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Abstract
Purpose—This study examines the tumour–host immune interactions in head and neck
squamous cell carcinoma (HNSCC) and their relationship to human papillomavirus (HPV)
infectivity and patient survival.

Methods—The adaptive and innate immune profile of surgical tumour specimens obtained from
HNSCC patients was determined using qRT-PCR and immunohistochemistry. Intratumoural and
invading margin leukocyte populations (CD3, CD8, CD16, CD20, CD68, FoxP3 and HLA-DR)
were quantified and compared with patient disease-specific survival. Additionally, the expression
of 41 immune activation- and suppression-related genes was evaluated in the tumour
microenvironment. Tumour cells were also assessed for expression of HLA-A, HLA-G and HLA-
DR. HPV infectivity of tumour biopsies was determined using HPV consensus primers (MY09/
MY11 and GP5+/GP6+) and confirmed with p16 immunohistochemistry.

Results—HPV+ patient samples showed a significantly increased infiltration by intratumoural
CD20+ B cells, as well as by invasive margin FoxP3+Treg, compared with HPV− patient samples.
There was also a trend towards increased intratumoural CD8+ T cells and HLA-G expression on
tumour cells in HPV+ samples. qRT-PCR data demonstrated a general pattern of increased
immune activation and suppression mechanisms in HPV+ samples. Additionally, a combined score
of intratumoural and invasive margin FoxP3 infiltration was significantly associated with disease-
specific survival (P < 0.05).

Conclusions—These data demonstrate significant differences in the immune cell profile of
HPV+ and HPV− HNSCC. This study identifies several possible targets for immunotherapy and
possible prognostic markers (FoxP3 and HLA-G) that may be specific to HNSCC.

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer
diagnosed worldwide, and despite advances in treatment over the last several decades, the 5-
year survival remains below 50%1,2. Despite current standard-of-care treatments including
surgical resection, chemotherapy and radiation, these patients have high rates of recurrence,
most often loco-regional metastasis, and overall poor prognosis. This aggressive malignancy
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is associated with a variety of aetiological agents including alcohol consumption, tobacco
use and more recently, human papillomavirus (HPV) infection1,3. HPV has been implicated
in the aetiology of a subset of HNSCC, often arising in younger patients without a history of
alcohol or tobacco use1,3. Approximately 30% of HNSCC tumours are HPV+ and despite
late stage presentation, they often have a better prognosis and response to therapy4. HPV+

tumours are now considered a distinct biomodel from HPV− HNSCC, whereby cellular
transformation occurs secondary to virally-mediated degradation of tumour suppressor
proteins p53 and Rb rather than mutational inactivation of the genes p53 and p16INK4
(downstream component of Rb pathway), as is seen in tumours from patients with
significant smoking or alcohol use and no HPV infection1–3. At present, however, HPV
infection status is not routinely used to direct treatment decisions or prognosis.

Also implicated in the aggressive nature of these tumours is their ability to modulate the
immune system. In general, the mechanisms through which solid tumours are able to escape
destruction by the immune system include evasion, direct suppression and indirect
suppression via recruitment of suppressor cell populations. HNSCC has been shown to
employ all of these mechanisms, but there is a great deal of heterogeneity across tumours
and as such, immunotherapy regimens have been largely unsuccessful in HNSCC. Up to
60% of HNSCC tumours have been shown to evade immune recognition through the down-
regulation or loss of human leukocyte antigen (HLA) class I molecules and/or disruption of
the antigen-processing machinery (APM), both of which are necessary for proper
recognition of tumour associated-antigens by cytotoxic T lymphocytes (CTL)5–7. HNSCC
tumours have also been shown to down-regulate co-stimulatory B7 molecules (CD80 and
CD86) and to express the non-classical human leukocyte antigen HLA-G, known to inhibit
natural killer (NK) cells, T cells and antigen-presenting cells (APC)8,9. Direct inhibition of
effector responses can be mediated by tumour cell expression of cytotoxic ligands (e.g.
CTLA-4, FasL, PD-L1 and PD-L2), which leads to apoptosis of activated CTL and release
of immunosuppressive factors into the tumour microenvironment [e.g. interleukin (IL)-10,
IL-6, transforming growth factor (TGF)-β, prostaglandin E2 (PGE2) and vascular
endothelial growth factor (VEGF)]10. Lastly, tumour cells can recruit and expand suppressor
cell populations such as regulatory T cells (Treg), myeloid-derived suppressor cells (MDSC)
and tumour-associated macrophages (TAM)5,10.

While it is well established that HNSCC tumours are highly immune-modulatory,
conflicting results regarding immune cell subsets, patterns of immune cell activity and the
effect of immune infiltration on prognosis have made it difficult to use this information to
improve the care of HNSCC patients11–16. This study evaluates the differences in immune
profile, immune cell infiltrates, major histocompatibility complex (MHC) I expression and
clinical outcomes in patients with HNSCC relative to HPV infection status.

Methods and material
Tissue samples

Fresh tumour samples and formalin-fixed paraffin-embedded (FFPE) tissue sections were
collected from patients (n = 32) who underwent surgical resection of HNSCC at the Keck
Hospital of USC or Los Angeles County Hospital between 2009 and 2011. Normal tissue
resected as a result of standard surgical procedures was also collected for a subset of patients
(n = 7). All patient specimens and clinical data were obtained with written informed consent
under the USC Keck School of Medicine IRB-approved protocol HS-09-00048.
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HPV infection status
Genomic DNA was isolated from fresh tumour specimens using TRI reagent (Sigma, St.
Louis, MO) as per manufacturer's instructions. For PCR, 100 ng of DNA was amplified
using consensus primers MY09/MY11 (450-bp product) and GP5+/GP6+ (150-bp
product)17,18. All samples were run with a negative (H2O) and positive control (DNA from
HeLa cell line). Samples found to be positive for HPV by PCR were confirmed using p16
(INK4; BD Pharmingen, San Jose, CA) staining of FFPE sections by immunohistochemistry
(IHC).

IHC
Sections from FFPE tissue were deparaffinized, rehydrated and subjected to heat-induced
antigen retrieval (0.01 M citrate, pH 6.0) followed by treatment with 3% H2O2 for 10 min to
block endogenous peroxidase activity. Sections were incubated with primary antibodies
using optimal dilutions against CD3 (ab5690; Abcam, Cambridge, MA), CD8 (C8/144B;
Dako, Carpinteria, CA), CD16 (0.N.82; Santa Cruz Biotech, Santa Cruz, CA), CD20 (L26;
Dako), CD68 (PGM1; Dako), FoxP3 (NBPI-43316; Novus, Littleton, CO), HLA-DR
(LN-3), HLA-A (A18; Santa Cruz) and HLA-G (4H84; Santa Cruz) overnight at 4°C.
Vectastain ABC kit (Vector Laboratories, Burlingame, CA) was used as per manufacturer's
instructions, followed by detection with 3,3′-diaminobenzidine (DAB). Sections were
counterstained with haematoxylin, dehydrated and mounted. Appropriate positive and
negative controls were used for all stains. Haematoxylin and eosin (H&E)-stained sections
of tumour samples from each case were obtained from USC University Hospital following
surgical resection.

IHC scoring
To develop an immune scoring system, we performed a review of English literature
published from 1992 to 2012 on the PubMed database for studies using systematic immune
scoring protocols, and read reviews examining immune infiltrate and tumour prognosis. A
draft of the scoring system was then adapted for HNSCC with guidance from an academic
head and neck pathologist at the Keck Hospital of USC. Immunostained sections were
scored for immune cell infiltration in two regions of the tumour: at the invasive margin and
in tumour cell nests. For each immune cell stain (CD3, CD8, CD20, CD16, CD68, FoxP3
and HLA-DR), five high-powered fields (HPF; ×400 magnification) were assessed in each
tumour region (Figure 1a). At the invasive margin of the tumour, the percentage of
positively-stained immune cells was estimated. The number of positively-stained cells
infiltrating the tumour cell nests was counted for each HPF. Two independent observers
scored each section. Discordant results were sent to a third observer for review. The tumour
cells were also assessed for expression of HLA-A, HLA-G and HLA-DR and scored as
either negative (<10% of nucleated tumour cells stained positively) or positive (>10% of
nucleated tumour cells stained positively) (Figure 1b). Markers with statistically significant
intra-class correlation coefficients (ICC) between scoring pathologists were analysed as
continuous data. All others were evaluated as categorical variables.

Quantitative RT-PCR (qRT-PCR)
Total RNA was extracted by tissue homogenization with an RNeasy Mini Isolation kit
(Qiagen, Valencia, CA), and DNase treated using Turbo DNase (Applied Biosystems, Foster
City, CA) as per manufacturer instructions. For qRT-PCR, 100 ng of DNase-treated RNA
was amplified with Power SYBR Green RNA-to-CT 1-Step kit (AB) using gene-specific
primers from the NIH qRT-PCR database (http://primerdepot.nci.nih.gov). The USC Core
Facility synthesized all primers. Amplification was performed on a Stratagene Mx3000P
cycler with MxPro software (Strategene, La Jolla, CA). Gene-specific amplification was
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normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH). Human reference
RNA (HuRNA) was used as an additional control, because it has been demonstrated that
tumour-adjacent normal tissue in HNSCC may in fact be abnormal as a result of field
cancerization.

Statistical methods
Independent two-sample t-tests were used to compare the mean IHC immune cell scores for
each marker (CD3, CD8, CD20, CD16, CD68, FoxP3 and HLA-DR) in HPV+ versus HPV−

patient samples. The mean of the two independent pathologist's scores was used for each
subject. Mann–Whitney U-tests were used to compare the median immunohistochemical
score for categorical immune cells markers. Fisher's exact tests were used to compare the
proportion of positive samples in HPV+ versus HPV− tumours for the following stains:
HLA-A, HLA-G and HLA-DR. The inter-rater reliability for immunohistochemical scores
was assessed by ICC. Variables with poor correlation on a continuous scale were converted
to a categorical scale, and reliability was assessed using a weighted kappa coefficient. For
qRT-PCR data, differences in the log of mean gene expression were compared across HPV+

tumours, HPV− tumours, normal tissue and HuRNA using a one-way analysis of variance
(ANOVA) followed by Dunnett's test for pairwise comparisons with Bonferroni adjustment
(α = 0.0012 for multiple comparisons across 41 genes). For exploratory studies, α was not
adjusted for multiple comparisons. Statistical tests were performed using GraphPad Prism
software (La Jolla, CA) and STATA at a significance level of α = 0.05 unless otherwise
specified. Two-sided tests were used for all statistical analyses. Graphs and figures were
produced using GraphPad Prism, Microsoft Excel, Adobe Illustrator and Photoshop
software.

Results
Clinical data

Tumour specimens were collected from patients who underwent surgical resection of
HNSCC at the Keck Hospital of USC or the Los Angeles County Hospital between 2009
and 2011. As shown in Table 1, primary tumour sites included the oral cavity (12),
oropharynx (15), hypopharynx (1), larynx (2) and sinonasal (3). The study population
included 20 stage IV (59%), 12 stage III (35%) and 2 stage II (6%) patients. The median age
of the patients was 63 years (range, 27–83), and the female-to-male ratio was 9:26. Eleven
(34%) subjects had received chemotherapy or radiation therapy prior to surgical removal of
the specimen collected for this study. A total of 48% subjects had a recurrence of HNSCC
during follow-up, and 56% subjects died of the disease. The overall frequency of HPV
infection was 26% (nine patients), which is consistent with rates reported by other
investigators (Table 1)19. PCR results using MY09/MY11 or GP5+/GP6+ primers (Figure
2a) were confirmed by p16 staining (Figure 2b and c)19,20.

Inflammatory pattern of gene expression seen in HPV+ and HPV− HNSCC tumours
The expression of 41 genes related to immune activation and suppression was measured in
fresh-frozen tumour biopsy samples by qRT-PCR and compared with adjacent normal tissue
and a HuRNA sample (Figure 3). Both HPV+ and HPV− tumours demonstrated a highly
inflammatory milieu, with statistically significant increases in cytokines IL-2, IL-4, IL-10
and IL-12 relative to the normal tissue. This strong immune activation was paired with the
upregulation of numerous immune suppression mechanisms, including suppressive ligands
PDL1, B7H4 and FasL and inducer of suppressor cells IL-6. Consistent with the theory of
field cancerization, these patterns of expression were largely mirrored in the tumour-
adjacent, histologically normal tissues as well21. Expression of genes in HNSCC tumours,
indicative of immune infiltrate, paralleled this pattern of concurrent immune activation and
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suppression. Increased expression of T-cell markers CD4 and CD25, antigen presentation
ligands CD80 and CD83, regulatory T-cell gene FoxP3 and trends towards an increased
expression of MDSC markers CD11b, Arg-1, INOS and STAT3 were observed in these
tumours. In contrast to the general upregulation of immune genes, expression of NKG2D, a
marker for NK cells, was significantly decreased in both HPV+ and HPV− tumours relative
to the normal tissue.

Effect of HPV infection on tumour infiltration by immune cells
Immune cell infiltration was assessed intratumourally and at the invasive margin by IHC
(Figure 4). Markers for cells of the adaptive immune system included: CD3, which identifies
all T cells, CD8 as a lineage-specific marker expressed primarily on cytotoxic T-cell subsets,
FoxP3 as a marker of immunosuppressive regulatory T cells and CD20 as a marker of B
cells. Markers for the innate compartment included: CD68 as a macrophage marker and
CD16, which identifies NK cells. HLA-DR is typically found on APC including dendritic
cells, macrophages and B cells.

HPV+ versus HPV− patient samples had significantly different mean intratumoural CD8/
Foxp3 T-cell ratios of 4.3 and 1.7, respectively (Figure 4c, P = 0.0036). There was also a
statistically significant difference in the proportion of HPV+ patients with high intratumoural
CD20 expression versus HPV− patients (P = 0.001), with 86% (6/7) in the HPV+ group and
14% (3/21) in the HPV− group (Figure 4a). Additionally, the median Foxp3+Treg infiltration
at the invading margin in HPV+ versus HPV− samples was significantly different (Figure 4b,
P = 0.0144).

Effect of HPV infection on tumour immune-related gene expression
With regard to the differences in gene expression between HPV+ and HPV− tumours, only
IL-2 showed a statistically significant difference, with HPV+ samples demonstrating
significantly increased expression relative to HPV− samples (Figure 3). There were also
trends towards increased expression of the regulatory T-cell marker FoxP3, suppressive
ligands B7H4, PDL1 and FasL and inhibitory molecule IDO in HPV+ samples relative to
HPV− samples. HPV+ samples also demonstrated an increased expression of CD83 (APC),
GITRL (co-stimulatory molecule), NKG2D (NK cell marker), CD62L (memory T cell) and
CXCR3 (chemokine receptor on Th1 and NK cells). These trends in expression of genes
related to immune activation and suppression in HPV+ samples relative to HPV− samples
are consistent with those seen in the immunohistochemical data.

Dysregulation of MHC class I molecules in HNSCC tumours
MHC class I or HLA expression on tumour cells in patient specimens was examined by IHC
(Figure 2). A subset of HNSCC tumours demonstrated a downregulation of HLA-A
(approximately 20%), suggestive of decreased immunogenicity and immune evasion, while
approximately 30% of the tumour specimens demonstrated an upregulation of HLA-G,
suggestive of active suppression of host immune cells. Knowledge of this dichotomy in
immune escape strategies among HNSCC tumours may be important if immunotherapy
regimens are applied to these patients. There were no statistically significant differences in
HLA expression between HPV+ and HPV− tumours; however, there was a trend towards an
increased expression of HLA-G in the HPV− (40%) samples relative to the HPV+ samples
(14%) (Figure 4d).

Improved survival in patients with HPV+ HNSCC compared with HPV− HNSCC
Consistent with the literature, the risk of death due to HNSCC in HPV+ subjects was 0.43
[confidence interval (CI) = 0.10–1.93] times that in HPV− subjects, although this association
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did not reach a statistical significance (Figure 5a). Additionally, there appeared to be an
increased risk of death in HPV+ subjects during the first 200 days post-surgery, with the risk
dropping to 0.31 (CI = 0.04–2.45) after this time point.

Intra- and peritumoural FoxP3+ infiltrates suggest improved survival in HNSCC
irrespective of HPV status

As shown in Figure 5, patient HNSCC-specific mortality was related to patterns of
intratumoural and invasive margin immune cell infiltrates. As illustrated in Figure 5d,
patients with high intratumoural and invasive margin FoxP3+ cells (FoxP3 High) had a
statistically significant decrease in HNSCC-specific mortality, regardless of HPV status,
compared with patients with low intratumoural and/or invasive margin FoxP3+ cells (FoxP3
Moderate or FoxP3 Low) (P = 0.0428). Trends towards a decreased risk of HNSCC-specific
mortality were observed in patients with high levels of intratumoural CD8+ [hazards ratio
(HR) = 0.66, CI = 0.24–1.84], FoxP3+ (HR = 0.47, CI = 0.16–1.33), CD68+ (HR = 0.41, CI
= 0.14–1.17) and invasive margin FoxP3+ (HR = 0.44, CI = 0.15–1.31) cells relative to
those with low levels of immune cell infiltration. CD20+ B-cell infiltrates were not
associated with a better or worse survival in this cohort. Interestingly, neither the CD8+/
FoxP3+ ratio appeared to correlate with HNSCC-specific mortality in these patients nor did
the accumulation of pan-T (CD3), -B (CD20) or leukocyte (CD45) populations. Lastly,
tumour expression of immunosuppressive MHC class I molecule HLA-G was associated
with a trend towards higher HNSCC-attributable mortality (HR = 1.93, CI = 0.67–5.57).
Survival analysis in this study was limited by cohort size, but these data highlight intra- and
peritumoural FoxP3+ cells, intratumoural CD68+ and CD8+ cells and tumour HLA-G
expression as potential prognostic markers in addition to HPV status in HNSCC patients.

Discussion
HNSCCs continue to have very poor prognoses despite treatment with surgery,
chemotherapy and radiation therapy. In this context, adjunctive use of immunotherapy
approaches may help to treat malignant lesions and prevent recurrent disease. In addition,
increasing knowledge about tumour–host immune interactions is contributing to our
understanding of tumourigenesis and disease progression in cancer patients. This study,
using a prospective cohort of HNSCC patients, evaluated the relationships between tumour
infiltrating immune populations and tumour immune-related gene expression and between
patient survival and tumour HPV status.

This study demonstrates significantly different immunological patterns in patients with
HPV+ versus HPV− HNSCC, which could potentially be used to select immunotherapy
approaches for HNSCC patients. The immune profiles of HPV+ and HPV− HNSCC were
distinct, notable for variable accumulations of intratumoural CD3+, CD8+ and CD20+ cells
and peritumoural FoxP3+ cells. These differences were coincident with a significantly
higher expression of IL-2 and a trend towards increased expression of immune-stimulatory
genes CD83, GITRL, CD62L, CXCR3 and NKG2D in HPV+ tumours than that in HPV−

tumours. In selecting immunotherapy approaches for HPV+ HNSCC tumours, it is important
to account not only for the presence of strong immune activation present in the tumour but
also the numerous suppressive mechanisms that were found to be upregulated, including
FoxP3, B7H4, PDL1 and FasL. On the other hand, HPV− HNSCC tumours may require
immunotherapy approaches with significant immune stimulation to overcome the relative
absence of immune cell ingression and activation.

In addition to the adaptive immune system, the innate immune system plays a role in anti-
tumour immunity, and its contributions have been less well described23,24. This study
demonstrates that both HPV+ and HPV− HNSCC tumours have significantly decreased
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expression of the activating NK cell receptor NKG2D relative to the adjacent normal tissue.
The significant deficit of NKG2D may reflect either a lack of NK cell infiltration or a lack
of activation of the NK cells. These data support the exploration of NK cell-targeted
therapies for treatment of both HPV+ and HPV− HNSCC. Other investigators have used
IL-2 therapy as an investigational treatment of HNSCC patients to improve NK cell
function24. Our data demonstrate that the subset of HPV+ tumours, which do not have a
deficit of IL-2 expression, may be more responsive to other methods of NK cell stimulation.

The expression of HLA molecules in HNSCC was also assessed in this study. In this report,
we found that approximately 20% of HNSCC tumours downregulated HLA-A, while
approximately 30% upregulated HLA-G. Additionally, HLA-G downregulation appeared to
occur more frequently in HPV− tumours (8/20) than in HPV+ tumours (1/7). Currently, there
is conflicting evidence in the literature regarding the significance of HLA-G expression in
HNSCC. In oral lesions, Fregonezi et al.25 found that HLA-G expression was increased in
premalignant lesions in comparison with malignant SCC, and Silva et al.9 demonstrated a
similar pattern in laryngeal lesions, suggesting that HLA-G expression is a marker of less
advanced disease. However, in oesophageal SCC, HLA-G expression is correlated with poor
prognosis26. This study found that subjects with HLA-G expression were 1.93 (CI = 0.66–
5.57) times as likely to die of HNSCC compared with those with negative HLA-G
expression; however, this finding was not statistically significant. It is possible that an
increased expression of HLA-G in HPV− tumours contributes to a decreased immune cell
infiltration and worse prognosis relative to HPV+ tumours. Future studies examining the
prognostic and therapeutic significance of this marker in HNSCC are therefore warranted.

This study identified intra- and peritumoural FoxP3+ cell accumulation as a prognostic
indicator for improved survival (decreased HNSCC-specific mortality) in patients with
HNSCC (HPV+ and HPV−). This is an important finding as other investigators have shown
conflicting results on the relationship between FoxP3+Treg and prognosis in HNSCC. We
hypothesize that the elevated levels of FoxP3+Treg are a surrogate marker for increased
immune activation, which is the primary cause of improved survival in these patients, but
this will need to be addressed in future studies. In this study, subjects with an increased
intratumoural T-cell infiltration were 0.66 (CI = 0.24–1.84) times as likely to die of HNSCC
compared with those with low levels of infiltration. This difference, however, was not
statistically significant. Increased CD8+ T-cell infiltration has been shown to correlate with
survival in some solid tumours22. This may be one of the factors contributing to an
improved survival of HPV+ HNSCC patients, who collectively were shown to have more
CD8+ T-cell infiltrate. Survival analysis was limited in this study by cohort size; however,
nonetheless, we identified FoxP3+ accumulation as a significant predictor of cause-specific
mortality and highlighted trends in other markers than warrant further investigation. In
recent years, there has been an increased focus on the distribution of immune cells in
tumours, including the location and composition of immune cell infiltrates, which may
impact the prognostic and predictive value of these markers22. Galon et al.27 demonstrated
that examining immune cell infiltrates within the tumour and at the invading margin can
predict survival in colorectal cancer, whereas by themselves, they are less significantly
associated with prognosis22,27,28. This study showed a similar result when examining the
level of FoxP3+ immune cell infiltration at the invasive margin and tumour cell nests. These
two measurements were more strongly associated with disease-specific survival together
than by themselves. This is an important observation for future prognostic studies in
HNSCC using immunological markers.
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Figure 1.
IHC staining of tumour specimens for (a) immune cell populations: CD3+ T cells, CD8+ T
cells, FoxP3+Treg (nuclear stain), CD20+ B cells, CD16+ NK cells, CD68+ macrophages
and HLA-DR+ APCs on patient tumour specimens (200× original magnification) or (b)
MHC class I markers: HLA-A, HLA-G and HLA-DR (top row shows positively-stained
tumours, bottom row shows negatively-stained tumours; 200× original magnification).
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Figure 2.
HPV screening of tumour specimens. Samples were screened for HPV infection using PCR,
along with confirmation by p16 staining. (a) Sample PCR results demonstrating
amplification of a 150-bp product (GP5+/GP6+) in lane 2 and a 450-bp product (MY09/
MY11) in lane 3; HeLa cell line was used as a positive control. The negative control (H2O)
for each primer set can be seen in lanes 4 and 5. An HPV+ patient sample loaded in lanes 6
and 7 demonstrates amplification using GP5+/GP6+ primers (Lane 6), but the sample does
not show amplification using MY09/MY11 primers (Lane 7). (b) p16 staining on an HPV+

and (c) HPV− patient sample (200× original magnification).
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Figure 3.
Pattern of immune gene expression in HPV+ and HPV− HNSCC tumours. A heatmap
displaying gene expression data for HuRNA, adjacent normal tissue specimens, HPV−

patient tumour samples and HPV+ patient tumour samples. Gene-specific amplification
values were normalized to GAPDH within each sample, and the mean of the log10%
GAPDH for each group is shown (green shading indicates GAPDH = 0.001, red shading
indicates % GAPDH = 10).
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Figure 4.
Effect of HPV infection on tumour infiltration by immune cells. (a) Intratumoural immune
cell infiltration in HPV+ and HPV− patient tumour samples. The mean number of positive
cells per HPF is shown +SEM. CD20 was coded as a categorical variable, and the proportion
of samples with high levels of infiltration (greater than median) is shown. (b) Invasive
margin immune cell infiltration in HPV+ and HPV− patient tumour samples. The mean
percentage of positive immune cells is displayed, as well as the SEM. FoxP3 was coded on a
categorical scale of 0–3 (by quartile). (c) The ratio of CD8+ T cells to FoxP3+Treg
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intratumourally and at the invasive margin. (d) The proportion of patient samples positive
(>10% of nucleated cells) for HLA-A, HLA-G and HLA-DR. For a–d, * indicates P < 0.05.
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Figure 5.
Relation of immune infiltrates with HNSCC-specific mortality. (a) Kaplan–Meier curve of
survival in HPV+ versus HPV− patients. (b) HRs comparing samples with higher levels of
immune cell infiltration (top 50%) to those with lower levels of immune cell infiltration
(bottom 50%). HRs are reported for intratumoural, invasive margin (peritumoural) and
combined populations. HR < 1 indicates decreased and HR > 1 indicates increased HNSCC-
specific mortality. (c) Kaplan–Meier curve of survival in subjects with high, moderate or
low levels of FoxP3 expression (high = high invasive margin and tumour cell nest
infiltration; moderate = high infiltration in one location, low in the other and low = low
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invasive margin and tumour cell infiltration) (P < 0.05). (d) Kaplan–Meier curve of survival
in subjects relative to the extent of intratumoural CD8+ infiltrate.

Russell et al. Page 16

Head Neck Oncol. Author manuscript; available in PMC 2014 April 08.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Russell et al. Page 17

Table 1
Patient characteristics

Number of patients (%)
HPV+

cases (%)
HPV−

cases (%)

Number 35 (100) 9 (26) 26 (74)

Gender

Male 26 (74) 7 (78) 19 (73)

Female 9 (26) 2 (22) 7 (27)

Age (median, range) 63 (27–83) 59 (45–80) 67 (27–83)

Tumour site*

Oral cavity 12 (36) 2 (22) 10 (42)

Oropharynx 15 (45) 6 (67) 9 (38)

Hyopharynx 1 (3) 0 (0) 1 (4)

Larynx 2 (6) 0 (0) 2 (8)

Sinonasal 3 (9) 1 (11) 2 (8)

AJCC Stage**

I 0 (0) 0 (0) 0 (0)

II 2 (6) 0 (0) 2 (8)

III 12 (35) 4 (44) 8 (32)

IV 20 (59) 5 (56) 8 (32)

Previous Treatment ***

11 (34) 0 (0) 11 (48)

Data missing for 1**, 2* or 3*** subjects
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