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ABSTRACT

The potential for durvalumab, a programmed cell death ligand-1 (PD-L1)-blocking monoclonal antibody,
to treat head and neck squamous cell carcinoma (HNSCC) is being evaluated in multiple clinical trials. We
assessed circulating proteins at baseline to identify potential biomarkers and to understand pathways
related to clinical outcomes for durvalumab. Prior to treatment, 66 serum proteins were measured using
multiplex immunoassays for 158 durvalumab-treated HNSCC patients in the phase Il HAWK and CONDOR
trials as a discovery dataset and 209 durvalumab-treated HNSCC patients in the phase Ill EAGLE trial as a
validation dataset. Multivariate Cox modeling of HAWK and CONDOR datasets established that higher
baseline concentrations of interleukin-6 (IL-6), C-reactive protein, S100 calcium-binding protein A12, and
angiopoietin-2 (ANGPT2) were associated with shorter overall survival (OS), while higher concentrations of
osteocalcin correlated with longer OS after durvalumab treatment (p < .05). All five proteins remained
significantly correlated with OS after adjusting for baseline clinical factors, with consistent results across
clinical efficacy endpoints based on univariate correlation analyses. The validation dataset from the EAGLE
trial confirmed the independent association of IL-6 and osteocalcin with OS, and preserved directional
trends for the other biomarkers identified in the discovery dataset. Our results demonstrate the important
role of immunosuppressive proteins in the resistance of HNSCC to durvalumab treatment. Osteocalcin
showed a positive correlation with clinical outcomes, which remains to be further investigated.

ARTICLE HISTORY
Received 13 October 2020
Revised 8 February 2021
Accepted 26 February 2021

KEYWORDS

Biomarker; durvalumab;
head and neck squamous
cell carcinoma; immune
checkpoint inhibitor; overall
survival

Introduction less than 30% of clinical studies.® The tumor and its micro-

environment are difficult to access and neither lymph node nor
tumor biopsies provide sufficiently robust quantitative data to
determine the relative role of each factor on clinical outcomes.
On the other hand, soluble biomarkers such as plasma circu-

Heterogeneity of tumor cell types and the aptitude of the
immune surveillance system to recognize and eradicate cancer
cells within a constantly evolving tumor microenvironment are
established hallmarks of cancer immunotherapy."” Patients

who receive immunotherapy under current paradigms respond
with high variability due to various underlying mechanisms of
immune resistance. To achieve the full benefit of cancer immu-
notherapy, the intricate interplays between molecular and cel-
lular moieties at the site of action, the disrupted homeostasis
within local regions of the tumor, and the result of these
disturbances (as reflected in the systemic circulation) need to
be better understood.” Tumor growth and disease progression
rely on both the intrinsic makeup of tumor cells and the
tumor-induced systemic factors that affect immune cells in
the primary tumor and the distant microenvironment.*
Programmed cell death ligand-1 (PD-L1) protein expres-
sion on tumor cells (TCs) and immune cells has emerged as the
first predictive biomarker for sensitivity to anti-programmed
cell death-1 (PD-1)/PD-L1 agents. While companion/comple-
mentary diagnostic testing for PD-L1 has been approved across
15 tumor types, PD-L1 positivity only predicted response in

lating tumor DNA are easily accessible and can be measured
accurately and reproducibly. They may provide new insights
into the mechanism of action of cancer immunotherapies and
can potentially be used as prognostic and/or predictive bio-
markers for the optimization of oncology trial designs and
precision medicine.” Peripheral protein biomarker profiling
provides an opportunity to evaluate tumor-secreted factors
and responsive systemic factors that are associated with clinical
response following immunotherapy.® Numerous circulating
biomarkers have shown prognostic value for many tumor
types, and they have demonstrated value in deciphering effi-
cacy outcomes based on several exploratory analyses from
clinical data following immune checkpoint inhibitors
(ICIs).”'* However, a comprehensive evaluation of the asso-
ciation between serum protein biomarkers and clinical
response after PD-1/PD-L1 blockade therapy is lacking, espe-
cially for head and neck squamous cell carcinoma (HNSCC).
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HNSCC arises in the mucosal linings of the upper aerodi-
gestive tract and is remarkably heterogeneous in nature.
Alcohol and tobacco use, along with human papillomavirus
(HPV) infection, are well-known causative factors for HNSCC.
It ranks sixth in incidence and eighth in mortality among all
cancers. The prognosis for patients with HNSCC remains poor,
with a 5-year survival rate of less than 50%."° ICIs offer a
potentially new approach for the treatment of HNSCC and
have demonstrated durable responses in these patients.'*
However, over 80% of patients with metastatic HNSCC do
not respond to PD-1 blockade. For nonresponders, there are
two possible ways to improve outcomes: rational combination
approaches and improved biomarkers to inform patient
selection.'” Serum protein characterization may help identify
clinical responders or rapid progressors. This will aid in under-
standing resistance mechanisms and in finding combination
approaches to improve patient outcomes.'®

Here, we applied a robust statistical analysis to quantify the
association of a panel of serum protein biomarkers with clinical
outcomes following treatment with durvalumab, an anti-PD-
L1 monoclonal antibody, in HNSCC. Baseline serum protein
measurements from patients enrolled in three clinical trials of
durvalumab in HNSCC'”"” were analyzed together with clin-
ical and recognized prognostic factors to characterize potential
predictive biomarkers and inform rational combination thera-
pies for HNSCC.

Methods
Study design and clinical outcomes

Three clinical trials investigating durvalumab in recurrent/
metastatic (R/M) HNSCC were included in this analysis.
HAWK was a phase II, single-arm study of durvalumab in
patients with R/M HNSCC and tumor PD-L1 expression
>25%."” CONDOR was a randomized, phase II study compar-
ing durvalumab, tremelimumab, and the combination of dur-
valumab and tremelimumab in patients with R/M HNSCC and
tumor PD-L1 expression <25%.'® EAGLE was a randomized,
open-label, phase III study comparing durvalumab, with or
without tremelimumab, to standard-of-care (SoC) chemother-
apy in patients with R/M HNSCC." In all three trials, patients
in the durvalumab monotherapy arm received the drug at
10 mg/kg intravenously every 2 weeks. Best overall response
(BOR) was defined per Response Evaluation Criteria in Solid
Tumors as progressive disease (PD), stable disease (SD), partial
response (PR), or complete response (CR). The study protocols
were approved by ethics committees at each participating site
and each study was conducted in compliance with the
Declaration of Helsinki and Good Clinical Practice guidelines.
All patients provided informed consent to participate in the
studies.

Only durvalumab monotherapy data were considered in
this work. The EAGLE trial did not retain sufficient baseline
samples in the SoC cohort of patients to generate a meaningful
dataset of circulating biomarker results (<5 patients).
Tremelimumab data were not considered in this work since
this treatment was not evaluated in HAWK and a separate
analysis would be needed due to the non-overlapping

mechanism of action of cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) and PD-L1 inhibition.

Serum protein profiling

Prior to the start of durvalumab treatment, baseline serum
samples were collected from patients with HNSCC enrolled
in the three clinical trials. Samples were stored under con-
trolled conditions when shipped to Myriad RBM (Austin,
Texas, USA) for multiplex immunoassay testing, based on
Luminex xMAP technology. Sixty-six cancer and immune-
associated serum proteins were selected for measurement,
which included chemokines, cytokines, adhesion molecules,
and growth factors. Samples were processed, analyzed, and
stored in accordance with standard operating procedures
defined by the laboratory vendor. The distribution of all mea-
sured serum proteins is summarized with mean + standard
deviation in Supplementary Table SI.

Statistical analysis

Pooled data from the HAWK and CONDOR studies were used
as a discovery dataset to identify potential associations among
overall survival (OS), protein biomarkers, and various clinico-
pathological factors. Stepwise feature selection followed by
multivariate Cox semiparametric regression was conducted to
derive the survival hazard ratio (HR) of circulating biomarkers
along with clinicopathological factors at baseline.
Dichotomization of continuous variables was performed
using the median as a cutoff for the “high” or “low” category
prior to association with the OS time-to-event data. For both
the continuous and categorical variables, a proportional HR
was assumed between categories rather than estimating the
hazard function, and log-rank tests were performed. A uni-
variate survival analysis was conducted simultaneously by uti-
lizing a Kaplan-Meier nonparametric test to corroborate Cox
modeling results and to identify additional protein biomarkers
involved in the same pathophysiological pathways.
Furthermore, BOR association was assessed by comparing
protein concentrations among patients with PD, SD, and clin-
ical response (PR or CR) utilizing the Kruskal-Wallis H test
followed by the Mann-Whitney U test.

In the validation step, the EAGLE trial dataset was used
independently to confirm the results of the statistical analysis
conducted on the HAWK and CONDOR discovery dataset.
Cox modeling, Kaplan-Meier survival analysis, and the H and
U tests of BOR correlation were used to assess the association
of EAGLE trial outcomes with biomarkers identified in the
discovery step.

Results
Characterization of durvalumab-treated HNSCC patients

Among patients who received durvalumab monotherapy, med-
ian OS was 7.1 months (95% confidence interval [CI], 4.9-9.9)
in the HAWK study (111 patients) and was 6.0 months (95%
CI, 4.0-11.3 months) in the CONDOR study (65 patients). In
the EAGLE trial, median OS was 7.6 months (95% CI, 6.1-



9.8 months) among 237 durvalumab-treated patients. Among
the 111 patients from HAWK, 106 had evaluable biomarker
data, with a slightly higher proportion of missing biomarker
data in CONDOR (52 patients out of 65) and EAGLE (209
patients out of 237). A log-rank test was performed and showed
that OS for durvalumab-treated patients with evaluable bio-
marker data was similar between the three trials with no
statistical difference (p = .74) (Figure 1).

Baseline standard laboratory data with clinical and tradi-
tional prognostic factors for survival and clinical response
analysis are summarized in Table 1. Overall, mean baseline
characteristics were similar between the combined HAWK and
CONDOR discovery datasets and the EAGLE validation
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dataset. Most patients were male, with a mean age of approxi-
mately 60 years. Approximately two-thirds of patients had a
history of smoking and a similar proportion of patients had an
Eastern Cooperative Oncology Group (ECOG) performance
status of 1. Tumor size was consistent across trials with
731 + 436 mm for HAWK and CONDOR and
67.5 + 46.1 mm for EAGLE. Albumin, lactate dehydrogenase,
and neutrophil counts were typical of the HNSCC patient
population with signs of inflammation and high catabolic
activity.

PD-L1 expression status on TCs and tumor-infiltrating
immune cells has been approved as a companion diagnostic
for selecting patients with HNSCC for treatment with an anti-
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Figure 1. Kaplan—Meier survival curves of patients with HNSCC who received durvalumab and had evaluable biomarker data at baseline in HAWK (n = 106), CONDOR
(n = 52), and EAGLE (n = 209) clinical trials. The p value obtained from log-rank test is p = .74.

Table 1. Covariate distribution of patients with HNSCC at baseline split by study and dataset (discovery and validation, respectively).

HAWK CONDOR Discovery (HAWK + CONDOR) Validation (EAGLE)
(n = 106) (n=52) (n =158) (n = 209)
Age (years) (mean + SD) 576 +£123 59.5+£105 582+ 117 59.2 £10.1
Female (%) 283 17.3 24.7 14.8
Smoking (%) 61.3 94.2 72.2 82.3
HPV positive (%) 311 28.8 304 17.7
ECOG PS 1 (restricted activity) (%) 67.9 67.3 67.7 74.6
Tumor size (mm) (mean * SD) 67.8 + 38 83.9 + 52 73.1 +436 67.5 + 46.1
(n =105) (n=51) (n =156)
PD-L1 TC (%) (mean + SD) 63.1 £ 26.2 3355 434 £+ 35.6 19.6 + 28.9
Neutrophil (10°/L) (mean + SD) 6.2 £39 6.3 +33 6.3 +3.7 6.2 + 3.59
(n = 86) (n=43) (n=129)
Albumin (g/L) 42 +338 382 +6.0 40.7 + 279 387 £4.7
(n=89) (n=44) (n=133) (n = 205)
LDH (U/L) 240.1 + 281.5 270.8 + 198.1 250.5 + 255.7 279.0 + 2459
(n=85) (n = 44) (n=129) (n =207)

Abbreviations: TC, tumor cell immuno-histocompatibility scoring; LDH, lactate dehydrogenase; SD, standard deviation.
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PD-1 agent.”” The HAWK trial enrolled PD-L1-high patients,-
'7 while only PD-L1-low/negative patients were eligible for the
CONDOR trial."® The PD-L1 TC score was markedly higher in
the HAWK dataset (63.1 + 26.2%) compared with the
CONDOR dataset (3.3 + 5.5%). The EAGLE study' enrolled
both patients with high — and low-PD-L1 expression with a TC
score of 19.6 £ 29%. Due to the high imbalance in PD-L1 TC
score, we did not include PD-L1 status in our integrated
analysis of the three HNSCC clinical trials. An independent
analysis of data from EAGLE with PD-L1 status and additional
biomarker data is ongoing and will be reported separately.

Multivariate Cox modeling of protein biomarkers for the

discovery HAWK and CONDOR dataset
Most protein concentrations at baseline were comparable among

the three trials (Supplementary Table S1), and were elevated
compared with healthy controls based on published observa-
tional data.”"** Stepwise feature selection and multivariable Cox
modeling identified five proteins that were independently asso-
ciated with OS based on the HAWK and CONDOR datasets
(Figure 2). These included three proinflammatory and immu-
nosuppressive proteins (C-reactive protein [CRP], interleukin-6
[IL-6], S100 calcium-binding protein A12 [S100A12]) and an
angiogenic protein [angiopoietin-2 (ANGPT2)]. High CRP, IL-
6, and S100A12 protein levels were associated with a higher HR

compared with their lower level categories based on median
cutoff, with an HR of 2.25 (95% CI, 1.44-3.5), 2.14 (95% CI,
1.41-3.3), and 1.67 (95% CI, 1.1-2.5), respectively. Of note, the
Spearman’s correlation coeflicient for IL-6 and CRP was 0.64.
High ANGPT?2 protein levels were associated with shorter OS,
with an HR of 1.73 (95% CI, 1.17-2.6) when compared with
lower levels of ANGPT?2. High osteocalcin hormone levels were
associated with longer OS, with an HR of 0.54 (95% CI, 0.3-0.8)
compared with low levels of osteocalcin.

Various laboratory measurements, demographics, and clinical
factors have been reported to be prognostic factors in patients
with HNSCC.*® Using stepwise Cox modeling, we evaluated the
association of OS with age, gender, smoking history, extent of
HPV status, ECOG status, tumor size, albumin levels, hemoglobin
levels, lactate dehydrogenase levels, neutrophil counts, lympho-
cyte counts, and platelet counts of HNSCC patients enrolled in the
HAWK and CONDOR trials. Three baseline clinical factors
(ECOG status, tumor size, and neutrophil counts) were found to
be independently associated with OS among durvalumab-treated
patients. Although HPV is a well-known prognostic factor for
HNSCC, the virus status was not associated with OS in our
multivariate model. Kaplan-Meier survival analysis also indicated
the lack of association between HPV status and OS (p = .35).

To evaluate the relative contributions of known prognostic
factors and novel protein biomarkers to patient survival, we
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Figure 2. Correlation of angiogenic and immunomodulatory proteins with OS of durvalumab-treated HNSCC patients in HAWK and CONDOR trials. Stepwise feature
selection and Cox proportional hazards modeling identified independent association of baseline concentrations of an angiogenic biomarker (ANGPT2), three
immunosuppressive proteins (IL-6, CRP, S100A12), and an immunostimulatory hormone (osteocalcin) with OS in 158 patients with HNSCC receiving durvalumab.
Only statistically significant factors are presented with p values shown on the right side of the HR forest plot. Global p value from the log-rank test, Akaike Information
Criteria (AIC), and concordance index of the model are shown at the bottom of the plot.



repeated the Cox modeling with the three clinical factors and
five protein biomarkers indicated previously. Importantly,
after stepwise selection, all five protein biomarkers remained
significantly correlated with OS (p < .05) and with the same
directional trend after adjusting for the clinical factors (Figure
3). Of note, ECOG status was removed from the final Cox
model, suggesting redundant informative value.

Osteocalcin is a versatile, bone-derived, immunostimulatory
hormone,** and bone is one of the most common sites of distant
metastases from HNSCC.*> Therefore, using osteocalcin as a
marker, we sought to determine whether bone metastasis under-
lies the relationship between osteocalcin and OS. Thirty-five
patients demonstrated evidence of bone metastases in our data-
set, and Cox modeling indicated that the survival association of
osteocalcin was independent of bone metastasis. High osteocal-
cin levels at baseline were significantly associated with favorable
OS (p = .005), while bone metastasis was not associated with
favorable OS in the Cox model (Supplementary Figure S1).

Kaplan-Meier survival and response analysis of protein
biomarkers for the discovery HAWK and CONDOR dataset

In addition to Cox modeling, we applied a univariate
Kaplan-Meier survival analysis to evaluate all the protein
biomarkers for their association with OS. Consistent with
multivariate analysis results, higher levels of CRP, IL-6,
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S100A12, and ANGPT2 correlated with poorer survival
Interestingly, more immunosuppressive and angiogenic
proteins, including IL-8, von Willebrand factor (vWE),
and vascular endothelial growth factor (VEGF) demon-
strated similar patterns with a significant association
between higher baseline protein concentrations and shorter
OS. A higher level of intercellular adhesion molecule-1
(ICAM-1), an endothelial protein involved in leukocyte
migration from the vascular wall to tissues upon cytokine
stimulation, was also associated with shorter OS. In con-
trast, higher osteocalcin levels correlated with longer OS
(Figure 4(a-h)).

Comparison of biomarker concentrations as continuous
variables among patients with different response rates pro-
vides another way to evaluate the impact of biomarkers on
disease progression or clinical responses after treatment. A
Mann-Whitney U test indicated that IL-6, CRP, S100A12,
IL-8, ICAM-1, ANGPT2, vWE, and VEGF concentrations
were higher in patients with PD than in those with SD or
an objective response (PR/CR), while osteocalcin levels
were higher in patients who achieved an objective response
than in patients with a BOR of PD or SD (Supplementary
Figure S2). A similar analysis confirmed the correlation of
circulating proteins at baseline with progression-free survi-
val (PFS; data not shown).
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Figure 3. Significant association of protein biomarkers with OS maintained after adjusting for clinical factors in HAWK and CONDOR dataset. Forest plot of HRs is shown
with individual p values on the right side. Global p values, AIC, and concordance index are shown at the bottom.
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Figure 4. Kaplan-Meier OS curves of immunomodulatory and angiogenic protein concentrations above or below median at baseline for the HAWK and CONDOR
discovery dataset (a—h). (b) Kaplan-Meier OS curves of immunomodulatory and angiogenic protein concentrations above or below median at baseline for the EAGLE

validation dataset (i—p).

Validation with the EAGLE dataset
To validate our discovery results, we measured the same set of
proteins at baseline for durvalumab-treated patients with
HNSCC enrolled in the phase III EAGLE trial. Correlation
matrix estimates of the discovery and validation datasets were

broadly similar between baseline patient’s characteristics. The
same set of immunosuppressive, proinflammatory, and angio-
genic proteins showed a negative correlation with OS, while
osteocalcin demonstrated a positive correlation with OS among
durvalumab-treated patients based on a Kaplan—Meier survival
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Validation dataset (EAGLE)
(n = 209)
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Figure 4. (Continued)

analysis (Figures 4(I-p)). The same pattern was also observed for
the correlation between baseline protein levels and objective
response rate (Supplementary Figure S2) and PES (data not
shown). Cox proportional hazards modeling indicated an inde-
pendent association of two proteins (IL-6 and osteocalcin) with

OS of durvalumab-treated patients in the EAGLE trial (Figure 5)
and the same directional trends for ANGPT2 and neutrophils as
in the discovery dataset but without reaching statistical signifi-
cance (p > .05). The proinflammatory and immunosuppressive
protein IL-6 demonstrated a 2.26-fold hazard for patients with
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Figure 5. Forest plots of HRs following Cox regression predictors of OS discovered in the HAWK/CONDOR analysis and projected on the validation EAGLE dataset.

higher concentrations compared with lower concentrations
(95% CI, 1.52-3.35), whereas higher osteocalcin levels continued
to show significant correlation with OS benefit with a 32% lower
risk (95% CI, 0.49-0.94; p = .021). ANGPT2 showed a direction-
ally consistent trend (high levels at baseline were associated with
a 1.31-fold hazard [95% CI, 0.96-1.79] compared with low
levels) with a p value of 0.085. Neutrophil counts were negatively
correlated with OS, with an HR of 1.40 (95% CI, 0.98-2.01) for
above versus below the median (p = .063). CRP and S100A12
belong to the same proinflammatory and immunosuppressive
pathway as IL-6. Their correlation with OS no longer held in the
multivariable model.

Discussion

In this study, we applied a stepwise modeling strategy to
analyze circulating protein biomarkers for their association
with OS and BOR in patients with HNSCC receiving durvalu-
mab treatment. Similar results were found for PFS correlation
(data not shown). Our results demonstrated differential con-
tributions of proinflammatory and immunosuppressive cyto-
kines and an immunostimulatory hormone to the clinical
outcomes after PD-L1 blockade in patients with HNSCC,
while angiogenic proteins such as ANGPT2 appear to play an

important role®® despite not reaching statistical significance in
the validation set. The first pathway was shown to be statisti-
cally associated with OS in both our discovery and validation
dataset: a proinflammatory and immunosuppressive pathway
represented by IL-6,>"*® Other proinflammatory biomarkers,
such as CRP and S100A12 were found statistically associated
with OS in the training dataset but findings were not confirmed
in the validation step. Univariate Kaplan-Meier survival ana-
lysis and BOR analysis support the association of durvalumab
outcomes with additional protein biomarkers, such as IL-8.
Circulating IL-6 and CRP levels have been correlated with
poorer outcomes in patients with urothelial bladder cancer,
metastatic triple-negative breast cancer, and melanoma treated
with anti-PD-1/PD-L1 agents.”® ' Increased on-treatment IL-
6 and CRP levels were also associated with shorter survival of
nivolumab or ipilimumab-treated melanoma patients.”* IL-6 is
the main inducer of CRP production, and their serum levels are
closely correlated in different cancer types but the results of this
study points to a direct role of IL-6 circulating levels as a
prognostic marker of OS, with high levels associated with
poor outcomes. IL-6 promotes tumor growth and metastatic
potential in multiple ways, from modification of T cell and
dendritic cell function®*** to induction of expression of angio-
genic molecules, such as VEGF, that promotes the growth,



survival, migration, and invasion of cancer cells.”> Although
IL-6 and CRP are not predictive biomarkers specific to
immunotherapy,” blockage of IL-6 and CRP synthesis and/
or activity may enhance responses to ICIs in patients with
different cancers, including HNSCC. Preclinical results have
demonstrated that combined blockade of IL-6 and PD-1/PD-
L1 signaling abrogated mutual regulation of their immunosup-
pressive effects in the tumor microenvironment and exerted a
synergistic antitumor effect.'®*® Recently, clinical trials com-
bining either anti-IL-6 or anti-IL-6 receptor with anti-PD-(L)1
have started or are being initiated for patients with cancer
(NCT03999749,  NCT04258150, and NCT03821246).
Interestingly, the clinical relevance of circulating IL-6 levels
with OS appears independent of the prognostic role of high
neutrophils at baseline that did not reach statistical significance
in the multivariate model derived from the validation dataset.

Angiogenesis has increasingly been considered as an
immune modulator with the potential for combinatorial use
with ICIs. In our analysis, an angiogenic pathway denoted by
ANGPT2%® was found to be significantly correlated with OS in
the discovery dataset on top of IL-6, and showed a similar trend
in the validation dataset with a p-value of 0.085. The important
role of pro-angiogenesis markers in the resistance of durvalu-
mab treatment is supported by the combination strategy of
anti-angiogenic and ICI treatment that has demonstrated
more potent antitumor effects and favorable clinical outcomes
in multiple tumor types.””*' Recently, a VEGF-A targeting
antibody, bevacizumab, has been approved in combination
with an anti-PD-L1 antibody, atezolizumab, for the treatment
of metastatic non-squamous non-small-cell lung carcinoma
and unresectable hepatocellular carcinoma.*

ANGPT?2 is a multifaceted cytokine that functions in both
angiogenesis and inflammation.* It is a target of active immu-
notherapy and involved in the resistance to anti-VEGF
treatment.** High circulating ANGPT?2 concentrations at baseline
and early increases of ANGPT2 during treatment has been shown
to be a poor prognostic and predictive biomarker for PD-1 ICI-
treated melanoma patients. The contribution of ANGPT2 to ICI
resistance may be due to its role in the recruitment of monocytes/
macrophages into the tumor microenvironment and PD-L1
induction in tumor-associated macrophages. ICIs also elicited
humoral immune responses to ANGPT2, which were long lasting
and robust in long-term melanoma survivors.”®> ANGPT2 anti-
bodies have demonstrated antitumor activities in animal studies
and clinical trials,"~** but none were approved for cancer treat-
ment. The combination with ICIs may improve the efficacy of
either treatment alone. Our results demonstrated the association
of ANGPT2 with clinical outcomes in durvalumab-treated
patients with HNSCC, suggesting potential benefits of combining
ICIs with ANGPT?2 blockade therapy for patients with HNSCC.

The third pathway involves the non-collagenous protein hor-
mone osteocalcin, which is found in bone and dentin. The
discovery and validation datasets indicated a positive association
between higher baseline osteocalcin levels and favorable OS in
durvalumab-treated patients with HNSCC. This relationship
was found to be independent of the presence of bone metastasis,
despite the known role of osteocalcin in bone homeostasis.
Recently, osteocalcin has been reported to exert multiple anti-
tumor effects through cellular immunostimulatory effects in
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melanoma.*” Osteocalcin increased T cell proliferation and
IFN production but had no effect on IL-6 production by sple-
nocytes. To our knowledge, no prognostic significance has been
reported for osteocalcin in HNSCC.”® However, due to the
limited samples available for biomarker study in the control
arm of the EAGLE trial, the specificity and predictive value of
osteocalcin in durvalumab-treated patients remain to be further
explored in comparison with control samples.

One limitation of our study is the lack of control arm samples
to compare the predictive value of protein biomarkers for ICIs
with other treatment regimens. Many proteins included in this
study are well-known prognostic biomarkers for various tumors
including HNSCC.”' Our results demonstrated the association
of several prognostic biomarkers with clinical outcomes in the
context of PD-L1 blockade, but the specificity of the biomarkers
is unknown and the lack of biomarker data in the SoC cohort of
patients did not allow us to disentangle the predictive or prog-
nostic value of our findings. In our analysis, Cox regression was
performed using the median baseline value of the biomarkers to
dichotomize. The choice of this approach was governed by the
exploratory nature of the analysis. A receiver-operating-charac-
teristic analysis would allow a better determination of the cutoff
value for patient selection and clinical utility but was outside the
scope of this work. Another limitation is the exclusion of PD-L1
TC scores from our current analysis. The potential correlation
between soluble protein biomarkers and PD-L1 status, along
with their contribution to clinical outcomes after ICI treatment,
is of significant interest. Unfortunately, PD-L1 staining results
were not included in our analysis because of the high imbalance
of PD-L1 scores between the three trials. Finally, to fully under-
stand the intricate interrelationship among different pathophy-
siological pathways, tumor growth, and OS, we may need to
apply novel analytical approaches beyond traditional survival
analysis. To that end, tumor kinetic and OS modeling were
applied using the same pooled dataset, including PD-L1 status,
clinical factors, and protein biomarker levels treated as contin-
uous variables.” Interestingly, it confirmed the negative associa-
tion of OS with IL-6 and the positive association with osteocalcin
among other pro-angiogenic proteins.”” To gain additional
insights, we are conducting a comprehensive analysis of the
EAGLE dataset in conjunction with data from the ongoing
phase III trial, KESTREL (NCT02551159), which is investigating
durvalumab with or without tremelimumab versus SoC in
patients who have not received prior systemic chemotherapy
for R/M HNSCC.

In conclusion, circulating IL-6 and osteocalcin concentra-
tions at baseline have been shown to be independently asso-
ciated with clinical outcomes with trends of additional effects
for ANGPT2 in durvalumab-treated patients with HNSCC
across three clinical trials. Measurements of these biomarkers
before and after treatment should be prioritized in clinical
trials of ICI monotherapy and combination therapy. These
areas of research warrant further investigation for the potential
enhancement of precision medicine and patient outcomes.
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