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1 | BACKGROUND

Head and neck squamous cell carcinoma (HNSCC) is
the most common malignancy in the head and neck.
While the mainstay of treatment for HNSCC involves
chemotherapy, radiation, and/or surgery, its immuno-
logical features suggest that it has a high potential for re-
sponding to immunotherapeutic agents such as immune
checkpoint inhibitors (ICIs). Tumor cells use various
mechanisms to evade immunosurveillance, including
activation of immune checkpoint pathways to suppress
antitumor responses. ICIs combat this by interrupting
co-inhibitory signaling pathways and promoting the
elimination of tumor cells through immune-mediated
pathways."

The use of ICIs is associated with a class of side ef-
fects known as immune-related adverse events (irAEs)
across all tumor types. The frequency of these reac-
tions varies based on the ICI used, use of monotherapy
or combination therapy, patient factors (i.e., presence
of autoimmune disorders, certain medications such as
steroids), and to a lesser extent, the tumor type being
treated. These reactions can range from mild, tran-
sient reactions to severe reactions leading to acute
and chronic morbidity or death.*? irAEs can occur in
almost any organ but are most commonly present as
dermatitis, endocrinopathies, or colitis.* Current lit-
erature has linked irAEs to improved oncologic out-
comes in various malignancies treated with ICIs, most
notably melanoma and non-small cell lung cancer
(NSCLC), with few studies supporting a unified pre-
dictive role for irAEs in HSNCC.> '8

irAEs are thought to represent bystander effects from
activated T-cells and/or disinhibition of immune check-
points that protect against autoimmunity."> This sug-
gests that variations in T-cell function among patients
could contribute to the development of irAEs. Research
into predictive biomarkers for irAEs is still in its infancy.
Recent studies have begun to investigate the association
between circulating cytokines and irAEs. Cytokines are
soluble mediators that regulate host immune activity.
In the context of cancer, one of their many roles is the
promotion of immune cell infiltration into the tumor
microenvironment (TME).!>% Consequently, circulat-
ing cytokine levels could affect how a patient reacts to
immunotherapy and act as predictive biomarkers for the
development of irAEs.

cytokines, head and neck neoplasms, immunotherapy, tumor biomarkers

In this study, we explore the relationship between
irAEs and response to immunotherapy in patients with
HNSCC who underwent treatment in one of three neoad-
juvant ICI-based clinical trials. We also aim to investigate
the association between baseline circulating cytokines
and the development of irAEs. We hypothesize that the
development of irAEs will correlate with improved on-
cologic outcomes in patients with HNSCC treated with
neoadjuvant ICIs. Further, we hypothesize that there is
differential baseline expression of cytokines in patients
with irAEs that may be helpful in predicting irAE risk.

2 | METHODS

2.1 | Study population and design

Patients with HNSCC enrolled in one of three neoadjuvant
ICI-based clinical trials conducted at Thomas Jefferson
University (with one trial also conducted Vanderbilt
University) between May 2017 and January 2022 were
included. Patients were excluded on the grounds of trial
withdrawal before first treatment or incomplete data. All
clinical trials had unique full approval by the Thomas
Jefferson University Institutional Review Board. This ret-
rospective study was determined to be exempt from re-
view (IRB #21E.431).

2.1.1 | Window of opportunity

trial of nivolumab and tadalafil in patients with
squamous cell carcinoma of the head and neck
(NCT03238365) (Nivo+Tad)

This was an investigator-initiated, two-arm multi-
institutional (Thomas Jefferson University and
Vanderbilt University) randomized trial involving pa-
tients with newly diagnosed and resectable HNSCC of
any stage by the American Joint Committee on Cancer
Criteria (AJCC) 8th edition. Subjects were randomized
1:1 to receive the programmed death-1 (PD-1) inhibitor
nivolumab (Bristol-Myers Squibb, New York, NY) alone
or nivolumab plus tadalafil (Eli Lilly, Indianapolis, IN)
with stratification for human papillomavirus (HPV) sta-
tus. On days 3 (+2) and 17 (£2), subjects in both cohorts
received nivolumab 240 mg intravenously, with those in
the combination cohort also receiving tadalafil 10 mg
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orally daily for 4weeks beginning on day 3 (x2). All
patients underwent definitive surgical resection at ap-
proximately 4 weeks.*'

2.1.2 | Window of opportunity trial of
nivolumab and BMS986205 in patients with
squamous cell carcinoma of the head and neck
(NCT03854032) (Nivo+IDO)

This was a phase I investigator-initiated, two-arm rand-
omized trial. Patients with any-stage (AJCC 8th edition) re-
sectable HNSCC were included. Subjects were randomized
3:1 to receive nivolumab + BMS986205 (Indoleamine
2,3-dioxygenase [IDO] inhibitor) or nivolumab alone.
Patients in the nivolumab + BMS986205 arm received
BMS986205 100 mg oral daily for 28 days beginning on day
3 (+3). Patients in both arms received 1 dose of nivolumab
480mg IV at day 10 (+3). Tumor radiographic response at
the primary tumor site and regional lymph nodes were as-
sessed at approximately 5weeks. Non-responders under-
went definitive surgical resection at this time. Responders
repeated their treatment for an additional 4 weeks based
on initial randomization arm followed by definitive surgi-
cal resection.

2.1.3 | Window of opportunity for
durvalumab (MEDI4736) plus metformin trial
in squamous cell carcinoma of the head and
neck (NCT03618654) (Durva+Met)

This was a phase I investigator-initiated, two-arm rand-
omized trial. Patients with any-stage (AJCC 8th edition) re-
sectable HNSCC were included. Subjects were randomized
3:1 to the programmed death-ligand 1 (PD-L1) inhibitor
durvalumab (Medimmune/AstraZeneca)+ metformin
or durvalumab alone. Patients in the durvalumab + met-
formin arm received a four-week supply of metformin to
begin on day 1 (£2). Subjects in this arm began with met-
formin 500 mg oral daily for 3days, titrated to 500 mg twice
daily for an additional 3days. If tolerated, the dose was
again increased to 1000 mg twice daily after day 6. Patients
maintained the maximum tolerated dose until the day
prior to surgery. All subjects received 1500 mg durvalumab
(MEDI4736) via IV infusion on day 3 (+2). Definitive surgi-
cal resection was performed approximately 4 weeks.

2.2 | Outcome measures

Each trial prospectively collected adverse events classified
as immune-related, treatment-related, or non-related to
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the intervention by the study principal investigator. For
this study, irAEs of any grade were included. Additional
data retrospectively collected included age, sex, race,
smoking status, disease site, tumor staging, p16 status, and
follow-up data, including timing of irAE onset, survival
data, and adjuvant treatment, which was determined by
current standard of care guidelines and discussion at our
Multidisciplinary Tumor Board. p16 status was used as a
surrogate for HPV status and was determined by immu-
nohistochemistry staining of tumor samples for p16. For
all trials, clinical staging was determined by clinical exam,
computed tomography, and 18F-fluorodeoxyglucose-
positron emission tomography/computed tomography
scans at enrollment utilizing the AJCC 8th edition.

2.3 | Assessment of pathologic
treatment response

All trials involved definitive cancer resection. Pathologic
specimens from the day of surgical resection were indepen-
dently graded by two experienced head and neck patholo-
gists (MT, SG) utilizing scanned digital slides. All slides
with tumor (primary and all lymph nodes) included in
the analysis provided a pathologic treatment effect (pTE).
Change in pTE (%) was equal to Areas of Treatment Effect
divided by Total Tumor Surface Area. Histologic criteria
constituting pTE included areas of macrophage reaction,
multinucleated giant cells and granulomas, fibrosis, and
chronic inflammation adjacent to residual tumor nests.
Based on pTE of the post-treatment specimen, patients
were classified as responders and non-responders.” In
Nivo+Tad and Nivo+IDO, responders were defined as
having a pTE% >20% and non-responders a pTE% of < 20%
based on the average pTE at the primary site and lymph
nodes. In Durva+Met, responders were defined as having
a pTE%> 10% and non-responders a pTE%<10% at either
the primary site or lymph nodes. Within Durva+Met, pTE
was not quantified and was instead provided as categori-
cal datapoints based on pTE% parameters. These criteria
were endpoints set by independent parameters of each
trial design.

2.4 | Cytokine analysis

Peripheral whole blood samples were taken at the time
of study recruitment (pre-treatment) and following
completion of the neoadjuvant investigational agents
prior to definitive surgical resection (post-treatment).
For patients in Nivo+IDO, we used the 5-week mark
for all patients as the post-treatment sample to stand-
ardize the quantity of investigational agents received
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among patients in this trial. Samples were fractionated
via centrifugation. Plasma was collected and stored at
—80°C. MILLIPLEX MAP Human Cytokine/Chemokine
Magnetic Bead Panels (Millipore) were used to identify
cytokines present in plasma at both timepoints. All sam-
ples were run in triplicate and median values are pre-
sented. Standardized curves were generated for each
cytokine, and median fluorescent intensities were trans-
formed into concentrations by 5-point, non-linear re-
gression. These concentrations were compared between
two groups: patients with and without irAEs. Patients
exposed to PD-1 inhibitors versus PD-L1 inhibitors were
reported separately for this part of the analysis.

2.5 | Statistical analysis

Descriptive statistics were used for demographic analy-
sis. Categorical data was analyzed using a Chi-squared or
Fisher's exact test. Means were compared using either one-
way ANOVA or Mann-Whitney test. Predictors of irAEs
and pathologic treatment response were analyzed by fit-
ting multivariable logistic models using [R]. Backward
stepwise variable selection for the multivariable models
by Akaike information criterion (AIC) was performed
using R package MASS.”?* Kaplan-Meier curves with
log-rank (Mantle-Cox) tests were used to predict PFS and
OS in patients with and without irAEs as well as by p16
status. PFS was defined as the time from study enrollment
to recurrence or death from any cause. OS was defined as
the time from study enrollment to death from any cause.
Patients with missing data for each variable of interest
were excluded from the respective analysis. Cytokine lev-
els were compared among groups using a student's ¢-test.
Canonical linear discriminant analysis (LDA) was used
to generate predictive cytokine profiles by irAE status.?
All analytics were subject to statistical significance level
of p<0.05.

3 | RESULTS
3.1 | Patient and clinical trial
characteristics

Out of 138 patients enrolled across the three clinical trials,
25 were excluded due to trial withdrawal or missing data
(Figure S1). A total of 113 patients were included in this
study: 38.9% (n=44) Nivo+Tad, 31.9% (n=36) Nivo+IDO,
and 29.2% (n=33) Durva+Met. Average follow-up was 3.0
(£1.4) years. Patient demographics, surgical outcomes,
and adjuvant treatment stratified by clinical trial are dem-
onstrated in Table 1.

3.2 | Immune-related adverse events
Thirty-two (28.3%) patients developed irAEs of any grade
during their treatment or follow-up (Table 2). Two patients
(1.8%) developed Grade 3 irAEs, both in Nivo-IDO (colitis
and hepatitis). The remainder of irAEs were Grade 1-2.
Average time from initiation of treatment to irAE onset was
48.3 (+42.8) days. On multivariable analysis, positive p16
status was significantly associated with irAEs (odds ratio
[OR] 2.489; 95% CI 1.069-6.119; p=0.043). There was no
association between age, sex, race, smoking status, disease
site, randomization group, presence of recurrent disease
on enrollment, and the development of irAEs by multivari-
able logistic regression. Clinical stage as a predictor was in-
cluded in the multivariable model for endpoint irAE. This
predictor was retained in the backward variable selection
algorithms as determined by AIC but needed to be manu-
ally removed due to the mal-estimates related to the lim-
ited sample size. When comparing patients without clinical
nodal involvement to those with clinical nodal involve-
ment, there was no significant difference in rate of irAE
(OR 0.488;95% C10.1811-1.342; p=0.174).

3.3 | Immune-related adverse events
were associated with greater pathologic
response to treatment

Fifty (44.2%) patients demonstrated pathologic treat-
ment response. Within a multivariable model control-
ling for age, sex, smoking status, disease site, p16 status,
randomization group, presence of recurrent disease on
enrollment and clinical staging, there was a significant
association between presence of irAEs and pathologic
treatment response (OR 3.730; 95% CI 1.344-10.350;
p=0.011). Within the multivariable model, patients in
Durva+Met were less likely to be pathologic responders
than those in Nivo+Tad (OR 0.132; 95% CI 0.037-0.469;
p=0.002) or in Nivo+xIDO (OR 0.076; 95% CI 0.019-
0.299; p <0.001). Interestingly, white patients were less
likely to be pathologic responders than non-white pa-
tients within the multivariable model (OR 0.138; 95% CI
0.025-0.753; p=0.022). Among patients with quantifi-
able pTE% (Nivo+Tad and Nivo+IDO), mean pTE% in
patients with irAEs was 45.6% versus 26.7% in patients
without irAEs (p=0.018).

3.4 | Survival benefit in patients with
immune-related adverse events

Kaplan-Meier survival curves were generated for PFS and
OS (Figure 1). IrAEs were associated with a significantly
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TABLE 1 Patient and clinical trial characteristics.

Mean (SD) or No. of All patients Nivo+Tad Nivo+IDO Durva+Met
patients (%) (n=113) (n=44) (n=36) (n=33) p-value
Age (years) 61.7 (10.5) 62.5(10.2) 62.7 (10.3) 59.7 (11.1) 0.414
Sex
Male 96 (85.0) 41(93.2) 30 (83.3) 25(75.8) 0.098
Female 17 (15.0) 3(6.8) 6(16.7) 8(24.2)
Race
White 104 (92.0) 40 (90.9) 35(97.2) 29 (87.9) 0.343
Non-White 9(8.0) 4(9.1) 1(2.8) 4(12.1)
Disease site
Non-oropharyngeal 49 (43.4) 20 (45.5) 16 (44.4) 13 (39.4) 0.888
Oropharyngeal 64 (56.6) 24 (54.5) 20 (55.6) 20 (60.6)
plé-positive 60 (53.1) 22 (50.0) 17 (47.2) 21 (63.6) 0.339
Recurrent disease 7(6.2) 2(4.5) 3(8.3) 2(6.1) 0.886
Smoking status
Never 45 (39.8) 15 (34.1) 15 (41.7) 15 (45.5) 0.205
Former 48 (42.5) 22 (50.0) 11 (30.6) 15 (45.5)
Current 20 (17.7) 7 (15.9) 10 (27.8) 3(9.1)
AJCC 8th edition clinical staging
I 60 (53.1) 24 (54.5) 15(41.7) 21 (63.6) 0.348
II 18 (15.9) 4(9.1) 8(22.2) 6(18.2)
111 7(6.2) 3(6.8) 3(8.3) 1(3.0)
IVA/B 28 (24.8) 13(29.5) 10 (27.8) 5(15.2)
Clinical T-stage
TO 2(1.8) 0(0) 0(0) 2(6.1) 0.460
T1 39 (34.5) 14 (31.8) 12 (33.3) 13 (39.4)
T2 44 (38.9) 18 (40.9) 14 (38.9) 12 (36.4)
T3 12 (10.6) 3(6.8) 5(13.9) 4(12.1)
T4a 16 (14.2) 9 (20.5) 5(13.9) 2(6.1)
Clinical N-stage
NO 32(28.3) 10 (22.7) 11 (30.6) 11 (33.3) 0.808
N1 57 (50.4) 25(56.8) 17 (47.2) 15 (45.5)
N2 8(7.1) 3(6.8) 3(8.3) 2(6.1)
N2a 4(3.5) 3(6.8) 1(2.8) 0(0)
N2b 4(3.5) 1(2.3) 1(2.8) 2(6.1)
N2c¢ 7(6.2) 1(2.3) 3(8.3) 3(9.1)
N3 1(0.9) 1(2.3) 0(0) 0(0)
Pathologic T-stage
Tx 1(0.9) 1(2.3) 0(0) 0(0) 0.557
Tis 1(0.9) 0(0) 1(2.8) 0(0)
TO 10 (8.8) 3(6.8) 6 (16.7) 1(3.0)
T1 35(31.0) 14 (31.8) 10 (27.8) 11 (33.3)
T2 33(29.2) 13 (29.5) 8(22.2) 12 (36.4)
T3 10 (8.8) 3(6.8) 3(8.3) 4(12.1)
T4a 22 (19.5) 10 (22.7) 8(22.2) 4(12.1)
T4b 1(0.9) 0(0) 0(0) 1(3.0)

(Continues)
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TABLE 1 (Continued)

Mean (SD) or No. of All patients Nivo+Tad
patients (%) (n=113) (n=44)
Pathologic N-stage
Nx 3(27) 0(0)
NO 34(30.1) 10 (22.7)
N1 50 (44.2) 22 (50.0)
N2 7(6.2) 4(9.1)
N2a 4(3.5) 409.1)
N2b 9 (8.0) 3(6.8)
N3 32.7) 1(2.3)
N3b 3(2.7) 0(0)
Lymphovascular invasion 22 (21.4) 8(19.5)
(n=103%)
Perineural invasion (n=103)* 30(29.1) 11 (26.8)
Extracapsular extension
(n=75)°
Microscopic 7(9.3) 1(3.0)
Gross 8(10.7) 5(15.2)
Positive margins (n=103") 2(1.9) 1(2.4)
Adjuvant treatment
None® 43 (38.1) 19 (43.2)
Radiation alone 45 (39.8) 15(34.1)
Radiation and 25(22.1) 10 (22.7)
chemotherapy
Follow-up duration (years) 3.0(1.4) 3.7(1.6)

Nivo+IDO Durva+Met
(n=36) (n=33) p-value

1(2.8) 2(6.1) 0.292
14 (38.9) 10 (30.3)

14 (38.9) 14 (42.4)

1(2.8) 2(6.1)

0(0) 0 (0)

3(8.3) 3(9.1)

2(5.6) 0(0)

1(2.8) 2(6.1)

5(16.7) 9 (28.1) 0.541

8(26.7) 11 (34.4) 0.763

0.132

1(4.8) 5(2.4)

2(9.5) 1 (4.8)

1(3.3) 0(0) 0.756
15 (41.2) 9(27.3) 0.545
13 (36.1) 17 (51.5)

8(22.2) 7(21.2)

2.1(0.8) 2.9 (1.0) <0.001

Abbreviations: AJCC, American Joint Committee on Cancer Criteria; IDO, indoleamine 2,3-dioxygenase; SD, standard deviation.

*Patients with pathologic TO or Tx disease were excluded from counts as there was no primary tumor identified.

“Patients with greater than pathologic NO disease.

°Of this group, 18 (37.5%) were recommended but refused adjuvant treatment.

higher OS (hazard ratio [HR] 0.319; 95% CI 0.113-0.906;
p=0.032) as well as a higher PFS, approaching significance
(HR 0.428; 95% CI 0.181-1.012; p=0.053). When stratified
by pl6 status, pl6-negative patients with irAEs demon-
strated a significantly higher PFS than those without (HR
0.288;95% CI 0.091-0.909; p=0.034). Compared to patients
with pl6-negative tumors, patients with pl6-positive tu-
mors demonstrated a significantly higher PFS (HR 0.262;
95% CI 0.118-0.578; p<0.001) and OS (HR 0.201; 95% CI
0.077-0.527; p=0.001). Within trials, there was no statisti-
cally significant difference in PFS or OS between randomi-
zation groups. PFS and OS did not vary between trials.

3.5 | Elevated concentration of
circulating cytokines in patients with
immune-related adverse events

The concentrations (pg/mL) of circulating cytokines
were compared between patients with and without

irAEs in Nivo+Tad and Nivo+IDO (Table 3). Within
Nivo+Tad and Nivo+IDO, patients with irAEs had
significantly higher pre-treatment concentrations
of MIP1p, interferon-gamma (IFN-y), interleukin
(IL)4, IL5, and IL22 (Figure 2). Patients with derma-
tologic irAEs within Nivo+Tad and Nivo+IDO had
significantly higher pre-treatment concentrations of
fractalkine, GMCSF, IFN-y, 1L22, IL25, 1L27, IL4, IL5,
IL6, MIG, MIP1p, tumor necrosis factor-alpha (TNF-
a), and TNF-B. Within Durvat+Met, patients with irAEs
had a significantly lower pre-treatment concentration
of IL27 (p=0.033). There were no cytokine differences
in Durva+Met when looking only at patients with der-
matologic irAEs compared to the remainder of the
Durva+Met study population. In addition, compared to
non-responders without irAEs, responders with irAEs
had significantly higher pre-treatment concentrations
of IL4 (p=0.04) and MIP1p (p=0.036). The full list of
cytokines analyzed as well as additional comparisons
are provided in Table S1.
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TABLE 2 Frequency of immune-related adverse events by clinical trial.

All patients Nivo+IDO Durva+Met
No. of patients (%) (n=113) Nivo+Tad (n=44) (n=36) (n=33) p-value
irAE 32(28.3) 11 (25.0) 12(33.3) 9(27.3) 0.700
Dermatologic 17 (15.0) 6 (13.6) 4(11.1) 7(21.2) 0.538
Dermatitis 16 (14.1) 6(13.6) 4(11.1) 6(18.2)
Psoriasis flare 1(0.9) - - 1(3.0)
Mucosal 1(0.9) - 1(2.8) - 0.611
Mucositis 1(0.9) 0 1(2.8) -
Endocrine 8(7.1) 2(4.5) 3(8.3) 3(9.1) 0.725
Hypothyroidism 5(4.4) 2(4.5) - 3(9.1)
Hyperthyroidism 2(1.8) - 2(5.6) -
Adrenal 1(0.9) - 1(2.8) -
insufficiency
Gastrointestinal 5(4.4) 2(4.5) 3(8.3) - 0.271
Colitis 1(0.9) - 1(2.8) -
Diarrhea 3(2.7) 2(4.5) 1(2.8) -
Hepatitis 1(0.9) - 1(2.8) -
Musculoskeletal 8(7.1) 4(6.8) 3(8.3) 1(3.0) 0.653
Myalgia/arthralgia 7(6.2) 4(6.8) 2(5.6) 1(3.0)
Arthritis 1(0.9) - 1(2.8) -
Multiple irAEs 5(4.4) 1(2.3) 2(5.6) 2(6.1) 0.620

Abbreviations: IDO, indoleamine 2,3-dioxygenase; irAE, immune-related adverse event.
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FIGURE 1 Kaplan-Meier survival plots. Compared to patients without irAEs, patients with irAEs demonstrated (A) a higher
progression-free survival (PFS) (approaching significance with a p-value of 0.053) and (B) a significantly higher overall survival (OS)
(p=0.032). Patients with p16-positive tumors had a significantly higher (C) PFS (p <0.001) and (D) OS (p=0.001) compared to patients
with pl6-negative tumors. (E) In the subset of p16-negative patients, patients with irAEs had a significantly higher PFS (p=0.034). irAE,
immune-related adverse event; OS, overall survival; PFS, progression-free survival.
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TABLE 3 Comparing mean concentration of circulating
cytokines (pg/mL) between irAE+ and irAE- patients treated with
nivolumab.

Pre-treatment Pre-treatment irAE+/

irAE+/irAE- irAE- (dermatologic)

A p-value A p-value
Fractalkine - 0.225 1 0.022
GMCSF = 0.149 1 0.013
IFN-y 1 0.030 ) <0.001
1122 ) 0.037 1 0.001
1L25 - 0.177 T 0.015
1127 - 0.076 1 0.001
114 ) 0.010 1 <0.001
IL5 ) 0.032 1 <0.001
IL6 - 0.296 ) 0.05
MIG = 0.059 ) 0.011
MIP1p ) 0.048 1 0.014
TNF-a - 0.194 1 0.008
TNF-p - 0.231 ) 0.027

Abbreviations: GMCSF, Granulocyte-macrophage colony-stimulating
factor; IFN-y, interferon-gamma; IL, interleukin; irAE, immune-related
adverse event; MIG, Monokine induced by gamma; MIP1, Macrophage
inflammatory protein-1 beta; TNF, tumor necrosis factor.

3.6 | Pre-treatment cytokine profiles
predict immune-related adverse events

On canonical LDA, there were evident differences in pre-
treatment cytokine profiles between patients who went on
to develop irAEs and those who did not (Figure 3). Within
Nivo+Tad and Nivo+IDO, pre-treatment canonical LDA
accurately identified 82% (13/16) of future irAE+ patients
(green ellipse) and 89% (33/37) of future irAE- patients
(red ellipse). Key drivers of irAEs within the nivolumab
model included ILl1a, IL13, IL22, IL25, CCL7 (MCP3),
CCL3 (MIPla), and IFN-y. Similarly in Durva+Met, pre-
treatment canonical LDA accurately identified future
irAE+ patients 100% (9/9) of the time (green ellipse) and
future irAE- patients 91% (21/23) of the time (red ellipse).
Key drivers of irAEs within the Durva+Met model in-
cluded IL1q, 119, 11.22, 1117, IL12p40, IL12p70, and IFN-
y. Within both models, patients without irAEs had less
change in cytokine activity from pre- to post-treatment,
evidenced by proximity of red (pre-treatment, irAE-) and
blue (post-treatment, irAE-) ellipses in Figure 3.

4 | DISCUSSION

With the growing use of ICIs comes the importance of bal-
ancing treatment efficacy with associated side effects that

may indicate therapeutic advantage. The immune system
is tightly regulated to protect against autoimmunity. As
ICIs lift this protection through disinhibition of immune
checkpoints, it is important to anticipate both antitumor
and autoimmune effects, including the development of
irAEs. Studies have suggested that development of irAEs
represents an enhanced T-cell-mediated immunoreac-
tion and could, therefore, indicate enhanced response to
ICIs.” 7' A recent review by Kessler et al. underscored
the scarcity of literature evaluating irAEs in the setting of
HNSCC. Within their review, they identified only three
studies that directly related irAEs to favorable outcomes
in patients with HNSCC undergoing treatment with
ICIs.**® Outside of this study, only a few others have
identified similar associations.***!

In this study, we found that irAEs were associated with
improved oncologic outcomes in HNSCC, consistent with
previously reported literature. While treated in different
settings and with different modalities, HNSCC patients
with irAEs were more likely to be pathologic respond-
ers and have a higher OS (p=0.037) compared to those
without irAEs. In a recent systematic review and meta-
analysis, Zhou et al. evaluated 30 studies and found that
patients who developed irAEs secondary to ICIs experi-
enced both an OS benefit and a PFS benefit. This was par-
ticularly true in patients with endocrine and dermatologic
irAEs as well as low-grade irAEs, which is consistent with
the findings of our current study.’

No patients in this cohort had greater than Grade 3
irAEs, with a majority being Grade 1-2. Two patients in
Nivo+IDO developed Grade 3 irAEs (hepatitis and coli-
tis), both of which had already completed the study in-
tervention. Following the development of hepatitis, the
patient was treated with a long taper of high-dose pred-
nisone. Liver function tests normalized after 6 months
of steroids and have remained within normal limits as
of most recent follow-up. The second patient developed
Grade 3 colitis, ultimately diagnosed with Crohn's disease
that was potentially unmasked by his immunotherapy
treatment, as well as Grade 2 synovitis involving multiple
joints that was negative for RF, ANA, CCP, and ANCA.
This patient was started on prednisone and infliximab
and has had good disease control as of last follow-up. Both
patients were pathologic responders (pTE 50% and 63%,
respectively) and have been without evidence of disease
as of most recent follow-up. Our data suggests that Grade
1-3 irAEs could represent greater immune competence
and response to therapy and should not deter providers or
patients from continuing ICI therapy. In addition, Paderi
et al. demonstrated that early treatment (before 30days)
with systemic corticosteroids in patients with irAEs sec-
ondary to ICIs did not significantly affect PFS in NSCLC,
melanoma, and renal cell carcinoma. Further, patients
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FIGURE 2 Significant pre-treatment cytokine differences in patients with and without irAEs. Pre-treatment cytokines with significant
concentration (pg/mL) differences among irAE- and irAE+ are demonstrated (orange: Nivo+Tad and Nivo+IDO, blue: Durva+Met). IFN-y,
interferon-gamma; IL, interleukin; irAE, immune-related adverse event; MIP1p, Macrophage inflammatory protein-1 beta.

with irAEs who were treated with systemic corticoste-
roids after 30days demonstrated a significantly longer
PFS.* Further evidence is necessary before recommend-
ing steroid treatment in patients with irAEs, but this data
suggests a potential use of steroids in patients with higher-
grade irAEs to balance treatment efficacy with systemic
side effects.

We found a significant association between positive
pl6 status and the presence of irAEs (OR 2.489; 95% CI
1.069-6.119; p=0.043). To the authors' knowledge, this
association has not been described in prior literature.
HPV-mediated tumors arise in an immune-rich envi-
ronment; therefore, one would expect ICIs to exacerbate
immune reactions in these patients.*> One hypothesis for
the pathogenesis of irAEs may relate to the tumor-host
interactions. Tumor-induced inflammation could also ex-
plain elevated proinflammatory pre-treatment cytokines
predisposing patients to irAEs.? As positive p16 status is
a favorable prognostic factor, this may also represent bias
for the clinical implications of irAEs. To control for this

bias, we conducted a multivariable logistic regression for
pathologic treatment response, demonstrating a signifi-
cant association between the presence of irAEs and patho-
logic treatment response (OR 3.730; 95% CI 1.344-10.350;
p=0.011) while controlling for possible confounding vari-
ables, including p16 status. In contrast to our finding, the
Checkmate 358 trial led by Ferris et al. noted a similar in-
cidence of select treatment-related adverse events (which
they defined as adverse events with potential immuno-
logic cause) between HPV-positive and HPV-negative
cohorts following neoadjuvant treatment with nivolumab
for HNSCC.** Further studies are needed to investigate
the possible relationship between p16/HPV status and de-
velopment of irAEs following ICI therapy.

While thelink between irAEs and treatment efficacy has
been well-documented in current literature, there is a sig-
nificant gap in research identifying predictive biomarkers
for the development of irAEs. Several molecular biomark-
ers have been suggested, such as high baseline C-reactive
protein or soluble cytotoxic T-lymphocyte-associated



10 of 14 o o
4|—Wl LEY_Cancer Medicine _

ALNEMRI ET AL.

Nivolumab
6 — pre-treatment, iIrAE+
— pre-treatment, irAE-
post-treatment, irAE+ Prer AE+
— post-treatment, irAE-
4 5
4
L4
2 .
o™ e
] O
<, NS o
c LY T 4 dw
S Pre, AE : ‘éj. X\ (&
o] AR
& R Y=
=2 . |
=4 AE-
-6
-10 0 10 20
Canonicall
/MemtlLﬂﬂ
<] /
|III
4 _ Mean(iL2)
,,g \Log Mean(MCP3)
& 5’ Maanrmmw b
2
o
o]
o
‘e
=]
c
o)
[ &]
-2
> I.' .
// /
=z
-4 / I||
!
,-'" || Mean{iL1b)
an(TNFb) /
6 i & Mean:GMCSFr
-10 0 10 20
Canonical1
FIGURE 3

Durvalumab
15
10
AE+
o 5 .
o Ty
a3 ;
= . - AE-
% &
Qo g
i g
&
Pre, AE+
-5 Pre, AE-
-10
-10 -5 0 5 10 15
Canonical1
15 Maan{IL13)
Mean(lL17a) ;
\\ /
N /
10 N\ /
N\ /
\ <aan1ﬂ_1a; f
\ /
\ \ /o Meaniipta)
/ P
% v { JF}Q} / _Mean{MCPZ}
2 Mean(iL22) e
= —
— Mean(ILg)
g — M ean
So g
£ e o ﬁ(bCEF)
L - . S
MeaRiLizo70y” MERTL - \ Mean(TRFb]._
-5 pan(| s M
nwzaéﬂémﬁuﬂ”mmmm \\ ]
Mean(IFNa2) L) T Mean{IL2)
MsantGMCSF} \\ \\
e (TR “.Mean(IL25)
-10 -5 0 5 10 15

Canonicall

Canonical linear discriminate analysis (LDA) of cytokine profiles. 95% confidence level ellipse (smaller, inside) and 50% confidence

level ellipse (larger, outside) represent samples in associated categories. Biplot rays indicate the directions of the predictors in the canonical space.
Cytokine profiling was predictive of future development of irAEs within Durva+Met and nivolumab samples. IrAE+ patients were accurately
predicted 100% (9/9) of the time in Durva+Met and 82% (13/16) in nivolumab samples (green ellipse). IrAE- patients were accurately predicted 91%
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antigen-4 (CTLA-4).>>7 In melanoma patients treated
with anti-PD-1 and/or anti-CTLA-4 immunotherapy,
Lim et al. reported that elevation of an 11-cytokine assay,
which they termed the CYTOX score, can predict severe
toxicity from ICIs.>* Their finding of elevated cytokines
in pre-treatment samples is consistent with a previous
hypothesis that irAEs represent subclinical inflammation
that is then triggered by ICI therapy.® Further, T-cell ex-
haustion has been studied extensively and noted to be a
major obstacle in formulating effective immunotherapeu-
tics as blunted T-cell effector function impacts the body's
ability to mount an appropriate immune response.***!
We speculated that patients who go on to develop irAEs
are likely to have higher baseline immune fitness as

determined by higher baseline levels of proinflammatory
cytokines. Using Luminex multiplex assays performed on
pre-treatment peripheral blood samples, we found sig-
nificant differences in cytokine profiles between patients
who experienced irAEs and those who did not within the
two nivolumab trials. Higher baseline concentrations of
MIP1p, IFN-y, IL4, IL5, and IL22 were associated with the
development of irAEs from any category. When stratified
by patients with dermatologic irAEs, higher concentra-
tions of fractalkine, GMCSF, IFN-y, IL22, IL25, IL27, IL4,
IL5, IL6, MIG, MIP1p, TNF-a, and TNF-p were associated
with development of dermatologic irAEs. Many of these
cytokines have been described as key players in inflam-
matory and autoimmune processes, as hypothesized.**™*’
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While several studies have evaluated the association be-
tween baseline peripheral cytokine levels as well as changes
in cytokine levels over time as predictors of response to
immunotherapy agents and development of irAEs in var-
ious cancers, a clear correlation has not yet been deter-
mined.** " In this study, we used canonical LDA to identify
combinations of cytokines that can be used to predict the
development of irAEs. Canonical LDA, first described by
Rao, is a method of dimensionality reduction and classifica-
tion derived from the Fisher LDA. This method of statistical
analysis involves utilizing pattern recognition and machine
learning to discriminate between groups by identifying
patterns based on the linear combinations of multiple vari-
ables.”>*® LDA has multiple applications including pattern
recognition, facial recognition, and bioinformatics. It has
been studied in various cohorts, including immunotherapy
interventions, to identify predictive cytokine profiles.** ™
Using canonical LDA, we identified cytokine profiles that
were highly predictive for future irAE+ and irAE- sub-
jects. Our model identified key drivers of irAEs within
Durva+Met (IL1a, IL9, IL22, IL17, IL12p40, IL12p70, and
IFN-y) and nivolumab trials (IL1«, IL13, IL22, IL25, CCL7
(MCP3), CCL3 (MIPla), and IFN-y). This powerful tool
demonstrates the utility of pre-treatment cytokine testing to
reliably predict future irAE status of patients receiving im-
munotherapy. Still, further validation is necessary to con-
firm these key drivers of irAEs.

In our cytokine analysis, we presented Durva+Met
separately due to its different mechanism of action from
nivolumab. On analysis of Durva+Met, we did not see the
same pattern of cytokine elevation or as significant of an ef-
fect on circulating cytokine concentrations over time as we
saw with nivolumab. As durvalumab's mechanism of inhi-
bition is different from nivolumab's, we suspect that the de-
velopment of irAEs in these patients may proceed through a
different pathway with different cytokines at play.

Although documentation was collected prospectively
for each trial, a major limitation of this retrospective study
is that the comparison of these cohorts was not powered for
these endpoints. A prospective study design would better
control for possible bias and confounding. A larger sample
size in a multi-institutional prospective study would allow
for greater generalizability, more extensive validation, and
a better understanding of the relationship between circu-
lating cytokines, irAEs, and response to neoadjuvant ICIs
in patients with HNSCC.

5 | CONCLUSIONS

irAEs, even at a moderate level, are associated with
improved oncologic outcomes in HNSCC patients
treated with neoadjuvant ICIs administered in different
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combinations and therapeutic schedules. irAEs may
represent greater immune competence and, as a result,
greater antitumor efficacy of ICIs. In this cohort, irAEs
secondary to nivolumab were characterized by elevation
of select circulating cytokines. Canonical LDA identified
sets of circulating cytokines that could be used to pre-
dict the development of irAEs. The ability to predict and
manage irAEs early may help maximize the therapeutic
benefit of neoadjuvant ICIs in patients with HNSCC and
manage patient expectations.
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