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Introduction

The demographics and prognosis of locally advanced head and neck squamous cell
cancer (HNSCC) have changed dramatically over the past two decades.
Epidemiological evidence has revealed a significant increase in the incidence of
oropharyngeal cancer (OPC) in North America and Europe [1-3]. Molecular stud-
ies of oropharyngeal tumours have revealed that this increase is due to a rise in the
incidence of tumours containing human papillomavirus (HPV), most specifically
HPV16. Evidence shows that HPV16 is the molecular cause that mechanistically
drives the development and viability of the cancer cells [4]. HPV-associated OPC
(HPVOPC) presently accounts for ~70 % of OPC seen in the USA, and an increas-
ing fraction of these malignancies is seen in Europe [1, 2, 5].

Our current understanding is that two clinically significant carcinogenic and bio-
logical pathways exist that cause OPC. One is environmentally and smoking-related
OPC (EROPC), which is caused by smoking, alcohol and environmental carcino-
gens. Carcinogenesis in this entity is independent of HPV; tumours are HPV-negative
and result from p53 mutations and loss of cell-cycle regulation, usually via p16 dele-
tion, methylation or mutation. The other pathway is HPVOPC, in which carcinogen-
esis is driven by HPV. Carefully conducted studies have shown that high-risk HPVs
are identified rarely outside the oropharynx [6, 7]. A small number of true larynx
cancers occur which are identifiable as HPV 16-positive; however, the biology of the
rare HPV-positive tumours in the larynx may be different from HPVOPC. Some
tumours classified as oral cancers, supraglottic cancers or nasopharynx cancers occur
in watershed areas within and adjacent to the oropharynx and are probably misclas-
sified because of local spread of an OPC. These are biologically-related OPCs and
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not oral cancer per se, having been misclassified. Thus, the vast majority of HPV-
related HNCs are HPVOPC. In addition to having distinct biologies, HPVOPC and
EROPC have responded differently to therapy [8, 9].

The Current State of the Art—Therapeutics

Existing data from clinical trials and retrospective analysis of patient materials sug-
gests the two forms of OPC—HPVOPC and EROPC—are biologically distinct and
have distinct prognoses. The relative paucity of genetic changes in HPV-positive
HNC is in sharp contrast to what is observed in HPV-negative HNC, and is mecha-
nistically related to the direct effects of viral proteins in inactivating regulators of
key cellular processes [8—12]. In contrast to EROPCs, HPVOPCs usually do not
contain p53 mutations [9, 11]. Similarly, p16, an inhibitor of mitosis in the Rb path-
way of cell growth, is often upregulated in HPVOPC, whereas it is lost in EROPC,
as a consequence of viral alterations in Rb function [9, 13, 14]. Up-regulation of p16
can be seen in about 20 % of non-HPV-related cancers, including other sites in the
head and neck; however, p16 appears to be up-regulated in >95 % of HPVOPCs,
making it a good screening tool and a potentially important diagnostic tool [7, 14,
15]. The biological differences in the carcinogenesis of these tumours are expressed
in their distinctly different responses to therapeutic interventions.

Retrospective studies in unselected patients indicate that patients with HPVOPC
have a significantly better prognosis than patients with EROPC, regardless of thera-
peutic intervention [16—18]. These differences are profound and only fractionally
related to the improved demographics of HPVOPC patients who tend to be younger
and have less exposure to smoking and alcohol [19-21]. In one retrospective study
from Denmark in which radiotherapy (RT) was the sole therapy, p16 was used as a
surrogate for HPV [22]. In this randomized study of a radiation sensitizer, the con-
trol arm of RT only was analysed for p16 expression. Five-year survival was 62 %
among pl6-positive patients compared with 26 % in pl6-negative patients.
Locoregional control (LRC) was 58 % versus 28 %, respectively. The data support
the notion that p16-positive, and, hence by implication, HPV-positive, tumours are
more responsive to RT and more likely to be cured. One caveat of the study relates
to the determination of p16 positivity. A significant fraction of p16-positive tumours
were not of oropharyngeal origin and HPV status was not obtained, hence the rela-
tionship of pl6-positive and HPV positivity, especially HPV16 positivity, in this
study is less strong than might be expected [22]. These results illustrate limitations
with many studies; first because of using p16 as a surrogate marker for HPV carci-
nogenesis and second because of the need for uniform diagnostic criteria to help
identify HPV in HPVOPC for therapeutic management.

In another trial reported by Licitra et al., a cohort of surgically treated patients
were evaluated retrospectively to determine tumour HPV status [23]. Surgery
alone was effective therapy for a small group of patients who received a surgical
resection only and no RT. The HPVOPC surgery-only patients were spared the
long-term consequences of radiation. However, selection for surgery only was not
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well explained [23]. New function sparing surgical technology has increased the
rate of patients with OPCs receiving surgery as a first therapy. Prior to the devel-
opment of transoral laser microdissection (TLM) and transoral robotic surgery
(TORS), OPC patients were treated with non-surgical therapy to spare surgical
morbidity [24]. These technologies substantially reduce surgical morbidity in
OPC. Several retrospective studies have been published; however, it is difficult to
tease out the role of postoperative treatments in this population as most of these
studies are not protocol-driven trials with clear inclusion and exclusion criteria.
What is evident in these studies is that those patients with p16-positive tumours
have done very well in survival and functional outcomes and HPV 16 positivity
and/or p16 has been predictive of this quantitatively larger overall survival (OS)
than might have been expected [25].

Eastern Cooperative Oncology Group (ECOG) 2399 is a phase II study of oper-
able patients treated with an aggressive sequential therapy (ST) regimen of induc-
tion chemotherapy followed by chemoradiotherapy (CRT) for organ preservation
[26]. This study prospectively evaluated HPV status and was the first prospective
study of HPV and therapeutic outcome. The investigators reported a significant dif-
ference in survival for patients with HPVOPC compared with EROPC. Sixty-two
patients with OPC were treated, all the 38 HPVOPC patients were HPV 16-positive
as opposed to other high-risk HPV. Even among this small group of patients, OS
was significantly better for the HPVOPC group. An analysis of failure in this popu-
lation revealed several important features. First, LRC was much better in the
HPVOPC patients. Additionally, co-morbidities and noncancer deaths were much
reduced. The impact of therapy on LRC was most striking: there was a 95 % versus
67 % LRC rate in HPVOPC versus EROPC, respectively [26, 27]. Thus, LRC seems
to be significantly improved in HPVOPC patients treated with induction chemo-
therapy and CRT compared with EROPC patients. In a trial to identify patients with
a good prognosis, the University of Michigan used a single cycle of induction che-
motherapy to select operable OPC patients for RT or surgery [28, 29]. They anal-
ysed 42 informative cases for HPV and HPV copy number and found that responses
to induction chemotherapy correlated with HPV status, as did disease-specific sur-
vival. The relationship to copy number of HPV in the tumours was less clear
although there was a suggestion that increasing copy number was associated with a
better prognosis [28].

Recently, results of retrospective analyses of survival and HPV status were
reported from two large phase III trials comparing CRT regimens in locally advanced
HNSCC [15, 30]. In both trials there were insufficient patient numbers to report a
treatment effect; however, the impact of HPV on survival, regardless of therapeutic
assignment, was highly significant. The Radiation Therapy Oncology Group
(RTOG) study 0129 has the most extensive data and retrospectively analysed out-
comes in 323 out of 433 OPC cases [15]. In RTOG 0129, patients were randomized
between CRT with accelerated fractionation with cisplatin versus regular fraction-
ation and cisplatin. The OS and progression-free survival (PFS) at 3 years were
82 % and 74 % in HPVOPC compared with 57 % and 43 % for EROPC, respec-
tively. A careful analysis of failure and death revealed an LRC rate of 86 % versus
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65 % for HPVOPC versus EROPC, and a second primary tumour rate of 6 % versus
15 %, respectively. Non-cancer deaths also occurred in 9 % and 19 %, respectively.
All these data support a better outcome for HPVOPC, much of which is found in
improved LRC, some fraction of which is explained by less co-morbidity.

Tumour HPV 16 status, survival and demographics in subjects with OPC treated
in TAX324, a large international randomized phase III clinical trial, were also eval-
uated retrospectively. TAX 324 compared survival between ST with TPF or PF
followed by CRT with weekly carboplatin in patients with locally advanced HNSCC
[30]. The data show a significant difference in survival outcome and patterns of
failure between patients with HPVOPC and EROPC and significant differences in
demographic characteristics in the populations. Of the 501 patients entered on TAX
324,264 (53 %) were identified as having OPC. Of these 264 subjects, 119 had tis-
sue prospectively collected and 111, or 42 % of all OPC cases, were analysable for
HPV16 status and constituted the study population.

The demographic data and test results for group comparisons are shown in
Table 6.1. Fifty-six (50 %) patients were identified as HPV-positive (HPVOPC) and
55 (50 %) as HPV negative (EROPC). Both HPVOPC and EROPC cases were
divided evenly with regard to treatment assignment and sex. HPVOPC cases were
significantly younger compared to EROPC cases (56 vs. 58 years, p=0.02), perfor-
mance status (PS) was also significantly different between the two populations,
despite selection for good PS in patients for enrolment in this trial. Thus, 77 % of
HPVOPC patients were PS 0 compared with 49 % of the EROPC patients (p=0.003).

Results for OS, PFS and site of failure for the 111 patients analysed for HPV16
status, independent of the treatment arm, are also shown in Table 6.1 [30]. HPVOPC

Table 6.1 Clinical stage, demographics and 5-year outcomes of HPV-positive and HPV-negative
oropharyngeal cancer patients treated on TAX 324 trial

HPV+(%) HPV—(%)
n=56 n=55 p value
Median age in years (range) 54 (39-71) 58 (41-78) 0.02
T stage 0.001
T1-T2 50 20
T3-T4 50 80
N stage 0.03
NO-N1 23 33
N2-N3 77 67
Performance status (WHO) 0.003
0 77 49
1 23 51
Overall survival (alive) 79 31 <0.0001
Progression-free survival 73 29 <0.0001
Local regional failure 13 42 0.0006
Distant metastases 5 11 NS

Died without recurrence 9 22 0.07
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and EROPC surviving patients were followed for a median of 83 months and 82
months, respectively. At the time of analysis, 79 % of HPVOPC patients were still
alive, and their PFS rate was 73 %, compared with the 31 % OS and 29 % PFS for
the EROPC patients (both p<0.0001). The median OS time for the EROPC patients
is 21 months (95 % CI 13-49 months), whereas median survival has not been
reached in the HPVOPC group after almost 7 years median follow-up. The reduc-
tion in mortality was 80 % in HPVOPC compared with EROPC (HR=0.2; 95 % CI
0.10-0.38; p<0.0001). Analysis of the site of failure, as shown in Table 6.1, revealed
a significant reduction in LRF (13 % vs. 42 %, p=0.0006) and slightly reduced
distant failure in the HPVOPC patients compared with the EROPC patients. Total
disease failures showed a significant difference (16 % vs. 49 %; p=0.0002) and a
borderline improvement in deaths without recurrence (p=0.07). These data indicate
that LRC is the major parameter contributing to improved survival and that PS and
co-morbidities among EROPC patients account for another fraction of mortality.
The data presented here from multiple trials clearly shows that survival is signifi-
cantly better for HPVOPC than with EROPC, and that improved survival is primar-
ily a function of HPV status and improved LRC. A fraction of this improvement is
also related to a reduced co-morbidity. In Table 6.2, comparable data on OS and
PES for TAX 324, RTOG 0129 is shown for a qualitative comparison and demon-
strates that survival and PFS in RTOG 0129 and TAX 324 are similar at the 3-year
analysis time point and significantly better for HPVOPC [15, 30, 31]. The RTOG
re-analysed their data recently and suggested that HPVOPC can be divided into
good prognosis and intermediate prognosis on the basis of smoking, stage and nodal
involvement [32]. The RTOG study retrospectively showed that smoking is a sig-
nificant prognostic factor and smoking history is an important component of
decision-making for therapy and consideration for studies. In the original analysis
of RTOG 0129, a history of smoking above and below 20 pack-years (PY) corre-
lated to meaningfully different population outcomes [15]. More recently, a review
of their data suggested that current smoking was a highly negative prognostic factor,
regardless of HPV status, and that a 5 PY history had a significant impact on prog-
nosis, although the original paper suggested 20 PY was a realistic cut-off [32].
Others have reported similar results [33]. Unreported long-term follow-up from the
RTOG study beyond 3 years limits the reliability of the survival data. Further, the
absolute differences in survival between a 20, 10 or 5 PY history are in the order of

Table 6.2 Comparison of 3-year overall survival (OS) and progression-free survival (PFS) data
for HPV-positive and HPV-negative oropharyngeal cancer (OPC) cases in two recent US Trials:
RTOG 0129 and TAX 324

HPV-positive vs.
OPC 9% of all HPV-negative
patients | OPC 3-year OS | 3-year
Study tested tumours Therapy HPV+(%) | (%) PFS (%)
RTOG 323 75 Chemoradiotherapy | 65 82vs. 57 |74 vs. 43

0129
TAX 324 | 111 42 Sequential therapy | 50 87 vs.41 |81 vs.33
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2-5 % at the time of analysis. So, while the survival analysis based on smoking
exposure results in statistically significant comparisons of high risks between expo-
sures, the numeric impact on survival may be trivially small and unhelpful in mak-
ing treatment selections in which toxicity of therapy is a major consideration.

Other prognostic features are hard to identify in the literature. The University of
Michigan recently proposed that matted nodes in the neck were a poor prognostic
feature indicative of a high risk of distant metastases and local regional failure,
regardless of HPV status [34]. Earlier literature suggested that positive margins and
extracapsular nodal extension in tumours were poor prognostic features as were
bilateral and contralateral lymph node involvement and nodal involvement lower in
the neck [35]. One troublesome difficulty in staging HPV-positive patients is a high
rate of cystic nodal disease, which although large and hence technically of higher
stage, is not believed to be as poor a prognostic finding as solid nodes or multiple
solid nodes [34].

Current Therapeutic Recommendations for HPVOPC

Patients with HPVOPC have more options for curative therapy than patients with
EROPC because of improved prognosis and new technologies. Early-and
intermediate-stage patients can be treated with surgery if the primary tumours are
lateralized. When primary tumours involve the lateral base of tongue, exploration of
the contralateral neck can provide evidence that allows a reduction of the radiation
fields and sparing of the opposite neck. Standard therapy calls for adjuvant RT in
stage 3 and stage 4 patients and adjuvant CRT in those with poor prognostic features
[36]. The value of surgery in this setting is a reduction in radiation and chemother-
apy if no poor prognostic features (e.g. multiple nodes, matted nodes extracapsular
extension [ECE], lower level nodes) are identified. Preoperative testing should elim-
inate a clinically advanced population from surgery. Surgical therapy for midline
tongue lesions remains morbid because of a bigger impact on function, early lym-
phatic spread and difficult margin control compared with lateralized lesions. For
these tumours, adjuvant radiation must be more extensive, bilateral and morbid
despite surgery; therefore, these patients should be advised non-surgical therapy.
The value of surgery in HPVOPC is to provide part of the curative therapy and
reduce the amount and field of radiation leading to less morbidity and late conse-
quences for the patients [24].

For patients with advanced primary tumours or midline tongue involvement, the
impact of surgery and radiation on function is less clear. A primary CRT approach
with cisplatin-based CRT appears to be best. Evidence suggests that erbitux may be
equivalent to cisplatin-based CRT, but this has not been established to date and a
comparison trial is under way (RTOG 1016). Weekly cisplatin treatments would be
more tolerable, less toxic and more likely to be completed and are a reasonable
alternative to bolus cisplatin. Similarly, for patients with poor pathological findings,
such as ECE, positive margin, or multiple positive lymph nodes, or lower level
nodes, a postoperative CRT course is indicated on the basis of current evidence [35, 37].
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Lymphovascular invasion (LVI) and perineural invasion (PNI), historically markers
of poor prognosis, are lesser indications for CRT in HPVOPC and in non-smokers
[35-37]. In smokers, CRT might be more likely to be helpful with these more minor
indications.

In patients with poor prognostic findings, or with clinical and radiographic indi-
cations for extensive RT fields, CRT and/or high-dose RT, surgical resection may
not be advantageous. Despite these patients having a technically resectable primary
tumour, they should proceed with non-surgical combined modality therapy. Both
ST and CRT are indicated and treatment should result in a high rate of cure in oth-
erwise healthy patients. Evidence of advanced nodal diseases, matted nodes, low
neck nodes or T4 tumours might sway decision-making towards a sequential
approach because of a higher rate of distant metastases; however, evidence is lack-
ing to support one approach over the other. For these patients, treatment decisions
are based on the experience of the treating physicians and a multidisciplinary team
approach.

Anecdotal evidence suggests that patients presenting with primary disease and
metastases or with an early recurrence after curative CRT may be cured by a com-
bined modality approach. Aggressive systemic chemotherapy and localized therapy
to bulk disease areas or boney metastases with CRT may be effective in primary
presentations. Systemic chemotherapy after removal of oligometastases or induc-
tion followed by CRT may lead to curative outcomes in first recurrences. Otherwise
there is no specific therapy today for HPV-positive recurrent and/or metastatic
patients. Before embarking on a curative course it is important to confirm HPV
status. pl6 is not adequate when assessing potential metastatic lesions as deriving
from the original HPV-positive primary tumour. For example, many squamous can-
cers of the lung and oesophagus are p16-positive and HPV-negative [38].

Current Therapeutic Trials

In general, patients with HPVOPC are young and will live for prolonged periods.
They are at high risk for long-term toxicity and mortality from therapy [39]. While
the long-term consequences of chemotherapy and modern surgery for HNC are rela-
tively constrained, high-dose RT and CRT substantially impact on local tissues and
organ function and result in a significant rate of late mortality and morbidity in
patients [40—44]. Studies are now being designed to reduce the impact of RT and
CRT for patients. Identifying appropriate end-points and study arms which will
allow an early assessment of outcomes will be problematic, particularly for equiva-
lence studies wherein survival differences are small, and in which prolonged time
periods and large patient numbers are necessary to accurately assess outcomes. For
ST as given with TAX 324, 3-year PFS might be an appropriate end-point. The same
may not be possible for CRT. The best example of changing outcomes in CRT trials
would be R91-11, in which a premature negative conclusion regarding the efficacy
of induction therapy was published with the early analysis. Late failures, toxicity
and morbidity, a hallmark of upfront cisplatin-based CRT trials, led to equivalence
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between induction therapy and CRT for laryngectomy-free survival at 5 years, and
more importantly a non-significant relative 10 % improvement in OS in the PF
induction arm compared with the CRT arm, which included an every 3-week bolus
cisplatin treatment for three cycles during RT [15, 30, 41, 45].

Radiation dose reduction trials are either being planned or have been completed by
the ECOG. ECOG 1308 is a phase II trial treating patients with pl6-positive resect-
able OPC with an aggressive regimen of induction chemotherapy using weekly pacli-
taxel, cisplatin every 3 weeks, and cetuximab weekly for three cycles, followed by
cetuximab+RT to a total radiation dose of 5400 cGy for responders. Non-responders
receive standard RT with cetuximab. This trial completed accrual and is currently
being analysed. Unfortunately, without a control arm evidence will be lacking to sup-
port this regimen as being equivalent to standard therapy and it should not be used in
the community. ECOG is opening a randomized phase II trial in operable patients
with early- and intermediate-stage disease to assess a reduced dose of RT versus a
reduced dose of CRT for LRC. A similar trial of surgery with TLM is opening at
Washington University and with TORS at Mount Sinai Medical Center. These studies
are aimed at reducing RT-associated early and late morbidity through reduced doses.

The Mount Sinai School of Medicine surgical/radiation dose reduction trial
explores a very different hypothesis. The Sinai Robotic Surgery (SIRS) trial is a surgi-
cal study in which operable patients are assessed pathologically after a TORS resec-
tion, and those with good prognostic features are followed without RT or CRT. CRT
or systemic therapy is reserved for salvage therapy for those who relapse. Because of
the excellent responses of HPVOPC and local control, it is hypothesized that survival
will be equivalent to upfront RT and that at least 50 % patients will avoid radiation.
Those with varying poor prognostic features will receive either reduced dose RT for
modest features, such as LVI or PNI, or reduced RT with chemotherapy for ECE or
positive margin. This is a radical departure from standard practice, which will be care-
fully monitored during the study and over the first 5 years of follow up. The Mount
Sinai Medical Center is also leading the Quarterback Trial. This is a randomized trial
in which patients presenting with localized HPV-positive disease who are inoperable,
have poor prognostic features, or would not be spared CRT with an operation are
treated with a course of dose-reduced TPF induction chemotherapy, followed by ran-
domization 2:1 to CRT with 5600 cGy plus carboplatin, or 7000 cGy and carbopla-
tin—the control arm. This is the only randomized dose reduction trial for this
population. The end-points of this randomized trial are equivalence of the reduced
dose RT for PFS at 3 years and reduced morbidity from the lower RT dose.

The RTOG has initiated a randomized trial to compare cisplatin to erbitux-based
CRT, with full-dose RT in both arms. Although this is called a dose-reduction trial,
it does not address the substantial morbidity of full-dose radiation given in both
arms. Patients are likely to show little improvement in their long-term toxicity in
either arm, although this will answer the question of equivalence between cisplatin
and erbitux as CRT for this disease.

Future therapeutic trials will include therapeutic vaccines and immune modulators
to alter or boost the immune response to HPV. It is also likely that there will be HPV-
specific therapeutics developed to attack viral-specific processes, such as p53 binding,
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which are necessary for cancer cell survival. Finally, molecular antiviral approaches
with anti-sense DNA or silencing RNA therapies may be envisaged. Much needs to be
learned before we understand how best to apply any of these approaches.

Whereas it is tempting to reduce therapy for HPVOPC, clinicians are urged not to
unilaterally lower radiation doses for HPV-positive patients outside of a clinical trial.
Harmful differences in outcomes with dose reduction will not be discernible in a single
practice or academic centre. It is only with protocol-driven prospective clinical trials
with adequate numbers that sufficient evidence will be available to make confident,
evidence-based recommendations for therapy. In addition, all of the trials described are
gathering tissue and biomarker data, which will inform the next generation of studies.
We would urge clinicians to participate in clinical trials so that these important ques-
tions can be answered as quickly and accurately as possible for our patients.

Summary Points

» Patients with HPVOPCs are younger and healthier than those with traditionally
EROPCs.

* HPVOPCs are more responsive to almost any therapy than EROPCs and have
much better local and regional control. The majority of patients with HPVOPC
will survive their cancer and live longer, with the consequences of curative
therapy.

* Clinical investigation today is focused on improving treatment-related morbidity
using new technologies and reducing long-term RT-associated toxicities. Future
therapies, which are in development, will be directed at vaccines, immune modu-
lation and anti-HPV-specific molecular targeting.
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