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ABSTRACT

Background Antiprogrammed cell death-1/programmed
cell death-ligand 1 (PD-1/PD-L1) therapies have
demonstrated promising activity in advanced head and
neck squamous cell carcinoma (HNSCC), with overall
response rates of approximately 20% in unselected
populations and survival benefit. Whether induction
docetaxel, platinum and fluorouracil (TPF) modifies PD-L1
expression or tumour immune infiltrates is unknown.
Patients and methods Patients with locally advanced
HNSCC treated at Gustave Roussy (Villejuif, France)
between 2006 and 2013 by induction TPF followed by
surgery were retrospectively considered. Patients with
paired samples (pre-TPF and post-TPF) were kept for
further analysis. PD-L1 expression was quantified by
immunohistochemistry according to a validated protocol.
The objective of the study was to compare PD-L1
expression on tumour cells (TC) and immune cells (IC)
(positivity threshold of >5%) before and after TPF. CD8+
and Foxp3+ lymphocytes densities before and after TPF
were also quantified.

Results Out of 313 patients receiving induction TPF, 86
underwent surgery; paired samples were available for

21 of them. Baseline PD-L1 expression was >5% in two
and five samples for TC and IC, respectively. A significant
increase of PD-L1 expression was observed after TPF, with
15 samples (71%) presenting a positive staining in IC after
induction chemotherapy (P=0.003; Wilcoxon rank-sum
test) and eight samples (38%) in TC (P=0.005; Wilcoxon
rank-sum test). Tumour-infiltrating CD8+ mean densities
also significantly increased post-TPF (P=0.01). There was
no significant difference in Foxp3+ expression, CD8/Foxp3
ratio or correlation with outcome.

Conclusion TPF induction chemotherapy in advanced
HNSCC increases PD-L1 positivity on tumour-infiltrating
ICs, as well as CD8+ lymphocytes density. These results
warrant independent validation on larger datasets and
might help therapeutic strategy in advanced HNSCC.

INTRODUCTION

Head and neck squamous cell carcinoma
(HNSCQC) is the fifth most common cancer

Key questions

What is already known about this subject?

» Head and neck squamous cell carcinoma is
associated with poor outcomes and better
therapeutic strategies are needed.

» Antiprogrammed cell death-1/programmed cell
death-ligand 1 (PD-1/PD-L1) have shown efficacy
in head and neck squamous cell carcinoma
(HNSCC), with a 20% response rate in unselected
populations and overall survival benefit.

» PD-L1 expression and CD8+ T cell density are
predictive biomarkers for anti-PD-1/PD-L1 efficacy.

» Some cytotoxic chemotherapies have
immunomodulatory actions.

What does this study add?

» Docetaxel, platinum and fluorouracil (TPF) induction
chemotherapy increases PD-L1 expression in
tumour-infiltrating immune cells and in tumour
cells.

» TPF induction chemotherapy increases density of
tumour-infiltrating CD8™ T cells.

» TPF induction chemotherapy does not significantly
modify density of tumour-infiltrating Foxp3*
regulatory T cells.

How might this impact on clinical practice?

» Optimal therapeutic sequence between
conventional cytotoxic chemotherapy and novel
immune therapies still has to be defined.

» Upregulation of PD-L1 and CD8+ Tcell by TPF
induction chemotherapy suggests that combination
strategies of concomitant cytotoxic therapies and
anti-PD-1/PD-L1 therapies might be relevant for
HNSCC.

» This approach may warrant clinical evaluation in
dedicated trials.

worldwide. Approximately 60% of patients
present with advanced disease at diagnosis,
and the 5-year survival rate is approximately
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Figure 1 Flow chart of the study. Description of the process that
matched biopsies were available for 21 of them. HNSCC, head an
platinum and fluorouracil.

30%." One of the therapeutic strategies for locally
advanced HNSCC consists in a combination of induc-
tion chemotherapy, surgery and adjuvant chemoradio-
therapy. Docetaxel, platinum and fluorouracil (TPF) is
the standard induction regimen, allowing organ pres-
ervation, reduction of distant metastases and time to
treatment failure.?’® However, it failed to improve overall
survival (OS) in randomised phase III trials and was asso-
ciated with higher toxicity. Alternative strategies are

therefore urgently needed.

was used for sample selection; out of 313 patients,
d neck squamous cell carcinoma; TPF, docetaxel,

Programmed cell death-1 (PD-1) is an immune check-
point that is expressed primarily on activated T cells. PD-1
binds to two ligands, PD-L1 (B7-H1 and CD274) and
PD-L2 (B7-H2),” that are expressed on tumour cells (TCs)
as well as stromal immune cells (ICs), including lympho-
cytes and macrophages. The interaction between PD-1
and PD-L1 downregulates cytokine production and T cell
activation, thereby promoting tumour immune escape.
Blockade of immune checkpoints can restore antitumour
immunity, notably by enhancing T cell response. Over the
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Table 1 Clinicopathological characteristics of patients with
HNSCC included in the study (n=21)

n %

Sex

Men 14 67

Women 7 83
Smoking status

No 4 19

Yes 17 81
Alcohol

No 12 57

Yes g 43
Age (years) (median) 54 (37-84)
ECOG performance status

0 8 38

1 12 57

2 1 5
Tumour site

Oral cavity 13 62

Larynx 8 38
Tumour size

T1 1 5)

T2 2 10

T3 7 83

T4 11 52
Node involvement

NO 7 33

N1 1 5

N2 12 57

N3 1 )

ECOG, Eastern Cooperative Oncology Group.

last 2years, the advent of immune checkpoint blockers
(ICB) targeting notably PD-1 or PD-L1 has revolution-
ised cancer treatment by leading to prolonged tumour
response and OS improvements in several histologies.
This led notably to the approval of Opdivo (Nivolumab,
Bristol-Meyers Squibb) in non-small cell lung cancer
(NSCLC), melanoma and renal cell carcinoma,” as well
as Keytruda (pembrolizumab, Merck Sharp & Dohme)
in melanoma and PD-L1 positive NSCLC'" ' and Imfinzi
(Durvalumab, Astrazeneca) in urothelial bladder cancer
and NSCLC."* " The T cell inflamed phenotype of HNSCC
(PD-L1 expression and tumour infiltrating lymphocytes)
favours immune escape.14 There is robust evidence for
a role of the PD-1/PD-L1 pathway in immune escape of
HNSCC,15 and efficacy of ICB in these tumours is prom-
ising, with objective response rates of approximately
20% in unselected pretreated patients'® 7 and a longer
OS compared with standard chemotherapy in recurrent
HNSCC."

Although there is currently no validated biomarker for
predicting activity of PD-L1 ICB in HNSCC, PD-L1 posi-
tivity on tumour or ICs as well as the nature and density of
the immune infiltrates (notably CD8' lymphocytes) are the
most robustly validated predictive biomarkers of anti-PD-1/
PD-L1 inhibitors efficacy. Recent publications describe
a potential interplay between the action of conventional
cytotoxic chemotherapy and modulation of immune toler-
ance. Notably, some cytotoxic agents such as paclitaxel,
etoposide and 5fluorouracil have been reported to induce
PD-L1 surface expression in breast cancer cells and have
the ability to activate cell autonomous immunogenic path-
ways.'? Cisplatin,”” BRAF inhibitors® or EGFR inhibitors®
have also been described as being able to promote PD-L1
expression in various tumour types.

In this context, we aimed at assessing whether adminis-
tering TPF induction chemotherapy in locally advanced
HNSCC would modulate PD-L1 expression on tumour
and tumour-infiltrating ICs, as well as the density of the
CD8+ and Foxp3+ immune infiltrates.

MATERIALS AND METHODS

Patients’ selection and sample collection

We retrospectively analysed all patients with locally
advanced larynx and oral cavity HNSCC treated by induc-
tion chemotherapy and followed by surgery at Gustave
Roussy Cancer Centre (Villejuif, France) between 2006
and 2013. All patients were treatment naive before induc-
tion. For each patient, we selected two paired tumour
samples: one representative biopsy of the primary tumour
before treatment and one representative block of the
resected primary tumour after three cycles of TPF. There
was no metastatic lesion in samples. All samples were
fixed in 10% neutral buffered formalin and embedded in
paraffin (FFPE).

Immunohistochemistry (IHC) for evaluation of PD-L1, CD8 and
Foxp3 expression

IHC was performed on 4pm thick sections from forma-
lin-fixed parafin-embedded (FFPE) blocks using a vali-
dated standard protocol on a Ventana Discovery Ultra
autostainer (Ventana Medical Systems, Roche Tissue
Diagnostics, Tucson, Arizona, USA). Briefly, sections were
deparaffinised, and epitope retrieval was performed in
CC1 buffer for 32-60 min depending on the antibodies.
Primary anti-PD-L1 (clone E1L3N, dilution 1 pg/mL, Cell
Signalling Technology), anti-CD8 (clone SP16, dilution
1pg/mL, Spring Bioscience) or anti-Foxp3 (clone SP97,
dilution Ipg/mlL, Spring Bioscience) antibodies were
incubated for lhour at room temperature. Detection
was performed using either an Ultra-MAP kit (Ventana)
for CD8 and Foxp3 stainings or an HQ-amplification kit
(Ventana) for PD-L1 staining, both coupled with horse-
radish peroxidase. 3,3-Diaminobenzidine (DAB) was
used as a chromogen, and slides were counterstained with
haematoxylin. An experimented pathologist assessed
quantitatively PD-LL1 expression in TC and IC as the
percentage of cells with moderate to strong membranous
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Figure 2 Expression of PD-L1 (%) in immune cells (ICs) and tumour cells before (pre-TPF) and after (post-TPF) induction
chemotherapy. In the right panel, 10 samples are in the superimposed lines. (A) PD-L1 expression in stromal ICs and tumour
cells (TC) in 21 patients, before and after taxotere, cisplatin and fluorouracile (TPF) triplet induction chemotherapy. The cut-

off for positivity was 5% of positive cells (dotted line). Patients’ tumours with increased expression of PD-L1 after TPF are
depicted in green, whereas tumours with stable and decreased expression are depicted in orange and purple, respectively.
TPF increased PD-L1 expression in IC (P=0.003) and in TC (P=0.005). (B) Representative images of paired cases between
biopsy specimen pre-TPF and matched surgical resected specimen post-TPF. (Virtual Slide VS120-SL microscope (Olympus,
Tokyo, Japan), 20x air objective (0.75 NA)). PD-L1, programmed cell death-ligand 1; TPF, docetaxel, platinum and fluorouracil.

staining. Following recommendations described in
Herbst et al”® a>5% staining was considered as positive for
TC and IC. Surface ulcerations or foreign body type giant
cell reaction associated with stromal keratin depositions
were excluded from IC evaluation.

Image analysis

Image acquisition was performed with a Virtual Slides
VS120-SL microscope (Olympus, Tokyo, Japan), 20x air
objective (0.75 NA). CD8 lymphocytes were detected using

an algorithm created in Definiens Developer software.
Image analysis was performed after manual selection of
the regions of interest by the senior pathologist. As these
regions were too large to be assessed in totality, they were
divided into blocks of pixels that were processed individu-
ally and finally stitched. The method combined a watershed
segmentation of DAB staining together with colour and
morphological characteristics to automatically retrieve the
CD8 stained cells. The number of CD8 stained lymphocytes

4
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Table 2 IHC staining results before and after TPF induction chemotherapy
Pre-TPF Post-TPF
Positive Positive Mean Positive Mean
Paired 2>1% >5% intensity Positive 21% >5% intensity P
samples (n (%)) (n (%)) (% (range)) (n (%)) (n (%)) (% (range)) (Wilcoxon)
IC PD-L1 21 15 (4) 5 (24) 3 (0-10) 17 (80) 15 (71) 12 (0-30) 0.003
expression
TC PD-LA1 4 (19) 2 (9.5) 1 (0-20) 13 (61) 8 (38) 4 (0-20) 0.005
expression
Mean density (n/mm? (range) Mean density (n/mm? (range)
CD8+ cell 17 237 (4-779) 512 (563-1190) 0.01
density
Foxp3 cell 84 (26-180) 164 (4-467) 0.09
density
CD8+/ Foxp 2.48 (0.03-6.27) 6.23 (0.52-41.3) 0.127
3 ratio

ICs, immune cells; IHC, immunohistochemistry; PD-L1, programmed cell death-ligand 1; TC, tumour cells; TPF, docetaxel, platinum and

fluorouracil.

per pm® was retrieved for each analysed tissue. Foxp3-pos-
itive lymphocytes were detected using an algorithm for
nuclei detection in Tissue Studio (Definiens) software.
Briefly, nuclei stained with DAB were automatically detected
according to their IHC staining spectral properties in the
regions of interest already defined for CD8 analysis. The
number of Foxp$ stained nuclei per pm® was retrieved for
each analysed tissue.

Statistical analysis

Statistical significance of PD-L1, CD8 and Foxp3 expres-
sion was evaluated using Wilcoxon rank-sum test (with
exact P value). OS was calculated from the start of treat-
ment with TPF to the date of death or the last follow-up
(censored data). Progression-free survival (PFS) was
calculated from the start of TPF induction to the date of
disease progression, death or the last follow-up (censored
data). Survival curves were estimated using Kaplan-Meier
methods, and 95% CI for point survival estimates were
calculated according to Rothman. Median follow-up
was estimated using inverse Kaplan-Meier method. The
prognosis role of PDL1 in PFS and OS was evaluated with
log-rank test. Correlation between PDLI and response
to treatment were evaluated with y* test. All tests were
two sided, and a P value <0.05 was considered statistically
significant. Statistical analyses were performed using SAS
software (V.9.1).

RESULTS

Patient characteristics

Between 2006 and 2013, 313 patients diagnosed with
locally advanced HNSCC were treated with TPF induc-
tion at Gustave Roussy. Eighty-six (27%) of them had
surgery after CT, including 51 with laryngeal and oral
cavity tumours. Paired biopsies (pre-TPF and post-TPF)
were available for 21 patients and selected for further
analysis (figure 1). Fourteen patients (67%) were men

(14 patients; 67%) and 20 patients (95%) had an Eastern
Cooperative  Oncology Group performance status of
0-1. The median age was 54 (range: 37-84). All patients
but one had alcohol drinking and/orsmoking history.
Thirteen patients (62%) had an oral primary site, and
eight patients (38%) had a laryngeal primary site. Others
characteristics are summarised in table 1. All patient had
a history of heavy drinking and smoking; HPV status was
unavailable.

TPF induction chemotherapy increases PD-L1 expression in
tumour-infiltrating ICs and in tumour cells

When assessing PD-L1 expression using the 5% cut-off for
positivity,” five samples (24%) were positive in IC at base-
line. A significant increase of PD-L1 expression in IC was
observed after TPF, with 15 samples (71%) being posi-
tive after induction chemotherapy (P=0.003, Wilcoxon
rank-sum test) (figure 2A,B, table 2). At baseline, PD-L1
expression was infrequent in TC, with only two positive
samples (9.5%). After induction chemotherapy, eight
samples (38%) were positive in TC (P=0.005; Wilcoxon
rank-sum test) (figure 2A,B, table 2). Overall, a signifi-
cant increase in PD-L1 expression was observed in both
TC and IC post-TPF induction chemotherapy.

TPF induction chemotherapy increases density of CD8*
lymphocytes

CD8 is a marker of cytotoxic lymphocytes, which have
been involved in response to PD-1/PD-L1 inhibitors.?*
Foxp3 is a marker of regulatory T cells, the role of
which within the tumour bed is still debated.” CD8 and
Foxp3 IHC staining was analysed on 17 of the 21 patients
included, as tumour material was insufficient for four
patients (figure 3A,B). A statistically significant increase
of the median density of CD8" lymphocytes was observed
after TPF induction therapy (237 cells/mm® vs 512 cell/
mm? P=0.01); a trend to increase in Foxp3" lymphocytes
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chemotherapy, (A) Patients’ tumours with increased expression of CD8+/Foxp3+ lymphocytes after TPF are represented in
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was noted as well (84cells/mm2 Vs 164cell/mm2; t-test:
P=0.09), although without reaching statistical significance
(table 2). The CD8'/Foxp3" lymphocytes ratio—an indi-
cator of favourable outcome and sensitivity to anti-PD-1/
PD-L1 in solid tumours® * was determined for each
tumour. The mean CD8'/Foxp3’ ratio increased from
2.48 pre-TPF to 6.23 post-TPF (NS; P=0.127) (table 2).
No significant correlation could be found between PD-L1
expression and immune infiltrate at baseline, or between
the increase in PD-L1 expression in tumour-infiltrating
ICs and the increase in CD8" and Foxp3' populations
(data not shown).

Association between PD-L1 expression and patient outcome
The median follow-up was 6.4 years (range: 1.9-8.2). At
the time of the analysis, 11 patients were still alive (52%).
Median OS was 3.4 years (95% CI 2.3-not reached).
Median PFS was 2.9 years (95% CI 1.1-not reached).
After TPF induction, 1 patient (5%) had a complete
response, 14 (67%) a partial response (PR) and 6 (29%)
a stable disease. No statistically significant correlation
could be found between PD-L1 expression at baseline
and survival (log-rank test; P=0.26 for OS and P=0.45 for
PFS), PD-L1 expression after TPF and survival (log-rank
test; P=0.94 for OS and P=0.72 for PFS) or PD-L1 induc-
tion after chemotherapy and survival (log-rank test;
P=0.67 for OS and P=0.83 for PFS) (online supple-
mentary figure 1). PD-L1 expression at baseline, PD-L.1
expression after TPF or PD-L1 induction were neither
correlated to response to treatment (x° test; P=0.45,
P=0.29and P=0.52, respectively). Interestingly, within
the 14 (70%) patients with PR after TPF induction, an
increase in PD-L1 expression was observed on 80% (12
patients) of them (vs 17% in patients that presented
with stable disease as best response after TPF). Only
three tumours of patients with response to induction
therapy did not present any increase in PD-L1 expres-
sion, whereas PD-L1 expression was not increased in
five of the six patients who presented stable disease as
best response (online supplementary table 1).

DISCUSSION

The most important current challenges in the develop-
ment of immuno-oncology therapies in HNSCC are (1)
the identification of the population who is the most likely
to respond to ICB and (2) the definition of the optimal
therapeutic sequence between conventional cytotoxic
chemotherapy and novel immune therapies. Our study
suggests, subject to the small number of patients, that
TPF induction chemotherapy increases PD-L1 expres-
sion in tumour cells and tumour-infiltrating ICs, as well
as CD8' lymphocytes density in locally advanced HNSCC.
An increase in the CD8'/Foxp3" lymphocytes density is
also observed, although not reaching significance.

To our knowledge, this is the first study evaluating
PD-L1 expression and ICs infiltrates in paired samples
before and after induction chemotherapy in HNSCC.
Due to tumour heterogeneity, initial biopsy could be

not representative of the real expression of PD-L1 in
the whole tumour, as previously shown in NSCLGC,*
but is the only way to asses PD-L1 expression before
chemotherapy. With the exception of the constitu-
tional high-level microsatellite instability status,”
PD-L1 expression remains the most robust predictive
biomarker for response to anti-PD-1/PD-L1 therapy in
various tumour types.17 Our anti-PD-L1 clone, staining
and scoring method used had been previously validated
and displayed comparable results as other staining
methodologies (notably 22C3 and 28-8 antibodies) in
harmonisation studies for PD-L1 THC testing.” *' In
HNSCC, a high PD-L1 expression was identified as a
strong prognostic factor of patient’s outcome.”” PD-L1
expression on ICs has also been identified as a relevant
predictive biomarker for the response to pembroli-
zumab'®? and durvalumab (MEDI4736, Medimmune),
with response rates of 11% (95% CI 5% to 22%) in
all evaluable patients (n=62) and 18% (95% CI 5% to
40%) in patients with PD-L1-high tumours (n=22).%***
Assessing PD-L1 expression prior to treatment with anti-
PD-1/PD-L1 therapy is therefore of clinical relevance.

In our series, a significant increase in PD-L1 expression
was observed both on tumour and on tumour-infiltrating
cells post-TPF chemotherapy. This is in line with recent
findings in preclinical models and clinical samples of
breast tumours, where S-phase-dependent DNA damage
caused cell cycle-dependent chemotherapies—such as
platinum salts—result in increased PD-L1 expression in
tumour cells in a cell-autonomous fashion, following acti-
vation of the cGAS/STING pathway. The increased PD-L1
expression on both IC and TC might also represent a
potential immune-mediated resistance mechanism to
induction chemotherapy, via increased activation of the
PD-1/PD-L1 axis through a similar mechanism as what
has been described with poly(ADPribose) polymerase
inhibitors.”™ This suggests that the concomitant adminis-
tration of cytotoxic therapy and ICBs targeting the PD-1/
PD-L1 axis would be a relevant strategy for patients with
HNSCC. Results obtained in NSCLC™ *” support such
therapeutic approach, which is even more relevant for
patients with HNSCC who tend to deteriorate rapidly
and for whom sequential approaches of cytotoxic therapy
followed by immune therapy might be suboptimal.
However, considering the limited size and heterogeneity
in tumour sampling of the current dataset, prospective
validation in larger cohorts is required. Phase II and
III studies evaluating anti-PD-1/PD-L1 agents in recur-
rent or metastatic HNSCC who have failed to platinum
regimen are ongoing (NCT02255097, NCT02207530 and
NCT02252042), and may bring interesting additional
information.

PD-L1 has not been described as a prognostic
biomarker, and no correlation could indeed be found
between PD-L1 pre-TPF or post-TPF expression and
patient outcome in our series. However, we observed that
80% of the patients’ tumours that responded to induc-
tion chemotherapy did express PD-L1 post-TPF, whereas
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only 17% of tumours that did not respond to therapy
were PD-L1 positive post-TPF. Similarly to what has been
reported by Parkes et al'” this suggests that tumours
that are sensitive to induction chemotherapy, which are
usually DNA repair-deficient tumours, potentially activate
immunomodulating pathways that lead to PD-L1 expres-
sion and lack of T cell-mediated cytotoxicity.'?

The nature (in quantity and quality) of the immune
infiltrate is also important in response to ICB, as illus-
trated by the possibility of immunological ignorance,
non-functional immune response and excluded infil-
trate described in Herbst et al.”® Density of CD8" and
Foxp3" cell populations have been studied in various
tumours.” CD8" cytotoxic T lymphocytes, which directly
kill cancer cells when activated, are associated with
better outcome, whereas the protumourigenic or anti-
tumourigenic role of Foxp3" T lymphocytes (also called
regulatory T lymphocytes) is still debated.***” Overall,
a high CD8+/Foxp3+ ratio is classically associated with
favourable clinical outcomes in solid tumours,41 and the
presence of tumour-infiltrating lymphocytes is usually
associated with PD-L1 expression.”* * In our series, we
could not correlate the presence of TILs with outcome
or with the level of PD-L1 expression, potentially as a
result of the limited number of samples. Further studies
on larger cohorts might allow to better address this
question.

To conclude, PD-L1 positivity on tumour cells and
tumour-infiltrating ICs is significantly increased after TPF
induction chemotherapy, as well as CD8" T cell density
within the tumour. As higher PD-L1 expression as well
as higher CD8" tumour immune infiltrates have been
correlated with better response to immune checkpoints
inhibitors, our results may suggest that combination strat-
egies of concomitant administration of cytotoxic thera-
pies and anti-PD-1/PD-L1 therapies might be relevant for
HNSCC. This approach, if supported by similar results
emerging from larger and independent series, may
warrant clinical evaluation in dedicated trials.
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