
ORIGINAL RESEARCH

Characterization of the tumor immune micromilieu and its interference with
outcome after concurrent chemoradiation in patients with oropharyngeal
carcinomas
Anne-Kathrin Hessa, Korinna Jöhrensb, Andre Zakarnehc, Panagiotis Balermpasd, Jens Von Der Gründ, Claus Rödeld,
Wilko Weicherte, Michael Hummelb, Ulrich Keilholzf, Volker Budacha,g, and Ingeborg Tinhofera,g

aDepartment of Radiooncology and Radiotherapy, Berlin Institute of Health, Charité – Universitätsmedizin Berlin, corporate member of Freie
Universität Berlin, Humboldt-Universität zu Berlin, Berlin, Germany; bInstitute of Pathology, Charité – Universitätsmedizin Berlin, corporate member
of Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, Germany; cDepartment of Otorhinolaryngology,
Sankt Gertrauden-Krankenhaus, Berlin, Germany; dGerman Cancer Research Center (DKFZ), Heidelberg, Germany and German Cancer Consortium
(DKTK) partner site Frankfurt, Department of Radiation Oncology, University Hospital Johann Wolfgang Goethe University, Frankfurt, Germany;
eGerman Cancer Research Center (DKFZ), Heidelberg, Germany and German Cancer Consortium (DKTK) partner site Munich, Institute of Pathology,
Technical University Munich, Munich, Germany; fBerlin Institute of Health, Comprehensive Cancer Center Charité, Charité – Universitätsmedizin
Berlin, corporate member of Freie Universität Berlin, Humboldt-Universität zu Berlin, Berlin, Germany; gGerman Cancer Research Center (DKFZ),
Heidelberg, and German Cancer Consortium (DKTK) partner site Berlin, Berlin, Germany

ABSTRACT
Background: Intra-tumoral CD8 + T-cell infiltration in squamous cell carcinoma of the head and neck
(HNSCC) has previously been linked to the efficacy of cisplatin-based chemoradiation (CDDP-CRTX) and
immune checkpoint inhibitor (ICI) monotherapy. Further detailed characterization of the tumor immune-
micromilieu and its influence on outcome may guide the development of CRTX-ICI combinations.
Methods: Comprehensive immune transcriptome analysis was applied to a training set of tumor speci-
mens from oropharyngeal squamous cell carcinoma (OPSCC) patients treated with CDDP-CRTX in the
ARO-0401 phase III study (n = 33). A composite immune signature risk score (ISRS) for survival prediction
was developed, and subsequently validated in two independent OPSCC cohorts treated with either
CDDP-CRTX (n = 36) or mitomycin-based CRTX (MMC-CRTX, n = 31). Further validation of the ISRS was
performed in the OPSCC subset (n = 79) of the TCGA HNSCC cohort. Potential interference between
immune signatures and HPV status was evaluated in multivariate Cox regression models.
Results: Significant differences according to the 3-y OS status in the abundance of tumor-infiltrating T-
and B-cells, and the expression levels of 51 immune-related genes were observed. A risk score based on
13 differentially expressed genes involved in cytokine signaling, T-cell effector functions and the TNFR
pathway was established as robust predictive factor of OS. Its predictive power was superior to the
6-gene interferon-gamma signature of ICI efficacy and independent of the HPV status.
Conclusions: This study further elucidates the complex interaction of the tumor immune microenviron-
ment with the efficacy of CDDP-CRTX in OPSCC. The results suggest immune markers for selection of
patients treated with CRTX-ICI combinations.
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Introduction

Concurrent chemoradiation (CRTX) is the current standard
of care for locally advanced unresectable disease. However,
progression-free survival rates at 3 y of less than 40% in the
subgroup of HPV-negative HNSCC patients strongly under-
line the necessity of further treatment optimization. The pro-
mising results of immune checkpoint inhibitor (ICI)
monotherapy in recurrent/metastatic (R/M) HNSCC have
stimulated the clinical development of ICI as a combination
partner of CRTX in the curative setting. Recently, exciting
results from a phase III clinical trial of CRTX combined with
anti-PD-L1 blockade in lung cancer have been reported.1 The
rationale for CRTX-ICI combinations is based on

accumulating evidence of common immune effector mechan-
isms linked to the treatment efficacy of both treatment
modalities.2 The importance of tumor-infiltrating T-cells for
tumor control by radiation was first established in murine
models of breast cancer3 and melanoma.4 Subsequent studies
of clinical HNSCC cohorts suggested that baseline intra-
tumoral T-cell infiltration may not only improve the response
likelihood to ICI monotherapies but might also significantly
influence the efficacy of CRTX.5,6 In addition, diverse immu-
nogenic properties of platinum-based chemotherapeutics have
been described,7 which at least in part are mediated by the
induction of costimulatory signals for CD8 + T-cell-
dependent tumor destruction.8
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We therefore hypothesized that detailed evaluation of the
tumor immune microenvironment, going beyond the mea-
surement of single analytes such as CD8 might not only allow
the identification of patients who will derive the most benefit
from CRTX but might also reveal additional immunologic
determinants that could be exploited for rational trial design
of CRTX-ICI combinations.

Patients and methods

Patients

Ethical approval for the retrospective biomarker analysis was
obtained by the local Ethics Committee (EA2/086/10).
Informed consent from all patients was obtained for tissue
used in the study. Three independent cohorts of patients with
locally advanced oropharyngeal squamous cell carcinoma
(OPSCC) who had been treated with concurrent CRTX were
included in this immune profiling study. All tumor samples
had been collected prior start of definitive CRTX. Archival
tumor samples from 64 OPSCC patients who had participated
in the prospective randomized multicenter phase III trial
ARO-0401 for optimization of concurrent CRTX of stage
IVA/B oro-/hypopharyngeal carcinoma9,10 were available for
comprehensive immune transcriptome analysis. Thirty-three
OPSCC cases from the cisplatin-based CRTX (CDDP-CRTX)
arm and 31 OPSCC cases from the mitomycin C-based CRTX
(MMC-CRTX) arm of the ARO-0401 trial were included in
the training cohort and validation cohort 2, respectively.
Validation cohort 1 comprised 36 routine-care OPSCC
patients treated with CDDP-CRTX at two German clinical
centers (Charité University Hospital Berlin and University
Hospital Frankfurt am Main). These cases were selected
from the patient cohorts of two previous independent bio-
marker studies in which the prognostic role of CD8 + T-cell
infiltrates5 and the HPV/p16 status (unpublished data) was
assessed. The flowchart depicting sample selection in more
detail is presented in supplementary Figure 1.

The human papilloma virus (HPV) status was determined
by HPV DNA genotyping and p16 immunohistochemistry
(IHC) as previously described.11 High-risk HPV DNA posi-
tive cases with strong diffuse staining of p16 in >70% of
tumor cells were considered HPV-positive.12 Patients’ char-
acteristics are listed in supplementary Table 1 (online only).
Kaplan-Meier estimates of OS for training and validation
cohorts compared to the remaining ARO-0401 trial popula-
tion are presented in supplementary Figure 2. Training and
validation cohorts were comparable except for a higher pro-
portion of HPV-positive cases in validation cohort 1 which
was associated with a significantly improved OS (supplemen-
tary Figure 2, c). No significant difference in outcome was
observed when only the HPV-negative cases were included in
the Kaplan-Meier analysis (supplementary Figure 2, d).

The OPSCC subset of The Cancer Genome Atlas (TCGA)
HNSCC provisional dataset was used for further validation
(validation cohort 3, supplementary Table 1). RNA sequen-
cing (RNAseq) normalized log2 data (version 1/28/2016),
HPV status and clinical data were downloaded from the
Broad TCGA GDAC site (http://gdac.broadinstitute.org/).

RNA isolation

FFPE tissue slides (5-µm) were stained with hematoxylin and
eosin (HE) and reviewed by a pathologist (W.W. or K.J.) to
delineate tumor areas. Only tumor samples with a minimal
tumor cell content of 30% were further processed. RNA was
isolated from macrodissected tumor areas using the High
Pure FFPE RNA Micro Kit (Roche) according to the manu-
facturer’s protocols. Briefly, tissue sections were deparaffi-
nized with xylene and washed with ethanol. Tissues were
lysed and treated with proteinase K for 3 h at 55°C.
Thereafter, lysates were applied onto spin columns and after
a washing step, total RNA was eluted twice in 40 µl elution
buffer. Afterward, the RNA was purified and concentrated
using the Clean&Concentrator-5 Kit (Zymo Research, Irvine,
CA, USA) according to the manufacturer’s protocol. RNA
yield was measured by the Qubit® RNA BR Assay Kit
(Thermo Fisher Scientific, Waltham, MA, USA) on the
Qubit 3.0 Fluorometer (Thermo Fisher Scientific).

Nanostring analysis

Immune profiles were established using the nCounter
PanCancer Immune Profiling Panel and the nCounter Digital
Analyzer (nanoString Technologies, Seattle, WA, USA) accord-
ing to the manufacturer’s protocol. The PanCancer Immune
Profiling Panel included 730 immune-related genes and 40
housekeeping genes. Raw expression data were analyzed with
the nSolver Analysis Software version 4.0 using the Advanced
Analysis Module (nanoString Technologies). For background
correction, the geometric mean of negative controls was sub-
tracted from the counts of each gene. The geometric mean of
the housekeeping genes plus two times the standard deviation
was used to calculate a normalization factor for each sample.
Normalized data were log2 transformed for further analysis.
Raw and normalized expression data were deposited in Gene
Expression Omnibus (GEO) (www.ncbi.nlm.nih.gov/geo/) with
accession number GSE113282.

Differently expressed genes (DEGs) were identified in the
training cohort by a linear regression model in which a false
discovery rate (FDR) of <0.1 determined by the Benjamini-
Hochberg algorithm was accepted. Hierarchical clustering
analysis of DEGs was performed with the R package “heat-
map.plus” (version 3.0.1.) using Euclidean distance and the
Ward’s minimum variance method (“ward.D2”).

The analysis of the abundance of various immune cell
populations was done using the Cell Type Profiling module
of the nSolver Analysis Software which is based on the
method described by Danaher and coworkers.13 Briefly, cell
populations are quantified using marker genes which are
expressed stably and specifically in given cell types.

Development of the Immune Signature Risk Score (ISRS)

Using the R “glmnet” package (version 2.0–5) the least abso-
lute shrinkage and selection operator (LASSO)-penalized Cox
regression model was applied to select the immune genes with
the strongest prognostic value and lowest correlation among
each other.14 Leave-one-out cross-validation was used to
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determine the optimal value for the shrinkage parameter λ.
We chose the value of λ for which the partial likelihood
deviance is minimized to the mean cross-validated error
plus one standard error. The final ISRS was based on the
expression of 13 immune-related genes and their regression
coefficients established by the analysis of the training set. The
equation for calculation of ISRS-13 is given in the supplemen-
tary information (online only). Patient stratification according
to ISRS-13 was done using the optimal cut-off value estab-
lished in the training cohort by receiver operator character-
istics (ROC) analysis. Both the model and the cut-off value
derived from the training dataset were also applied to the
expression data of the validation cohorts 1 and2.

Statistical analysis

For the analysis of the association between immune signatures
and outcome the endpoints OS and locoregional control were
used, in which an event was defined as death due to any cause
(OS) or tumor recurrence at the primary site or regional
lymph nodes (LRC), respectively. Event times were measured
from the date of start of treatment to the date of event
occurrence, censored by the date of the last contact (OS) or
the date of the last post-treatment assessment by imaging or
clinical examination (LRC). OS curves were plotted using the
Kaplan–Meier method and compared between groups with
the log-rank test. Uni- and multivariate analyses were per-
formed by the Cox proportional hazard regression. Receiver
operating characteristic (ROC) analysis was conducted to
evaluate the accuracy of the distinct immune signature scores
in predicting the 3-yOS status. Two-tailed Pearson χ2 test was
used to test for significant differences of categorical variables
and Mann Whitney U test for numerical variables. For all
analyses, two-sided P value < .05 was considered statistically
significant. Statistical analyses were performed using SPSS
version 25.0 (IBM, Armonk, NY, USA).

Results

The tumor immune micromilieu interferes with survival
after CRTX

The training cohort was used for assessment of potential
differences in the abundance of distinct immune cell subsets
in relation to the 3-y OS status. This analysis revealed an
increase in tumor-infiltrating lymphocytes (TIL) in pretreat-
ment tumor samples from patients alive compared to those
deceased after 3 y(Figure 1, a). Within the lymphocytic infil-
trate, the relative portions of B-cells as well as the relative
numbers of CD3 + T-cells and their CD8+, cytotoxic and
regulatory subsets (Figure 1, b-f) were increased. Regression
analysis revealed positive correlations between CD8 + T-cells
and cytotoxic (R2 = 0.57; P < .001) as well as regulatory T-cell
subsets (R2 = 0.42; P < .001). In contrast, the extent of tumor
infiltration by NK cells, macrophages or neutrophils did not
differ according to the survival status (Figure 1, g-i).

Using a false discovery rate of <0.1 in the explorative
analysis of the nanoString dataset from the training cohort,
we identified 51 immune-related genes as differentially

expressed, of which 33 genes were found to be upregulated
and 18 genes downregulated in patients alive at 3 yafter start
of CRTX (supplementary Figure 3 & supplementary Table 2).
Pathway analysis revealed an enrichment of genes from both
the innate and adaptive immune system (data not shown).
Members of the TNFR superfamily mediating NF-kappaB
activation and genes involved in chemoattraction, cytokine
signaling as well as T-cell and B-cell receptor signaling were
among the 51 DEGs. Hierarchical clustering based on the
expression levels of the 51 immune genes (Figure 2, a)
revealed two patient subgroups of the training cohort with
significantly different OS after CRTX (Figure 2, b).

To further assess the prognostic role of the identified candi-
date immune genes we interrogated the publicly available
resource for PREdiction of Clinical Outcomes from Genomic
profiles (PRECOG, http://precog.stanford.edu) in which gene
expression and clinical outcome data from ~18,000 human
tumors across 39 malignancies are integrated.15 Of note, 34 of
the 51 immune-related genes (66%) which were differentially
expressed according to the 3-yOS status in our study were
found to be globally associated with survival in the PRECOG
dataset (supplementary Table 2).

Establishment and validation of an immune signature
risk score

Using a least absolute shrinkage and selection operator
(LASSO)-penalized Cox regression model, a subset of variables
was selected from the 51 DEGs in order to establish an immune
signature risk score (ISRS) for patient stratification and prog-
nosis in clinical routine. Among the 51 DEGs, 13 genes were
identified that showed the highest prognostic value with lowest
correlation between each other. An ISRS was calculated as the
sum of the weighted log2 expression values of the 13 genes
(ISRS-13), using the coefficients established in the LASSO Cox
model as weighting factors. We then assessed the accuracy of
ISRS-13 in predicting the 3-y OS status using receiver operating
characteristic (ROC) analysis. An area under the curve (AUC)
of 0.93 (P< .001) confirmed the high accuracy of ISRS-13 in the
training cohort (supplementary Figure 4). ROC analysis was
also used to define the optimal cutoff for patient stratification.
It revealed a sensitivity of 100% and a specificity of 92% for the
cut-off value of 18.0. The prognostic value of ISRS-13 was
superior to risk classification by the CD8 T-cell score which
is based on CD8a and CD8b mRNA expression levels only
(supplementary Figure 4).

We then validated the prognostic value of ISRS-13 in three
independent patient cohorts. Validation cohort 1 comprised
routine-care OPSCC patients treated with CDDP-based
CRTX. In order to assess the predictive versus prognostic
power of ISRS-13 we also included patients from the ARO-
0401 trial who had been treated with MMC-CRTX (validation
cohort 2). Tumor samples from the two cohorts were also
profiled by the nanostring PanCancer Immune Profiling Panel
on the nCounter platform. Algorithms for raw data proces-
sing, normalization, calculation of ISRS-13 and the cut-off
value for patient stratification were identical to the training
cohort. Validation cohort 3 comprised the subset of OPSCC
patients from the TCGA HNSCC cohort. Here, RNAseq
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normalized log2 data were used for calculation of the ISRS-13
and its mean was applied for patient stratification. Kaplan-
Meier analysis confirmed the prognostic impact of ISRS-13 on
overall survival in all three validation cohorts (Figure 3, b-d).
In contrast, a significant influence of ISRS-13 on locoregional
tumor control was only observed in the patient group treated
with CDDP – but not MMC-based CRTX (Figure 4).

Interference of HPV status and ISRS-13 with overall survival
Given the strong prognostic impact of the HPV status on
overall survival after CRTX in OPSCC12 and the previously
reported significant differences in the tumor immune micro-
milieu of HPV-positive and HPV-negative carcinomas,16,17

we evaluated the interaction of both parameters. For this
analysis, we pooled the nanoString datasets of the training
and validation cohorts since the low prevalence of HPV-
positive cases did not provide sufficient statistical power
for separate analysis. Overall, HPV-positive tumors, when
compared to HPV-negative tumors, displayed significantly
increased infiltration of the immune cell subsets (supple-
mentary Figure 5) which were associated with prolonged

OS. As expected, we observed a significant accumulation of
HPV-positive cases in the patient subgroup with favorable
ISRS-13 (i.e. a score <18.0). Nonetheless, patient stratifica-
tion according to ISRS-13 identified two patient subgroups
with significantly different OS in both the HPV-negative and
-positive subgroups (Figure 5, a-b).

We also evaluated the prognostic value of the 6-gene inter-
feron-gamma (IFNG-6) signature previously reported to dis-
criminate between responders and non-responders to PD-1
blockade in R/M HNSCC18 and other types of cancers.19

Again, the score value with highest specificity/sensitivity iden-
tified by ROC analysis (supplementary Figure 4) was used as
cut-off (<42.5). While a high IFNG-6 score was significantly
associated with improved OS after CRTX in the HPV-positive
subgroup of patients, such correlation was absent in the HPV-
negative OPSCC population. The significant interaction
between the immune signatures and the HPV status in their
effects on overall survival was confirmed in the Cox regres-
sion model (Table 1). ISRS-13 remained an independent
prognosticator for OS in the multivariate model after correct-
ing for tumor stage (Table 1).
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Figure 1. Tumor-immune cell infiltration patterns according to the 3-y OS status. Cell type scores reflecting the abundance of the indicated tumor-infiltrating
immune cell types of patients alive or deceased at 3 yafter CRTX are presented in box plots.
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Discussion

Beside intrinsic molecular features of tumors significantly
interfering with the efficacy of radiation,20–22 the important
role of TIL in the outcome of HNSCC patients has been

recognized since the early 1980s. Despite limitations in sample
size and the inclusion of heterogeneous patient populations in
most of the previous studies, previous studies showed with
remarkable consistency that tumor-infiltrating T-cells repre-
sent a significant independent prognostic variable.23–26 Based
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and log-rank P values are given.
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on the results of functional studies in preclinical models of
melanoma4 and breast cancer,3 it was proposed that the favor-
able effect of tumor-infiltrating CD8 + T-cells in patients
treated with radiotherapy (RTX) relies on a RTX-induced
increase in T-cell priming in draining lymphoid tissues, lead-
ing to tumor eradication in a CD8 + T cell-dependent
fashion.3,4 This hypothesis was further supported by studies
of patient cohorts uniformly treated with adjuvant or defini-
tive CRTX in which high infiltration of CD8 + T-cells in
tumor tissue before start of treatment was identified as an
independent factor of favorable outcome.5,6 Subsequent stu-
dies extending the immunohistochemical analysis to PD-L1

suggested additional prognostic value of an expanded
immuno-profiling approach.27,28 Here, by comprehensive
immune transcriptome analysis we identified further
immune-cell subsets and associated immune effector path-
ways which significantly interfere with outcome after CRTX.

While the importance of CD8 + T-cells, the major killer
T-cells for tumor eradication by CRTX is rather well estab-
lished, it remains less clear why higher infiltrates of Tregs
comprising the major immunosuppressive T-cell subset
should be beneficial for clinical outcome.29 The positive asso-
ciation of Tregs with survival observed in our study which has
already previously been described in head and neck30 and
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Figure 3. ISRS-13 as robust prognostic factor for overall survival in OPSCC. Patients from the training and validation cohorts were stratified according to ISRS-13
using a cut-off of 18.0 (training, validation cohorts 1 and2) or the mean value (validation cohort 3). Kaplan–Meier curves for OS are shown and log-rank P values are
given.
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esophageal cancers31 may be due to the known relationship
between Tregs and an ‘‘inflamed” tumor microenvironment.
As part of a physiological feedback loop preventing immune
cell over-activation, Tregs are usually enriched in a TH1
environment. This explains why elevated expression levels of
multiple immunosuppressive markers, such as indoleamine-
2,3-dioxygenase (IDO) and FOXP3, have been associated with
T-cell-inflamed tumors.29 Moreover, in a mouse model of
4-nitroquinoline 1-oxide-induced oral carcinogenesis an
increase in inflammatory TH1 immune populations associated
with a beneficial antitumor response in tumor-bearing mice
was accompanied by an increase in immunosuppressive Tregs
in affected lymph nodes.32 Thus, increased infiltration of
Tregs in tumors may suggest a background of high TH1
effector response that promotes a favorable outcome. In

support of this hypothesis, a strong positive correlation of
tumor-infiltrating Tregs and the presence of immune effector
cells displaying elevated gene expression of cytolytic enzymes
was also observed in our study.

B-cells belong to the poorly characterized TIL subsets in
HNSCC and other cancer entities. Only two small cohort
studies applying CD20 IHC for detection of tumor-
infiltrating B-cells have addressed their prognostic value in
HNSCC so far. The first study including a cohort of 33
patients with oro-/hypopharyngeal carcinoma revealed an
association of B-cells residing in the peritumoral tissue of
lymph node metastases with favorable outcome whereas
intraepithelial B-cells in the primary tumor tissue lacked
prognostic impact.33 A lack of any prognostic value of tumor-
infiltrating B-cells was also reported by a more recent study.34
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according to ISRS-13 using a cut-off of 18.0. Kaplan–Meier curves for locoregional failure are shown, and log-rank P values are given.
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The discrepancy in the prognostic value of B-cells between
our and previous studies might result from different B-cell
detection method. Detection based on mRNA expression
levels of four B-cell specific genes (CD19, MS4A1, BLK,
TNFRSF17) by the nanoString platform might reveal
a distinct subpopulation of B-cells than sole IHC staining of
CD20, the protein encoded by the MS4A1 gene. This explana-
tion seems very likely in the light of the fact that, similar to
T-cells, B-cells represent a heterogeneous population with
functionally distinct subsets, and the balance among subtypes
can significantly impact on the strength of anti-tumor
immunity.35 Beyond presenting antigens, secreting immuno-
globulin and directly killing tumor cells, B-cells also produce
cytokines that regulate T-cells to inhibit the anti-tumor
immune response.35 Clearly, more detailed studies will be

necessary to unravel the interference of B-cells with treatment
efficacy and tumor progression in HNSCC.

We further demonstrated that 51 of the 730 immune-
related genes (7%) were differentially expressed in
3-y survivors compared to non-survivors. The spectrum of
the genes associated with the efficacy of CRTX suggests
a complex biology of immune cell homeostasis in CRTX-
responsive tumors. Their influence in overall survival after
CRTX seems not to be unique for OPSCC but to have a more
global relevance in cancer since two-thirds of the genes were
similarly associated with survival in the pan-cancer PRECOG
dataset. Immune profiling based on the 51 DEGs might thus
represent a useful tool for patient risk assessment in a larger
spectrum of cancer diseases. For routine application, however,
a risk score like ISRS-13 which is based on a smaller set of
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Figure 5. Kaplan-Meier estimates of overall survival among HPV-negative and HPV-positive OPSCC patients, according to the ISRS-13 and IFNG-6
signatures. The HPV-negative and -positive subgroups of patients were stratified according to ISRS-13 (a, b) or IFNG-6 (c, d). Kaplan–Meier curves for OS are shown
and log-rank P values are given.
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genes might be more practicable. Similar to the previous
observation that extended immune signatures were more sui-
table for capturing the complexity of the dynamic immune
response to a tumor,19 the performance of ISRS-13 was super-
ior to sole assessment of CD8a/b expression levels as surro-
gate marker of CD8 + T-cell infiltrates. ISRS-13 also clearly
outperformed the IFNG-6 score in identifying patients with
low/high clinical benefit from CRTX, suggesting that the
immune cell features contributing to the efficacy of CRTX
and ICI therapy only partially overlap. Intriguingly, ISRS-13
was significantly associated with locoregional tumor control
by CDDP – but not MMC-based CRTX. This observation is in
line with accumulating evidence of significant immunogenic
properties of platinum-based chemotherapeutics7,8,36 which
have not been reported for MMC. This result strongly support
currently pursued strategies of combining CDDP-CRTX with
immunomodulatory agents like PD-1 blocking antibodies.37

Previously, the NanoString nCounter platform which we
applied for in-depth immune-cell related expression profiling
has been extensively used for comprehensive analysis of
immune-related genes in archival FFPE tumor tissue.19,38,39

Based on this platform, clinical-grade immune signature
assays have been developed which allow prediction of patient
response to immune checkpoint inhibitors with high accu-
racy. Despite any further improvement after initial establish-
ment, performance of immune signatures such as the 18-gene
T cell-inflamed gene expression profile was highly robust
when applied to independent clinical cohorts,19,39 and com-
pared favorably to IHC analysis.19 Finally yet importantly,
gene expression profiling on the NanoString nCounter plat-
form was also possible for very limited amount of biomaterial.
Despite these advantageous features of the NanoString
nCounter platform, further development of ISRS-13 and its
implementation as a clinical-grade diagnostic tool will require
validation of gene expression by IHC.

In conclusion, our study further elucidated the complex
interaction of the tumor immune microenvironment with the
efficacy of CRTX in HPV-positive and HPV-negative OPSCC.
The major strength of our study is the analysis of the prog-
nostic value of the tumor immune micromilieu in a uniformly
treated OPSCC patient cohort from a phase III clinical trial
and the independent validation of our findings in three inde-
pendent datasets. Limitations are the retrospective nature of

the study and the small number of cases in the training and
validation cohorts. Further comprehensive immune profiling
studies in randomized clinical trials will be necessary for
future optimal exploitation of immune effector mechanisms
for curative treatment strategies in HNSCC. In addition, the
value of ISRS-13 for outcome prediction and the selection of
patients with potential preferential benefit from CRTX-ICI
combinations will need to be rigorously evaluated in prospec-
tive trials.
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