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Abstract

Objective: Bioselection to assess tumor response after induction chemotherapy has been 

introduced as an alternative treatment strategy to total laryngectomy for patients with advanced 

larynx squamous cell carcinoma (LSCC). Tumor infiltrating lymphocytes (TILs) have proven 

to serve as prognostic biomarkers in head and neck cancer, but have not been evaluated as a 

way to select patients for treatment paradigms. The aim of this study is to evaluate the role of 

pretreatment TILs in patients with advanced LSCC undergoing the bioselection paradigm.

Study Design: Retrospective study

Setting: Tertiary care hospital

Methods: Patients with advanced LSCC treated with bioselection and with available tissue were 

included (n=76). Patients were stratified into CD8 low or CD8 high cohorts using the median 

TIL count. Kaplan-Meier survival analysis and multivariate cox regression was performed using 

SPSS(v. 26).

Results: After controlling for tobacco use, tumor site and stage, high CD8 TIL count was an 

independent predictor of improved five-year disease specific survival (HR 0.17, 95% CI 0.03-0.84, 

p=0.03). CD8 TIL counts did not predict response to induction chemotherapy, however subgroup 

analysis of patients treated with CRT revealed that CD8 TIL count was significantly associated 

with degree of response (p=0.012).

Conclusion: These findings support prior data published by our group which shows TILS are 

predictive of disease specific survival in patients with head and neck cancer. CD8 TIL counts 

were significantly associated with degree of clinical response after induction chemotherapy. These 

results suggest that pretreatment assessment of tumor infiltrating CD8 cells could be useful in 

selecting patients.

Keywords

Larynx cancer; tumor infiltrating lymphocytes; induction selection

Introduction:

Laryngeal squamous cell carcinoma (LSCC) affects around 13,000 people annually 

and results in approximately 3,700 deaths.1 The standard of care for patients with 

advanced stage LSCC was previously laryngectomy followed by adjuvant radiation (RT)2, 

however treatment paradigms have shifted towards organ preservation protocols with RT 

or chemoradiation (CRT)3. The Veterans Affairs Laryngeal Cancer Study Group and 

subsequent Radiation Therapy Oncology Group (RTOG) studies showed equivalent survival 

for chemoradiation or surgery treatment approaches with a laryngeal preservation rate 

of 64% for chemoradiation.4,5 The VA study in particular showed that degree to tumor 

response to induction chemotherapy was a significant prognostic factor for disease free 

survival. However, recent epidemiologic studies have suggested a decrease in overall 

survival for LSCC that corresponded with this treatment shift towards CRT.6-8
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Bioselection algorithms have been introduced as an alternative treatment strategy for 

patients with advanced stage disease. These protocols allow for assessment of tumor 

response after one cycle of induction chemotherapy (typically cisplatin and 5-Fluorouracil). 

Evaluation during this “window of opportunity” aims to predict response to CRT thereby 

acting as a bioselection tool. Patients with a greater than 50% response (assessed by direct 

clinical examination supplemented with imaging) go on to concurrent CRT, and those 

with a less than 50% response receive surgery followed by post-operative RT. Although 

these protocols have shown some promise for improved overall survival with high rates 

of laryngeal preservation9, there is a need for better predictive tools and standardized 

assessment of tumor response to further maximize organ preservation rates and decrease 

rates of late salvage laryngectomy.10,11 Identification of biomarkers that can predict 

treatment success during this “window of opportunity” would allow for tailored treatment 

plans and may improve overall survival and reduce treatment related morbidity.

Recent studies indicate a role for the adaptive immune system in treatment success 

and suggest immune signatures may serve as clinically useful biomarkers in LSCC.12–16 

Previous work from our group revealed that higher levels of CD4+ and CD8+ tumor 

infiltrating lymphocytes (TILs) in pretreatment biopsies of recurrent larynx cancer were 

predictive of disease specific and disease free survival.12,17,18 This study was undertaken to 

evaluate the role of TILs in previously untreated advanced stage LSCC patients undergoing 

bioselection treatment regimens. The role of TILS in predicting survival outcomes, response 

to induction chemotherapy, and laryngectomy free survival was undertaken. We hypothesize 

that TIL levels will be associated with improved survival and may serve as predictive 

biomarkers for response to induction therapy and laryngeal preservation allowing for 

tailored treatment plans with the goal to reduced treatment related morbidity.

Methods:

Cohort Selection

This study was approved by the University of Michigan IRBMED (HUM00042189). 

Patients with advanced (stage III-IV) laryngeal squamous cell carcinoma treated with a 

bioselection regimen at the University of Michigan between 1995 and 2017 were identified 

and those with available pre-treatment biopsy specimens available for tumor microarray 

construction were included in the study (n=76). Patient and disease characteristics were 

collected including age, gender, ethnicity, tobacco use, alcohol use, ACE comorbidity score, 

body mass index (BMI), tumor overall and TNM stage, tumor subsite, chemotherapeutic 

agents used for induction, response to induction chemotherapy, treatment regimen 

(chemoradiation vs. surgery +/ neck dissection), tumor pathology (for surgical arm), 

recurrence, and survival outcomes.

Tumor Microarray Construction:

Formalin fixed paraffin-embedded (FFPE) tissue blocks were obtained and hematoxylin-

eosin stained slides were reviewed by a board certified head and neck pathologist (JBM). 

Areas of tumor were circled and three 0.7mm diameter cores were obtained from tumor 

containing areas when sufficient sample was available (n=65). Based on the often small 
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pre-treatment biopsy samples, some specimens only allowed for 1-2 cores per tumor block 

(n=45). A tumor microarray was then created by the University of Michigan histology core.

CD8 Tumor Infiltrating Lymphocyte Immunohistochemistry

Staining was performed as previously described using CD8 antibodies (1:40, Nova Castra 

VP-C320).12 Tumor infiltrating CD8+ lymphocytes were independently scored by two 

authors (MEH and JDS). The total number of CD8+ lymphocytes for each core was counted. 

The percent of each core occupied by tumor was also recorded (0-100%, in increments of 

10). CD8 TIL counts for each core was normalized by dividing total CD8+ TIL count by 

the percent tumor for that core (i.e. if only 50% of the core was occupied by tumor then the 

count was divided by 0.5). This reduced variation in CD8 TIL count that was due to having 

varying amounts of tumor in each core. Finally, we standardized final counts to the area of 

the core; the TIL count was divided by the area of the core (πr2) so that the cell counts 

would be represented as number of cells per mm squared. The final CD8 TIL score was 

calculated for each tumor by averaging TIL counts for each representative core. The median 

TIL count for the population was calculated and utilized to categorize each tumor as CD8 

high (median or above) or CD8 low (below the median) as this has previously been used by 

our group as a standard cutoff and found to be predictive of survival in other head and neck 

cohorts.12,17

Statistical Analysis

Chi squared analysis was used to compare patient and tumor demographics between CD8 

low and CD8 high cohorts and to evaluate the association between CD8 TIL status and 

response to induction therapy. Kaplan-Meier survival analysis was used to assess the 

association between clinical variables and CD8 TIL status with five year disease specific 

survival (DSS), overall survival (OS), and laryngectomy free survival (LFS). Multivariate 

analysis was performed using a backward selection cox regression analysis. Clinical 

variables with a p-value <0.2 were included in the multivariate analysis. A p value less 

than 0.05 was considered significant for all tests. Statistical analysis was performed using 

SPSS v. 26 (IBM, Armonk, NY).

Results

Patient Characteristics

There were no significant differences in disease or clinical variables between the CD8 

low and CD8 high cohorts (Table 1). The majority of patients were male (82%) with a 

median age of 59 years. The most common subsite was supraglottic (74%) followed by 

glottic tumors (25%). Both T3 and T4 tumors were equally represented in both CD8 low 

and CD8 high groups. Included patients underwent induction protocols with either cisplatin/

carboplatin and 5-fluorouracil (36%) or cisplatin/carboplatin, Docetaxel and AT-101 (a 

BCL2 inhibitor) (51%) as part of University of Michigan Rogel Cancer Center AT-101 

clinical trial (NCT01633541). Two patients died during induction treatment, one patient was 

unable to complete induction therapy due to acute renal failure, and one patient did not 

complete induction due to development of sepsis.
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Five year DSS and OS

The median time to follow up was 38 months with a range of 2 months to 15.5 years. 

The five-year disease specific survival for the cohort was 85% (95% CI 73-92%) and the 

five-year overall survival was 75% (95% CI62-84%). Five-year disease specific and overall 

survival were then evaluated stratifying by patient and disease characteristics. Overall stage 

was the only significant predictor of five-year disease specific survival on univariate analysis 

with stage III patients showing improved disease specific survival over stage IV patients. 

(100% 95% CI n/a vs. 81%, 95% CI 68-90%, p=0.04). The same finding was true for OS 

(96%, 95% CI 75-99% vs. 59%, 95% CI 43-72%, p=0.01).

CD8 TILs predict disease specific survival

Five-year disease specific and overall survival were then evaluated stratifying by CD8 TIL 

status. On Kaplan-Meier analysis, there was a trend towards improved five-year disease 

specific survival in the CD8 high group compared to the CD8l ow group (94%, 95% CI 

78-98% vs. 78%, 95% CI 58-89%, p=0.12) and five-year overall survival (84%, 95% CI 

65-93% vs. 68%, 95% CI 49-71%, p=0.17) (Figure 1a). Multivariate analysis utilizing a 

backward selection model including variables with a p-value <0.2 on univariate analysis 

(TIL status as well as overall stage, tobacco use, and tumor subsite for DSS and TIL 

status, gender, BMI, and overall stage for OS) demonstrated that CD8 TIL status, tobacco 

use, and overall stage were significant independent predictors of five-year disease specific 

survival (Figure 1b). The CD8 high TIL cohort showed significantly improved disease 

specific survival compared to the CD8 low cohort (HR 0.17, 95% CI 0.03-0.84, p=0.03). Of 

note, never and former smokers showed worse disease specific survival compared to current 

smokers (HR 0.14, 95% CI 0.03-0.73, p=0.02). No hazard ratio for disease specific survival 

was available for overall stage, as there were no disease related deaths in the stage III group. 

Only overall stage was a significant predictor for overall survival (Figure 1c).

CD8 TILs predict degree of response to induction chemotherapy

We evaluated the role of CD8 TIL status in predicting response to induction chemotherapy. 

Response to induction chemotherapy is evaluated on clinical exam or in the operating room 

by the treating physician. A reduction in tumor size by 50% or greater is considered a 

response. Patients were stratified as non-responders (<50%) or responders (≥50%) and by 

the overall percent response (0-100%). CD8 TIL status did not significantly predict overall 

tumor response to induction in the cohort (84% vs. 74%, p=0.27), Table 2. Further analysis 

was performed to determine if there was a correlation between CD8 TIL count and percent 

response since the degree of tumor regression is one of the strongest overall prognostic 

indicators in head and neck cancer. Initial sub-group analysis evaluating only the responders 

(>50% response), revealed that CD8 TIL status was significantly associated with degree of 

response with patients in the CD8 high cohort being significantly more likely to have an 

80% or greater response to induction compared to patients in the CD8 low group, (68% vs. 

34%, p=0.012, Figure 2, Table 3). A similar finding was noted for the entire cohort where 

CD8 high TIL status was associated with ≥80% response, compared to CD8 low TIL status 

however this did not reach statistical significance (50% vs. 31%, p=0.067), Table 4.

Heft Neal et al. Page 5

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Laryngeal Preservation Rates

Finally, we wished to evaluate the role of CD8 status in predicting larynx preservation. 

Laryngeal preservation rates were not significantly different between the CD8 low and CD8 

High cohorts (71% in both groups, p=0.97), Table 5. We also evaluated the association 

of CD8 TIL status and larynx preservation in the cohort of patients treated with CRT 

(responders). Again, we found no significant different in laryngeal preservation rates 

between CD8 low and high groups (84% vs. 92%, p=0.38), Table 6.

Discussion

Bioselection paradigms with induction chemotherapy are an alternative treatment option to 

primary total laryngectomy for patients with advanced stage larynx cancer. The goal of these 

treatment algorithms is to identify tumors that will respond favorably to subsequent radiation 

and systemic therapy and those that will likely fail CRT and require salvage surgery. Even 

with bioselection for organ preservation, some patients die from induction chemotherapy 

and some require salvage surgery with high morbidity and therapeutic redundancy. Thus 

improved methods of selecting patients for CRT are needed to match definitive treatment to 

tumor biology that will reduce morbidity and increase rates of organ preservation. Systemic 

levels of immune reactive cells in pretreatment peripheral blood have been shown to predict 

response to induction chemotherapy in laryngeal cancer19, however levels of such cells 

in the tumor microenvironment have not been assessed. Traditional chemotherapy and 

radiation treatments have been shown to alter the immune system in head and neck cancer 

and TILs have been shown to be predictive of response to neo-adjuvant therapy in other 

tumor types such as breast cancer.20–22 Given the evidence of immunomodulatory effects 

of chemotherapy we hypothesized that tumor infiltrating lymphocytes may serves as a 

predictive biomarker for patients who would ultimately respond to induction chemotherapy. 

We therefore wished to investigate the role of tumor infiltrating lymphocytes in predicting 

response to induction chemotherapy and overall survival in a cohort of patients undergoing 

chemotherapy bioselection at our institution.

Previous studies from our group have demonstrated the role of CD4, CD8, and CD103 

tumor infiltrating lymphocytes in predicting survival outcomes in head and neck cancer. 
12,13,17 Consistent with these studies, our data demonstrate that CD8 TIL status is a 

predictor of five year disease specific survival in patients with advanced larynx cancer 

treated under a bioselection regimen.

In the current study CD8 TIL status did not significantly predict overall response to 

induction therapy or laryngeal preservation. This is not surprising since the 50% cutoff 

for characterizing a tumor response as meaningful is based on tradition and not science 

and as such variations in assessment of response may confound our results. Some 

patients with such partial responses never become tumor free even after subsequent cycles 

of chemotherapy or additional radiation and thus are not great candidates for organ 

preservation. Alternatively, patients showing no response to induction have been shown 

to have an excellent prognosis after total laryngectomy as compared to patients undergoing 

salvage laryngectomy after a failure of chemoradiation supporting the concept that matching 

appropriate treatment to tumor biology can improve results.3 It is clear from multiple studies 
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that the greater the response to initial chemotherapy cycles, the better the overall prognosis 

with the best outcomes in the 15-20% of patients that achieve a complete tumor regression 

to induction chemotherapy.23,24 Further, given the complex tumor microenvironment, future 

studies may need to include additional immune markers to evaluate the role of immune 

signatures in predicting response to systemic therapy as CD8 TIL status alone may not 

adequately reflect the tumor immune environment. This is one of the major limitations to 

this study. Further, the tumor immune microenvironment will not be able to be captured in 

small biopsy specimen. While we utilized the majority of biopsy specimens in our tumor 

microarray, it is necessary to keep in mind that these small samples likely oversimplify 

the picture of the immune microenvironment. However, despite these limitations, CD8 

TIL status alone did reflect degree of response in the sub-group analysis of responders 

suggesting that there is an important role for TILs in predicting degree of response to 

induction treatment and this could be useful in selecting the most favorable patients for an 

organ preservation approach.

Tumor infiltrating lymphocytes have been shown to be predictive of response to induction 

therapy in various other malignancies.25,26 It is thought that induction therapy induces 

apoptosis in cancer cells resulting in activation of antigen presentation to the immune 

environment thereby priming an anti-tumor response.27–29 This mechanism, in which TILs 

predict response to systemic therapy, has previously been elucidated in breast tumors. A 

study by Demaria et al. demonstrated that this initial priming of the anti-tumor response 

during induction therapy may serve to kill tumor cells that survive initial systemic therapy.30

In head and neck cancer, prior in vivo and in vitro studies have demonstrated that cisplatin 

induces cell death via apoptosis and that this predicts improved survival.31,32 Further, there 

is evidence that traditional cytotoxic therapies such as cisplatin increase antigen presentation 

improving overall anti-tumor response.20,33,34 Together these studies suggest that cisplatin 

containing induction therapy may result in tumor cell death via apoptosis resulting in release 

of tumor neo-antigens and a priming of antigen presenting cells. The increased CD8 TILs in 

our study may therefore represent an increases anti-tumor response that could potentially act 

both as a predictive marker as well as a mechanism by which the host immune system aids 

in additional tumor cell death.

Finally, an additional limitation our study is the use of pre-induction specimens only. Prior 

studies investigating the role of TILs in response to induction often use post-induction 

biopsy specimens22,35,36 which could also explain the lack of significance in our study. 

Given many of the responders have minimal to no post-induction biopsy specimens due to 

either complete response or small tumor size, post-induction specimen evaluation remains 

challenging in this cohort. Future larger prospective studies will be needed to validate 

our findings and develop standardized and reproducible methodology for determining 

the density of immune reactive cells in the tumor microenvironment such as what has 

been published in breast cancer.37 An important frontier will be understanding what the 

immune status in the microenvironment can tell us about the potential role for subsequent 

immunotherapy and not just chemoradiation that could lead to more specific and less morbid 

treatment modalities.
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Conclusion

This study confirms the role of tumor infiltrating lymphocytes in predicting disease specific 

survival in patients with advanced laryngeal cancer in a cohort of patients undergoing 

bioselection treatment regimens. CD8 TIL status alone was insufficient in predicting overall 

response to induction chemotherapy or laryngectomy free survival but was significantly 

associated with degree of tumor regression in the subgroup analysis. Future studies should 

include additional immune markers to evaluate overall immune signatures in this cohort.
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Figure 1: 
CD8 TIL status is an independent predictor of disease specific survival. A) Kaplan-Meier 

curves stratifying by CD8 TIL status. B-C) Forrest plots depicting hazard ratios and 95% 

confidence intervals for DSS and OS.
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Figure 2: 
CD8 TIL status predicts degree of response in sub-group analysis. Chi-squared analysis of 

the responder sub-group reveals a significant association between CD8 high TIL status and ≥ 

80% response to induction therapy.
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Table 1:

Patient and Disease Characteristics by TIL Status

Total
Count (%), n=76 Low TILs Count (%), n=41 High TILS Count (%), n=35 p-value

Age (mean yrs) 59 59 59

Gender Male
Female

62 (82)
14 (18)

35 (85)
6 (15)

27 (77)
8 (23) 0.39

Tobacco
Never
Former
Current

4 (5)
40 (53)
31 (41)

2 (5)
21 (51)
17 (41)

2 (6)
19 (54)
14 (40)

0.99

ACE Comorbidity 
Score

None/Mild
Moderate/Severe

47 (62)
29 (38)

25 (61)
16 (39)

22 (63)
13 (37) 0.79

BMI <30
>30

60 (79)
16 (21)

30 (73)
11 (27)

30 (86)
5 (14) 0.28

Site
Supraglottic
Glottic
Subglottic

56 (74)
19 (25)
1 (1)

30 (73)
11 (27)
0 (0)

26 (74)
8 (23)
1 (3)

0.52

Overall Stage III
IV

22 (29)
54 (71)

12 (29)
29 (71)

10 (29)
25 (71) 0.89

T Stage
T2
T3
T4

2 (3)
35 (46)
39 (51)

0 (0)
21 (51)
20 (51)

2 (6)
14 (40)
19 (54)

0.23

N Stage

N0
N1
N2
N3

21 (28)
12 (16)
42 (55)
1 (1)

13 (32)
6 (15)
22 (54)
0 (0)

8 (23)
6 (17)
20 (57)
1 (3)

0.28

Trial 9520-like
AT101

37 (36)
39 (51)

19 (46)
22 (54)

18 (51)
17 (49) 0.67

Otolaryngol Head Neck Surg. Author manuscript; available in PMC 2023 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Heft Neal et al. Page 14

Table 2:

Binary Response by Tumor-Infiltrating Lymphocyte Status

Non-Responders (<50%) Responder (≥ 50%) p=.27

CD8 Low 6 32

CD8 High 9 25
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Table 3:

Percent Response by Tumor-Infiltrating Lymphocyte Status

Responders Only 50-80% ≥ 80% p=.012

CD8 Low 21 11

CD8 High 8 17
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Table 4:

Binary Response (Using 80% Cutoff) by Tumor-Infiltrating Lymphocyte Status

All Patients <80% ≥ 80% p=.067

CD8 Low 27 11

CD8 High 17 17
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Table 5:

Total Laryngectomy by Tumor-Infiltrating Lymphocyte Status (All Patients)

All Patients No TL Yes TL p=0.97

CD8 Low 27 11

CD8 High 24 10
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Table 6:

Total Laryngectomy by Tumor-Infiltrating Lymphocyte Status (Responders Only)

Responders Only No TL Yes TL p=0.38

CD8 Low 27 5

CD8 High 23 2
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