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IMPORTANCE Biomarkers that reflect prognosis and cellular immunity in patients with head
and neck squamous cell carcinoma (HNSCC) are a prerequisite for improving individualized
treatment that limits the intensity and morbidity of conventional treatment and may be
useful in the introduction of new immunotherapy regimens.
OBJECTIVE To determine if specific classes of tumor-infiltrating lymphocytes (TILs) in
pretreatment biopsy specimens have prognostic value for outcomes in a large training and
validation cohort of patients with HNSCC.
DESIGN, SETTING, AND PARTICIPANTS In this prospective, epidemiologic study with a median
follow-up of 47.5 months, in 464 previously untreated patients with available tissue for
construction of tissue microarray, HNSCC disease sites included oral cavity (228), oropharynx
(147), larynx (74), and hypopharynx (15). The training cohort consisted of 241 patients and the
validation cohort consisted of 223 patients. Overall tumor stage was I (55), II (69), III (71),
or IV (269). Patients were enrolled between November 2008 to October 2014. Data were
analyzed between October 2018 and April 2019.
MAIN OUTCOMES AND MEASURES Semiquantitative levels of CD4, CD8, and FoxP3
lymphocytes were assessed by immunohistologic analysis and correlations with clinical
prognostic factors, initial treatment modality, and overall survival (OS) and disease-specific
(DSS) survival were determined. A principal component analysis was performed to generate a
combined TIL-weighted sum score (TILws).
RESULTS Of the 464 participants, 135 (29%) were women; mean (SD) age, 61.1 (11.8) years.
Higher CD8 counts were associated with improved OS in both training and validation sets
(HR, 0.94; 95% CI, 0.90-0.98 and HR, 0.97; 95% CI 0.95-0.99, respectively). Higher TILws
were associated with improved OS and DSS in both the training set (HR, 0.91; 95% CI,
0.86-0.96; and HR, 0.93; 95% CI, 0.87-0.99, respectively) and validation set (HR, 0.96;
95% CI, 0.93-0.99; and HR, 0.94; 95% CI, 0.89-0.99, respectively). A multivariable Cox
model controlling for batch, age, clinical stage, disease site, comorbidities, HPV status, and
smoking, showed that higher TILws levels were associated with improved OS and DSS
(HR, 0.94; 95% CI, 0.92-0.97; and HR, 0.94; 95% CI, 0.90-0.98, respectively). When
grouped by treatment (surgery vs chemoradiation) and tested for interaction, treatment was
found to be an effect modifier for CD4 levels and OS. Low CD4 levels were showed greater
association with decreased survival in the chemoradiation cohort than the surgery cohort.
CONCLUSIONS AND RELEVANCE The findings from this large cohort study suggest that levels

of TILs are an independent prognostic factor in patients with HNSCC. Subsets of TILs and
combined TIL scores may be clinically useful predictive and prognostic factors.
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T

he presence of tumor-infiltrating lymphocytes (TIL) is
increasingly recognized as an important biomarker in
head and neck squamous cell carcinoma (HNSCC). Consistent observations using a variety of techniques show that
higher levels of T cells in the tumor microenvironment (TME)
are associated with improved outcomes.1-5 Since the discovery of subpopulations of TILs in the 1980s, understanding of
the location, functional activity, and cell types has expanded.6
Although TILs appear to have some prognostic value in HNSCC,
their usefulness as a biomarker to determine treatment type,
or impact on outcome in heterogeneous head and neck cancer subsites (oral cavity, oropharynx, larynx) has yet to be
elucidated. Thus, a more accurate analysis of the potential
benefit of assessing microenvironment T-cell infiltrates requires a homogenous sample of large numbers of patients with
tumors of similar site with detailed information regarding other
prognostic clinical characteristics, treatment regimens, and
specific outcomes. Furthermore, a better understanding of
TILs as a biomarker is a necessary prerequisite for improving
individualized treatment that limits the intensity and morbidity of conventional treatment, and may be useful in advancing the introduction of new immunotherapy regimens.
In this study, we first confirmed our previous work, by
examining TILs in a training and validation cohort of
patients with HNSCC. Second, we combined our training and
validation cohorts to evaluate the largest population of previously untreated patients with HNSCC, to our knowledge.
Finally, we stratified participants by treatment type and subsite to examine biologically different tumors (oral cavity,
oropharynx, larynx) and determine the association, if any, of
treatment modality and survival.

Methods
Patient Population
After written informed consent was obtained, we prospectively enrolled 1042 patients from November 2008 to October 2014 into our Head and Neck Specialized Program of Research Excellence (SPORE) epidemiologic database, which was
approved by the University of Michigan Medical School institutional review board. For this study, only previously untreated patients with biopsy-proven squamous carcinoma arising from the 4 major sites of oral cavity, oropharynx, larynx,
or hypopharynx and with adequate tissue for creation of tissue microarrays (TMA) were included. A total of 464 patients
met the inclusion criteria. Demographics were obtained
through baseline questionnaires, and updates to patient status (tumor events) were determined by prospective data collection at routine follow-up visits supplemented by review of
outside medical records and follow-up visits in the electronic
medical record along with annual surveys. Deaths were confirmed through the Social Security Death Index. There were a
total of 127 tumor recurrences, 43 second primary tumors
(12 head and neck), and 150 deaths (91 disease-specific). The
median follow-up for the study population was 47.5 months.
For the purposes of this study, we divided the population
into training and validation cohorts based on the enrollment
E2

Key Points
Question What is the prognostic value of tumor-infiltrating
lymphocytes (TILs) in head and neck squamous cell carcinoma?
Findings In this cohort study that included 464 patients, higher
levels of TILs were associated with improved survival in
multivariable models.
Meaning Scoring of TILs could be included into clinicopathologic
prognostic models for patients with head and neck squamous
carcinoma.

into SPORE. This was done because each cohort represented
a different set of tissue arrays and underwent staining at different times. The first cohort was determined to be the training set and included patients treated from November 10, 2008
to October 12, 2012, and included 241 participants. We previously reported on a subset of this training group with shorter
follow-up and showed that TILs have an important prognostic value in HNSCC.1 Methodology for assessing TIL counts at
that time did not include a normalization for the amount of
tumor represented in each core in the initial report. We believed it necessary to repeat these calculations to normalize
TIL counts and repeat the overall survival (OS) analysis as a
training cohort prior to expanding the participant group to
include the second cohort that was used as validation of the
findings. The validation set included patients treated from
October 12, 2012 to October 6, 2014, and included 223 participants. For the current study we improved standardization
of quantification by normalizing all TIL counts to cells/mm2
rather than cells/microcore as described herein. The baseline
characteristics of the patient population are shown in Table 1
stratified by the training and validation sets. Patients in the
training cohort were more likely to be younger (59.3 vs 63.0
years) and more likely to use alcohol. All patients were discussed at our multidisciplinary tumor board to standardize
treatment recommendations.

Immunohistologic Analyses
Pretreatment biopsies were obtained and representative
hematoxylin-eosin slides screened and reviewed by an expert (J.B.M.) to identify areas of tumor with more than 70%
cellularity for TMA construction. We extracted 0.7-mm tumor
cores in triplicate from identified areas in the biopsy blocks for
each patient.7 Blocks with insufficient histology or size were
excluded from the study. Antibody staining was performed by
our previously described methods.1 Briefly, TMA sections were
incubated overnight at 65 °C. They were then deparaffinized,
rehydrated, and antigen retrieval was carried out by a heatinduced epitope retrieval method. The slides were incubated
in a preheated pressure cooker with citrate buffer pH6 or
Tris-EDTA buffer pH9 and blocked with horse serum (30 minutes at 25 °C). Immunohistochemical staining was completed
on separate slides of the TMA on a DAKO autostainer using
liquid streptavidin biotin horseradish peroxidase and DBA
(DAKO labeled avidin-biotin-peroxidase kits) as chromogens.
Deparaffinized sections were stained with 4 monoclonal antibodies at the following titrations: CD4-1:250 (Abcam Ab846);
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Table 1. Demographics and Clinical Characteristics
by Training and Validation Cohorts

Variable
Patients, No.

Combined,
No. (%)
464

Age, mean (SD), y

61.1 (11.8)

Table 1. Demographics and Clinical Characteristics
by Training and Validation Cohorts (continued)

Cohort
Training
241

Original Investigation Research

Validation
223

59.3 (12.0) 63.0 (11.3)

Sex

Variable
Smoker (cigarettes) (n = 445)

Combined,
No. (%)

Cohort
Training

Validation

Never

102 (23)

52 (22)

50 (25)

Current

496 (44)

112 (46)

84 (41)

Male

329 (71)

176 (73)

153 (69)

Former (quit >12 mo)

147 (33)

77 (32)

70 (34)

Female

135 (29)

65 (27)

70 (31)

Missing

19

0

19

Stage

Abbreviations: ACE, Adult Comorbidity Evaluation; HPV, human papillomavirus.

1

55 (12)

26 (11)

29 (13)

2

69 (15)

29 (12)

40 (18)

3

71 (15)

39 (16)

32 (14)

4

269 (58)

147 (61)

122 (55)

1

97 (21)

53 (22)

44 (20)

2

139 (30)

69 (28)

70 (31)

3

69 (15)

39 (16)

30 (13)

4

159 (34)

80 (33)

79 (35)

0

213 (46)

100 (41)

113 (51)

1

59 (13)

31 (13)

28 (13)

2

177 (38)

101 (42)

76 (34)

3

15 (3)

9 (4)

6 (3)

464 (100)

241 (100)

223 (100)

Larynx

74 (16)

45 (19)

29 (13)

Oral cavity

228 (49)

114 (47)

114 (51)

Oropharynx

147 (32)

77 (32)

70 (31)

Hypopharynx

15 (3)

5 (2)

10 (5)

268 (58)

138 (57)

130 (58)

T stage

N stage

M stage
0
Disease site

Initial treatment
Surgery
Chemoradiation

134 (29)

77 (32)

57 (26)

Radiation

23 (5)

12 (5)

11 (5)

Palliation

39 (7)

11 (5)

19 (9)

Chemotherapy

9 (2)

3 (1)

6 (3)

None

114 (25)

70 (29)

44 (20)

Mild

224 (48)

112 (46)

112 (50)

Moderate

83 (18)

39 (16)

44 (20)

Severe

41 (9)

19 (8)

22 (10)

Missing

2

1

1

Negative

301 (67)

159 (69)

142 (64)

Positive

151 (33)

72 (31)

79 (36)

Unknown

12

10

2

Negative

29 (20)

17 (23)

12 (17)

Positive

115 (80)

58 (77)

57 (83)

Unknown

3

2

1

ACE Comorbidities score

HPV (p16) status

HPV (p16) status among OP only

Drinker (n = 443)
Never

54 (12)

21 (9)

33 (16)

Current

279 (63)

161 (67)

118 (58)

Former (quit >12 mo)

110 (25)

59 (24)

51 (25)

Missing

21

0

21
(continued)
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CD8-1:40 (Nova Castra VP-C320); and FoxP3 -1:200 (Abcam
Ab20034); and CD104 -1:50 (eBioscience 438-9b). Appropriate negative (without primary antibodies) and positive
(tonsillar tissue and various carcinomas) controls were stained
concurrently on the same slides.
Only the most common subsets of T lymphocytes that
previously were thought to be prognostic were considered
in the analysis and included CD4 (helper T lymphocytes),
CD8 (cytotoxic/suppressor T lymphocytes), FoxP3 (regulatory T lymphocytes that are a subset of CD4 cells). Correlations with outcome for these subsets have varied with some
studies suggesting that cytotoxic/suppressor T cells (CD8)
are important, whereas others suggest that helper T lymphocytes (CD4) are associated with favorable prognosis and both
favorable and unfavorable correlations with prognosis have
been reported for FoxP3 cell counts. In this study we investigated methods to account for variations in each of these cell
populations by principle components analysis.

TIL Quantification
The TMA slides were imaged and interrogated using Aperio
ImageScope software (version 12, Aperio). The TIL counts were
performed by manually counting cells at 200 × magnification by a technician blinded to patient clinical outcome. The
CD104 staining (β4 integrin) for each core was examined first
to locate and estimate the extent of the carcinoma in the tissue cores. To normalize the lymphocyte density counts among
tissue cores with differing amounts of tumor, cores were characterized as having 25%, 50%, 75%, or 100% tumor tissue.
Cores with less than 25% tumor tissue were excluded. This was
performed by visual estimation by a naïve reader and the percentage of tumor was recorded for each core. This allowed for
evaluation of tissue cores that had partial tissue loss, folding
of cores, or cores with no tumor present. Semiquantitative
TIL counts for each core could then be calculated by dividing
the intraparenchymal T-cell counts by the percentage tumor
tissue.1,8,9 Triplicate cores for each patient were averaged.
Counts were normalized to 100% of the core before averaging
by dividing the counts by the estimated percentage of tumor
tissue in each core. To further standardize final counts to the
areal size of the core, the averaged TIL count was divided by
the area of the 0.7-mm core (πr2) so that the cell counts would
be represented as number of cells per mm2. This provided data
that could potentially be duplicated by other investigators
counting TILs per high-power microscopic field in whole
tissue sections.
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Table 2. Tumor-Infiltrating Lymphocytes by Training and Validation Cohorts
Cohort, Lymphocyte Count, Mean (SD) [range]
Variable

Patients, No.

Entire

Training

Validation

CD4

457

85.5 (128.5) [0-948]

83.1 (94.6) [0-468]

88.0 (156.6) [0-948]

CD8

457

123.4 (225.2) [0-3045]

80.8 (104.5) [0-629]

168.1 (298.1) [0-3045]

FoxP3

460

84.8 (113.2) [0-919]

93.9 (114.2) [0-919]

74.8 (111.4) [0-754]

TILws

451

97.3 (127.5) [0-1489]

83.9 (76.9) [0-453]

111.3 (163.7) [0-1489]

Human Papillomavirus Testing
Human Papilloma virus (HPV)-positive tumors were identified by staining for p16INK4a and was performed using a kit
(CINtec p16INK4a Histology Kit; MTM Laboratories) by our
previously described method. 10-12 Antibody binding was
scored by an experienced head and neck pathologist (J.M.),
using a continuous scale (10%, 30%, 90%, etc) for the proportion of tumor cells demonstrating nuclear and cytoplasmic p16 staining. The proportions were then divided into
a quartile scale of 1 to 4: 1 was less than 5%; 2, 5% to 20%;
3, 21% to 50%; and 4, 51% to 100% tumor staining. Intensity
was also scored on a scale of 1 to 4: 1 equal to no staining;
2, low intensity; 3, moderate; and 4, high intensity. Staining
results for p16 were considered positive when the proportion
score was equal to 4 and the intensity score was 3 or 4. The
HPV (p16) testing was performed in 452 patients and yielded
positive results in 80% of oropharynx patients.

Statistical Analysis
The TIL counts per mm2 for CD4, CD8, and FoxP3 cells were
analyzed for associations with clinical variables and correlations among one another using Kruskal-Wallis tests and Spearman correlation coefficients, respectively. Positive correlations between TILs were observed for all pairs. A principal
component analysis was performed in the training set to reduce the dimension of the TIL data. The first principal component explained 59% of the variability in the TIL data. The
eigenvector for this principle component was used to create
scaled weights that sum to 1 for use in a summary score on the
same scale as the individual TIL cells per mm 2 . The TIL
weighted sum score (TILws) was calculated with the formula:
TILws = 0.35 × CD4 + 0.35 × CD8 + 0.3 × FoxP3
The same weights were applied in the validation set. Time-toevent outcomes were defined from date of initial diagnosis to
date of last follow-up, or death from any cause (OS), or death
from cancer (disease-specific survival [DSS]). The KaplanMeier method and log-rank tests were used to evaluate univariable outcomes based on high or low levels of each biomarker both dichotomized at the median or split into tertiles.
Single-variable and multivariable Cox proportional hazard
models were used to test associations between TILs and timeto-event outcomes treating each biomarker as a continuous
variable. Hazard ratios are presented for increases of 10 cells
per mm2. Multivariable models included covariate adjustments for age, stage, disease site, p16 status, Adult Comorbidity Evaluation (ACE) comorbidity score, batch effect, and smoking history. The interrelationship of initial primary treatment
modality and outcome in these models was explored using
E4

multivariable Cox proportional hazard models including an interaction term for each biomarker by primary treatment group.
All statistical analyses were conducted in SAS statistical software (version 9.3; SAS Institute, Inc) and graphed in R statistical software (version 3.0.3, R foundation).

Results
Comparison of Training and Validation Cohorts
We first sought to confirm the prognostic value of TILs between the training and validation cohorts. The mean levels of
TIL counts in the combined cohort and each set are presented
in Table 2. The CD8 counts and combined TILws were higher
in the validation set. There were no significant differences between CD4 or FoxP3 cell counts. There were also no differences in other clinical characteristics or prognostic factors other
than age and alcohol use (Table 1).
Both univariable and multivariable Cox modeling were performed to evaluate the prognostic value of TILs in the training and validation cohorts. In univariable analysis, CD8 and
TILws were each associated with reduced risk of death or death
from cancer in both sets of patients. The results of the multivariable models that included covariate adjustments for age,
stage, disease site, HPV status, batch effect, and smoking history are presented in Figure 1. Higher CD8 counts were associated with improved OS in both the training set (HR, 0.94;
95% CI, 0.90-0.98) and validation set (HR, 0.97; 95% CI 0.950.99). Higher TILws counts were associated with improved OS
and DSS in both the training set (HR, 0.91; 95% CI, 0.86-0.96;
and HR, 0.93; 95% CI, 0.87-0.99; respectively) and validation
set (HR, 0.96; 95% CI, 0.93-0.99; and HR, 0.94; 95% CI, 0.890.99; respectively).

Analysis of TILs by Treatment Type
To explore the effect of TILs by primary treatment type (surgery vs chemoradiation) and outcomes, we combined the
training and validation cohorts and eliminated patients who
underwent palliative chemotherapy (9 patients) or nontreatment (30 patients). Figure 2 shows the Kaplan-Meier DSS curves
for patients treated with primary surgery (Figure 2A) or primary chemoradiation (Figure 2B) stratified by high or low
CD4 counts using tertiles. Multivariable modeling controlling
for batch, age, clinical stage, disease site, comorbidities, HPV
status, and smoking showed that only CD4 counts showed a
significant interaction with primary treatment type. By Cox regression analysis, CD4 counts did not show a significant difference in outcome risks after surgery, whereas patients with
higher CD4 counts had significantly decreased risk of death af-
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Figure 1. Forest Plot of Overall Survival and Disease-Specific Survival
Within Subclasses of Tumor-infiltrating lymphocytes (TILs) Stratified
by the Training and Validation Cohorts

Outcome/TIL

Better
Outcome

Unit No.

Worse
Outcome

P Value

Overall survival
CD4

10

Training

234

<.001

Validation

223

.80

Training

234

.001

Validation

223

.02

Training

240

.07

Validation

220

.17

Training

230

<.001

Validation

200

.03

CD8

FOXP3

TIL score

10

10

10

10

Training

234

.01

Validation

223

.73

Training

234

.16

Validation

223

.01

Training

240

.69

Validation

220

.06

Training

230

.03

Validation

200

CD8

FOXP3

TIL score

TILs in Oropharynx
For patients with oropharynx cancer (n = 147), CD8 counts
and TILws were associated with higher overall stage, lower
T class, and HPV-positive status. In multivariable analysis
controlling for known prognostic factors including HPV status, higher levels of CD4, CD8, FoxP3, and TILws were associated with an improved OS. Higher levels of FoxP3 and TILws
were also associated with an improved DSS.

TILs in Oral Cavity

Disease-specific survival
CD4

Original Investigation Research

For patients with oral cavity cancer (n = 228), there were sex
differences seen in cell counts of CD4, CD8, FoxP3, and
TILws, with higher levels in women. Higher CD4 counts were
associated with advanced stage, and higher CD8 levels were
associated with increasing age. In multivariable analysis
controlling for known prognostic factors, only higher levels
of CD8 were associated with an improved OS (HR, 0.98;
95% CI, 0.96-1.00) with a trend for improved DSS (HR, 0.97;
95% CI, 0.95-1.00).

TILs in Larynx

10

10

10
.02
0.85

0.90

0.95

1

1.05

For patients with cancer of the larynx (n = 74), there were
significant differences in TIL levels between comorbidities,
with higher cell counts of CD4, CD8, and TILws associated
with lower ACE comorbidity scores. Higher CD4 counts were
also associated with lower T class. In multivariable analysis
controlling for known prognostic factors, higher levels of
CD8 (HR, 0.88; 95% CI, 0.79-0.98) and TIL ws (HR, 0.86;
95% CI, 0.74-1.00) were associated with improved OS.

OR (95% CI)

ter primary chemoradiation (HR, 0.88; 95% CI, 0.80-0.96).
The findings were similar when TILws counts were analyzed
(HR, 0.85; 95% CI, 0.77-0.93).

Multivariable modeling of TILs on Survival
Multivariable Cox models were used to understand the association of TIL ws and clinical variables with survival. The
results of Cox models for OS and DSS survival are shown in
Table 3. The TILws was highly prognostic of DSS (HR, 0.94),
along with advanced stage, severe comorbidities, laryngeal
disease site, and p16 status. This confirms the independence
of TILws score from known clinical prognostic variables. We
also found TIL ws was associated with an improved OS in
multivariable analysis. In addition, patients with lower
stage, lower comorbidities, HPV-positive status, and never
smoking had improved OS.

Analysis of TILs by Disease Site
Because of the biological differences in head and neck cancers arising at different disease sites in HNSCC, we evaluated
the correlation between TILs and clinical variables in the most
common disease sites (oropharynx, oral cavity, larynx) and determined the prognostic value of TILs. There were significant
differences in TILws between subsites (oropharynx > oral cavity/larynx), suggesting that these differences could influence
the prognostic value of TILs, necessitating further analysis.
jamaotolaryngology.com

Discussion
To our knowledge, this is currently the largest study in the literature examining the prognostic value of TILs in patients with
head and neck cancer. The most significant finding was that
we were able to confirm our previous findings and validate that
cell counts continue to be prognostic when comparing our
training and validation cohorts. We also defined a novel semiquantitative cell count parameter (TILws) that combined levels of individual T-cell subsets and was highly and independently significant. This could allow better standardization of
TIL counts per mm2 of tumor parenchyma, which would be an
important step in bringing TIL evaluation into the mainstream of reportable findings by pathologists. Further, our work
confirms and extends other reports of successful quantitation of TILs in tissue that show correlations with outcomes
despite potential issues with sampling variations in using biopsy tissue and creating TMAs.13-16
In our multivariable model, we showed that in a large cohort of 464 patients, a combined TILws can predict prognosis
independent of clinical variables. This provides further evidence that suggests that TIL assessments should be integrated into clinicopathologic prognostic models for patients
with HNSCC. This has been suggested in breast cancer, as a
pooled analysis by Loi and colleagues examining 2148 patients with early stage triple negative disease showed TILs
added prognostic value to known clinical variables.17 In addi-
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Figure 2. Survival by Treatment Method
A Surgery

B

Chemoradiation
1.0

0.8

High
Medium
Low

0.6
0.4
0.2

Disease-Specific Survival
Probability

Disease-Specific Survival
Probability

1.0

Low
High

0.8
0.6

Medium

0.4
0.2

0

0
0

12

24

36

48

60

0

12

24

Months
No. at risk
Low
Med
High

48

60

9
16
32

4
8
23

No. at risk
96
92
77

79
74
72

54
57
59

34
44
39

19
31
31

7
18
20

Low
Med
High

36
40
56

tion, the International Immuno-Oncology Biomarker Working Group on Breast Cancer has suggested a methodology for
pathologists to count TILs in the postneoadjuvant residual disease setting.18 This type of standardization will be a necessary step to broaden the use of TILs in HNSCC. A recent metaanalysis that included 19 studies confirmed the favorable
prognostic role for T-cell infiltration, but also emphasized the
lack of large studies of homogenous patient cohorts that controlled for tumor site, stage, and treatment.19
In the subset analysis of TILs by disease site, important differences between patients with oropharyngeal, oral cavity, and
laryngeal primary tumors were found. In the oropharyngeal
cohort, not only were the number of TILs increased, but all subpopulations of TILs were prognostic, confirming the results of
our previous findings and others in the literature.2,4,9,20 The
immunogenicity of HPV-related tumors in the lymphoid-rich
oropharynx may explain improved survival reported in these
patients, but it is unclear why there are certain patients with
immune-depleted tumors who do not share this prognostic
benefit. In addition, the improved survival seen with increased levels of FoxP3, a marker of T regulatory cells, strengthens the argument that overall immunogenicity of HPVrelated tumors drives the survival advantage. The critical
mechanisms that regulate the recruitment and retention of
functional T cells in the TME remain unclear but are actively
under investigation. The oral cavity and larynx cancers typically have a less robust immune reactive mucosal environment compared with the oropharynx, and only CD8 infiltrate
levels predicted OS in all 3 groups. The characterization of CD8
as a prognostic cytotoxic lymphocyte has been confirmed in
other cancer types and has been a consistent finding.21,22
The stratification of DSS by CD4 counts in both the surgically treated and chemoradiation-treated patient populations that was initially noted in our training set was confirmed in our combined cohort and may have important
ramifications. It is notable that CD4 levels appear to be more
predictive of primary treatment results than purely prognostic. Currently, there are no treatment paradigm selection differences based on tissue biomarkers. Our data suggest that CD4rich tumors may be better candidates for treatment with
chemoradiation compared with CD4-depleted tumors that had
E6

36

Months
34
39
55

25
34
46

16
21
40

Table 3. Multivariable Cox Model for Overall Survival (OS)
and Disease-Specific Survival (DSS)
HR (95% CI)
Parameter

OS

DSS

0.94 (0.92-0.97)

0.94 (0.90-0.98)

1.02 (1.00-1.03)

0.98 (0.95-1.00)

1

0.29 (0.13-0.64)

0.14 (0.04-0.45)

2

0.62 (0.35-1.10)

0.22 (0.08-0.58)

3

0.56 (0.31-1.00)

0.63 (0.29-1.34)

4

1 [Reference]

1 [Reference]

TILws
10 U
Age, y
1
Stage

Comorbidities
None

0.35 (0.16-0.74)

0.41 (0.16-1.05)

Mild

0.56 (0.31-1.00)

0.42 (0.19-0.94)

Moderate

0.73 (0.37-1.42)

0.40 (0.15-1.08)

Severe

1 [Reference]

1 [Reference]

Disease site
Hypopharynx

0.68 (0.19-2.38)

0.66 (0.14-3.20)

Larynx

0.57 (0.27-1.23)

0.33 (0.12-0.92)

Oral cavity

1.34 (0.65-2.76)

1.04 (0.43-2.55)

NA

NA

Negative

2.00 (1.14-3.49)

6.02 (2.53-14.30)

Positive

1 [Reference]

1 [Reference]

Oropharynx
HPV status

Smoking status
Current

1.96 (1.05-3.66)

1.03 (0.50-2.11)

Former

2.45 (1.31-4.60)

1.84 (0.89-3.79)

Never

1 [Reference]

1 [Reference]

Abbreviations: HPV, human papillomavirus; NA, not applicable.

similar outcomes after primary surgery as did patients with
CD4-rich tumors. The precise role of CD4 cells in the TME is
unknown but includes a variety of subsets responsible for cytokine production and T-cell regulation. We have previously
shown that pretreatment CD4 levels in the serum of patients
with advanced laryngeal cancer show an improved response
to induction chemotherapy.23 In addition, we have shown that
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Kaplan-Meier survival curves showing
the disease-specific survival for
patients whose primary treatment
was surgery (A) and chemoradiation
(B). CD4 is stratified at tertiles.
There was improved survival in
patients treated with chemoradiation
with high pretreatment CD4 counts.
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surgically treated patients with recurrent laryngeal cancer also
have an improved survival with higher levels of CD4, CD8,
and CD103 TILs.24 Thus, there may be differences in treatment stratification by types of immune cells in different tumors, and further study is required to determine how to expand our understanding of how these differences relate to
treatment options for patients with HNSCC.
The expanding role of immunotherapy in patients with
recurrent or metastatic HNSCC provides a promising novel
treatment pathway for patients with potentially curable
HNSCC.25-27 The characterization of immune status in the TME
is a critical prerequisite for understanding which patients may
benefit from immune modulation and will be very important
to the introduction of immunotherapy. How best to measure
immunity in the TME that is cost-effective, reliable, and timely
is currently unclear. Simple histologic methods offer advantages because they are readily available and rapid. It is remarkable that correlations of TILs and survival have been consistently demonstrated using a variety of scoring methods and
tumor samples. Correlations of tumor genetics and the immune inflammatory response have been described recently
that could help characterize distinct populations of patients
who may be selectable for more personalized treatment.28
Patients with immune cell-depleted tumors have different
responses to cytoreductive therapy,29,30 and thus could present
varying treatment options for patients whose tumors may
appear the same clinically and radiographically. Assessing
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changes in immune cells in the TME after chemotherapy
and/or immunotherapy may also play an important role in
evaluating responses or drug choices/delivery.

Limitations
A limitation of this study is its need for external validation because this was a single-institution study with prior extensive
experience in TIL counts. There are also sample- and treatmentrelated biases because modality selection was based on tumor site and extent independent of biomarker considerations. Further, there may be additional subsite differences
when even larger cohorts of patients are examined because the
current subsite analysis, although the largest in the literature, could have been limited by patient numbers.

Conclusions
The semiquantitative immunohistologic assessment of TILs
in biopsy specimens appears to be an important independent prognostic factor for patients with HNSCC. Despite the
fact that there are confounding issues and interactions of
tumor site and HPV status with treatment, analysis of subsets of TILs could be useful in selecting a primary treatment
modality. The findings suggest that some form of combined
TIL scoring should be considered for incorporation into clinicopathologic prognostic models for patients with HNSCC.
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