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Abstract

Objectives: In an evolving era of immunotherapeutic options for persistent or recurrent laryngeal 

squamous cell carcinoma (LSCC), there is a need for improved biomarkers of treatment response 

and survival to inform optimal treatment selection and prognostication. Herein, our primary 

objective was to explore correlations between tumor infiltrating lymphocytes (TILs) and PD-L1 

Combined Positive Score (CPS). Secondarily, we sought to explore their combined association 

with survival outcomes in patients with persistent or recurrent LSCC treated with salvage surgery.

Materials and Methods: This was a retrospective cohort study at a single academic medical 

center. Immunohistochemistry staining for TILs and PD-L1 was performed on a tissue microarray 

of persistent or recurrent LSCC pathologic specimens. Correlations between TIL subsets and 

PD-L1 CPS were examined using Pearson’s correlation coefficient and survival outcomes were 

analyzed with the Kaplan-Meier method and log-rank tests.

Results: Only CD103+ TILs showed a statistically significant, weakly-positive correlation with 

PD-L1 CPS (r2 = 0.264, p < 0.015). No other TIL subsets correlated with PD-L1 CPS in our 
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cohort. The most favorable survival outcomes were seen in patients with pathologic N0 tumors 

showing high CD103+ TILs and/or high PD-L1 CPS staining.

Conclusion: Among patients with persistent or recurrent LSCC, CD103+ TILs only modestly 

correlated with PD-L1 CPS. A combined biomarker score incorporating CD103+ TILs and PD-

L1 CPS greatly enhanced survival discrimination. This model may have additional utility in 

predicting the clinical benefit of immunotherapies in persistent or recurrent LSCC in the future.
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head and neck; squamous cell carcinoma; tumor-infiltrating lymphocytes; PD-L1; combined 
positive score; CD103; survival; larynx

Introduction

Recent clinical trials have examined the efficacy of immune checkpoint blockade with anti-

programmed death protein-1/ligand-1 (PD-1/PD-L1) inhibitors in recurrent and metastatic 

(R/M) head and neck squamous cell carcinoma (HNSCC) [1,2]. Particularly in patients 

with higher Combined Positive Score (CPS), a measure of tumor PD-L1 staining, such 

inhibitors are associated with improved overall survival compared to conventional cytotoxic 

chemotherapeutic regimens [3,4]. However, PD-L1 CPS poorly predicts response to immune 

checkpoint blockade overall. Thus, there is a need for improved biomarkers of treatment 

response and survival in patients with R/M HNSCC to improve patient selection for 

immune checkpoint blockade versus alternative therapies (e.g., salvage surgery, cytotoxic 

chemotherapy) [5].

PD-L1 expression on tumor cells is known to be stimulated by interferon gamma (IFN-ℽ) 

secreted by tumor-infiltrating helper and cytotoxic T-lymphocytes (TILs) [6]. TIL density, 

particularly the “resident memory” cytotoxic TIL subsets expressing CD103 (integrin 

alpha E), are prognostic of improved survival outcomes in both primary and recurrent 

HNSCC [7–9]. CD103 TILs are a subset of immune cells that reside in tissues without 

recirculating, serving critical roles in tumor immune surveillance and immunity to infection 

[10]. Examining correlations between PD-L1 CPS and CD103+ TIL density in R/M HNSCC 

would be valuable for two principal reasons. First, it may clarify whether IFN-ℽ secretion 

is the predominant mechanism driving PD-L1 expression and function in the HNSCC 

tumor microenvironment, and whether other signaling pathways contribute. Second, a 

combined biomarker incorporating both CD103+ TIL density and PD-L1 CPS may improve 

response prediction and treatment selection in R/M HNSCC, particularly for patients being 

considered for immunotherapy.

We have previously published on the prognostic relationship of CD103+ TILs in a large 

cohort of patients with locoregionally recurrent squamous cell carcinoma of the larynx 

[7–9]. Herein, in the same patient cohort, our primary objective was to examine how 

CD4+, CD8+, and CD103+ TIL subsets correlate with PD-L1 CPS. Our secondary objective 

was to examine how CD103+ TILs and PD-L1 CPS may predict survival outcomes in 

persistent or recurrent laryngeal squamous cell carcinoma. Uniquely, we used an FDA-

approved, companion diagnostic PD-L1 CPS assay (22C3 clone, Agilent pharmDx kit) 
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widely employed in pivotal clinical trials of immune checkpoint blockade in R/M HNSCC. 

In a population of patients with recurrent laryngeal squamous cell carcinoma specifically, 

we hypothesized that CD103+ TILs and PD-L1 CPS would positively correlate and together, 

would more robustly predict survival.

Materials and Methods

Patient cohort

This was a retrospective analysis of patients with persistent or recurrent squamous cell 

carcinoma of the larynx (LSCC) presenting to our institution from 1997 to 2014. Included 

patients had 1) biopsy proven LSCC; 2) persistent or recurrent disease at the primary site 

after radiation or chemoradiation for early-stage versus late-stage tumors, respectively; 3) 

surgical salvage with total laryngectomy and neck dissection(s); and 4)sufficient tumor in 

our tissue microarray for TIL and PD-L1 analysis. Characteristics of included patients are 

shown in Table 1 [7,8]. Tumors were staged according to the American Joint Committee 

(AJCC) Staging System, 7th edition [11]. This study was approved by the University of 

Michigan Institutional Review Board (HUM00080561).

Immunohistochemistry

A tissue microarray (TMA) of salvage laryngectomy tumor specimens was constructed, as 

previously described [7,8]. We previously performed and reported immunohistochemistry 

(IHC) staining for specific TIL subsets (i.e., CD4+, CD8+, and CD103+) using our lab’s 

established heat-induced epitope retrieval protocol and the following monoclonal antibodies: 

CD103–1:500 (Abcam Ab129202); CD4–1:250 (Abcam Ab486); CD8–1:40 (Novocastra 

VP-C320) [7,8]. Here, we performed IHC staining on independent TMA slides for PD-

L1 content using the automated PD-L1 IHC 22C3 pharmDx kit (Agilent), according to 

manufacturer’s instructions [12]. This clinical PD-L1 assay is an FDA-approved companion 

diagnostic for Keytruda® (Merck & Co., Inc.) and has been employed in several pivotal 

trials of pembrolizumab for treatment of head and neck squamous cell carcinoma [3,13].

TIL and PD-L1 scoring

TMA cores consisting of < 50 % parenchymal tumor, those with extensive tumor necrosis, 

and partial cores were excluded from TIL and PD-L1 quantification [7,8]. Intratumoral 

CD4+, CD8+, and CD103+ TIL subsets were manually counted by two independent blinded 

reviewers (JDS, JEM) at 200x magnification (20x objective lens). Mean TIL counts per 

triplicate tumor cores were calculated and averaged and previously reported [7,8]. An 

expert head and neck pathologist (JBM) quantified PD-L1 expression using the validated 

Combined Positive Score (CPS), defined as: [number of PD-L1 staining cells (tumor cells, 

lymphocytes, macrophages)/total number of viable tumor cells] x 100 %.3,4 CPS was 

averaged across tumor cores per individual patient for input into statistical analyses.

Statistical analysis

Independent correlations between specific TIL subsets (as continuous variable) and PD-L1 

CPS were examined using Pearson’s correlation coefficient (negligible correlation: 0 < r2 

≤ 0.19; low correlation: 0.20 ≤ r2 ≤ 0.39; moderate correlation: 0.40 ≤ r2 ≤ 0.59; high 
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correlation: 0.60 ≤ r2 ≤ 0.79; very high correlation: 0.80 ≤ r2 ≤ 1.0.) Wilcoxon Rank-Sum 

test was additionally used to assess correlations between TIL subsets and PD-L1 CPS 

with the latter dichotomized as PD-L1 CPS = 0 or PD-L1 CPS > 0. The Kaplan-Meier 

method and log-rank tests were employed to assess combinations of CD103+ TILs and 

PD-L1 CPS for prediction of overall survival (OS; time from salvage laryngectomy to 

death from any cause), disease-specific survival (DSS; time from salvage laryngectomy to 

death from any disease recurrence/persistence), and disease-free survival (DFS; time from 

salvage laryngectomy to any disease recurrence/persistence). These biomarkers were split 

into binary categories for statistical analyses: PD-L1 CPS > 0 was considered “high” and 

CD103+ TIL level > 11 was considered “high” based on previously published receiver 

operating characteristic (ROC) curve analysis on our cohort (Figure 1) [8]. Cox proportional 

hazards models were employed to explore associations with survival outcomes for CD103+ 

TILs and PD-L1 CPS individually, in combination with one another, and in multivariable 

models controlling for pathological nodal stage, (the strongest predictor of recurrence in 

prior studies) of the recurrent tumor [14].

Results

There was a total of 86 patients with persistent or recurrent LSCC and available tumor 

for PD-L1 CPS quantification (Table 1). Tumoral TIL counts (number of tumors, median 

[range]) were as follows: CD4+ TILs (n = 55, 0 [0–50]); CD8+ TILs (n = 76, 25 [0–150]); 

CD103+ TILs (n = 85, 13 [0 – 225]). Note that the n for TIL subsets was less than the total 

population (n = 86) due to depletion of available cores for TIL staining and quantification. 

Of 86 tumors, the median (range) PD-L1 CPS was 0 (0 – 100). Most tumors (n = 62, 72.1 

%) had a CPS of 0. The remaining had CPS ≥ 1 (n = 24, 27.9 %) or CPS ≥ 20 (n = 17, 19.8 

%).

There is a statistically significant, positive but low (i.e., 0.20 ≤ r2 ≤ 0.39) correlation 

between CD103+ TILs and PD-L1 CPS in our cohort when both variables were analyzed 

as continuous variables (Pearson’s r2 = 0.264, p = 0.015) (Figures 2, 3). There remained a 

statistically significant difference in CD103+ TIL content when tumors were dichotomized 

into groups with PD-L1 CPS 0 or > 0 (p = 0.001) (Figure 4). PD-L1 CPS showed negligible 

correlation with either CD4+ or CD8+ TIL subsets in our cohort when analyzed as either 

a continuous variable (CD4+ TILs with PD-L1 Pearson’s r2 = − 0.0430, p = 0.755; CD8+ 

TILs with PD-L1 Pearson’s r2 = 0.140, p = 0.230) or categorical variable dichotomized at 

the median (CD4+ TILs p = 0.230, CD8+ TILs p = 0.490).

We then assessed the relationship between combinations of CD103+ TILs and PD-L1 CPS 

on survival outcomes in persistent or recurrent LSCC. Patients with PD-L1 CPS high tumors 

did not have statistically significant differences in OS (log rank p = 0.20), DSS (log rank p = 

0.17) or DFS (p = 0.40) (Figure 5, Supplemental Figure). We split patients into two groups, 

those whose tumors were both CD103+ TILs and PD-L1 CPS low and those whose tumors 

were CD103+ TILs high and/or PD-L1 CPS high. This categorization significantly enhanced 

OS, DFS, and DSS discrimination in our cohort (Figure 5, Supplemental Figure). In Cox 

proportional hazards models, patients whose tumors were CD103+ TILs high and/or PD-L1 

CPS high had the most favorable OS, DSS, and DFS (Table 2).
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The clinical variable most strongly associated with survival outcomes in our previous studies 

was pathological nodal stage of the recurrent tumor (pN0 vs. pN+) [7,8]. We performed 

a multivariable Cox proportional hazards model for associations between combinations of 

CD103+ TILs and PD-L1 CPS and survival outcomes adjusted for recurrent pathologic 

nodal stage. In this model, patients whose tumors were CD103+ TILs high and/or PD-L1 

CPS high continued to show better OS (HR: 0.45 [95 % CI: 0.24 – 0.86] p = 0.02, DSS (HR: 

0.28 [95 % CI: 0.12 – 0.64] p = 0.003, DFS (HR: 0.40 [95 % CI: 0.19 – 0.86] p = 0.02.

Discussion

In a rapidly evolving era of immunotherapy for persistent or recurrent LSCC, predicting 

which patients will benefit from anti-PD-L1/PD-1 therapy remains challenging [15,16]. 

PD-L1 CPS is predictive of a survival benefit to pembrolizumab in first-line treatment of 

metastatic HNSCC, including laryngeal subsites [1,3,4,13]. However, it is not predictive 

of response to immunotherapy in a clinically meaningful way. The cellular mechanisms 

influencing intratumoral heterogeneity in PD-L1 expression and function in persistent or 

recurrent LSCC and R/M HNSCC more broadly remain enigmatic. A better understanding 

of these mechanisms likely holds the key to improving the rate and durability of 

immunotherapy response in these patients. This study adds to a body of literature supporting 

the utility of anti-PD-1 therapy in recurrent HNSCC populations. Combining CD103+ TILs 

with PD-L1 CPS may identify a more specific cohort in which anti-PD-1 therapy may be 

associated with better responses and outcomes.

In the tumor microenvironment of HNSCC, a subset of cytotoxic CD8+ TILs co-express 

CD103 (integrin αE), a protein that localizes CD8+ TILs to the epithelium and confers 

potent recognition of and reactivity against tumor cells [17–19]. Traditionally, CD8+ TILs 

have been considered to be the main secretors of IFNℽ that increases antigen expression 

and pro-inflammatory cytokine production in the tumor microenvironment to promote tumor 

cell kill [18]. In this model, IFNℽ effects are countered by a pro-carcinogenic, concomitant 

increase in PD-L1 expression on tumor cells promoting T-cell exhaustion and tumor immune 

evasion [20].

This relationship suggests a strong positive correlation between CD8+ TILs and PD-L1 

expression in individual tumors. In two large retrospective studies of human papillomavirus-

negative HNSCC, CD8+ TIL density strongly correlated with increased PD-L1 expression, 

and higher numbers of both portended improved overall- and disease-specific survival 

[21,22]. However, other authors have found no relationship between these biomarkers in 

similarly designed studies [23,24]. The true relationship may require a more nuanced 

understanding of the tumor-immune microenvironment. For instance, how co-expression 

of CD103 on CD8+ TILs may impact tumoral PD-L1 expression and function in HNSCC 

remain unexplored. Our results suggest that CD8+ TILs co-expressing CD103 may have a 

central role in IFNℽ-mediated upregulation of PD-L1 in the tumor microenvironment.

Alternatively, the low positive correlation between CD103+ TILs and PD-L1 CPS seen 

in our study may support the existence of alternative cellular mechanisms of PD-L1 

regulation in the LSCC tumor microenvironment, independent of TIL-mediated IFNℽ 
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signaling. Concha-Benavente et al showed that epidermal growth factor receptor (EGFR) 

activation is a potent inducer of PD-L1 expression in HNSCC cells in a Janus kinase 

(JAK2)-dependent manner [25]. Aberrant activation of signal transducer and activator of 

transcription-3 (STAT3) correlates with PD-L1 overexpression and an immunosuppressive 

tumor phenotype [26]. Further, we have recently shown that tumor infiltrating microbes 

have the potential to modify tumoral PD-L1 expression in a TLR2-dependent manner in 
vitro, suggesting a more complex and dynamic landscape for PD-L1 regulation and immune 

evasion in HNSCC [27].

In our previous studies examining the prognostic value of TILs in persistent or recurrent 

LSCC, high CD103+ TIL density was the strongest predictor of improved overall-, disease-

free, and disease-specific survival [7,8]. Independently, PD-L1 CPS did not reach statistical 

significance for prognostication in our cohort. In two recent studies of primary LSCC, PD-

L1 CPS > 1 was independently associated with improved recurrence rates and disease-free 

survival, but not overall survival [28, 29]. That PD-L1 CPS was not independently predictive 

or prognostic in our cohort suggests a more complex tumor immune microenvironment 

with dynamic mechanisms of immune-evasion in persistent or recurrent LSCC. In our 

multivariable models, combining CD103+ TILs and PD-L1 CPS greatly enhanced survival 

discrimination, suggesting a synergistic impact of these variables on immune-reactivity 

and tumor control that merits validation in a different cohort. This may provide an 

opportunity for more personalized, accurate prediction of survival outcomes in persistent 

or recurrent LSCC beyond our current paradigms. Future investigation into the utility of a 

combined biomarker incorporating both CD103+ TIL density and PD-L1 CPS for predicting 

immunotherapy response in persistent or recurrent LSCC is also promising. For instance, 

our biomarker could potentially serve as a companion diagnostic in persistent or recurrent 

LSCC to select patients for immunotherapy-based approaches in place of, or as an adjuvant 

to, salvage surgery.

Our study is strengthened by using a clinically validated PD-L1 IHC platform (Agilent 22C3 

PD-L1 pharmDx kit) with scoring done by an expert head and neck pathologist [3,13]. 

Previous studies employing PD-L1 IHC in HNSCC are characterized by inconsistent PD-L1 

staining patterns, methodology, and scoring with resultant limitations on reproducibility and 

generalizability of findings [30]. Our methodology for PD-L1 CPS quantification enhances 

the translational relevance of our findings. Our study is limited by lack of correlation of 

PD-L1 CPS with genomic and transcriptomic alterations that may impact the tumor-immune 

microenvironment and survival outcomes, as we have previously published these data in 

this cohort [7,8,31]. All patients in our cohort were treated with salvage laryngectomy 

and tumor tissue for this study was obtained at the time of surgery. None had been 

treated with immunotherapy prior to study enrollment and too few were later treated with 

immunotherapy to warrant valid statistical comparisons. Thus, our biomarker model is 

solely prognostic of survival outcomes, not predictive of immunotherapy response, and will 

require validation in this setting. Finally, it is important to note that our findings were 

demonstrated using tissue microarray staining ensuring greater technical consistency among 

patient samples. Such findings in whole tissue sections have not been reported previously 

and correlations of TMA TIL counts and whole section counts have not been reported.
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Conclusions

In a large cohort of persistent or recurrent LSCC, CD103+ TILs correlated positively with 

PD-L1 CPS. Thus, CD103 may define a subset of cytotoxic TILs with enhanced capacity for 

IFNℽ-mediated PD-L1 upregulation in the tumor microenvironment. However, the overall 

weak correlations between TIL subsets and PD-L1 CPS seen in our study supports further 

exploration of alternative, potentially targetable cellular mechanisms of PD-L1 regulation 

in LSCC. A combined biomarker model incorporating CD103+ TILs and PD-L1 CPS 

enhanced prognostication with potential implications for personalized patient counseling 

and immunotherapy treatment selection. However, our findings require validation in larger 

prospective cohorts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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• Recurrent larynx cancers vary in tumor-infiltrating lymphocytes and PD-L1 

staining

• CD103+ lymphocyte infiltration only modestly correlates with PD-L1 staining

• CD4+ and CD8+ lymphocyte infiltration does not correlate with PD-L1 

staining

• CD103+ lymphocytes and PD-L1 staining predict survival in recurrent larynx 

cancer
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FIGURE 1. 
Representative IHC images showing tumor cores staining PD-L1 CPS “high” (20x 

magnification).
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FIGURE 2. 
Correlations between specific TIL subsets and PD-L1 CPS in persistent or recurrent LSCC. 

Within each cell, the top line denotes Pearson’s r followed by the p-value, then number of 

observations. Statistically significant correlations bolded and italicized.
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FIGURE 3. 
Scatterplots for correlations between TIL subsets and PD-L1 CPS in persistent or recurrent 

LSCC. Dots represent individual tumors.
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FIGURE 4. 
Box and whisker plots for correlations between TIL subsets and PD-L1 CPS in persistent 

or recurrent LSCC, with PD-L1 CPS dichotomized into cutoff of 0 or > 0. Dots represent 

individual tumors.
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FIGURE 5. 
Kaplan-Meier curves for disease-specific survival (DSS) based on CD103+ TILs (panel A), 

PD-L1 CPS (panel B), and combinations of CD103+ TILs and PD-L1 CPS (panel C).
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TABLE 1.

Characteristics of patient cohort. Data presented as n (%) or median (range).

Cohort (n = 86)

Sex

 Male 74 (86.0)

 Female 12 (14.0)

Ethnicity

 Caucasian 79 (91.9)

 Black 4 (4.7)

 Other/Unk 3 (3.4)

Age at Initial Diagnosis, y 56.5 (40.0 – 82.0)

Primary Site

 Supraglottis 41 (47.7)

 Glottis 45 (52.3)

Initial Treatment

 Radiation 46 (53.4)

 Chemoradiation 40 (46.6)

Age at Recurrence, y 58.5 (42.0 – 84.0)

Time to Recurrence, mo 12 (2.0 – 217.0)

Recurrent Pathologic Stage

 I 1 (1.2)

 II 18 (20.9)

 III 24 (27.9)

 IV 43 (50.0)
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TABLE 2.

Univariable and multivariable Cox proportional hazards models for associations between combinations of 

CD103+ TILs and PD-L1 CPS and survival outcomes. “Discordant” refers to CD103+ TILs high, PD-L1 CPS 

low and CD103+ TILs low, PD-L1 CPS high tumors. HR = hazard ratio.

OS DSS DFS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Univariable Models

CD103+ TILs high 0.54 (0.28, 1.02) 0.06 0.35 (0.15, 0.82) 0.03 0.44 (0.20, 0.94) 0.03 

PD-L1 CPS high 0.61 (0.28, 1.34) 0.22 0.48 (0.16, 1.41) 0.18 0.70 (0.28, 1.74) 0.44

Multivariable Models

Discordant vs. Both Low 0.49 (0.24, 0.99) 0.05 0.31 (0.12, 0.80) 0.02 0.52 (0.23, 1.20) 0.52

Both High vs. Both Low 0.45 (0.18, 1.12) 0.09 0.29 (0.08, 1.03) 0.05 0.40 (0.13, 1.23) 0.11

Discordant and Both High vs. Both Low 0.48 (0.25, 0.90) 0.02 0.30 (0.13, 0.70) 0.005 0.48 (0.22, 1.02) 0.06
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