
tional parameters and disease scores, 
although it remains unclear what these 
hypoechoic regions represent (34-36). 
A putative explanation may be loosen-
ing of inter-epithelial cell connections 
as a consequence of proinflammatory 
cytokine effect on tight junctions (33). 
This increase in permeability may re-
sult in leakage of liquid, causing less 
reflection of waves. Hypoechoic re-
gions have also been detected in ma-
jor SGs following ICI use, whereby 
in one study astonishingly up to 50% 
of the SG was occupied with such hy-
poechogeneic lesions (2). Warner et al. 
(3) reported ‘consistent, generally mild 
ultrasonographic changes in 3 major 
SGs examined of anti-PD-L1 ICI re-
ceiving patients (no patients receiving 
anti-CTLA-4 were examined). These 
changes included hyperechogenic 
bands and scattered hypoechoic lesions. 
Takahashi et al. (3, 19) conversely did 
not observe any ultrasound abnormali-

ties after ICI anti-PD-1 treatment. Our 
own observations following anti-PD-
L1 therapy revealed a moderate change 
in SG topography (HOCEVAR score 
of 14/48), with a score just below the 
threshold of 15/48 for a positive result 
for pSS (34-36).

ICI-induced primary 
Sjögren’s syndrome
In 2016, the consensus reached by the 
scientific community lead to the gen-
eration of the ACR-EULAR criteria for 
the classification of patients as suffering 
from pSS. Its advent was intended to 
minimise discrepancies in classification 
across research groups and countries, 
and permit valid, productive compari-
son of data sets. In order to fulfill the 
ACR-EULAR 2016 criteria for classi-
fication as pSS, a patient with (subjec-

tive) sicca complaints should demon-
strate either SSA autoantibody presence 
in serum or a positive focus score in the 
salivary glands (SGs) (or indeed both), 
in addition to objectively measured loss 
of SG and/or tear gland function. The 
focus score as currently employed does 
not discriminate between lymphocytic 
cell types comprising it. In classical 
pSS, for example, lymphocytic infiltrate 
is comprised of a majority of B-cells, 
at least in its advanced stadia (37). As 
outlined previously, patients experienc-
ing dry mouth following ICI use have 
been demonstrated to contain lympho-
cytic foci in their minor and major SGs. 
Although comprised of a majority of 
T-cells and not B-cells like we are fa-
miliar with in pSS, patients treated with 
ICIs do demonstrate a positive focus 
score and reduced saliva production and 

Table II.

Authors Number of patients Pre-ICI SSA+ Post-ICI SSA+ 

Calabrese (8) 5 ND 1/5
Burel (9) 2 2/2 2/2
Takahashi (19) 1 ND 0/1
Ghosn (10) 1 0 /1 1/1
Narvaez (20) 2 ND 0/2
Warner (3) 20 ND 2/20
Ramos-Casal (22) 26 ND 5/25
Ortiz Brugués (11) 15 ND 1/15
Pringle (12) 1 ND 1/1
Higashi (14) 1 ND 0/1

*Both patients SSA+ before ICI commencement. N/A: not assessed.

Fig. 2. Schematic of proposed mechanism underpinning SG dysfunction post-ICI therapy, and relation 
organ dysfunction following ICI therapy with turnover time of each organ. 
A: Schematic; B: Data amalgamated from references (3, 54-59).
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fulfil therefore classification criteria for 
pSS. In a recent report probing of the 
International ImmunoCancer Registry, 
10 /26 patients with sicca complaints 
following ICI therapy met the ACR/
EULAR 2016 classification criteria for 
Sjögren’s syndrome (22). These ICI-
treated patients may also demonstrate 
ocular symptoms (3). There have also 
been varying reports of SSA autoanti-
body presence following ICI use. Pro-
portions of anti-SSA positivity appear, 
however, to be much lower than in 
‘conventional’ pSS, with a rough mean 
of 33% of patients with ICI-induced SG 
dysfunction compared to an approxi-
mation of 70% of pSS patients (stud-
ies summarised in Table II, excluding 
patients SSA+ previous to ICI use, and 
including all case studies). Other stud-
ies suggest that although ANA antibod-
ies in general may be detected, they are 
mostly not SSA in subtype (2, 5, 18). 
ICI-induced SG dysfunction does also 
not appear to resemble clinical presen-
tation observed following HIV infec-
tion, chronic graft-versus-host disease, 
sarcoidosis, or IgG4-related disease, 
when examined in minor SGs at least 
(13). SSA-positivity in a small propor-
tion of patients may thus also, in addi-
tion to presence of immune foci, con-
tribute to patient classification after ICI 
usage as pSS. As the number of patients 
fulfilling the 2016 ACR-EULAR crite-
ria following ICI use gains mass, an ad-
ditional consensus may be necessary by 
the pSS community as to whether these 
patients should be actively included 
or excluded from studies centering on 
pSS patients and treated with a differ-
ent strategy.

ICI-induced sicca syndrome: 
a type II interferonopathy?
For the desired immune response 
against tumor cells in ICI therapy, cy-
totoxic CD8+ T-cells play a crucial role, 
supported by CD4+ T-cells. An impor-
tant cytokine in these anti-tumor re-
sponses is IFNγ, secreted by CD4+ Th1 
cells and CD8+ T-cells, amongst others. 
Serum levels of IFNγ following ICI 
therapy increase, presumably from ac-
tivation of IFNγ-producing T-cells, and 
indeed a greater ‘interferon-signature’ 
post-ICI use has been suggested to pre-

dict response to ICI therapy (38–44). 
Considering that all SGs may be dys-
functional following ICI use, it seems 
unlikely that IFNγ is produced local 
to the SGs, and more likely systemi-
cally. Whether IFNγ is also elevated 
and/or produced in the SGs post-ICI 
use remains to be established. Here we 
summarise evidence for interactions be-
tween IFNγ, PD-L1, the SG epithelium, 
and consider the possibility that SG dys-
function following ICI use can be con-
sidered a type-II ‘interferonopathy’.

Interferon-γ and salivary 
gland epithelial cell death  
In pSS, the interferons IFNα and IFNβ 
(type I IFNs) and IFNγ (type II IFN) 
play a critical role in the pathogen-
esis. Indeed, an ‘interferon signature’, 
referring to activation of genes in pe-
ripheral blood and SGs associated with 
interferon expression, such as MX1, 
IFIT3, IFI44, has been associated with 
pSS (45, 46). IFNγ, on which we focus 
now for its relevance to ICI therapy, has 
been demonstrated to induce epithelial 
cell death in intestines and kidney (47, 
48). In epithelial cells cultured from 
minor SGs, IFNγ treatment-induced 
apoptosis in a dose dependent manner, 
but also increased expression of HLA-
DR, cytoplasmic SSA/Ro, SSB/La, 
CD80, B-cell activating factor (BAFF), 
CXCL10 and ICAM-1 by epithelial 
cells (49–52). In the context of ICI ther-
apy, the enhanced circulating levels of 
IFNγ, whether before or after immune 
cell influx into the SG, may potentially 
also exert the same effect on the SG, as 
seen in vitro, and contribute to its lack 
of function. Supporting this theory, 
the minor SGs following ICI therapy 
showed evidence of acinar and ductal 
cell apoptosis (12).
 
Interferon-γ and protective 
PD-L1 expression 
There is limited literature examining 
PD-L1 expression in normal tissues. 
What is available suggests that PD-L1 
expression via JAK-STAT signalling is 
under control of IFNγ, and functions to 
protect the cell from the apoptotic ef-
fects of IFNγ. In our case study, PD-L1 
was not expressed in either sicca con-
trol or pSS tissues. Interestingly, hybrid 

AQP5+CK7+ SG epithelial structures 
post-ICI therapy did show PD-L1 ex-
pression (12). Increased PD-L1 expres-
sion by the SG parenchyma post ICI 
therapy may thus represent an attempt 
at protection of the SG parenchyma 
from IFNγ-mediated damage and play 
no causative role in the deterioration 
observed. 

Interferon-γ and PD-L1 as 
mechanism of SG epithelial 
dysregulation
Theoretically, (IFNγ-induced) PD-L1 
expression may facilitate a direct inter-
action of SG epithelial cells with anti-
PD-L ICIs. Binding of PD-L1 by its li-
gand PD-1, expressed by T-cells attract-
ed into the SG has been demonstrated 
to induce a cascade of transcriptional 
effects in the PD-L1 expressing cell, 
albeit demonstrated to date mainly in 
cancerous cells. This phenomenon has 
been termed ‘reverse signalling’ (53). 
Downstream transcriptional effects in-
clude increased PD-L1+ cell survival 
and proliferation, leading to the afore-
mentioned protective effects of PD-
L1. These effects were reported to be 
facilitated via activation of the MAPK 
pathway and increased mitochondrial 
oxygen consumption (53). It is feasible 
that in the context of elevated IFNγ and 
PD-L1 expression levels in the SG epi-
thelium post-ICI use, that the SG is rip-
ened for binding interactions with anti-
PD-L1 ICIs. Whether anti-PD-L1 ICIs 
are capable of inducing reverse signal-
ling and thus contribute to epithelial 
proliferation, remains to be investigat-
ed. Some anti-PD-L1 ICIs, for example 
durvalumab, are engineered to be inca-
pable of initiating antibody-dependent 
cytotoxicity, eliminating this in some 
cases as mechanism for epithelial cell 
damage. To our knowledge, no studies 
have yet examined PD-L1 expression 
in other affected tissues post-ICI use, 
for example the intestine or thyroid, as 
such there is no precedent to refer to.

A theory for ICI-induced 
SG dysfunction
We hypothesise that malfunction of 
SGs following ICI use may arise from 
a combination of the intrinsic turnover 
time of human SGs, and IFNγ/PD-L1 
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interference with this process (sche-
matically represented Figure 2A). In-
creased IFNγ in the SG as a result of ef-
fector T-cell activation during ICI ther-
apy may increase the PD-L1 expression 
in the SG parenchyma, including acinar 
cells but also SG progenitor cell com-
partments. According to the parenchy-
mal phenotype we observed, this would 
most likely be the intercalated ductal 
(ID) progenitor cell compartment. En-
gagement of PD-L1 expressed on these 
ID-like cells may induce their prolifera-
tion (‘reverse signalling’). Meanwhile, 
saliva-producing acinar cells reach the 
end of their natural approximate 60-70-
day lifespan (‘tissue turnover time’) and 
die (54). In a healthy SG, fresh waves 
of acinar cells generated from progeni-
tor cells replace these depleted stocks, 
and saliva production continues. Fol-
lowing ICI therapy, the hyper-prolifera-
tive state of the ID progenitor cell com-
partment may induce their premature 
exhaustion (senescence), and inability 
to fully differentiate into acinar cells. 
This theory agrees with the abrupt pres-
entation of SG malfunction complaints 
clinically, usually around 60-70 days, 
falling neatly within the approximate 
turnover time of human SG parenchy-
mal cells. Indeed, a negative trend be-
tween tissues turnover times and timing 
of ICI-induced organ dysfunction in the 
colon, SG, liver and thyroid can be ob-
served when amalgamating previously 
published data (Fig. 2B) (3, 54-59). De-
fining a resemblance of order of events 
of organ dysfunction following ICI use, 
including a theory for the presence of 
lymphocytic infiltration which we have 
not addressed, will require either in vit-
ro modelling, perhaps using organoids, 
or availability of biopsy samples at ear-
lier time points following ICI therapy.
 
Aetiopathogenesis of sicca 
complaints after ICI usage: 
Sjögren’s syndrome or not? 
Considerable hope is vested in the ap-
plication of ICIs for treatment of can-
cer. At the time of writing, more than 
300 trials were registered on the clini-
caltrials.gov website, employing ICIs 
to tackle their respective cancer types. 
Although meticulous attention is paid 
to the thorough inventorising of ICI-

induced adverse immune events, by no 
means as much energy has been driven 
into understanding how these patholo-
gies are manifested. The question re-
mains whether an ICI-induced hyposal-
ivation should be considered as pSS or 
not, considering the substantial differ-
ences in clinical presentation between 
the two patient groups. Lymphocytic 
infiltration is T-cell predominated post-
ICI use, as opposed to B-cell dominated 
in pSS in its advanced stages. The SG 
following ICI therapy does not appear 
to present with germinal centres, lym-
phoepithelial lesions, or antibody class 
switching, like those observed in clas-
sical pSS. SGs following ICI-therapy 
may also demonstrate a loss of con-
ventional acinar cells, again opposed 
to SGs in classical pSS, where acinar 
cells remain clearly present (but not ap-
parently functional). SSA autoantibody 
presence is also much more prevalent 
in classical pSS patients, compared to 
those following ICI administration. 
As it stands now, the data indicate that 
ICI-induced sicca complaints should be 
considered to represent a different dis-
ease entity. In order to envisage appro-
priate management strategies for these 
new and startling pathologies develop, 
we must first address the mechanisms 
underpinning them.
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