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ABSTRACT
Background To characterize genomic determinants of 
response to pembrolizumab in recurrent/metastatic (R/M) 
head and neck squamous cell carcinoma (HNSCC) in the 
KEYNOTE- 012 study.
Methods Associations between biomarkers (tumor 
mutational burden (TMB), neoantigen load (NL), 18- gene T- 
cell- inflamed gene expression profile (Tcell

infGEP), and PD- L1 
combined positive score (CPS)) and clinical outcomes with 
pembrolizumab were assessed in patients with R/M HNSCC 
(n=192). Tumor human papillomavirus (HPV) status was also 
evaluated with the use of p16 immunohistochemistry and 
whole exome sequencing (WES; HPV+, mapping >20 HPV 
reads) in pretreatment tumor samples (n=106).
Results TMB, clonality- weighted TMB, and TcellinfGEP 
were significantly associated with objective response 
(p=0.0276, p=0.0201, and p=0.006, respectively), and a 
positive trend was observed between NL and PD- L1 CPS and 
clinical response (p=0.0550 and p=0.0682, respectively). 
No correlation was observed between TMB and Tcell

infGEP 
(Spearman ρ=–0.026) or TMB and PD- L1 (Spearman 
ρ=0.009); a correlation was observed between TcellinfGEP 
and PD- L1 (Spearman ρ=0.511). HPV status by WES and p16 
immunohistochemistry showed concordance (84% ҡ=0.573) 
among patients whose HPV results were available using both 
methods.
Conclusions TMB and inflammatory biomarkers (Tcell

infGEP 
and PD- L1) may represent distinct and complementary 
biomarkers predicting response to anti- programmed death 
1 therapies in HNSCC; further study of these relationships in 
randomized clinical trials is needed.
Trial registration number NCT01848834.

INTRODUCTION
Immune checkpoint inhibitors demon-
strate antitumor activity in a variety of 
tumor types.1–4 Programmed death ligand 
1 (PD- L1) expression can predict response 
to programmed death 1 (PD- 1) inhibition 

and is an approved diagnostic for some 
cancers.5 6 Despite the predictive value of 
PD- L1 expression, some patients with PD- L1- 
negative tumors experience clinical benefit 
with PD- 1- targeting/PD- L1- targeting regi-
mens,7–9 and crossover of progression- free 
survival (PFS) or overall survival (OS) curves 
for patients with PD- L1- positive and PD- L1- 
negative tumors using various cutoffs has 
been observed,8 10 suggesting the existence 
of unidentified immunotherapy- responsive 
subpopulations. Greater understanding of 
the tumor microenvironment, beyond PD- L1 
expression, is needed to predict clinical 
benefit more reliably.

Certain molecular signatures have been 
linked with clinical outcomes in several solid 
tumors.11 Tumor mutational burden (TMB), 
as determined by next- generation sequencing 
(NGS) or whole exome sequencing (WES), 
can predict response to immunotherapies 
(anti- cytotoxic T- lymphocyte- associated protein 
4 (CTLA- 4) or anti- PD- 1/PD- L1) as demon-
strated in retrospective analyses across multiple 
tumor types.12–15 Additionally, the anti- PD- 1 
monoclonal antibody pembrolizumab is now 
approved as treatment for patients with TMB- 
high (TMB- H; ≥10 mutations/megabase) solid 
tumors.6 Neoantigen load (NL), a less validated 
biomarker, can also be determined by NGS and 
WES, but identifying criteria to further define 
neoantigens is needed.13 Some tumors exhibit 
a T- cell- inflamed phenotype, described by an 
18- gene T- cell- inflamed gene expression profile 
(TcellinfGEP) composed of infiltrating T cells, 
chemokines, and an interferon gamma (IFN-γ) 
signature, and additional gene expression 
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T- cell inflammation signatures have been developed.16 17 
A recent study suggested that tumor antigenicity, whether 
originating from somatic mutations or viral epitopes, and 
T- cell infiltration provide complementary information that 
predicts pembrolizumab activity.16 18 Markers of tumor T- cell 
inflammation are related to response to anti- PD- 1/PD- L1 
therapies, suggesting that tumors exhibit adaptive and cyto-
toxic T- cell responses of variable intensity.16 19 The primary 
objective of the evaluations presented here is to charac-
terize response to pembrolizumab in head and neck squa-
mous cell carcinoma (HNSCC) according to the landscape 
of these key mutational and inflammation biomarkers.

Oncogenic viruses (eg, human papillomavirus (HPV), 
hepatitis B virus, Merkel cell polyomavirus, and Epstein- 
Barr virus) generate viral antigens distinct from somatic 
mutations.20 21 Response to immunotherapy is reportedly 
higher in some virus- associated cancers than in their virally 
unrelated counterparts.4 22 PD- L1 expression is increased 
in some virus- associated cancers, reflecting an inflamed 
tumor phenotype.21–23 However, genetic determinants of 
response to immunotherapy in virus- associated cancers 
are not well understood.21

HNSCC includes HPV- associated cancers that might be 
highly immune cell infiltrated; the level of immune infiltra-
tion and activation varies according to HPV status, molecular 
subtype, and genomic instability.24 HNSCC tumors, irre-
spective of HPV status, benefit from immunotherapy.24–26 
Pembrolizumab was well tolerated and conferred durable 
antitumor activity in patients with HNSCC in the non- 
randomized phase 1b multicohort KEYNOTE- 012 and 
phase 2 KEYNOTE- 055 (NCT02255097) studies.2 4 27 28 
The efficacy of pembrolizumab was associated with PD- L1 
expression and IFN-γ-related gene expression.4 29 Although 
HPV- mediated HNSCC has a distinct natural history, biomo-
lecular signature, and response to cytotoxic therapy,30 31 the 
association of HPV status with pembrolizumab efficacy has 
been equivocal. In CheckMate- 141, response rates were 
higher in nivolumab- treated patients with p16- positive 
HNSCC (15.9%) than in those with p16- negative HNSCC 
(8.0%).32 In KEYNOTE- 012, patients with HPV- associated 
(defined as p16- positive) HNSCC achieved a higher 
response to pembrolizumab than their p16- negative coun-
terparts; this was not statistically significant given the small 
number of patients with p16- positive disease.2 Conversely, 
in KEYNOTE- 055, patient response to pembrolizumab was 
not impacted by HPV status though response rate alone may 
not be a sensitive outcome measure for patient benefit.28 By 
contrast, survival has consistently been more favorable in 
patients with HPV- associated than HPV- negative HNSCC 
across treatment regimens (eg, radiotherapy, chemo-
therapy, and immunotherapy across anti- PD- 1/PD- L1 
studies).33 34

Although HPV is often determined indirectly using 
p16 immunohistochemistry (IHC) as a surrogate marker 
with a 5% false- positive rate in HPV- negative tumors,35 
direct genomic methods such as in situ hybridization, 
PCR, and WES are available.36 37 In the current study, the 
key secondary objective beyond characterizing genomic 

determinants of response to pembrolizumab was to 
descriptively assess the distribution of mutational load 
and inflammatory biomarkers (TcellinfGEP and PD- L1) 
according to HPV status and to assess the role of HPV 
status as an explanatory variable for pembrolizumab 
response beyond the key genomic determinants of muta-
tion and inflammation in patients with recurrent/meta-
static (R/M) HNSCC enrolled in KEYNOTE- 012, for 
whom long- term data have been detailed.29

METHODS
Study design
The design and patient population of KEYNOTE- 012 have 
been reported.4 In brief, adult patients with histologically 
or cytologically confirmed R/M HNSCC were enrolled. 
Initially, only patients with PD- L1- positive tumors (expres-
sion in stroma or ≥1% of tumor cells38) were included 
(cohort B1); after a protocol amendment, patients were 
enrolled regardless of PD- L1 status (cohort B2). Cohort 
B1 received pembrolizumab 10 mg/kg every 2 weeks 
intravenously; cohort B2 received pembrolizumab 200 mg 
every 3 weeks intravenously.

Assessments
In this exploratory analysis, the predictive value of TMB 
and inflammatory biomarkers (TcellinfGEP, PD- L1) were 
assessed in both KEYNOTE- 012 cohorts (B1 and B2). The 
methods used to analyze TMB, NL, and TcellinfGEP have 
been reported.16 18 The cut- off of −0.318 used to define 
GEPlow and GEPnonlow is synonymous with GEPlo and 
GEPhi used in Cristescu et al.18 Tumor PD- L1 expression 
was assessed by IHC combined positive score (CPS); CPS 
≥1 was considered positive.

HPV status was confirmed by p16 IHC using the 
CINtec p16 Ventana assay on the BenchMark Ultra using 
formalin- fixed paraffin- embedded pretreatment clinical 
specimens and by WES of germline and tumor DNA. For 
HPV status determined by p16 IHC, HPV- positive status 
(defined as ≥70% tumor cells with positive nuclear and/or 
cytoplasmic diffuse staining and H score of 210) included 
patients with primary tumor locations in the oropharynx, 
and HPV- negative status included patients with non- HPV- 
associated oropharyngeal cancers and primary tumor 
locations outside the oropharynx. Additional details are 
described in online supplemental file 1.

Statistical analysis
Logistic regression modeling was used to test the asso-
ciation between TMB (and/or TcellinfGEP/PD- L1) and 
best overall response. A Cox model was used to assess the 
association between TMB (and/or TcellinfGEP/PD- L1) 
and PFS and OS; log or square root transformation was 
used when needed for TMB/PD- L1. Regression models 
were adjusted for Eastern Cooperative Oncology Group 
(ECOG) performance status and cohort. One- sided p 
values were calculated according to the hypothesized posi-
tive association between these exploratory biomarkers 
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and improved clinical outcomes. The area under the 
receiver operating characteristic (AUROC) curve was 
used to measure discriminatory ability. A TMB cut- off of 
175 mutations/exome (mut/exome) was used for illus-
trative purposes and was identified in previous explor-
atory analyses as the threshold with strong support for 
predicting response to pembrolizumab across multiple 
tumor types.18 39 Additionally, this WES- based TMB cut- 
off of 175 mut/exome proved to be the most concordant 
with the FoundationOne®CDx (Foundation Medicine) 10 
mutations/megabase cut- off,40 the current assay and cut- 
off for the tumor- agnostic indication for which pembroli-
zumab is approved.6 The cut- off for TcellinfGEP was −0.318 
(TcellinfGEPlow <–0.318; TcellinfGEPnonlow ≥–0.318); this 
was associated with the Youden Index in an ROC anal-
ysis of a pan- cancer data set using TcellinfGEP to predict 
whether a tumor was inflamed, as defined by observa-
tions on the dendrogram from unsupervised clustering 

of the pan- cancer data and supported as an enriching 
cut- off across multiple tumor types. Correlations between 
TMB and inflammatory biomarkers were assessed using 
Spearman correlation. Nominal p values were reported 
for signature testing. No adjustment was made for multi-
plicity. The concordance of HPV status, defined by WES 
versus p16 IHC, was evaluated using a contingency table. 
The distribution of each biomarker (TMB/TcellinfGEP/
PD- L1) by HPV status was illustrated using boxplots, and 
the mean difference of each biomarker in HPV- positive 
versus HPV- negative subgroups was tested using a two- 
sample t- test, and the adjusted p values are reported 
for multiple testing across the three biomarkers (TMB/
TcellinfGEP/PD- L1). The Hochberg Step- up procedure 
was used for multiplicity to control the family- wise error 
rate. Testing for differential biomarker relationships 
according to HPV status was performed with an inter-
action term between the biomarker (TMB/TcellinfGEP/

Figure 1 Association between biomarkers and response in the overall patient population. (A) TMB, (B) TMB weighted by 
clonality, (C) NL, (D) T- cell- inflamed GEP, and (E) PD- L1 CPS. CPS, combined positive score; CR, complete response; GEP, 
gene expression profile; NL, neoantigen load; NR, non- responder; PD- L1, programmed death ligand 1; PR, partial response; R, 
responder; TMB, tumor mutational burden.
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PD- L1) and HPV status in a logistic regression model 
(other terms were ECOG, cohort, the biomarker itself 
(TMB/TcellinfGEP/PD- L1), and HPV status) and was 
similarly adjusted for multiplicity.

RESULTS
One hundred and ninety- two patients were included in 
this analysis; 106 (55.2%; 33 from cohort B1, 73 from 
cohort B2) had available WES data. Patient baseline char-
acteristics are listed in online supplemental table S1.

Association between TMB and clinical outcomes
TMB was significantly associated with objective response 
(p=0.0276) (figure 1A).18 The AUROC curve for TMB and 
response was 0.61 (figure 2). Median PFS was longer in 
the TMB ≥175 mut/exome subgroup than the TMB <175 
mut/exome subgroup (121 vs 64 days) (figure 3A); 
median OS times were similar regardless of TMB cut- off 
(301 vs 303 days, respectively) (figure 3B).

Clonality- weighted TMB, an estimate of TMB restricted 
to clonal mutations, was highly correlated with TMB 
(Spearman ρ=0.91). Similarly, clonality- weighted TMB 
was significantly associated with response (p=0.0201) 
(figure 1B). NL was also highly correlated with TMB 
(Spearman ρ=0.83) and tended to associate with higher 
response rates (p=0.0550) (figure 1C).

Association between TcellinfGEP and clinical outcomes
TcellinfGEP was significantly associated with response 
(p=0.0006) (figure 1D).18 The AUROC curve for Tcel-
linfGEP and response was 0.77 (figure 2). Of importance, 
the TcellinfGEP was initially identified with a training data 
set including cohort B1 and later independently validated 

using data from cohort B2.16 Median PFS was longer in 
the TcellinfGEPnonlow subgroup than the TcellinfGEPlow 
subgroup (106 vs 57 days) (figure 3C). Similarly, median 
OS was longer in the TcellinfGEPnonlow subgroup than the 
TcellinfGEPlow subgroup (385 vs 199 days) (figure 3D).

Association between PD-L1 and clinical outcomes
PD- L1 tended to associate with higher response rates 
(p=0.0682) (figure 1E). The AUROC curve for PD- L1 
response was 0.62 (figure 2). Median PFS was longer in 
the PD- L1 CPS≥1 subgroup than the CPS<1 subgroup (97 
vs 60 days) (figure 3E). Similarly, median OS was longer 
in the CPS≥1 subgroup than the CPS<1 subgroup (353 vs 
173 days) (figure 3F).

Joint assessment of biomarkers
There was no correlation between TMB and Tcel-
linfGEP (Spearman ρ=−.026) or between TMB and PD- L1 
(Spearman ρ=0.009) (figure 4). TcellinfGEP and PD- L1 
were correlated with Spearman ρ=0.511. When TMB, Tcel-
linfGEP, and PD- L1 were evaluated as continuous variables 
for their independent predictive values in a multivariate 
model with any two included into a model simultaneously, 
TMB and TcellinfGEP showed independent predictive value 
with p<0.05 after adjusting for another biomarker (TMB/
TcellinfGEP/PD- L1); PD- L1 was not statistically significant 
after adjusting for TcellinfGEP or TMB (p>0.05). Responses 
were enriched in the TMB ≥175 mut/exome subgroup 
(8/26 patients; 30.8%; 95% CI 16.5% to 50.0%), the CPS ≥1 
subgroup (19/88 patients; 21.6%; 95% CI 14.3% to 31.3%), 
and the TcellinfGEPnonlow subgroup (20/74 patients; 27.0%; 
95% CI 18.2% to 38.1%). The TMB ≥175 mut/exome and 
PD- L1 CPS ≥1 (8/22 patients; 36.4%; 95% CI 19.7% to 
57.0%) (figure 4B) and TMB ≥175 mut/exome and Tcellinf-

GEPnonlow (7/18 patients; 38.9%; 95% CI 20.3% to 61.4%) 
(figure 4C) subgroups had the highest response rate.

Distribution of biomarkers by HPV status
Of 192 patients, 106 (55%) had evaluable WES data. 
There was agreement between p16 IHC and WES for HPV 
status (89/106 (84%); ҡ=0.573) (online supplemental 
table S2). Both WES- defined and p16 IHC- defined HPV 
status demonstrated mutual exclusivity with TP53 muta-
tion (online supplemental table S3).

The distribution of biomarkers (TMB/TcellinfGEP/
PD- L1) was comparable in HPV- positive and HPV- negative 
subgroups defined by WES or p16 IHC (figure 5). Two- 
sample t- testing showed no significant difference between 
HPV- positive and HPV- negative subgroups defined by 
WES or p16 IHC for any biomarkers (adjusted p>0.6).

Biomarker relationships with clinical outcomes by HPV status
Evaluating trends for TMB, TcellinfGEP, and PD- L1 within 
HPV status subtypes suggested an association between 
each biomarker and response in HPV- positive and HPV- 
negative subgroups (figure 6A–C). Trends for associa-
tion between PD- L1 and response and TcellinfGEP and 
response in HPV subgroups were observed regardless of 
methodology used to evaluate HPV status. In contrast, 

Figure 2 AUROC curve by biomarker. AUROC, area under 
the receiver operating characteristic; CPS, combined positive 
score; GEP, gene expression profile; PD- L1, programmed 
death ligand 1; TMB, tumor mutational burden; WES, whole 
exome sequencing.
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though a trend for association between TMB and response 
was seen in HPV subgroups analyzed by p16 IHC, a trend 
was observed only for the HPV- negative subgroup defined 
by WES.

Interaction testing did not confirm evidence of unique 
relationships for these biomarkers with clinical outcome, 
depending on HPV status. A test of the interaction effect, 
TMB by HPV, showed no difference of TMB association with 
response in HPV- positive versus HPV- negative subgroups 
defined by WES (TMB*HPV interaction, adjusted 
p=0.8184) or p16 IHC (adjusted p=0.4879). Similarly, a 
test of the interaction effect, TcellinfGEP by HPV, showed 

no difference of TcellinfGEP association with response in 
HPV- positive versus HPV- negative subgroups defined by 
WES (TcellinfGEP*HPV interaction, adjusted p=0.8184) or 
p16 IHC (adjusted p=0.4879). Last, a test of the interaction 
effect, PD- L1 by HPV, showed no difference of PD- L1 asso-
ciation with response in HPV- positive versus HPV- negative 
subgroups defined by WES (PD- L1*HPV interaction, 
adjusted p=0.3129) or p16 IHC (adjusted p=0.3069).

DISCUSSION
Pembrolizumab is approved in the USA for patients 
with R/M HNSCC6; however, not all patients respond 

Figure 4 Correlation between (A) TMB and T- cell- inflamed GEP or (B) TMB and PD- L1 CPS and the response rate (95% CI) 
of the dual biomarkers (C) TMB and PD- L1 CPS, (D) TMB and T- cell- inflamed GEP, and (E) T- cell- inflamed GEP and PD- L1 
CPS in the overall patient population. Dashed horizontal lines represent clinically applicable TMB threshold of ≥175 mut/
exome. Dashed vertical line represents discovery cut- off for the T- cell- inflamed GEP (≥−.318) selected through analysis of data 
across multiple tumor types16 or the PD- L1 cut- off of CPS 1. CPS, combined positive score; CR, complete response; GEP, 
gene expression profile; mut/exome, mutations/exome; NR, non- responder; PD- L1, programmed death ligand 1; PR, partial 
response; R, responder; TMB, tumor mutational burden.
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to treatment. Establishing patient- specific and tumor- 
specific factors that predict response can help iden-
tify patients likely to achieve clinical benefit and may 
accelerate the study of novel strategies for patients less 
likely to benefit from therapy. In the current study, we 
explored genomic determinants of response, including 
by HPV status, to pembrolizumab; this is a comprehen-
sive analysis reporting the impact of TMB and inflamma-
tory biomarkers (TcellinfGEP and PD- L1) on response to 
pembrolizumab in patients with HNSCC. Results indicate 
that higher mutation and inflammation levels are associ-
ated with improved propensity to respond.

In the overall population, our data show that TMB and 
TcellinfGEP were orthogonal, independently significant 
predictors of response. Responses were higher in patients 
with TMB≥175 mut/exome or TcellinfGEPnonlow tumors; a 
similar pattern was observed for PFS. OS was prolonged 
in the TcellinfGEPnonlow compared with the TcellinfGEPlow 
subgroups; no significant associations between TMB and 
OS were observed. TMB- H is associated with response 
and prolonged survival in patients receiving immune 
checkpoint inhibitors.13 15

The distributions of TMB, TcellinfGEP, and PD- L1 were 
not dramatically different between HPV- positive and 
HPV- negative subgroups, and no significant statistical 
evidence supporting HPV- specific relationships between 
these biomarkers and clinical outcome was observed. 
In the small subset of patients with WES- defined HPV- 
positive tumors, TMB did not appear to be associated 
with response, possibly because of the dominance of 
viral neoepitopes not measured by WES compared with 
somatic neoepitopes captured by WES and potentially 
reflected by that fact that HPV- positive tumors exhibit 
a characteristic somatic mutation signature (apolipo-
protein B editing catalytic polypeptide, potentially 
virally induced) more frequently than do HPV- negative 
tumors.31 Nevertheless, the general statistical shortcom-
ings of evaluating biomarker distributions across small 

HPV subgroups must be acknowledged. The small sample 
size of the HPV- positive subgroup in this study precludes 
reliable conclusions, but emerging evidence on estab-
lishing HPV infection status to inform treatment deci-
sions highlights its importance in HNSCC. HPV- positive 
HNSCC is associated with improved survival and response 
to cytotoxic therapy33; it is now recommended that HPV 
status be reported before therapy is chosen.35 41 Simi-
larly, in a recent pooled analysis, HPV- positive tumors 
were associated with greater clinical benefit from PD- 1/
PD- L1 inhibitors than were HPV- negative tumors.34 
HPV infection promotes T- cell infiltration, immune 
effector cell activation, and T- cell receptor diversity in 
HNSCC,34 suggesting that HPV- positive tumors may be 
more amenable to immunotherapy. The current anal-
ysis, though limited by sample size, highlights the impor-
tance of evaluating genomic signatures in HNSCC and of 
trying to understand whether those genomic correlates of 
response operate similarly in their associations regardless 
of HPV status.

Genomic correlates of response to immune check-
point inhibitors have been studied in several tumor 
types.13 14 16 42–45 An 18- gene TcellinfGEP predicted 
response to pembrolizumab across multiple solid tumor 
types, including HNSCC, and other T- cell inflammation/
IFN-γ-related signatures are being developed.16 In meta-
static melanoma, TMB, NL, and expression of cytolytic 
markers (genes encoding granzyme A and perforin) 
were predictors of clinical benefit with ipilimumab (anti- 
CTLA- 4).13 In patients with advanced melanoma, Tcel-
linfGEP predicted best overall response with anti- PD- 1 but 
not with anti- CTLA- 4 therapy.43 46

The widely used method of detecting HPV infec-
tion—p16 IHC47—is readily available and evaluable in 
pathology laboratories.35 47 p16 positivity is commonly 
defined as strong and diffuse nuclear and cytoplasmic 
staining in ≥70% of the tumor specimen,48 49 although 
there has been some debate with regard to the cut- off 

Figure 5 Biomarker distribution by HPV status for (A) TMB, (B) T- cell- inflamed GEP, and (C) PD- L1 CPS. CPS, combined 
positive score; GEP, gene expression profile; HPV, human papillomavirus; TMB, tumor mutational burden; WES, whole exome 
sequencing.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jitc.bm

j.com
/

J Im
m

unother C
ancer: first published as 10.1136/jitc-2021-003026 on 25 F

ebruary 2022. D
ow

nloaded from
 

http://jitc.bmj.com/


8 Haddad RI, et al. J Immunother Cancer 2022;10:e003026. doi:10.1136/jitc-2021-003026

Open access 

and staining patterns.50 Potential problems exist with 
p16 IHC detection of HPV, which include p16 expression 
in 5% of HPV- negative head and neck cancers as well as 
p16 staining heterogeneity, false- positive staining, and 
lack of a standardized cut- off for positivity.51 Moreover, 
WES- defined and p16- defined HPV status demonstrated 
mutual exclusivity with TP53 mutation in this data set; 
such mutual exclusivity has been reported in major head 
and neck molecular studies, which include The Cancer 
Genome Atlas (TCGA).52 Increased sensitivity of NGS 
methods for HPV detection over p16 IHC was demon-
strated for HNSCC, but no direct comparison was made.36 
In the first study to describe large- scale WES in HNSCC, 
Stransky et al36 identified more HPV- positive cases by use 
of WES than by use of p16/CDKN2A detection. Further 

validation of the usefulness of WES could be achieved by 
determining whether the natural history of patients with 
WES- defined HPV- positive disease is the same as that for 
p16 IHC- defined patients. Because WES HPV genetic 
material detection is accurate,52 the absence of HPV 
genetic material is considered reliable for determining 
HPV- negative status; however, the presence of HPV DNA 
is considered less accurate than HPV RNA (the gold stan-
dard for HPV determination). Nevertheless, DNA- based 
and RNA- based methods showed similar accuracy in a 
TCGA analysis in HNSCC,52 and discrepancies between 
HPV DNA- based methods and p16 IHC similar to those 
found in our analysis have been observed.53

Sample size is an important limitation of this study, 
particularly for subset analysis based on HPV status 

Figure 6 Association between biomarkers and response by HPV status for (A) TMB, (B) T- cell- inflamed GEP, and (C) PD- L1. 
CPS, combined positive score; CR, complete response; GEP, gene expression profile, HPV, human papillomavirus; NR, non- 
responder; PD- L1, programmed death ligand 1; PR, partial response; R, responder; TMB, tumor mutational burden; WES, whole 
exome sequencing.
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and attendant lack of power for exploring HPV- specific 
biomarker relationships. Further evaluation in larger 
studies will provide greater insight into potential inter-
actions between mutation, inflammation, and HPV status 
in their association with response to pembrolizumab 
monotherapy.

Conclusion
TMB and inflammatory markers (TcellinfGEP and PD- L1) 
in HNSCC appear to represent distinct, fairly uncor-
related measures within the tumor microenvironment, 
providing complementary information for propensity to 
respond to pembrolizumab monotherapy. In this limited 
data set, TMB and inflammatory measures appeared to 
follow similar distributions in HPV- positive and HPV- 
negative tumors, and no evidence of HPV- specific rela-
tionships with clinical outcome for these biomarkers 
was observed. Evaluation in larger, randomized HNSCC 
studies will facilitate further understanding of the role 
TMB and inflammatory markers have as biomarkers of 
response to anti- PD- 1 therapies in HNSCC and, when 
assessed separately or jointly, potentially aid in the identi-
fication of patients who will benefit from treatment.
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