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Abstract 

Background  We previously reported in recurrent/metastatic head and neck squamous cell carcinoma (R/M HNSCC) 
treated with immune checkpoint inhibitors (ICIs), pretreatment higher lactate dehydrogenase (LDH) and absolute 
(abx) neutrophils as well as lower percent (%) lymphocytes correlated with worse overall survival (OS). In this study 
we aimed to develop a prognostic signature for HNSCC treated with ICIs using these peripheral blood biomarkers 
(PBBMs).

Methods  Adults with R/M HNSCC treated with ICIs at our institution from 08/2012 to 03/2021 with pretreatment 
PBBMs were included. Follow-up continued until 02/15/2022. The cohort (n = 151) was randomly split into training 
(n = 100) and testing (n = 51) datasets. A prognostic score incorporating LDH, % lymphocytes, and abx neutrophils 
was developed from the training dataset using Cox proportional hazards regression. In the training dataset, a grid 
search identified the optimal cutpoints classifying patients into high, medium, and low-risk groups (trichotomized 
signature) as well as high vs. low-risk groups (dichotomized signature). The prognostic score, dichotomized and tri-
chotomized signatures were then validated in the testing dataset.

Results  Training and testing datasets showed no clinically meaningful differences in clinicodemographic charac-
teristics or PBBMs. An OS prognostic model was developed from the training dataset: Risk score = 1.24*log10(LDH) 
− 1.95*log10(% lymphocytes) + 0.47*log10(abx neutrophils). Optimal risk score cutpoints for the dichotomized 
and trichotomized signatures were defined in the training dataset, and Kaplan-Meier curves for both dichoto-
mized and trichotomized signatures showed good separation between risk groups. Risk scores were calculated 
in the testing dataset, where the trichotomized signature demonstrated overlap between low and medium-risk 
groups but good separation from the high-risk group while the dichotomized signature showed clear separation 
between low and high-risk groups. Higher risk score correlated with worse OS (HR 2.08, [95%CI 1.17–3.68], p = 0.012). 
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Progression-free survival Kaplan-Meier curves likewise showed excellent separation between dichotomized risk 
groups in the training and testing datasets.

Conclusions  We developed a prognostic signature for OS based on 3 previously identified PBBMs for HNSCC treated 
with ICIs and identified a high-risk group of patients least likely to have survival benefit from ICIs. This signature may 
improve ICI patient selection and warrants validation in an independent cohort as well as correlation with CPS.

Keywords  Peripheral blood biomarkers, Head and neck cancer, Immunotherapy, Immune checkpoint inhibitors

Background
Better methods are needed to improve patient selection 
for immune checkpoint inhibitors (ICIs) in treatment of 
recurrent or metastatic (R/M) head and neck squamous 
cell carcinoma (HNSCC). We currently rely on combined 
proportion score (CPS), a measure of PD-L1 expression, 
to select patients to receive pembrolizumab. Although 
it correlates with improved outcomes in treatment with 
ICIs, CPS is an imperfect biomarker. Even in the PD-L1 
enriched population of CPS ≥ 20, only a minority of 
patients respond to ICIs as demonstrated in the land-
mark KEYNOTE-048 phase III clinical trial [1]. 

In previously published work, we demonstrated that 
peripheral blood biomarkers (PBBMs) can provide valu-
able prognostic information among patients with R/M 
HNSCCs treated with ICIs [2, 3]. In contrast to CPS 
biomarker, PBBMs are cost-effective, easily obtainable 
without invasive procedures, and routinely measured in 
clinical practice. We observed that higher pretreatment 
lactate dehydrogenase (LDH) and absolute (abx) neutro-
phils as well as lower percent (%) lymphocytes correlated 
with worse overall survival (OS) and progression-free 
survival (PFS) [3]. Similarly, higher LDH and lower % 
lymphocytes correlated with worse objective response 
(ORR). Our findings in the immunotherapy setting are 
consistent with previously reported PBBMs in a variety of 
treatment modalities for HNSCC. Moreover, we showed 
for the first time that pretreatment elevated serum LDH 
is a negative prognostic marker for OS, PFS, and ORR to 
immunotherapy in R/M HNSCC [3–6]. 

In this study, we aimed to explore the clinical applica-
bility of our prior results by developing a prognostic sig-
nature for pretreatment OS risk stratification in HNSCC 
treated with ICIs using the previously identified PBBMs.

Methods.

Study design and population
Patients with R/M HNSCC treated with ICIs between 
August 2012 and March 2021 at the University of Wash-
ington Medical Center/Fred Hutchinson Cancer Center 
were included. Those without pre-treatment peripheral 
blood data were excluded. Follow-up continued until 
February 15, 2022. Blinding and power analysis were 

not relevant to this study. This study was reviewed and 
approved by the Fred Hutchinson Cancer Research Insti-
tutional Review Board.

Demographics including age at initiation of ICI treat-
ment, sex, and race were reported. Treatment regimens 
and line of treatment were recorded. Performance status 
(PS) was evaluated on the first day of ICI administration 
using the Eastern Cooperative Oncology Group (ECOG) 
scale as documented by the patient’s oncologist. Addi-
tional characteristics recorded included smoking his-
tory, alcohol use, primary site, p16 status, and Charlson 
comorbidity index (CCI). Smoking history was defined 
as current smoker, former smoker (quit ≥ 12 months 
prior to treatment initiation), or never smoker. Alcohol 
use was categorized according to CDC guidelines, with 
heavy drinking defined as ≥ 8 drinks/week for women 
or ≥ 15 drinks/week for men, moderate drinking defined 
as ≤ 1 drink/day for women or ≤ 2 drinks/day for men, 
and none/rare defined as ≤ 1 drink per week. CPS was 
not included as it was not routinely collected during the 
study time frame (the approval of pembrolizumab as 
monotherapy in the first-line setting based on the CPS 
biomarker occurred in October 2021).

Correlative blood sample collection
Correlative peripheral blood samples were collected 
within 24 h prior to starting ICI treatment. Based on our 
prior work demonstrating PBBMs that correlated with 
OS, the following PBBMs were evaluated: LDH, % lym-
phocytes, and abx neutrophils.

Statistical analysis
We randomly split the full cohort into training and test-
ing datasets with a 2:1 ratio (n = 100 for the training data-
set and n = 51 for the testing dataset). The prognostic 
signatures were developed using training data only and 
validated in the testing dataset. Descriptive statistics were 
provided, including median and range for continuous 
variables and count and percentage for categorical varia-
bles. We built an OS multivariable Cox regression model 
using the three previously identified PBBMs (LDH, % 
lymphocytes, abx neutrophils). CPS was not included as 
it was not routinely collected during this time. The con-
tinuous risk score = 1XLDH+2X%lymphocytes+3Xabx neutrophils 
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was calculated based on estimated coefficients from the 
Cox model and 3 PBBMs. We stratified patients into 
discrete risk groups (dichotomized as high vs. low, or 
trichotomized as high vs. medium vs. low) using a grid 
search approach maximizing the score test statistics from 
the Cox model to identify the optimal cutpoints. For 
instance, for the dichotomized biomarker signature (cut-
off θ), the high-risk group was defined as risk score ≥ θ 
and the low-risk group was defined as risk score < θ; 
for the trichotomized biomarker signature (cutoff θ1, 
θ2), the high-risk group was defined as risk score ≥ θ2, 
the medium-risk group was θ2 > risk score > θ1, and the 
low-risk group was risk score ≤ θ1. Kaplan-Meier curves 
were generated to show the survival difference by each 
risk group. We evaluated the biomarker signature (both 
dichotomized and trichotomized) association with both 
PFS and OS, adjusting for ECOG PS, p16 status, and 
smoking as potential confounding variables. Further-
more, in the validation analysis, we evaluated both the 
continuous risk score and biomarker signature in the 
testing dataset with Cox regression for PFS and OS. All 
analyses were conducted on R Version 4.3.2.

Results
We split our institutional cohort of R/M HNSCCs treated 
with ICIs (n = 151) into training (n = 100) and testing 
(n = 51) datasets. For the overall cohort (n = 151), the 
median age was 64.0 years (range 25.0–90.0), the major-
ity were male (n = 115, 76.2%), and 64 (42.4%) were never 
smokers. Of the 59 (39%) patients with cancer of the 
oropharynx, 43 (72.9%) were p16 positive. Thirty-one 
(20.5%) of patients were treated with an ICI as a first-line 
therapy in the recurrent/metastatic setting, while 120 
patients (79.5%) received an ICI as at least second line 
therapy. The majority (n = 118, 78.1%) were treated with 
PD-1 inhibitor monotherapy while the remaining (n = 33, 
21.9%) were treated with a PD-1 inhibitor combination 
regimen. Training and testing datasets showed no clini-
cally meaningful differences in age, sex, race, smoking, 
alcohol, Charlson comorbidity index, primary site, p16 
status, ECOG PS, LDH, % lymphocytes, or abx neutro-
phils (Table 1).

We used the training dataset to conduct an OS mul-
tivariable Cox regression model with the 3 previously 
identified biomarkers. Overall survival risk scores were 
calculated using coefficients from this model multi-
plied by the biomarker values for each patient, with 
log10 transformation used to normalize the biomark-
ers: OS risk score = 1.24*log10(LDH) − 1.95*log10(% 
lymphocytes) + 0.47*log10(abx neutrophils). We then 
used the grid search approach to identify the optimal 
cutpoints for the risk scores. For the trichotomized bio-
marker signature (high vs. medium vs. low risk), the 

optimal cutpoints were θ1 = 0.401 and θ2 = 1.029, result-
ing in 20 low-risk (risk score ≤ 0.401), 44 medium-risk 
(0.401 < risk score < 1.029), and 36 high-risk patients (risk 
score ≥ 1.029) in the training dataset. For the dichoto-
mized biomarker signature (high vs. low risk), the opti-
mal cutpoint was θ = 1.029, which was equivalent to 
combining low and medium groups in the trichoto-
mized signature. Kaplan-Meier OS curves based on the 
training data are shown in Fig. 1A for the trichotomized 
biomarker signature and Fig.  1B for the dichotomized 
biomarker signature. In the Supplementary analysis, sim-
ilar Kaplan-Meier curves were generated for PFS in the 
training datasets.

Using the OS risk score formula developed in the train-
ing dataset, we then calculated risk scores for patients 
in the testing data (n = 51) and trichotomized them into 
risk groups using the predetermined optimal cutpoints 
(θ1 = 0.401 and θ2 = 1.029), resulting in 7 low-risk, 24 
medium-risk, and 20 high-risk patients. Kaplan-Meier 
OS curves for testing data showed some overlap between 
low and medium-risk groups, but good separation 
from the high-risk group with log-rank p-value = 0.005 
(Fig. 2A). Similarly, Fig. 2B showed a clear survival differ-
ence by dichotomized risk groups (20 high vs. 31 low-risk 
patients, log-rank p-value = 0.001). We further evaluated 
the continuous risk score by Cox regression in the test-
ing dataset and showed that a higher risk score is statis-
tically significantly associated with worse OS (HR 2.08, 
[95%CI 1.17–3.68], p = 0.0125) after adjusting for ECOG 
PS, smoking, and p16 status. In the Supplementary analy-
sis, similar Kaplan-Meier curves were generated for PFS 
in the testing datasets.

Discussion
In this study we developed a prognostic biomarker sig-
nature for OS based on 3 pretreatment peripheral blood 
biomarkers previously shown to correlate with onco-
logic outcomes for immunotherapy in R/M HNSCC: 
LDH, % lymphocytes, and abx neutrophils [3]. Using 
this biomarker signature, we stratified patients into high, 
medium, and low risk groups (trichotomized signature) 
as well as high versus low-risk groups (dichotomized 
signature). Currently the standard biomarker to select 
patients more likely to benefit from PD-1 inhibitors relies 
on PD-L1 expression of tumor cells, lymphocytes, and 
macrophages to calculate CPS. However, PD-L1-negative 
tumors occasionally respond to PD-1 inhibitors and even 
among tumors with high PD-L1 expression or favorable 
CPS, only a minority will respond to PD-1 inhibitors, 
indicating the importance of other mechanisms through 
with ICIs work [1, 7]. 

Robust literature exists demonstrating the 
importance of immune cells both in the tumor 
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Table 1  Summary of patient characteristics and peripheral blood parameters by training and testing datasets

Training Set Testing Set Total

N = 100 N = 51 N = 151

Age

  Median (range) 64.0 (25.0–90.0) 63.0 (30.0–80.0) 64.0 (25.0–90.0)

Sex

  F 25 (25.0%) 11 (21.6%) 36 (23.8%)

  M 75 (75.0%) 40 (78.4%) 115 (76.2%)

Race

  Asian 7 (7.0%) 4 (7.8%) 11 (7.3%)

  Black 2 (2.0%) 1 (2.0%) 3 (2.0%)

  Native American 2 (2.0%) 0 (0.0%) 2 (1.3%)

  Native Hawaiian/Pacific Islander 3 (3.0%) 0 (0.0%) 3 (2.0%)

  White 82 (82.0%) 43 (84.3%) 125 (82.8%)

  Declined/Unknown 4 (4.0%) 3 (5.9%) 7 (4.6%)

Smoking

  Never 40 (40.0%) 24 (47.1%) 64 (42.4%)

  Former 50 (50.0%) 17 (33.3%) 67 (44.4%)

  Current 10 (10.0%) 10 (19.6%) 20 (13.2%)

Alcohol

  Unknown 4 0 4

  Heavy 7 (7.3%) 6 (11.8%) 13 (8.8%)

  Moderate 32 (33.3%) 16 (31.4%) 48 (32.7%)

  None/Rare 57 (59.4%) 29 (56.9%) 86 (58.5%)

CCI

  Median (range) 7.0 (2.0–12.0) 7.0 (2.0–12.0) 7.0 (2.0–12.0)

ECOG PS

  0 27 (27.0%) 15 (29.4%) 42 (27.8%)

  1 56 (56.0%) 29 (56.9%) 85 (56.3%)

  2 16 (16.0%) 5 (9.8%) 21 (13.9%)

  3 1 (1.0%) 2 (3.9%) 3 (2.0%)

Number of Lines of Prior Systemic Therapy

  ICI as First-Line 20 (20.0%) 11 (21.6%) 31 (20.5%)

  ICI as Second-Line or Greater 80 (80.0%) 40 (78.4%) 120 (79.5%)

ICI Treatment Regimen

  Single Agent 79 (79.0%) 38 (74.5%) 117 (77.5%)

  Combination Regimen 21 (21.0%) 13 (25.5%) 34 (22.5%)

Primary Site

  Common mucosal sites§ 85 (85%) 40 (78.4%) 125 (82.8%)

  Cutaneous 8 (8.0%) 3 (5.9%) 11 (7.3%)

  Nasopharynx 4 (4.0%) 3 (5.9%) 7 (4.6%)

  Sinonasal 3 (3.0%) 5 (9.8%) 8 (5.3%)

P16 Status*

  N 9 (22.5%) 7 (36.8%) 16 (27.1%)

  Y 31 (77.5%) 12 (63.2%) 43 (72.9%)

LDH†

  Median (range) 2.2 (1.9–2.9) 2.2 (1.9–3.2) 2.2 (1.9–3.2)

Lymphocytes (%)†

  Median (range) 1.1 (0.3–1.8) 1.1 (0.5–1.5) 1.1 (0.3–1.8)

Neutrophils (abx)†

  Median (range) 0.7 (0.2–1.6) 0.7 (0.1–1.3) 0.7 (0.1–1.6)
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microenvironment and in the periphery in regards to 
immunotherapy response [7]. Lymphocytes, particu-
larly NK cells and CD8 + cytotoxic T cells, play a fun-
damental role in antitumor immunity, with multiple 
studies in melanoma, non-small cell lung cancer, and 
more recently HNSCC showing elevated peripheral 

lymphocytes to be associated with improved response 
and survival in the ICI treatment setting [3, 7–9]. In 
fact, directly inhibiting egress of lymphocytes from 
lymph nodes, such as through administration of fin-
golimod, an immunomodulator used to treat multi-
ple sclerosis, has been shown to reduce the efficacy of 

Table 1  (continued)
* Oropharynx subsite only
† Log10 transformed
§ Oral cavity, oropharynx, hypopharynx, larynx, unknown primary

Fig. 1  Kaplan-Meier estimates on OS by optimal cutpoints for (A) trichotomized (high, medium and low-risk) groups and (B) dichotomized (high 
and low-risk) in training dataset
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immunotherapy [7]. In contrast, neutrophils promote 
carcinogenesis through multiple mechanisms includ-
ing production of various cytokines, growth factors, 
proteases, and reactive oxygen species [10]. Several 
studies in solid tumors, including head and neck, have 
demonstrated that elevated peripheral neutrophils are 
associated with poor survival and response to immu-
notherapy [3, 11–13]. LDH is likewise negatively cor-
related with oncologic outcomes in immunotherapy, 
most notably in melanoma, and recently shown in head 
and neck [3, 14–16]. It is a key enzyme in anaerobic 

glycolysis, which allows for proliferation of aggressive 
tumors under hypoxic conditions.

The utility of PBBMs in outcome prognostication in 
R/M HNSCC receiving ICI is a subject of ongoing scien-
tific inquiry. To our knowledge, our data represents the 
only PBBM prognostic score relying on three routinely 
obtained laboratory results. Our observations comple-
ment early reported efforts at generating prognostic sur-
vival models in the immunotherapy treatment setting for 
HNSCC. Issa et al. recently developed and internally vali-
dated a nomogram to prognosticate survival using age 

Fig. 2  Kaplan-Meier estimates on OS by optimal cutpoints for (A) trichotomized (high, medium and low-risk) groups and (B) dichotomized (high 
and low-risk) in testing dataset
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and other variables they found to be associated with OS, 
including p16 status, neutrophils, lymphocytes, albumin, 
hemoglobin, and LDH [17]. While the PBBMs incorpo-
rated in our prognostic signature are consistent with 
those selected by Issa et al., our model relies on percent 
rather than absolute lymphocytes, as we previously found 
percent lymphocytes to be more strongly correlated with 
OS than absolute lymphocytes on our elastic net vari-
able selection analysis [3]. Additionally, our signature 
allows for application of LDH as a continuous rather than 
dichotomous (high/low) variable used in the nomogram, 
allowing for increased information from this variable in 
the model.

The applicability and innovation of our prognostic 
signature lies in its low cost, ease of use and interpreta-
tion, as well as reliance on routinely-obtained blood-
work. Used as an adjunct or alternative to CPS, which 
requires an invasive procedure to obtain tissue for anal-
ysis, a prognostic signature based on peripheral blood 
may improve patient selection for expensive and poten-
tially toxic immunotherapy without increasing morbidity. 
Although our trichotomized prognostic signature did not 
show good separation between the low and medium-risk 
groups in our relatively limited testing dataset, when we 
combined low and medium-risk groups in the dichoto-
mized prognostic signature, we were crucially able to 
identify a high-risk group least likely to have a survival 
benefit from ICIs. This high-risk group may require 
more frequent monitoring and/or alternate or intensi-
fied therapies other than current standard ICI treat-
ment regimens. With the significantly higher cost of ICIs 
compared to cytotoxic therapy, as well as the potential 
for severe immune-related adverse events, appropriate 
patient selection for these drugs is paramount [18]. The 
dichotomized prognostic signature has the potential to 
significantly improve patient selection for ICIs and war-
rants validation in an external, independent cohort.

Our study has several limitations, including the ret-
rospective design and single institutional cohort, which 
likely reflects practice patterns at other tertiary aca-
demic centers but may not fully capture diversity in 
clinical practice throughout the field. Additionally, non-
FDA-approved PD-1 inhibitor treatment regimens were 
included, although the vast majority (78.1%) of patients 
received an FDA-approved PD-1 inhibitor monotherapy. 
The majority of our patients underwent ICI treatment as 
second-line therapy, so our results may not extrapolate 
to the first-line ICI treatment setting. Our study did not 
include correlation with CPS biomarker, as most patients 
in our cohort began ICI treatment before routine use of 
CPS. Whether the high-risk score indicates an overall 
worse-performing group independent of ICI treatment 
is also not possible to conclude from our results. Studies 

evaluating the predictive potential of PBBMs for onco-
logic outcomes after treatment with ICIs as well as evalu-
ating on-treatment or post-treatment PBBMs would add 
valuable insight into our understanding of PBBMs in the 
immunotherapy treatment setting.

Our work demonstrates a promising OS prognostic 
signature developed from previously identified PBBMs 
that can identify a subset of patients with R/M HNSCC 
at high risk for poor survival benefit from treatment with 
ICIs. The prognostic signature is also significant for PFS 
in both the training and testing datasets (Supplementary 
analysis). Ongoing work from our group aims to validate 
our prognostic signature in an external, independent 
cohort and compare with CPS biomarker.

Conclusions
In this study we developed a prognostic biomarker sig-
nature for OS based on LDH, % lymphocytes, and abso-
lute neutrophils, which we previously demonstrated 
to correlate with OS in R/M HNSCC treated with ICIs. 
Using this prognostic signature, we were able to identify 
a high-risk group of patients least likely to have survival 
benefit from treatment with ICIs. This work represents 
an important step toward improving patient selection for 
immunotherapy in HNSCC and warrants validation in an 
independent, external cohort.
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