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Introduction: Checkpoint inhibitors, such as PD1 inhibitors, represent an
important pillar in the therapy of advanced malignancies of the head and neck
region. The most relevant complications are immune-related adverse effects
(irAEs), which represent an immense burden for patients. Currently, no sufficient
stratification measures are available to identify patients at increased risk of irAEs.
The aim of this retrospective study was to examine whether demographic,
histopathological, clinical, or laboratory values at the start of CPI therapy
represent a risk factor for the later occurrence of autoimmune complications.

Material and methods: Data from 35 patients between 2018 and 2021 who
received therapy with nivolumab or pembrolizumab for head and neck
malignancy were analyzed and assessed for any associations with the
subsequent occurrence of irAEs.

Results: IrAE developed in 37% of patients, with pneumonitis being the most
common form (14%). Pneumonitis was found in patients with an average
significantly lower T-stage of primary tumors. An increase in basophilic leukocytes
was found in patients with dermatitis later in the course. When thyroiditis developed
later, the patients had a higher CPS score and lower monocyte levels.

Discussion: Even though individual laboratory values at the beginning of therapy
might show a statistical association with the later occurrence of irAEs, neither
demographic, histopathological, nor laboratory chemistry values seem to be able
to generate a sound and reliable risk profile for this type of complication.
Therefore, patients need to be educated and sensitized to irAEs, and reqular
screening for irAEs should be carried out.

KEYWORDS

HNSCC (head and neck squamous cell carcinoma), HNC (head and neck cancer),
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Introduction

In the treatment of recurrent or metastasized, non-operable
malignancies of the head and neck region (R/M-HNC), checkpoint
inhibitors (CPI) represent an important therapeutic option. Human
somatic cells are subject to immunosurveillance (1). Thus, not only
potential external pathogens, such as bacteria or viruses, but also (pre)
cancerous pathogens, are targeted by immune cells. Advanced tumors
can also be infiltrated and attacked by immune cells, which has
relevance in patient outcomes (2). The counter mechanism of tumor
cells is called immunoevasion and comprises structures that
individually and collectively ensure that tumor cells are either not
recognized by the immune system or that antitumor immune responses
are suppressed, which further promotes tumor progression. In doing so,
tumor cells make use of regulatory mechanisms whose actual purpose is
peripheral tolerance (i.e., they are intended to prevent autoimmunity
through immunosuppressive activity) (3, 4).

An important pathway for immunoevasion is the programmed
death 1 (PD-1) axis. PD-1 is a transmembrane glycoprotein
consisting of 288 amino acids, which are expressed on the
surfaces of T and B cells. It belongs to the immunoglobulin
superfamily and inhibits the activity of T cells (5). PD-1 knockout
mice develop autoimmune diseases, demonstrating the importance
of PD-1 in regulating the immune system (6). Stimulation of PD-1
by its ligands PD-L1 and PD-L2 (7) triggers signaling cascades that
prevent immune cells from targeting tumor cells (8). Based on this
finding, new therapeutic approaches address the mechanism of
immunoevasion (9).

The antibodies pembrolizumab and nivolumab bind to PD-1,
thus blocking the PD-L1/PD-1 interaction, preventing the
suppression of the immune cells. This enables the patient’s
immune cells to detect the tumor cells and to act against them.
Pretherapeutically, tumor tissue samples are used to determine the
PD-L1 status, i.e., the expression of PD-L1 in the tumor tissue and
the infiltrating immune cells. This serves to assess the probability of
a successful treatment response. Nivolumab was first approved in
Europe in 2015 for the treatment of malignant melanoma (10), and
it was then approved for R/M-HNC in the U.S. in 2016 based on the
results of the Checkmate 141 trial (11). Nivolumab is currently
approved for R/M-HNC in adults with progression during or after
platinum-based therapy. Pembrolizumab is approved as
monotherapy or in combination with platinum and 5-fluorouracil
(5-FU) chemotherapy for first-line treatment of R/M-HNC in
adults with PD-L1-expressing tumors (combined positivity score
“CPS” = 1). Pembrolizumab is also approved as monotherapy for
the treatment of R/M-HNC with PD-L1-expressing tumors (tumor
proportion score “IPS” > 50%) and cancer progression during or
after prior platinum-based therapy in adults.

Typical side effects and complications of CPI are immune-
related adverse events (irAEs). This occurs because the immune
system, which is restored by CPI therapy, attacks not only the tumor
cells but also the body’s own organs, as the natural self-tolerance
mechanism is suppressed.

The most common irAEs include dermatological low-grade
reactions, such as rash, pruritus, or vitiligo (12). Pulmonary
inflammation, predominantly pneumonitis, is a potentially life-
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threatening irAE (13). Gastrointestinal inflammation, such as
colitis and enterocolitis, also occurs and is primarily noted by
diarrhea (14). Autoimmune hepatitis may also occur (15). irAEs
affecting the endocrine system manifest most commonly as
thyroiditis, pituitary inflammation, and much less commonly as
diabetes mellitus (16). Cardiovascular irAEs also occur infrequently.
They can manifest as myocarditis, pericarditis, or vasculitis, among
others, and require careful monitoring because of their potentially
fatal course (17, 18). Other irAEs involve the musculoskeletal
system (19) and the nervous system (20). Some irAEs may be
revealed by routine laboratory blood chemistry checks (especially
those of the endocrine system); others require an inquiry by the
patient about relevant symptoms (e.g., diarrhea). Depending on the
severity of the irAEs, CPI therapy is continued, paused, or
terminated, and immunosuppressive therapy, typically with
cortisone, is initiated if necessary.

These irAEs represent a relevant burden for patients and pose a
threat to effective antitumor therapy. However, the possibility of
using biomarkers to assess the risk of the occurrence of these irAEs
is very limited. Reviews of risk factors for irAEs on CPI therapy
exist, but these do not include HNC patients due to a lack of
data (21).

Therefore, the aim of this retrospective study was to examine
whether demographic, histopathological, clinical, or laboratory
values at the start of CPI therapy represent a risk factor for the
later occurrence of autoimmune complications.

Materials and methods

All patients who had received CPI therapy with pembrolizumab
or nivolumab in the Department of Otolaryngology, Head- and
Neck-Surgery of Mannheim University Hospital between January 1,
2018, and December 31, 2021, were included. Clinical,
histopathological, and laboratory chemistry data were extracted
from digital patient records (Table 1). Statistical analysis was
performed using GNU PSPP 1.6.2 software. Descriptive analyses,
t-tests, and bivariate correlations were performed. A p-value < 0.05
was considered statistically significant. The results are given in
absolute numbers + standard deviations. The study was approved
by the local ethics committee of Heidelberg University
(# 2022-838).

Results

Within the study period, 35 patients were treated with CPI
therapy. A total of 29 patients were male (82.9%), and 6 were female
(17.1%). The mean age at initiation of CPI therapy was 65 years (+
11.1 years, range 40-91 years). A total of 22 patients received
therapy with pembrolizumab (53.7%), and 13 received therapy with
nivolumab (31.7%).

The primary tumor was located in the oropharynx in 22
patients (62.9%), in the hypopharynx in 4 patients (11.4%), in the
larynx in 3 patients (8.6%), and in the oral cavity in 2 patients
(5.7%). In one patient each (2.9% each), the primary tumor was
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TABLE 1 Excerpt from the clinical/histopathological data of the study collective: CPI (Checkpoint inhibitor therapy), irAE (immune related adverse event).

M
age at UiTer) R (etastasis) indication for CPI [1: local .
. sex start . pl6 CPl drug stage at stage at ) . . previous
Patient . primary : . . ) ) stage at recurrence; 2: local resid-  result first previous o
[male; of [0=negativ, [pembrolizumab; time of time of ) : radiation
No tumor " . . . time of uum; 3: remote metasta- re-staging = chemotherapy
female] CPI 1=positiv] nivolumab] first first . . treatment
. . . . first sis; 4: ADRISK study]
[years] diagnosis diagnosis : .
diagnosis
1 m 82 oropharynx 1 pembrolizumab dermatitis 1 0 0 3 favorable no yes
2 f 60 paraiy asal m)-t nivolumab 0 3 1 0 3 unfavorable yes yes
sinus examined
3 m 64 oropharynx 1 pembrolizumab 0 2 1 0 4 favorable yes yes
4 m 48 oropharynx 0 nivolumab thyreoditis 3 3 0 1 favorable yes yes
5 m 62 oral cavity 1 pembrolizumab arthritis 4 0 0 2 favorable yes yes
6 m 81 laj not embrolizumab 0 2 2 0 3 nfavorable es es
rynx examined P . 3 7
7 m 44 oropharynx 0 nivolumab 0 4 2 0 3 unfavorable yes yes
8 m 73 oropharynx 1 pembrolizumab 0 1 2 1 3 favorable yes yes
9 f 80 oral cavity 0 nivolumab pneumfn}ltls 2 0 0 1 favorable no yes
/ colitis
10 m 65 oropharynx 0 nivolumab pneumf)futls 2 1 0 3 favorable yes yes
/ colitis
11 m 59 oropharynx 1 pembrolizumab colitis 2 2 0 1 favorable yes yes
not .
12 m 66 hypopharynx examined pembrolizumab 0 3 2 0 3 favorable yes yes
13 m 74 oropharynx 1 pembrolizumab 0 2 1 0 4 favorable yes yes
died
14 m 80 oropharynx 0 pembrolizumab 0 3 0 0 3 before no yes
restaging
not . .
15 m 68 oropharynx examined pembrolizumab pneumonitis 2 0 0 1 favorable no yes
16 m 64 oropharynx 1 nivolumab dermatitis 4 2 1 3 unfavorable es es
phary / thyreoditis ¥ ¥
died
17 m 40 oropharynx 1 nivolumab 0 4 1 0 3 before yes yes
restaging
ot died
18 m 55 oropharynx examined pembrolizumab 0 4 2 1 2 beforé yes yes
restaging
(Continued)
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TABLE 1 Continued

M
t Tl N(odal; : e
e Grer) ezl (etastasis) indication for CPI [1: local :
: sex start : pl6 CPl drug stage at stage at ) . . previous
Patient . primary : : . ) ) stage at recurrence; 2: local resid-  result first previous o
[male; of [0=negativ, [pembrolizumab; time of time of ) ' radiation
No tumor " : . . time of uum; 3: remote metasta- re-staging = chemotherapy
female] CPI 1=positiv] nivolumab] first first . . treatment
- - - - first sis; 4: ADRISK study]
[years] diagnosis diagnosis : .
diagnosis
ot died
19 f 74 larynx ; pembrolizumab 0 1 0 0 1 before no yes
examined i
restaging
20 m 63 hypopharynx 0 nivolumab 0 4 0 0 3 unfavorable no yes
21 f 67 oropharynx 0 pembrolizumab 0 4 2 0 3 favorable yes yes
external ot
22 m 91 auditory . pembrolizumab arthritis 2 0 0 1 favorable no yes
examined
canal
23 m 55 oropharynx 0 embrolizumab vasculitis 1 3 1 3 unfavorable es es
phary P / hepatitis ¥ ¥
24 m 76 hypopharynx 0 pembrolizumab 0 4 3 1 3 favorable no no
25 m 61 la not embrolizumab 0 3 3 0 4 favorable es es
Tynx examined p e v ¥ ¥
died
26 m 73 oropharynx 1 pembrolizumab 0 4 2 0 3 before yes yes
restaging
27 m 60 oropharynx 0 pembrolizumab arthritis 4 0 1 3 favorable yes yes
28 m 61 hypopharynx 0 pembrolizumab 0 1 2 0 3 favorable yes yes
29 f 72 oropharynx 0 nivolumab 0 4 0 0 1 favorable yes yes
30 m 55 oropharynx 1 pembrolizumab 0 2 1 0 4 favorable yes yes
31 m 71 oropharynx 0 nivolumab 0 4 0 0 3 favorable yes yes
carcinoma of
32 m 65 unknown 0 nivolumab pneumonitis 0 3 1 3 favorable yes yes
primary
33 f 66 oropharynx 0 pembrolizumab 0 4 2 0 3 favorable yes yes
34 m 50 oropharynx 1 nivolumab pneumonitis 2 2 0 3 favorable yes yes
35 m 67 parotid 1 nivolumab 0 3 2 0 3 favorable yes yes
gland
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found in the paranasal sinuses, external auditory canal, parotid
gland, and carcinoma of unknown primary (CUP).

Human papillomavirus (HPV) status was determined by
immunohistochemical staining of the surrogate parameter p16 as
part of the histopathological routine assessment. A total of 15
tumors were determined to be pl6-negative (42.9%); 12 tumors
were determined to be p16-positive (34.3%); and in 8 tumors, p16-
status was not examined (22.9%).

The indications for therapy with CPI were remote metastasis
after platinum therapy in 19 patients (54.3%), unresectable
recurrences in 8 patients (22.9%), and local residual tumors after
primary therapy in 3 patients (8.6%). 5 patients received
pembrolizumab in the ADRISK trial (ClinicalTrials.gov identifier:
NCT03480672) in combination with cisplatin (14.3%).

Almost all patients received radiotherapy beforehand (n = 34),
and the majority also received platinum-containing chemotherapy
before starting CPI therapy (n = 27). There were no significant
differences in the occurrence of irAE depending on any previous
radio(chemo)therapy.

Abuse of both alcohol and nicotine was present in 13 patients
(37.1%); 12 patients used nicotine only (34.3%), and 3 patients used
alcohol regularly (8.6%). Seven patients denied regular noxious
substance use (20%). No statistically significant associations were
shown between continued substance abuse and the occurrence of
irAEs. Similarly, there were no statistically significant differences in
the outcome of the first re-staging. Group comparisons between
patients who did not consume noxious substances and those who
consumed only nicotine showed a significantly higher relative
proportion of lymphocytes in the differential blood count before
the initiation of CPI therapy in patients without nicotine (p =
0.041). The group consuming only alcohol showed a significantly
higher mean tumor status than the group without noxious
substances (p = 0.004). This difference in tumor status was also
seen in the comparison of the group without noxious substances
with the patients who consumed both nicotine and alcohol (p =
0.028). Patients who used both noxious substances were
significantly younger on average (72.43 + 13.53 vs. 60.46 + 9.8
years, p = 0.035). These patients also had a significantly lower
proportion of p16-positive tumors (p = 0.018). Prior to initiation of
CPI therapy, they showed higher leukocyte counts (p = 0.019), a
significantly higher percentage of neutrophil granulocytes (p =
0.024), and a lower percentage of lymphocytes (p = 0.03) and
basophil granulocytes (0 = 0.04) in the differential blood count. In
the group comparison of patients who consumed at least one
noxious substance and those who did not consume noxious
substances, the first group showed a significantly higher T-stage
(p = 0.003), a lower proportion of p16-positive tumors (p = 0.003),
and higher relative proportions of neutrophil granulocytes (p =
0.05), and lower proportions of lymphocytes (p = 0.007) in
the differential blood count at the beginning of therapy than the
second group. The dynamics of the biological values are shown
in Figure 1.

During the course of therapy, 13 patients experienced at least
one irAE (37.1%) (Figure 2). Pneumonitis occurred in 5 patients
(14.3%). Arthritis and enterocolitis occurred in 3 patients (8.6%)
each. Dermatitis occurred in 2 patients (5.7%), and thyroiditis also
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FIGURE 1

Heatmap of the biological values. White blood cells (WBC),
neutrophil granulocytes (neutros), lymphocytes (lymphs), monocytes
(monos), eosinophil granulocytes (eos), basophil granulocytes
(basos) before the first, second, third and fourth courses of
immunotherapy. Concentration shown in 10E9/liter.

occurred in 2 patients (5.7%). Small vessel vasculitis and
autoimmune hepatitis occurred in 1 patient (2.9%).

Complications occurred at a mean of 15.3 weeks (+ 16.6 weeks),
with the earliest complication occurring after 2 weeks and the latest
at 60 weeks after the first administration.

Under ongoing CPI treatment, dermatitis occurred on average
after 12.5 weeks (+ 3.5 weeks), thyroiditis after 6 weeks ( + 5.6 weeks),
arthritis after 3.3 weeks (£ 0.5 weeks), pneumonitis after 26.2 weeks
(+ 21.3 weeks), and enterocolitis after 14.7 weeks (+ 11.6 weeks). One
patient developed vasculitis with concomitant hepatitis after 4 weeks.

The occurrence of dermatitis showed a significant association
with the occurrence of thyroiditis in the same patient (p = 0.004).
Patients with dermatitis during the study period had a significantly

thyroiditis (5.7%)

pneumonitis (14.3%)

dermatitis (5.7%)

hepatitis (2.9%) enterocolitis (8.6%)

— small vessel vasculitis (2.9%)

arthritis (8.6%)

FIGURE 2

Incidence of different forms of immune-related adverse effects in
our study group of patients with head and neck malignancies. The
Figure was partly generated using Servier Medical Art, provided by
Servier, licensed under a Creative Commons Attribution 3.0
unported license.
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higher increase in relative basophil granulocytes between the second
and third administrations (p = 0.005) and the third and fourth
administrations (p = 0.001) of CPI compared to patients
without dermatitis.

Patients who developed thyroiditis as an irAE showed
significantly lower relative monocyte levels in the differential
blood count at baseline (p = 0.029), which was also the case in
the bloodwork done before the second administration of CPI
(p = 0.007). In addition, they showed higher total leukocyte
counts (p = 0.018) with higher relative (p = 0.045) and absolute
(p = 0.007) neutrophil granulocytes. In addition, higher absolute
values of basophilic granulocytes were seen at this time point
(p = 0.044).

On average, patients with arthritis as an irAE showed
significantly higher CPS scores (p = 0.006), lower nodal status
(p = 0.022), higher differentiation of primary tumors (lower
grading) (p = 0.021), and higher leukocyte levels (p = 0.048), with
higher neutrophil granulocyte levels (p = 0.031) before the third
administration of CPI than patients without arthritis.

The occurrence of pneumonitis was significantly associated
with the delayed occurrence of enterocolitis (p = 0.006).
Moreover, it occurred in patients with a significantly lower tumor
size (p = 0.023).

The occurrence of enterocolitis was otherwise not significantly
associated with any of the factors studied.

Because irAEs in the form of vasculitis and concomitant
hepatitis occurred in only one patient in our collective, no
meaningful statistical analysis of these two manifestations
was possible.

Before the occurrence of any complications, two patients
received oral cortisone therapy (5.7%) due to comorbidities (both
patients received dexamethasone 4 mg, three times a day).

The occurrence of irAEs in general, as well as the individual
subtypes, was not significantly associated with patient age or sex.
There were no significant correlations between primary tumor
localization and the occurrence of irAEs. There were no
associations of the occurrence of irAEs in total in relation to any
perineural sheath invasion (Pn), vein infiltration, lymphatic vessel
infiltration (V, L), or p16 status. There was a significant association
between smaller primary tumors and the occurrence of
pneumonitis (p = 0.02, Somer’s D = -0.19), a low lymph node
involvement (a smaller N stage), and the occurrence of arthritis
(p =0.05, Somer’s D = -0.16). A significant positive correlation was
seen between lymph node status (N stage) and the possible presence
of remote metastases (M status) (p = 0.027, r = 0.375). The negative
correlation between N-stage and patient age was significant
(p = 0.027, r = -0.374), as was the positive correlation between
perineural sheath infiltration in the primary tumor and venous
infiltration (p = 0.038, r = 0.427) and lymphatic vessel infiltration
(p = 0.027, r = 0.450).

The presence of remote metastases correlated with a higher
immune cell score (IC, percentage of area of PD-LI-positive
immune cells from area of vital tumor cells) (p = 0.014,
r = 0.484), while poorer tumor differentiation (corresponding to
higher grading/G-value) correlated with a lower CPS value
(p = 0.037, r = -0.419).
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The ratio of neutrophil granulocytes to lymphocytes (NLR)
showed no relevant correlations with the occurrence of irAEs or re-
staging outcomes.

After the first re-staging, 13 patients showed a response in terms
of partial remission (PR) (37.1%); 6 patients showed stable disease
(SD) (17.1%); 6 patients showed progressive disease (PD) (17.1%);
and 1 patient showed a mixed response (2.9%). The 4 patients who
were treated in the ADRISK study showed a complete remission
(CR) (11.4%). Five patients (14.3%) died before the first re-staging.

Discussion

Compared to conventional chemotherapies, which for HNC are
mainly represented by platinum-based drugs, the tolerability of CPI
is rather good. Under cisplatin, typical complications occur, some of
them lethal, such as renal failure (22), neuropathies (23), and
myelosuppression with neutropenic susceptibility to infection and
sepsis (24). In addition, patients typically suffer from marked
nausea (25). The only targeted therapy in HNC is cetuximab, an
antibody against the epidermal growth factor receptor, which is
frequently administered and also generally well-tolerated (26).

IrAEs are the main complications of therapy with CPIL In our
study, we recorded 37.1% of patients with these complications. It
should be noted that, in some cases, the assignment of the
symptoms that occurred (e.g., diarrhea or pneumonitis) or the
laboratory chemical changes (e.g., increase in transaminases as an
indication of hepatitis) cannot be reliably assigned to CPI therapy,
as they can be due to multiple causes. In our study group, however,
no other or more plausible causes were found in the subsequent
clinical clarification. Moreover, the remission of symptoms or blood
count changes after pausing CPI therapy and, if necessary, cortisone
administration argued for their evaluation as irAEs. The most
common irAE in our study was pneumonitis.

Time of occurrence and progression

Both the frequency and the nature of irAEs vary depending on
the tumor entity and CPI medication (27). It seems logical that
organically manifested irAEs occur mainly in those anatomical
areas where tumor cells are found, i.e., where activation of the
disinhibited immune system occurs. Thus, pneumonitides are
found mainly under CPI therapy in patients with non-small cell
lung cancer (NSCLC) (28). However, the fact that the lung is also
the primary metastatic site for HNC may explain why pulmonary
irAEs are also relatively common in our patient population.
Although not all of these patients had clinically/radiologically
diagnosed pulmonary metastases, it seems possible that already
scattered tumor cells in the lung provided a target for CPI and thus
a preferential organ for irAE manifestation. This is consistent with
other retrospective studies, in which pulmonary irAE was the most
common in NSCLC and the second most common in HNC (29).
Nevertheless, because pneumonitis also occurs as a relatively
common irAE in other entities, an organotopically independent
etiology also seems likely.
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The time to onset of irAEs was highly variable in our study.
While some patients developed irAEs after two weeks, i.e., after only
one drug administration, in other patients they occurred only after a
prolonged period of up to 60 weeks, ie., after multiple drug
administrations. The onset of arthritis after about three weeks
seems to be the most stable in time; otherwise, the time of onset
was widely scattered within the individual irAEs. The underlying
pathomechanisms—why, in some patients, irAEs occur only after a
very long delay—are still subject to research, as are the partly
described chronic persistent irAEs, which did not occur in our
cohort (30). Several different theories on the underlying
pathomechanisms have been discussed thus far, on the basis of
which the high heterogeneity of intensities and temporal occurrence
of irAE could be explained. Most of them concern the individual
nature of single components of the immune system, which are more
or less predisposed to irAE. In this regard, a mismatch between T
effector cells and regulatory T cells (Tregs) has been described.
Tregs play an important role in peripheral tolerance, as
demonstrated by mouse models, in which a deficiency of Tregs
leads to a pronounced autoimmune response (31). Since PD-1 is
expressed on Tregs, it can be assumed that CPIs used in the therapy
of R/M-HNC also target Tregs in the tumor environment and lead
to a shift in the balance between autoimmunity and tolerance (32).
Thus, the occurrence of irAEs also depends on the initial presence
and extent of the immunosuppressive effect of Tregs in an
individual patient.

Histopathological studies have shown that infiltrates of specific
T cells with similar T-cell receptor profiles were found in the tumors
of patients, as well as in the organs affected by irAEs (33). Here,
shared antigens in tumor tissue and endogenous healthy tissue seem
to trigger the activation of specific autoimmune T-cell clones with
consecutive inflammatory responses. Depending on the antigen
distribution for these specific T cells in tumor tissue and patient
organs, patients seem to be more or less susceptible to the
development of irAEs. Furthermore, specific proinflammatory
cytokine profiles seem to favor the development of irAEs (34).
From this, Deng et al. deduced a more frequent occurrence of irAE
in patients with a high body mass index, since overweight patients
have a different cytokine profile, which apparently predisposes them
to irAE more strongly (35). The role of preexisting autoantibodies
prior to the initiation of CPI therapy is still controversial, and their
significance also appears to be organ dependent. For instance, while
researchers found a significant association of preexisting
antithyroperoxidase antibodies and/or antithyrotropin receptor
antibodies with the development of autoimmune thyroiditis (36,
37), patients with rheumatoid/arthritic irAEs showed few
conventional rheumatoid autoantibodies, such as rheumatoid
factor and anticyclic citrullinated peptide antibodies (38). In a
study investigating the significance of autoantibodies during
ipilimumab therapy, autoantibodies were associated with the
occurrence of irAE but not necessarily with the respective organ-
specific autoantibodies (39). Thus, there appears to be some
underlying patient-specific profile that influences the likelihood of
occurrence and the mode of irAE, but the significance of this
observation cannot yet be conclusively quantified. Although much
of the literature is devoted to the importance of T cells in the
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development of irAE, B cells also appear to have an influence, at
least indirectly, on the development of irAE. Interestingly, in a study
on the time course of irAE, a correlation was demonstrated between
the decrease of B cells overall and the increase of a subset of CD21'
B cells, as well as of plasmablasts (40).

In summary, the time course seems to be subject to
multifactorial immunological, tumor-specific, and drug-specific
influences and is currently unpredictable for individual patients.

Demographic factors

The occurrence of irAEs in general, as well as the individual
subtypes, was not significantly associated with patient age or sex.
The literature of CPI therapies outside of HNC includes studies that
attribute a risk factor for the occurrence of irAEs to young age (41)
and sex (depending on the CPI, male or female) (42), as well as
those that found no association with the occurrence of irAEs for
either age (43) or sex (44). Overall, the likeliest summary is that the
occurrence of irAEs in general, and the tolerability of CPI therapy in
general, are not associated with age. However, specific subtypes,
such as endocrine and gastrointestinal irAEs, seem to occur
preferentially in younger patients, while skin and joint
manifestations occur more often in older patients (43, 45). In this
context, our data did not demonstrate an association with the
occurrence of irAEs in general or their subtypes in HNC, despite
a wide range of ages from 40 to 91 years in our cohort.

Localization of the primary tumor

In head and neck oncology, depending on the localization of the
primary tumor (oral cavity/pharynx/larynx, etc.), therapeutic
approaches often vary; for example, depending on the
localization, the resectability of a tumor is more or less feasible. It
would have been conceivable that anatomic regions with increased
lymphoepithelial tissue, such as the oropharynx, would have a
stronger antitumor immune response, with a correspondingly
higher risk of irAE. However, significant correlations between
individual localizations and the occurrence of irAEs could not
be demonstrated.

Histopathological factors

Our results regarding the significant association of the
occurrence of pneumonitis with a smaller tumor size and arthritis
as an irAE with a lower N stage are controversial compared to
previous studies on lung carcinoma and multiple melanoma
patients (46). In those studies, T and N stages were not
compared, but tumor burden in general was compared via the
number of metastatic sites; a significant association was found
between tumor burden and the occurrence of irAEs. It should be
emphasized that the statistical association in our data was
significant but rather weak (Somer’s D 0.16 and 0.19);
appropriate caution should be exercised in evaluating this
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association. As a finding, however, it remains that insights from
other entities regarding the association between tumor burden and
the occurrence of irAEs cannot be readily applied to HNC patients.
No sufficient data to suggest histological tumor grade as a
possible risk factor for the occurrence of irAEs are available.

Dermatitis

Our HNC patients who developed dermatitis as an irAE during
CPI therapy showed an increase in basophilic granulocytes over the
course of the treatment period. Scientific evidence shows the role of
basophil granulocytes in the development of allergic skin reactions
(47) and inflammatory skin diseases (48). In addition, there are
already studies describing an association between high basophil
granulocytes and the occurrence of skin irAEs (49), albeit before the
start of CPI therapy. In our data, a trend toward such correlations
can also be recognized, derived, and statistically proven, but it is
difficult to deduce a possible causal relationship. At present, no
pathophysiological explanation for this has been found. Therefore,
it is advisable to sensitize patients to the occurrence of skin changes
and to make regular inquiries in this regard, as they are not
necessarily associated with CPI therapy.

Thyroiditis

Thyroiditis, as the most relevant representative of endocrinological
irAEs, is mainly manifested by a new onset of hypothyroidism. Cases of
initial hyperthyroidism with a subsequent transition to hypothyroidism
have also been described in the literature (50), but this did not occur in
our collective. Instead, all patients had transient asymptomatic
hypothyroidism that regressed spontaneously during the course of
treatment without further specific therapy.

When associated factors for the occurrence of thyroiditis as
irAEs were examined, the main differences were seen in the
differential blood counts of patients who developed thyroiditis
and those who did not. Interpretation of the prognostic/predictive
significance of leukocytes and their subsets is limited because of
high variability, dynamics, and multiple influencing factors.
Therefore, in previous studies, mainly histopathological
examinations were performed, and tissue macrophages in the
affected endocrine glands were shown to be partly responsible for
the autoimmune response (51). However, the extent to which
increased tissue macrophage content might be related to
decreased peripheral blood monocyte content remains speculative.
In contrast, when biomarkers for irAE were identified during CPI
therapy in melanoma patients, the occurrence of pancreatitis was
associated with elevated monocyte levels at therapy initiation (52).
Thus, while different levels of monocytes appear to be related to the
occurrence of endocrine irAEs, no clear direction or value can yet be
demonstrated. Our data regarding elevated leukocyte levels with an
increased proportion of neutrophil granulocytes are in line with
previous observations in other entities, but there is limited valence,
with a high variability of values (21).
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Arthritis

In other autoimmune rheumatoid diseases, such as adult-onset
Still’s disease, elevated levels of leukocytes and neutrophil
granulocytes are also typically found (53). Overall, this laboratory
chemistry constellation is suggestive of a systemic inflammatory
response and is not specific to irAE. The fact that these blood count
changes occurred only before the third administration of CPI
therapy compared to patients who did not develop arthritis does
not support suitable usability as a biomarker for early detection. The
high CPS levels found would be a possible explanation in the sense
that, with strong PD-L1 expression, there is a greater target for CPI
therapy and thus an increased risk for irAE. It must be emphasized
that PD-L1 levels in the tumor do not necessarily represent those of
the rest of the body’s cells. However, this association was found only
in patients with arthritis as an irAE, not in the other irAE
subgroups, so the predictive power of CPS seems questionable.

Pneumonitis

Pulmonary irAE, especially pneumonitis, is a potentially life-
threatening complication for patients and occurs mainly in those
undergoing PD-1 inhibitor therapy (54). As discussed later, the
predictive or prognostic significance of irAE remains the subject of
current studies. However, the occurrence of pneumonitis during
CPI therapy has already shown an association with worsened
overall survival in NSCLC patients in studies (13). This illustrates
that, for the evaluation of irAE, not only should the activated
immune system be seen as a possible response to therapy, but the
threat of the complication itself should also not be underestimated.
The occurrence of pneumonitis under CPI therapy is difficult to
predict. In a study of NSCLC patients receiving CPI therapy, the
presence of high levels of baseline peripheral blood absolute
eosinophil count was described as being associated with the
development of pneumonitis irAE (55). Whether this also
represents an independent risk factor could not be inferred by
these authors. In contrast, no such laboratory associations were
identified in our study. Other studies have found an association
between the occurrence of pneumonitis and other metachronous
irAE forms (29). It is possible that both NSCLC and HNC patients
are susceptible to pulmonary diseases, such as irAE manifestations,
because nicotine use is the most relevant risk factor for both entities.
However, no statistical association between nicotine use and the
occurrence of pneumonitis was found in our data, which is
consistent with other studies that included HNC patients (29).

Enterocolitis

Regarding enterocolitis as an irAE, our evaluations did not
demonstrate any significant associations with the factors studied. In
meta-analyses, the occurrence of enterocolitis as an irAE with CPI
therapies is shown to be mainly dependent on the type of therapy
(more frequent with CTLA-4 antibodies than with PD-1 antibodies)
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(56), while the localization and the entity of the tumor do not seem
to influence the probability. It should be noted here that the
symptoms of enterocolitis, such as diarrhea, also occur
nonspecifically in the population, and even the clinical picture of
pathological enterocolitis can be caused by multiple pathogens.
Therefore, an etiologic assignment, such as irAE, is particularly
difficult. The fact that the patients in our collective showed rapid
clinical improvement after pausing CPI therapy and cortisone
administration is not conclusive for an irAE, but from a
retrospective perspective, it seems likely.

Vasculitis and hepatitis

In our study, vasculitis and hepatitis occurred in only one patient.
Therefore, a statistical evaluation of possible correlations and
associations was not possible. Hepatic irAE manifests primarily in a
laboratory-detectable elevation of the transaminases aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) (57).
They occur more frequently in patients who are being treated with
CPI due to hepatocellular carcinoma and who already have limited
organ functions due to chronic hepatitis or liver cirrhosis (58).
Patients are usually asymptomatic, and when symptoms do occur,
they are often nonspecific and are therefore frequently not referred to
therapy by patients (59). It is of high importance to regularly check
liver enzymes during CPI therapy. As with other forms of irAE, other
possible causes of liver enzyme elevation must be investigated and
ruled out. These include infectious hepatitis and cholestasis.

Vasculitis as an irAE can occur in many forms due to its
ubiquitous vascular supply. However, it is a rare subtype
compared to the rest of the irAEs. In our patients, vasculitis
manifestations were mainly found on the forearms and hands,
with rapid regression under systemic cortisone therapy.

Alcohol and nicotine consumption

There was no statistically significant association between
the consumption of noxious substances by the patients and the
occurrence of irAEs, nor was there any association with the
outcome of the first re-staging. However, there were differences in
the blood counts before the start of therapy, with increased leukocytes
and neutrophil granulocytes and simultaneously lower levels of
lymphocytes in the patients with toxicant consumption. Increased
leukocytes, with a shift to increased formation of neutrophil
granulocytes and decreased formation of lymphocytes, represent a
systemic inflammation marker, as they can be increasingly detected
with typical noxae, such as nicotine (60). Furthermore, patients with
classical noxious consumption were found to have a greater tumor
size at the onset of therapy. On one hand, it can be assumed that
classical noxae (alcohol and tobacco) have a synergetic carcinogenic
effect and thus explain the larger tumor sizes compared to abstinent
patients. On the other hand, this could also be explained by the
consideration that patients with increased use of noxious substances,
on average, have rather low medical adherence and therefore consult
a physician only at an advanced stage of the disease. The fact that the
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incidence of HPV-positive tumors seems to be lower in the subgroup
with toxin use than in the subgroup without use is consistent with
published studies in larger study cohorts (61).

pl6 status

In addition to classic noxae like alcohol and nicotine, infection with
HPV, more specifically high-risk types 16 and 18, is a relevant risk and
etiological factor in HNC (62). Therefore, histopathological
determination of the expression of the surface marker pl6 was
performed in a large proportion of cases to assess whether HPV
association of the tumor was present (63). However, it is important
to emphasize that p16 is only a surrogate marker for HPV infection. Up
to 23% of p16-overexpressing HNCs are not associated with HPV (64).

It seems conceivable that viral surface markers, which are also
discussed as a cause for the better prognosis of HPV-positive vs.
HPV-negative HNC (65), allow better recognition of tumor cells by
immune cells infiltrating the tumor. Therefore, HPV- (or pl6-)
positive tumors could be expected to have a stronger immune
response due to higher immunogenicity and are associated with
both a higher risk for irAEs and a better outcome due to the
stronger antitumor effect of CPI therapy. In our cohort, however,
there was no significant difference between the p16-positive and
pl6-negative groups, either with regard to the frequency of irAEs or
the outcome of the first re-staging. Early efficacy studies of
pembrolizumab (66) and nivolumab (67) in R/M-HNC also
showed no significant differences in outcome depending on HPV
status. Recently, reviews and meta-analyses have demonstrated an
improved outcome of p16-positive R/M-HNC under CPI. However,
the study participants were treated with PD-1 inhibitors, as well as
PD-L1 inhibitors, and no retrospective differentiation was possible
(68). Some meta-analyses discovered that the superior outcome of
pl6-positive R/M-HNC was limited to oropharyngeal cancers only
and was undetectable outside the oropharynx (69). This contrasts
with other meta-analyses that also demonstrated the improved
response of plé-positive R/M-HNC outside the oropharynx but
without a distinction between PD-1 and PD-L1 inhibitors (70). It
should be noted, however, that our study examined the outcome of
the first re-staging, not the overall survival defined as an endpoint in
most studies. By considering the first re-staging instead of overall
survival as an endpoint, we hoped for a more specific assessment of
the CPI response. Even though overall survival is considered one of
the most relevant endpoints in oncologic research, it is unspecific in
its assessment of treatment response because a variety of other
factors are involved (e.g., comorbidities). Overall, the significance of
HPV/p16 status as a prognostic parameter for CPI therapy in R/M-
HNC does not appear to be as conclusively assessable as in
conventional radio(chemo)therapy, where the more favorable
outcome of pl6-positive tumors is generally accepted (71).

irAE as a predictive factor for re-staging

Among other antitumor drugs in the HNC field, namely the
epidermal growth factor receptor (EGFR) antibody cetuximab, an
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association between the adverse drug effect in the sense of acne-like
skin changes and the therapy response is known (72, 73). Thus far,
it remains unclear whether a clinically visible autoimmune
complication could also be a favorable predictive factor for
treatment response, as it demonstrates a systemic activation of
the immune system. In retrospective studies of HNC patients, the
relationship between overall survival (OS) and progression-free
survival (PFS) was investigated (74, 75). These authors describe
the occurrence of autoimmune complications as an independent
prognostic factor for favorable OS and PFS. Other studies and meta-
analyses of this type confirm the association of autoimmune
complications and later OS and PFS in other tumor entities, such
as non-small cell lung cancer, melanoma, gastric cancer, renal cell
carcinoma, and urothelial carcinoma (76). However, the authors
criticize various sources of error, such as the guarantee (or
immortal) time bias, which may feign this association due to the
retrospective study design (77, 78). Responders to treatment with
CPI survive longer, receive more CPI therapy, and thus have a
cumulative increased risk of irAE over time. A retrospective
evaluation demonstrated a spurious association between the
occurrence of irAEs and a favorable outcome. To avoid this bias,
we evaluated the treatment response at the first re-staging at a
defined time point. Patients from our collective were re-staged after
the first cycle (four administrations) of CPI using cross-sectional
imaging (CT neck-thorax, possibly with CT abdomen in case of
metastases), and the images were radiologically evaluated according
to the RECIST criteria (79). Subsequently, patients were presented
to our interdisciplinary head and neck tumor board, and a decision
was made regarding the continuation of CPI therapy. In the case of
PR, SD, and MR, CPI therapy was continued; the re-staging results
were designated as “favorable” for this study. In patients with PD,
the therapy regimen was changed; these re-staging results were
designated as “unfavorable” for this study.

Statistical analysis showed a significant association between the
occurrence of pneumonitis as an irAE and a favorable re-staging
outcome (p = 0.038, Somer’s d = 0.24). For the remaining individual
irAEs and the occurrence of irAEs in general, there were no
statistically significant associations with subsequent re-staging
outcomes. In contrast, previous meta-analyses that did not include
HNC patients partially demonstrated an association between the
occurrence of endocrine, dermatological, and low-grade irAEs and
the better efficacy of CPI therapy (80). Meta-analyses have shown that
the occurrence of high-grade irAEs is associated with a better
response to therapy but with worse overall survival (81), which
makes clear that the occurrence of irAEs should not only be
interpreted as a positive predictive factor, if at all, but also as a
potential threat to the patient. However, data regarding R/M-HNC
are still too limited to draw valid conclusions about the association
between irAE and the response to CPI therapy and patient outcomes.

PD-L1 scores
A special interest in the selection of CPI therapy is given to the

PD-L1 score, which indicates the expression of PD-L1 on tumor
cells by specifying TPS (percentage of PD-L1-positive tumor cells
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from all vital tumor cells), IC (percentage of area of PD-L1-positive
immune cells from area of vital tumor cells), and CPS (combination
of TPS and IC, percentage of PD-L1-positive cells, including
lymphocytes and macrophages from all vital tumor cells)
quantified in the expression of PD-L1 on the tumor cells and the
immune cells infiltrating them. There were no correlations between
PD-LI scores and the occurrence of irAEs. Similarly, there were no
correlations between PD-L1 scores and the outcome of the first re-
staging. Other studies have described a statistically significant
association between tumors scored as “PD-L1-positive” and “PD-
L1-negative” with respect to patient outcome (82), but correlation
analyses showed no significant association once the PD-L1 score
exceeded the positivity level (83). In the literature, studies of a
possible predictive/prognostic value of PD-L1 scores beyond a
positive/negative assessment can be found mainly in entities other
than HNC, such as NSCLC (84). In patients receiving first-line CPI
therapy, a positive correlation between high TPS scores and the
occurrence of irAE could be demonstrated. In contrast, a
correlation of high TPS scores and a favorable outcome was only
found in patients who received CPI therapy as second- or third-line
therapy, but not in first-line therapy. It should be noted that,
depending on the study, the threshold for the evaluation of the
PD-LI score as positive or negative was chosen differently, which
makes comparative considerations difficult. Overall, the
determination of the PD-LI score in the therapy of HNC is
important for the assignment of the appropriate CPI agent, but
beyond that, prognostic/predictive evaluation seems to be
very limited.

Concomitant cortisone therapy

In studies evaluating the efficacy of nivolumab in recurrent brain
tumors against bevacizumab, a vascular endothelial growth factor
(VEGF) inhibitor, the outcome of patients treated with cortisone in
addition to nivolumab was found to be worse than in patients treated
with nivolumab without cortisone (85). This effect was not found in the
bevacizumab group, so it can be assumed that immunoinhibitory
drugs, such as cortisone, limit the immunogenic antitumor effect of
CPI. This seems comprehensible, as cortisone is also used for
autoimmune complications with CPI therapy in HNC as a counter-
regulation to disinhibit the immune system therapeutically (86).
Similar results were also found in patients receiving CPI therapy for
non-small cell lung cancer, with a worse outcome after high-dose
cortisone therapy (87). However, the authors specifically note that the
indication of cortisone therapy also reflects the advanced, more
symptomatic tumor status of patients and therefore cannot
necessarily be considered an independent factor. We reviewed the
continuous medication of the patients in our study for any
comedications with immunosuppressive agents they were receiving
for other indications. Two patients were found to be on cortisone
therapy for another indication prior to the possible occurrence of irAE.
Both patients showed progressive diseases in the first re-staging but did
not develop irAEs. This supports the idea that the antitumor effects of
CPI therapy and potential irAEs are suppressed under continuous
immunosuppressive medication. However, a potential statistical
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conclusion cannot be drawn, as the pattern described above comprises
only a very small number of patients in our cohort (n = 2).

Furthermore, studies from other entities also exist in which no
negative influence was demonstrated by immunosuppressive
cortisone administration during CPI therapy. Nevertheless, these
data refer to cortisone therapies initiated only during ongoing CPI
therapy for the treatment of irAEs (ie., in which an activated
immune system is obviously present) (88, 89). In conclusion, it
seems reasonable to check the patient’s existing permanent
medication for potential immunosuppressants when starting CPI
therapy and to critically evaluate the indications for this. At the
same time, if irAEs occur that necessitate low-dose cortisone
therapy, it should not be omitted out of false fear of the
immunosuppressive effect on CPI therapy.

Limitations

The limitations of this study are mainly the modest size of the
study population. Since CPI is a relatively new treatment modality
in HNG, clinical expertise is still limited compared to other entities
in which CPI has been used for a longer time period. Furthermore,
the retrospective evaluation cannot exclude influencing factors that
were not documented. The patient population was also rather
heterogeneous. On one hand, patients who are in recurrent or
residual situations receive CPI therapy and no longer have surgical
therapy options due to their multimorbidity. These patients are
likely to succumb to their illness at an earlier stage before
autoimmune complications occur.

On the other hand, patients with remote metastases and a likely
poorer outcome who receive CPI over a long period of time show
stable diseases throughout. Thus, the observation periods differed
between the two groups due to the different dropout rates, which also
resulted in limited comparability of the patient cases in the cohort. In
addition, the guarantee-time bias mentioned above should not be
neglected. It can also be assumed that irAEs with mild symptoms
were not considered relevant by the patients and were not recorded,
even despite specific inquiries at each examination. Thus, a certain
underestimation of the occurrence of irAEs in general can be
assumed, but not of clinically relevant irAEs.

Conclusion

Our data show how difficult it is to predict autoimmune
complications under CPI therapy. We were able to identify some
parameters associated with the occurrence of irAEs in the retrospective
evaluation. However, neither demographic, histopathological, nor
laboratory chemistry values seem to be able to generate a sound and
reliable risk profile for this type of complication.

There are only a few available studies on this topic regarding
HNC patients, and few meta-analyses include HNC patients. While
some of the data from our collective are consistent with findings
from certain other tumor entities, others differ. Future multicenter
studies must be designed prospectively to achieve robust data from
ideally larger collectives.
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Until then, it is all the more important to inform patients in
detail about possible complications at the start of CPI therapy, to
enquire regularly and specifically about corresponding symptoms,
and to monitor organ functions by means of laboratory chemistry.
By combining these precautions, autoimmune complications
during CPI therapy can be detected at an early stage, and
appropriate therapeutic measures can be initiated.
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