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ABSTRACT

Human papilloma virus (HPV) is a well-established causative factor in a subset of squamous cell carcinomas of the head and neck (HNSCC). Although HPV can be
detected in various anatomical subsites, HPV-positive oropharyngeal squamous cell carcinoma (OPSCC) is the most common HPV-related malignancy of the head and
neck, and its worldwide incidence is constantly rising. Patients with OPSCC are generally younger, have less co-morbidities and generally have better prognosis due
to different biological mechanisms of carcinogenesis. These facts have generated hypotheses on potential treatment modifications, aiming to minimize treatment-
related toxicities without compromising therapy efficacy. Numerous randomized clinical trials have been designed to verify this strategy and increasingly real-
world evidence data from retrospective, observational studies is becoming available. Until now, the data do not support any modification in contemporary treat-
ment protocols. In this narrative review, we outline recent data provided by both randomized controlled trials and real-world evidence of HPV-positive OPSCC in
terms of clinical value. We critically analyze the potential value and drawbacks of the available data and highlight future research directions.
This article was written by members and invitees of the International Head and Neck Scientific Group. (www.IHNSG.com)
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Introduction

It was almost four decades ago after Syrjanen et al. [1] defined
human papillomavirus (HPV) as a potential risk factor for the develop-
ment of head and neck squamous cell carcinoma (HNSCC). Since then, it
has become evident that HPV plays a key role in head and neck
oncology. The presence of certain (high-risk) types of HPV, that are
biologically active, has an impact on epidemiology, prevention, diag-
nosis, staging workup, prognosis, and will likely impact treatment
strategies in the future. Table 1.Table 2.

Oncogenic types of HPV constitute a well-established causative fac-
tor in a subset of HNSCC. It is now the predominant epidemiologic risk
factor in the development of squamous cell carcinoma of the oropharynx
(OPSCC) in multiple geographical regions, particularly in the USA and
Northern and Western Europe [2]. In those regions, HPV-positive OPSCC
well outnumbers HPV-negative cases [3-5]. The presence of HPV in
other anatomical subsites has also been noted. The role of HPV infection
in the development and progression of laryngeal malignancies has been
investigated but has not been definitively established. According to the
literature, HPV DNA can be detected in 3.5-24% of laryngeal tumors
with some major regional differences noted [2,6]. However, the true
rate of HPV-associated laryngeal carcinoma is estimated at<5 % when
based on both p16 immunohistochemistry and HPV-DNA testing [6].
Unlike in OPSCC, the significant association between HPV and more
favorable survival rates has not determined to date [7-8] and P16
(INK4A) immunostaining is highly variable and should not be used as
indicator for HPV presence in larynx cancer [8-9].

Interestingly, however, while the oral cavity is a predilection site for
productive HPV infections the figures in HPV attribution in oral squa-
mous cell carcinoma are variable but relatively low ranging between 2.2
and 4.4% [2,10-11]. A recently published study by Nautaetal. [10] on a
large series of oral cancer patients (N = 1069) clearly indicated no dif-
ference in survival between HPV-positive and HPV-negative tumors
suggesting that determining HPV status in oral cancer patients is irrel-
evant thus far.

The mechanism of carcinogenesis is proved to be significantly
different in HPV-positive versus -negative carcinomas. The number of
genetic and epigenetic changes in HPV-positive disease is significantly
lower [12]. Viral oncoproteins altering the function of the major regu-
latory pathways of the cell cycle are responsible for the alternative
carcinogenesis in HPV-positive tumors [13]. There is also a major dif-
ference in the patients’ profile. In general, the typical patient with
HNSCC is male, over age 60 and usually has a history of tobacco smoking
and alcohol abuse and has a relatively low socioeconomic status
[14-15]. Patients with HPV-positive disease are younger, have few co-
morbidities and tend to have more lifetime sexual partners [15].
Carcinogenesis is not directly linked to traditional risk factors such as
smoking or alcohol abuse, although those are not uncommon also in

Table 1
Recent Real-World Evidence Studies.

Study Total no OPSCC No HPV Design Outcomes and
cases + OPSCC measures
[57] 1873(NCDB) 1367 TORS vs. Non- 30S
surgical
approach
[58] 4473 stage I OPSCC 4473 RT vs.CRT oS
(NCDB)
[59] 22,676 (NCDB) stage 2711 Surgery+/-RT, 0os
1II/IV (6872 HPV RT vs.CRT
status known)
(ref 9745 T1-2 OPSCC 3057 Robotic vs.non- oS
60) (NCDB) robotic surgery
(4071 HPV status
known)
[62] 263 OPSCCstage I1I/ 263 RT vs.CRT oS
v
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HPV-positive OPSCC patients [16]. Since the early 2000 s and the
milestone paper of Gillison et al., it became evident, that regardless of
treatment strategy, HPV-positive OPSCC is characterized by a signifi-
cantly better outcome [17]. Ang et al. [18]proposed the first recursive
partitioning model where the HPV status along with TNM staging and
smoking status constituted the most important prognostic factors. Based
on these prognostic factors, three different risk categories were created:
low, intermediate, and high-risk. In the low-risk category including non-
smokers with HPV-positive disease, the 3-year overall survival (OS) was
as high as 93%. This excellent prognosis after standard curative regi-
mens for locally advanced disease led to a current research focus on
treatment de-escalation. Moreover, in HPV-positive OPSCC, extranodal
extension (ENE), a well-established adverse pathological feature tradi-
tionally implicating adjuvant chemoradiation, may not have as clear a
prognostic impact, although the available literature is somewhat
inconclusive in this matter [19-20]. This is an important issue to clarify
as overtreatment is possible if ENE determines multimodality adjuvant
treatment in this population.

Therefore, the critical question arises: “Can present treatment stra-
tegies associated with high morbidity be replaced by de-escalated pro-
tocols that reduce radiation dose and/or modify systemic therapies and
maintain high survival rates?” This trend in clinical trial designs is
clearly noticeable in recent years. However, the conclusions of these
trials were not as had been keenly anticipated.

The aim of this narrative review is to present the most relevant recent
evidence on the actual impact of HPV in the outcome of OPSCC patients
as well as on potential treatment strategies for the future. We also aim to
critically review the value of recent data from randomized clinical trials
(RCT) and from Real-World Evidence (RWE) observational studies.

Treatment de-escalation strategies

The fact that a subset of HPV-positive OPSCC may be associated with
a more favorable prognosis than HPV-negative tumors triggered the
question about possible modifications of standard treatment protocols.
The younger age of patients, longer life expectancy, and quality of life
became crucial issues supporting the investigation of possible de-
escalation strategies which potentially could reduce morbidity related
to treatment-related toxicities without compromising survival out-
comes.Table 2Table 1

Radiation therapy combined with other systemic agents instead of cisplatin

In 2010 Ang et al. published a seminal paper, demonstrating that
among the RTOG 0129 cohort [18] HPV-positive HNSCC patients have
more favorable outcomes than the HPV-negative HNSCC patients
(overall 3-year survival rate of 82.4% versus 57.1%.) Since then, con-
stant initiatives to design novel de-escalating strategies followed. Most
of these studies are focused on decreasing radiation-induced acute and
late toxicities. Several strategies have been adopted to achieve this goal:
(1) an outright reduction of radiotherapy (RT) dose, (2) a dose reduction
based on response to induction chemotherapy and (3) a replacement of
cisplatin, the gold standard in concurrent chemoradiation, by a poten-
tially less toxic systemic agent, such as cetuximab.

In 2006 the well-known, level 1 evidence study by Bonner et al.
comparing radiotherapy alone to radiotherapy plus cetuximab was
published. The authors concluded that toxicity from concurrent RT and
cetuximab appeared to be less than that from concurrent cisplatin-based
chemoradiation based on historical comparison and was less toxic than
cisplatin but at the same time concurrent RT and cetuximab was very
effective, particularly in the treatment of OPSCC [21]. These findings
were supplemented 5 years later with promising information, that
concurrent cetuximab and radiotherapy significantly improved the 5-
year overall survival with 9.2% compared to radiotherapy alone [22].
Based on this and the previous study by Ang [18], the RTOG designed a
non-inferiority trial to compare the overall survival of patients with



P. Golusinski et al.

Oral Oncology 123 (2021) 105620

Table 2
Randomised clinical trials for HPV positive OPSCC treatment de-escalation.
Study Participants Design Primary endpoint
RTOG 1016 987 HPV-positive, T1-T2, N2a-N3 MO or T3-T4, NO-N3  RT + cisplatin vs. RT + cetuximab Os
MO
De-ESCalLate 348 HPV-positive low-risk oropharyngeal cancer (non- ~ RT + cisplatin vs. RT + cetuximab Overall severe and acute late toxicity
HPV smokers or lifetime smokers with a smoking history of

< 10 pack-years)

ECOG “intermediate- risk” (clear/close margins, 2-4 +
ACRIN nodes, or ENE < 1 mm), p16 + OPSCC
3311
TROG 12.01 186 low and intermediate-risk HPV positive OPSCC
NRG HNO002 pl6-positive, T1-T2 N1-N2b MO or T3 NO-N2b MO
OPSCC (AJCC 7th edition), with a < 10 pack-year
smoking history
PATHOS T1-3 NO-N2b (TNM7) HPV positive OPSCC
(ongoing)

weeks

TORS + 60GyRT vs.TORS + 50GyRT

RT + cisplatin vs. RT + cetuximab

reduced dose IMRT 60 Gy with concurrent weekly cisplatin (40
mg/m2) or IMRT 60 Gy alone

2 year PFS

treatment symptom severity, from
baseline to 13 weeks post completion
of treatment

2-year PFS

Intermediate and high-risk based on pathology Intermediate risk ~ OS
group: 60 Gy/30 fractions/6 weeks vs.50 Gy 25 fractions/ 5

MDADI

High-risk group: 60 Gy/ 30 fractions/ 6 weeks + Cisplatin (either
high dose or weekly permissible) and the test arm of RT alone,
60 Gy/30 fractions/ 6 weeks.

HPV-positive OPSCC treated with radiotherapy plus cetuximab with that
of patients receiving radiotherapy plus high-dose cisplatin (RTOG 1016)
[23]. The hypothesis was that cetuximab would not compromise overall
survival, but would reduce acute and late toxicities. A total of 987 HPV-
positive, T1-T2, N2a-N3 MO or T3-T4, NO-N3 MO (AJCC 7th Edition)
OPSCC patients from 82 centers in the US and Canada were enrolled.

Out of the 849 randomized patients, ultimately 399 were assigned to
the cetuximab arm, and 406 to the cisplatin arm. Cetuximab and
cisplatin were administered per protocol in 85% and 88%, respectively,
and at least 95% of the planned 70 Gy dose was delivered to 95% of
patients in both cetuximab and cisplatin groups. Radiotherapy plus
cetuximab did not meet the criterion for non-inferiority, and overall
survival (OS) was worse in the cetuximab arm versus the cisplatin arm
(5-yr OS 77.9% versus 84.6%, p = 0.0163). This was driven by a
significantly worse progression-free survival (PFS) in the cetuximab arm
(5-y PFS 67.3% vs 78.4% with cisplatin, p = 0.0002). The risk of
locoregional failure with cetuximab was more than twice that in the
cisplatin group (5-y recurrence rates 17.3% vs 9.9%), with no difference
in the rate of distant metastases.

The study led Gillison et al [23] to the following conclusions. Firstly,
high-dose cisplatin remains the standard of care in platinum-eligible low
and high-risk patients. Secondly, current promising phase II de-
intensification protocols must be validated in non-inferiority trials
with a control group of patients treated with concurrent 70 Gy radio-
therapy and high dose cisplatin.

The group from the UK of Mehanna et al. investigated the use of
cetuximab as a substitute for cisplatin in an open-label randomized
controlled phase 3 trial (De-ESCALATE trial) [24], but used a different
primary endpoint. They focused on the question of the superiority of
cetuximab in terms of overall severe acute and late toxicity. A total of
348 patients were enrolled and 334 were randomized. After randomi-
zation, 168 and 166 received cetuximab and cisplatin, respectively. The
study revealed no difference in severe toxicities (4.8%) between the two
arms. Moreover, quality of life assessment using the same measuring
instrument showed no difference at 1 year. In line with RTOG 1016, the
De-ESCALaTE HPYV trial also revealed that the 2-year OS was worse with
cetuximab than cisplatin (89.4% vs 97.5%, p = 0.0012), which was due
to significantly higher locoregional relapse rates when patients were
treated with cetuximab.

The Swedish ARTSCAN III RCT compared oncological outcomes and
treatment toxicities between RT with concomitant weekly cisplatin
versus concomitant weekly cetuximab in patients with locoregionally
advanced HNSCC, of which 76% were p16 positive OPSCC. They also

reported inferior OS with cetuximab with no reduced treatment toxicity.
[25]

The final RCT on this topic was recently completed from Australia
(TROG 12.01) [26]. They randomised 189 low to intermediate risk HPV
OPC patients (patients with T4, N3 or N2b/c if > 10 pack year smoking
history were ineligible) to 70 Gy in 2 Gy fractions with either cetuximab
or weekly cisplatin (40 mg/m?). The primary endpoint of this study was
treatment symptom severity, as assessed by the MD Anderson Symptom
Inventory HN symptom severity scale, from baseline to 13 weeks post
completion of treatment. This study contains the most comprehensive
completed patient reports outcomes (PROs) but found no difference in
the symptom severity between the 2 groups. As in the other 2 studies, the
oncological outcomes for the cetuximab group were inferior: 80% (95 %
CI,70%-87%) 3 year FFS compared to 93% (95 %CI, 86%-97%) for the
cisplatin arm, p = 0.015.

These RCTs confirm that radiotherapy and concurrent cisplatin re-
mains the standard of care in HPV-positive OPSCC. The de-escalation
strategy of substituting a reportedly less toxic systemic therapy (cetux-
imab) for cisplatin to reduce toxicity without negatively impacting
survival revealed a negative impact on treatment efficacy in terms of
locoregional control and overall survival, without any advantage in
reducing treatment toxicities [23-24].

Three-weekly high-dose vs. Weekly low-dose cisplatin

Three-weekly high-dose cisplatin (100 mg/m?2) is still considered the
standard systemic regimen given concurrently with postoperative or
definitive radiotherapy in locally advanced squamous cell carcinoma of
the head and neck [27-28]. The high rates of severe acute and late
toxicities with high dose cisplatin means there is a lot of clinical interest
in the potential to safely substitute weekly cisplatin. As attractive as this
seems, the data to date is inconclusive. The only RCT published to date is
the one from Tata Memorial, India which randomised 300 patients to
either weekly cisplatin (30 mg/m2) or high dose cisplatin. Ninety
percent were post-operative oral cavity patients who smoked. They
found significant poorer oncological outcomes in the weekly cisplatin
arm: 59% versus 73% 2-year locoregional control. This study has been
criticised because of the relative low dose of the weekly cisplatin (usu-
ally 40 mg/m2) [29]. A Japanese study [30], published only in abstract
form to date, randomised 261 patients to weekly cisplatin (40 mg/m2)
versus high dose cisplatin. The 3-year OS was 72% in the weekly
cisplatin arm versus 59% in the high dose arm. The rate of hearing loss
requiring hearing aids (G3) was 3% versus 8%. This study was for all
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subsites and the abstract contained no data on p16 status. Hence what is
really needed is a RCT of weekly versus high dose cisplatin in HPV OPC.
Such a study would be clinically very useful but difficult to fund.

We do have the prospective data from the TROG 12.01 study which
showed a 3 year PFS of 93% in low-risk group HPV OPC (i.e., excluding
T4 and/or N3 and/or N2b-c if smoking history > 10 pack years) patients
treated with weekly cisplatin. This is further evidence in support of
weekly cisplatin in low risk HPV OPC patients, but to date we have
insufficient evidence for an overall definitive conclusion. [31].

Radiation dose de-escalation

The urge for optimising the quality of life(QOL) for low-risk HPV
positive OPSCC patients led to a study utilising a reduction in radiation
treatment dose. Whether reduced-dose radiation produces disease con-
trol and QOL equivalent to standard chemoradiation is not proven.

Yom et al. [32]. reported the results of NRG HN002, a phase II RCT
that was designed to potentially choose a suitable treatment de-
escalation arm for their prospective phase II or III RCT, NRG HNO0O5.
Patients who qualified for this study were diagnosed with p16-positive,
T1-T2 N1-N2b MO or T3 NO-N2b M0 OPSCC (AJCC 7th edition), with a
< 10 pack-year smoking history. Eligible patients were randomly
assigned to reduced dose IMRT 60 Gy with concurrent weekly cisplatin
(40 mg/m2) or IMRT 60 Gy alone, delivered over a moderately accel-
erated 5-week schedule (six treatments per week). To be considered as a
future arm for NRG HNOO5, the winning arm had to achieve goals of 2-
year PFS rate superior to a historical control rate of 85% and a one-year
mean composite score > 60 on the MDADI. On final analysis, the IMRT
plus cisplatin arm met both goals, with a 2-year PFS of 90.5% and a 1-
year MDADI mean score of 85.30, while the moderately accelerated
IMRT arm did not, with a 2-year PFS of 87.6% and a 1-year MDADI mean
score of 81.76.

NTG HNOO5 study plans to randomise 711 HPV OPSCC patients to
compare 70 Gy over 6 weeks with high dose cisplatin days 1 and 22, with
60 Gy over 6 weeks with high dose cisplatin days 1 and 22 or 60 Gy over
5 weeks with nivolumab. The question arises then, while waiting for the
results of NRG HNOO5 should we continue to treat the patients with the
full dose IMRT and cisplatin? As Chundury and Kim pointed out in their
comment article to the NRG HN002, previously published phase III de-
escalation RCTs serve as a stark reminder that promising single-
institution or phase II results often do not measure up when actually
compared with standard of care in phase III RCTs [33].Therefore po-
tential off-protocol treatment deintensification should be strongly
discouraged.

Transoral surgery followed by risk-adjusted adjuvant therapy

Over the last decades, the management of OPSCC has mostly relied
on radiotherapy-based treatment strategies. Although surgical ap-
proaches might have quite comparable outcomes to radiotherapy,
traditional surgical techniques frequently requiring mandibulotomies
and large incisions have been associated with significantly higher
morbidity and mortality rates and poor quality of life [34-37]. In recent
years, novel transoral surgical techniques including transoral robotic
surgery (TORS) and transoral laser microsurgery (TLM) have become an
alternative for nonsurgical approaches [38-39]. Meanwhile, imple-
mentation of intensity-modulated radiotherapy (IMRT) has also signif-
icantly improved patient outcomes by reducing late treatment toxicities
[40-41]. This trend is particularly evident in HPV-positive OPSCC [42].

Excellent treatment outcomes, younger age of patients, and long-life
expectancy after treatment opened the discussion about possible
avoidance of acute and long-term side effects of radiotherapy or che-
moradiation including swallowing dysfunction, mucositis, xerostomia,
fibrosis, osteoradionecrosis, neutropenia, neurotoxicity, and hearing
loss [43]. Currently, surgical or non-surgical treatment plan selection is
made mainly based on the institutional experience and/or patient
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preferences, since there is no level 1 evidence to support the superiority
of one approach over the other. In the USA most of the patients with
early low-risk disease receive surgical treatment, but in most European
institutions primary RT remains the dominant management strategy
[44]. In 2015, Yeh et al. [45] in a systematic review of the literature
identifying 44 papers comparing the outcome in OPSCC patients treated
with intensity-modulated radiotherapy (IMRT) with or without
chemotherapy versus patients treated with TORS. Only 6 studies
compared the outcome in HPV-positive versus HPV-negative groups,
and all found significantly better survival in the HPV-positive group. The
conclusions of the uncontrolled reports, mainly institutional case series,
included in the analysis pointed out the need for further investigations,
preferably by RCT’s. Survival outcomes seemed to be comparable,
functional outcomes in favor of TORS, but that could be related to se-
lection bias in the included patient populations. It is noteworthy that
RCTs were not included. Most of the patients also required some form of
adjuvant treatment and only in selected patients was TORS was the only
treatment modality. Nichols et al. [46], reported the first-ever Phase 2
RCT comparing the functional outcome of radiotherapy (with or without
concomitant chemotherapy) versus TORS and neck dissection (with risk-
stratified management afterward) for the treatment of T1 or T2, NO-2
OPSCC (ORATOR trial). The primary endpoint of this study was MD
Anderson Dysphagia Inventory (MDADI) score after 1 year. It was 86.9,
SD 11.4, in the radiotherapy group that was significantly better than the
80.1, SD 13, score in the TORS with neck dissection group. This trend
remained unchanged over time. Other endpoints including the per-
centage of patients on a total oral diet with no restriction were also in
favor of radiotherapy. There were no significant differences in both of
overall survival and progression-free survival. The incidence of
treatment-related toxicity grade 2 or higher was similar between the two
treatment strategies. Nevertheless, one needs to note, that while all
primary tumors were limited to T1 and T2, patients with N2 nodal
disease were eligible and present in 50% of enrolled patients. Hence it is
not surprising that 70% of the TORS patients required PORT and 25%
required adjuvant chemoradiotherapy. Ultimate bi- or tri-modality
treatment can hardly be seen as an overall de-escalation patient treat-
ment strategy. Of concern, all patients, as per protocol, underwent a
tracheostomy, which has a negative effect on swallowing, and is not
standard practice for the majority of TORS surgeons. Grégoire and
Nicolai, in their comment to the ORATOR study [47], also pointed out
several other issues that might have affected the quality-of-life assess-
ment in the surgical arm, such as quite large (5 mm) surgical margins
and the relatively short observation time for MDADI score assessment.

In another study, Chen et al. [48] compared functional outcomes and
quality of life between 31 patients who underwent TORS or TLM versus
31 matched control patients treated by chemoradiotherapy for
oropharyngeal cancer. Only swallowing function had better rates in the
surgical group (91.5 vs 72.1, p = 0.01). There were no significant dif-
ferences in other functional domains of the University of Washington
Quality of Life instrument. Most of the patients (74%) treated with
transoral surgery (TOS) reported swallowing “as well as ever”. The same
was achieved by just 32% of the patients who were treated with
chemoradiation.

Until recently, there were no studies investigating the feasibility of
de-escalation of adjuvant therapy in surgically treated HPV OPSCC pa-
tients [23-24]. The first of such studies is the Phase 2 ECOG-ACRIN
3311 study, published recently in Abstract form [48]. ECOG-ACRIN
3311 examines reduced postoperative therapy in patients with
intermediate-risk (clear/close margins, 2-4 + nodes, or ENE < 1 mm)
pl6 + oropharynx cancer patients undergoing primary transoral surgi-
cal management. The authors report the primary endpoint of 2-year
progression-free survival (PFS) for patients randomized to 50 Gy
versus 60 Gy without chemotherapy to be 95.0% (90% CI = 91.4%,
98.6%) and 95.9% (90% CI = 92.6%, 99.3%) respectively, with no
significant benefit for the group treated with 60 Gy. These early results
look very promising and will likely form the investigative arm of a RCT



P. Golusinski et al.

comparing arm B with current standard of care in adjuvant therapy.

The second study in this area is the appropriateness of de-
intensifying adjuvant therapies in HPV OPSCC. PATHOS [49], a phase
II/III RCT of risk-stratified, reduced intensity adjuvant treatment in
patients who have undergone transoral surgery.

Patients with T1-3 NO-N2b (TNM7) HPV positive OPSCC undergo
TOS and neck dissection before being stratified into risk groups ac-
cording to pathological findings. Randomization takes place within the
intermediate (T3/N2, perineural invasion, vascular invasion) and high-
risk (involved < 1 mm margins and/or ECS) groups. Patients in the in-
termediate group are randomized between the control arm of 60 Gy in
30 fractions over 6 weeks and the test arm of 50 Gy in 25 fractions over
5 weeks. Patients in the high-risk group are randomized between a
control arm of 60 Gy in 30 fractions over 6 weeks with concurrent
Cisplatin (either high dose or weekly permissible) and the test arm of RT
alone, 60 Gy in 30 fractions over 6 weeks. There is an option to boost
high-risk sub-volumes to 66 Gy in 30 over 6 weeks in high-risk patients.
The co-primary end points are patient-reported swallowing function
(MDADI) 12 months after treatment and overall survival. This study has
not yet completed accrual.

It is very appropriate to be studying new treatment paradigms for
adjuvant therapy in surgically treated HPV OPSCC patients as the cur-
rent standard adjuvant criteria were developed with studies performed
on all HNSCC subsites, including the poor prognosis sites of oral cavity
and hypopharynx, and prior to any knowledge of the excellent prognosis
of the HPV OPSCC subsite. The results of these studies will hopefully
allow us to be able to avoid the current clinical situation whereby these
good prognosis surgical patients end up with a total treatment package
longer and more intense than standard definitive chemoradiotherapy.

The EORTC 1420 “Best of” [50] trial is an ongoing open-label phase
III prospective randomized trial assessing the “best of” surgery
compared to the “best of” RT initially in patients with T1-2 NO OPSCC.
The main objective of the study is to assess and compare swallowing
function (MDADI) over the first year after randomization between TOS
and IMRT. This trial has been slowly accruing since 2016, demonstrating
the difficulty of randomization between surgical and non-surgical arms.

Real-World evidence

For the last decade, the debate on de-escalation strategies reflects the
pendulum swinging from enthusiasm for de-escalation to more conser-
vative conclusions that the protocols we presently use should not be
changed. At the end of the day, the potential quality of life benefits may
compromise oncological outcomes. After the initial attractive possibility
to identify a low-risk group following the criteria of Ang et al., several
clinical studies revealed that none of the experimental strategies
brought a real breakthrough in the management of HPV-positive OPSCC.
It has also become clear that RCTs comparing surgical versus non-
surgical approaches are difficult to accrue patients to, and in more
advanced disease are complicated by the frequently high rate of addition
of adjuvant therapy, so comparisons can only be between “treatment
packages” rather than surgical or non-surgical treatment. The results of
these trials to date lead to the conclusion that we must not yet alter our
treatment strategies, but the design of further trials is ongoing [51].

The increasing incidence of HPV-positive OPSCC worldwide in
recent years has resulted in a growing body of “real world” retrospective
data (RWE) which should not be ignored. Table 1The important question
is, can we extract clinically useful information from casual analyses of
real-world, non-randomized data. The RCTs are designed to define how
a drug, device, or treatment protocol performs under well-defined,
controlled conditions. The inclusion and exclusion criteria are well
defined for the research participants [52]. Therefore, RCTs imply defi-
nite limitations and restrictions. As they usually refer to very tightly
controlled, homogenous populations, the results may not necessarily
properly reflect the given treatment outcomes in less controlled, broader
populations. For example, the study groups for numerous trials are
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composed of patients from the low-risk category according to criteria by
Ang et al. [18]. Rietbergen et al. proposed [53] and then validated [54] a
recursive partitioning model which could also work not only on selected
RTOG 0129 patients from the study by Ang et al. but also on the unse-
lected Western-European cohort of patients. The authors revealed, that
apart from HPV status, comorbidities defined by ACE-27 score consti-
tuted a significant prognostic marker for both HPV-positive and HPV-
negative OPSCC. Moreover, that model may be more suitable for
heavy smoking populations from various geographical locations.

By definition, RWE delivers information gathered through observa-
tions of routine clinical practice from multiple sources that can be linked
together to provide meaningful patterns. RWE is typically based on
patients and their clinicians choosing treatments according to the pa-
tients’ clinical characteristics and preferences—not the needs of a
researcher to maintain consistency in recruitment or treatments [52].
The RWE studies may be subject to design flaws, including unrecognized
bias (due to unequal distribution of confounding factors), incomplete
datasets, classification errors, and record linkage errors [55].

Anglemyer and the Cochrane Methodology Review Group [56]
published an overview of methodological reviews comparing the out-
comes of observational studies with RCTs and addressing this question.
Their key objective was to assess the impact of the study design
(including RCTs versus observational study design) on the estimated
effect measures. The primary quantitative analysis including 14 reviews,
showed that the pooled ratio of odds ratios comparing effects from RCTs
with effects from observational studies was 1.08 (95% confidence in-
terval (CI) 0.96 to 1.22). Of the 14 reviews included in this analysis, 11
(79%) found no significant difference between observational studies and
RCTs. Recently, robust observational studies were published trying to
compare the outcomes of different approaches for HPV-positive OPSCC.
Mahmoud et al. [57] in the population-based study of patients from the
National Cancer Database evaluated 3-year overall survival by treat-
ment strategy, TORS vs. non-surgical approach, independently in HPV-
related and HPV-nonrelated OPSCC. Of 1873 patients, 73% were HPV-
positive and 30% were treated with TORS. Comparing TORS and pri-
mary radiotherapy - treated HPV-positive OPSCC following propensity-
matching did not reveal a significant difference in 3-year survival (95%
versus 91% (P = 0.116). In the HPV-negative cohort, TORS was asso-
ciated with superior survival; 84% versus 66% (P = 0.01). A deeper
analysis of the patient characteristics indicates that in fact, individuals
in the surgical arm in the HPV- negative cohort received double or triple
modality treatment so they represent an escalated arm which potentially
could explain the better outcome. Another robust population-based
analysis [58] (n = 4473) of AJCC eight edition clinical stage I OPSCC
queried from the National Cancer Database compared overall survival of
patients treated with radiotherapy alone and patients receiving con-
current chemoradiotherapy (CRT). On multivariable analysis, CRT was
associated with more favorable overall survival than radiotherapy
alone, hazard ratio (HR), 0.782; 95% CI, 0.645-0.948 [P = 0.012].
Chemotherapy had a positive impact on survival particularly for patients
with lymph node-positive stage I disease (stage III-IVA according to the
AJCC seventh edition: HR, 0.682; 95% CI, 0.557-0.835 [P < 0.001]),
but not for patients with NO disease (stage I-II according to the AJCC
seventh edition: HR, 1.646; 95% CI, 1.011-2.681 [P = 0.05]). Similar
results were noted among propensity score-matched cohorts.

Kamran et al. [59] analyzed 22,676 cases registered in the National
Cancer Database (NCDB) treated by primary surgery or primary
radiation-based treatment for locally advanced oropharyngeal carci-
noma. The 3-year OS rates were 85.4% among the 8,555 patients who
underwent surgery and adjuvant RT or CRT and 72.6% in the group of
14,121 patients submitted to chemoradiotherapy. Multivariate analysis
adjusted for age, gender, race, insurance status, median income, per-
centage with no high-school degree, Charlson-Deyo score, clinical T and
N classes, tumor grade, facility type, treatment at more than one facility
and human papillomavirus status, showed that patients who underwent
surgery with adjuvant RT or CRT radiotherapy or chemoradiotherapy



P. Golusinski et al.

had a reduced hazard of death (HR 0.79; 95% CI 0.69-0.91). However,
in that study HPV status was missing in 70.6% of patients. The 3-year
survival rates after surgery with adjuvant RT or C-RT and surgery
alone for HPV-positive patients were 92.2% and 86.1%, P < 0.0001, and
for HPV-negative patients were 79.9% and 64.7%, P < 0.0001,
respectively.

More recently, also using the NCDB, Nguyen et al. [60] analyzed the
results of 9,745 patients with T1 and T2 OPSCC who underwent TORS
(2,694 cases) or nonrobotic surgery as definitive treatment. The rates of
positive margins were lower in the TORS group (13% vs. 20%, p <
0.001) and they also were less frequently referred for postoperative
adjuvant chemoradiation (29% vs 36%, p < 0.001). Among 4,071 pa-
tients with known HPV status, TORS was associated with improved
overall survival compared to non-robotic surgery in multivariate Cox
proportional hazard regression (HR 0.74; 95% CI 0.61-0.90, p = 0.02).
This study strongly suggests that TORS was associated with improved
surgical outcomes and survival compared to non-robotic surgery in pa-
tients with early-stage OPSCC.

De Almeida et al. [61] performed an economic evaluation comparing
TORS and chemoradiotherapy for the treatment of early-stage oropha-
ryngeal carcinoma. TORS demonstrated a cost saving of $1,366 and an
increase of 0.25 quality adjusted lifer years (QALYs) per case in com-
parison to chemoradiotherapy. However, in two-way sensitivity anal-
ysis, with increasing use of adjuvant therapy for TORS patients and
decreasing use of concurrent chemotherapy in patients submitted to
radiotherapy, TORS was decreasingly cost-effective. They conclude that
TORS is only cost-effective for treatment of selected patients with early
stage OPSCC with minimal risk of the indication of adjuvant treatment.

The real-world data is frequently biased by the indications used to
assign a certain treatment. Patients with comorbidities are generally
treated less intensely, so both the less intense treatment and/or the
comorbidities themselves may impact on patient survival, causing a
problem to discern specifically the treatment-related effect. Lately,
novel statistical methods aim to adjust for that problem. A recently
published study by Nauta et al. [62] on a retrospective cohort of 263
advanced stage OPSCC patients from 5 European centers, treated with
RT alone or cisplatin-based CRT based on standard clinical indications,
apply causal inference to adjust for treatment assignment, thereby
simulating a randomized setting. In this study, average treatment effect
of concurrent cisplatin on OS probability was estimated using Bayesian
Additive Regression Trees (BART) and Bayesian logistic regression. As a
result, significantly better survival probabilities were found for HPV-
positive OPSCC treated with CRT compared to RT alone (3-year OS
probability 0.961 versus 0.798, p = 0.008). This very novel approach
indicates the added value of conducting causal retrospective analyses
with adjustment for confounding factors. Firstly, to study upfront
whether a newly planned RCT is supported by a causal analysis of
available retrospective data, and secondly, to evaluate the generaliz-
ability of RCT results to a real-world patient population.

At this point, it is crucial to stress that as the number of robust and
comprehensive RWE studies become increasingly available, they in
themselves must not lead to any form of treatment de-intensification.
RWE and even phase II RCTs can deliver promising data that is hy-
pothesis generating for ultimate validation in phase III RCTs. The
importance of not modifying treatment prematurely is demonstrated by
RTOG 1016, De-Escalate and TROG 12.01 HPV trials which all reported
inferior outcomes with the de-intensified treatment arm. Adelstein et al.
[63] in ASCO provisional clinical opinion, concludes that whilst the
prognostic ability of the 8th edition of AJCC staging edition is consid-
ered to be strong and reflective of the current outcomes of treatment for
HPV-positive OPSCC “careful study and the analysis of well-designed
clinical trials” are mandatory prior to altering current standard prac-
tice in this group of patients.
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Conclusions

In the present era, there is no doubt that constant search for optimal
de-escalation strategies in treatment of low risk, HPV-positive OPSCC
will continue. The design of the further clinical trials most likely will be
focused on defining the role and form of adjuvant treatment rather than
assessing superiority of surgical to non-surgical approaches.

The question remains about how to select proper patient populations
for future de-escalation protocols. It is possible, that depending just on
the criteria of RTOG 0129 may be simply not sufficient. Implementation
of new prognostic factors, including highly advanced molecular di-
agnostics could be crucial in selecting more defined cohorts of low-risk
patients as potential target for de-escalation. Moreover, it has been
proven that some presently used risk factors such as smoking may
significantly vary in affecting treatment outcomes in different patient
populations around the world. The use of more specific surveillance
using for example HPV DNA load in the blood of OPSCC patients facil-
itating earlier initiation of salvage therapy, may increase capacity for
safer de-escalation. In respect to the design of further RCT, the infor-
mation we obtained from RWE cannot be ignored. Obviously, RWE does
not provide level 1 evidence and unlike randomized clinical trials, its
utility in the decision-making process and the treatment modifications
recommended by multidisciplinary teams is limited. A too enthusiastic
attitude to this data may lead to pragmatic approximations and poten-
tially dangerous under- or over-treatment. However, one should keep in
mind, that in the absence of evidence from RCT, RWE retrospective data
constitute an important supplement to our knowledge. Data from non-
selected real-world patient populations may indicate future directions
for new trials.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

References

[1] Syrjanen K, Syrjanen S, Lamberg M, Pyrhonen S, Nuutinen J. Morphological and
immunohistochemical evidence suggesting human papillomavirus (HPV)
involvement in oral squamous cell carcinogenesis. Int J Oral Surg. 1983;12(6):
418-24.

[2] Castellsague X, Alemany L, Quer M, Halec G, Quiros B, Tous S, et al. HPV

Involvement in Head and Neck Cancers: Comprehensive Assessment of Biomarkers

in 3680 Patients. J Natl Cancer Inst. 2016;108:djv403.

Timbang MR, Sim MW, Bewley AF, Farwell DG, Mantravadi A, Moore MG. HPV-

related oropharyngeal cancer: a review on burden of the disease and opportunities

for prevention and early detection. Hum Vaccin Immunother. 2019;15(7-8):

1920-8.

[4] Nasman A, Du J, Dalianis T. A global epidemic increase of an HPV-induced tonsil
and tongue base cancer - potential benefit from a pan-gender use of HPV vaccine. J
Intern Med. 2020;287:134-52.

[5] Jouhi L, Atula T, Saarilahti K, Hagstrom J, Haglund C, Mohamed H, et al. Changing

trends in the management of the neck in oropharyngeal squamous cell carcinoma.

Head Neck. 2017;39(7):1412-20.

Wittekindt C, Wuerdemann N, Gattenlohner S, Brobeil A, Wierzbicka M, Wagner S,

et al. The role of high-risk human papillomavirus infections in laryngeal squamous

cell carcinoma. Eur Arch Otorhinolaryngol. 2017;274:3837-3842.

[7] Dahm V, Haitel A, Kaider A, Stanisz I, Beer A, Lill C. Cancer stage and pack-years,
but not p16 or HPV, are relevant for survival in hypopharyngeal and laryngeal
squamous cell carcinomas. Eur Arch Otorhinolaryngol. 2018;275(7):1837-43.

[8] Hernandez BY, Rahman M, Lynch CF, Cozen W, Unger ER, Steinau M, et al. p16
(INK4A) expression in invasive laryngeal cancer. Papillomavirus Res. 2016;2:52-5.

[9] Mooren JJ, Giiltekin SE, Straetmans JMJAA, Haesevoets A, Peutz-Kootstra CJ,
Huebbers CU, et al. P16(INK4A) immunostaining is a strong indicator for high-risk-
HPV-associated oropharyngeal carcinomas and dysplasias, but is unreliable to
predict low-risk-HPV-infection in head and neck papillomas and laryngeal
dysplasias. Int J Cancer. 2014;134(9):2108-17.

[10] Nauta IH, Heideman DAM, Brink A, Steen B, Bloemena E, Koljenovi¢ S, et al. The
unveiled reality of human papillomavirus as risk factor for oral cavity squamous
cell carcinoma. Int J Cancer. 2021;149(2):420-30.

[11] Kaminagakura E, Villa LL, Andreoli MA, Sobrinho JS, Vartanian JG, Soares FA,
et al. High-risk human papillomavirus in oral squamous cell carcinoma of young
patients. Int J Cancer. 2012;130(8):1726-32.

[3

=

[6

—


http://refhub.elsevier.com/S1368-8375(21)00727-2/h0005
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0005
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0005
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0005
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0015
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0015
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0015
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0015
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0025
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0025
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0025
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0035
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0035
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0035
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0040
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0040
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0045
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0045
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0045
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0045
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0045
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0050
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0050
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0050
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0055
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0055
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0055

P. Golusinski et al.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Braakhuis BJM, Snijders PJF, Keune W-J- H, Meijer CJLM, Ruijter-Schippers HJ,
Leemans CR, et al. Genetic patterns in head and neck cancers that contain or lack
transcriptionally active human papillomavirus. J Natl Cancer Inst. 2004;96(13):
998-1006.

Leemans CR, Snijders PJF, Brakenhoff RH. The molecular landscape of head and
neck cancer. Nat Rev Cancer. 2018;18(5):269-82.

Miranda-Galvis M, Loveless R, Kowalski LP, Teng Y. Impacts of Environmental
Factors on Head and Neck Cancer Pathogenesis and Progression. Cells. 2021;10(2):
389. https://doi.org/10.3390/cells10020389.

Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E, et al.
Human papillomavirus and rising oropharyngeal cancer incidence in the United
States. J Clin Oncol. 2011;29(32):4294-301.

Carpén T, Sjoblom A, Lundberg M, Haglund C, Markkola A, Syrjdnen S, et al.
Presenting symptoms and clinical findings in HPV-positive and HPV-negative
oropharyngeal cancer patients. Acta Otolaryngol. 2018;138(5):513-8.

Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L, et al. Evidence
for a causal association between human papillomavirus and a subset of head and
neck cancers. J Natl Cancer Inst. 2000;92:709-20.

Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, et al. Human
papillomavirus and survival of patients with oropharyngeal cancer. N Engl J Med.
2010;363(1):24-35.

Kharytaniuk N, Molony P, Boyle S, O’Leary G, Werner R, Heffron C, et al.
Association of Extracapsular Spread With Survival According to Human
Papillomavirus Status in Oropharynx Squamous Cell Carcinoma and Carcinoma of
Unknown Primary Site. JAMA Otolaryngol Head Neck Surg. 2016;142(7):683.
https://doi.org/10.1001/jamaoto.2016.0882.

An Yi, Park HS, Kelly JR, Stahl JM, Yarbrough WG, Burtness BA, et al. The
prognostic value of extranodal extension in human papillomavirus-associated
oropharyngeal squamous cell carcinoma. Cancer 2017;123(14):2762-72.

Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, Cohen RB, et al. Radiotherapy
plus cetuximab for squamous-cell carcinoma of the head and neck. N Engl J Med.
2006;354(6):567-78.

Bonner JA, Harari PM, Giralt J, Cohen RB, Jones CU, Sur RK, et al. Radiotherapy
plus cetuximab for locoregionally advanced head and neck cancer: 5-year survival
data from a phase 3 randomised trial, and relation between cetuximab-induced
rash and survival. Lancet Oncol. 2010;11(1):21-8.

Gillison ML, Trotti AM, Harris J, Eisbruch A, Harari PM, Adelstein DJ, et al.
Radiotherapy plus cetuximab or cisplatin in human papillomavirus-positive
oropharyngeal cancer (NRG Oncology RTOG 1016): a randomised, multicentre,
non-inferiority trial. Lancet 2019;393(10166):40-50.

Mehanna H, Robinson M, Hartley A, Kong A, Foran B, Fulton-Lieuw T, et al.
Radiotherapy plus cisplatin or cetuximab in low-risk human papillomavirus-
positive oropharyngeal cancer (De-ESCALaTE HPV): an open-label randomised
controlled phase 3 trial. Lancet 2019;393(10166):51-60.

Gebre-Medhin M, Brun E, Engstrom P, Haugen Cange H, Hammarstedt-
Nordenvall L, Reizenstein J, et al. ARTSCAN III: A Randomized Phase III Study
Comparing Chemoradiotherapy With Cisplatin Versus Cetuximab in Patients With
Locoregionally Advanced Head and Neck Squamous Cell Cancer. J Clin Oncol.
2021;39(1):38-47.

Rischin D, King M, Kenny L, Porceddu S, Wratten C, Macann A, et al. Randomized
Trial of Radiation Therapy With Weekly Cisplatin or Cetuximab in Low-Risk HPV-
Associated Oropharyngeal Cancer (TROG 12.01) - A Trans-Tasman Radiation
Oncology Group Study. Int J Radiat Oncol Biol Phys. 2021;111(4):876-86.
Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, Saxman SB, et al.
Postoperative concurrent radiotherapy and chemotherapy for high-risk squamous-
cell carcinoma of the head and neck. N Engl J Med. 2004;350(19):1937-44.
Adelstein DJ, Li Yi, Adams GL, Wagner H, Kish JA, Ensley JF, et al. An intergroup
phase III comparison of standard radiation therapy and two schedules of
concurrent chemoradiotherapy in patients with unresectable squamous cell head
and neck cancer. J Clin Oncol. 2003;21(1):92-8.

Noronha V, Joshi A, Patil VM, Agarwal J, Ghosh-Laskar S, Budrukkar A, et al.
Once-a-Week Versus Once-Every-3-Weeks Cisplatin Chemoradiation for Locally
Advanced Head and Neck Cancer: A Phase III Randomized Noninferiority Trial.

J Clin Oncol. 2018;36(11):1064-72.

Kiyota N, Tahara M, Fujii H, Yamazaki T, Mitani H, Iwae S, et al. Phase II/III trial of
post-operative chemoradiotherapy comparing 3-weekly cisplatin with weekly
cisplatin in high-risk patients with squamous cell carcinoma of head and neck
(JCOG1008). Journal of Clinical Oncology. 2020;38:6502-.

Rischin D, King M, Kenny L, Porceddu S, Wratten C, Macann A, et al. Randomized
Trial of Radiation Therapy With Weekly Cisplatin or Cetuximab in Low-Risk HPV-
Associated Oropharyngeal Cancer (TROG 12.01) &#x2013; A Trans-Tasman
Radiation Oncology Group Study. International Journal of Radiation Oncology,
Biology, Physics.

Yom SS, Torres-Saavedra P, Caudell JJ, Waldron JN, Gillison ML, Xia P, et al.
Reduced-Dose Radiation Therapy for HPV-Associated Oropharyngeal Carcinoma
(NRG Oncology HN002). J Clin Oncol. 2021;39(9):956-65.

Chundury A, Kim S. Radiation Dose De-Escalation in HPV-Positive Oropharynx
Cancer: When Will It Be an Acceptable Standard of Care? J Clin Oncol. 2021;39(9):
947-9.

Parsons JT, Mendenhall WM, Stringer SP, Amdur RJ, Hinerman RW, Villaret DB,
et al. Squamous cell carcinoma of the oropharynx: surgery, radiation therapy, or
both. Cancer 2002;94(11):2967-80.

Hong AM, Dobbins TA, Lee CS, Jones D, Harnett GB, Armstrong BK, et al. Human
papillomavirus predicts outcome in oropharyngeal cancer in patients treated
primarily with surgery or radiation therapy. Br J Cancer. 2010;103(10):1510-7.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Oral Oncology 123 (2021) 105620

Boscolo-Rizzo P, Gava A, Baggio V, Marchiori C, Stellin M, Fuson R, et al. Matched
survival analysis in patients with locoregionally advanced resectable
oropharyngeal carcinoma: platinum-based induction and concurrent
chemoradiotherapy versus primary surgical resection. Int J Radiat Oncol Biol Phys.
2011;80(1):154-60.

Boscolo-Rizzo P, Stellin M, Fuson R, Marchiori C, Gava A, Mosto MCD. Long-term
quality of life after treatment for locally advanced oropharyngeal carcinoma:
surgery and postoperative radiotherapy versus concurrent chemoradiation. Oral
Oncol. 2009;45(11):953-7.

de Almeida JR, Li R, Magnuson JS, Smith RV, Moore E, Lawson G, et al. Oncologic
Outcomes After Transoral Robotic Surgery: A Multi-institutional Study. JAMA
Otolaryngol Head Neck Surg. 2015;141(12):1043. https://doi.org/10.1001/
jamaoto.2015.1508.

Haughey BH, Hinni ML, Salassa JR, Hayden RE, Grant DG, Rich JT, et al. Transoral
laser microsurgery as primary treatment for advanced-stage oropharyngeal cancer:
a United States multicenter study. Head Neck. 2011;33(12):1683-94.

Setton J, Caria N, Romanyshyn J, Koutcher L, Wolden SL, Zelefsky MJ, et al.
Intensity-modulated radiotherapy in the treatment of oropharyngeal cancer: an
update of the Memorial Sloan-Kettering Cancer Center experience. Int J Radiat
Oncol Biol Phys. 2012;82(1):291-8.

May JT, Rao N, Sabater RD, Boutrid H, Caudell JJ, Merchant F, et al. Intensity-
modulated radiation therapy as primary treatment for oropharyngeal squamous
cell carcinoma. Head Neck. 2013;35(12):1796-800.

Bird T, De Felice F, Michaelidou A, Thavaraj S, Jeannon J-P, Lyons A, et al.
Outcomes of intensity-modulated radiotherapy as primary treatment for
oropharyngeal squamous cell carcinoma - a European singleinstitution analysis.
Clin Otolaryngol. 2017;42(1):115-22.

Machtay M, Moughan J, Trotti A, Garden AS, Weber RS, Cooper JS, et al. Factors
associated with severe late toxicity after concurrent chemoradiation for locally
advanced head and neck cancer: an RTOG analysis. J Clin Oncol. 2008;26(21):
3582-9.

Culié D, Garrel R, Viotti J, Schiappa R, Chamorey E, Fakhry N, et al. Impact of
HPV-associated pl6-expression and other clinical factors on therapeutic decision-
making in patients with oropharyngeal cancer: A GETTEC multicentric study. Eur J
Surg Oncol. 2018;44(12):1908-13.

Yeh DH, Tam S, Fung K, MacNeil SD, Yoo J, Winquist E, et al. Transoral robotic
surgery vs. radiotherapy for management of oropharyngeal squamous cell
carcinoma - A systematic review of the literature. Eur J Surg Oncol. 2015;41(12):
1603-14.

Nichols AC, Theurer J, Prisman E, Read N, Berthelet E, Tran E, et al. Radiotherapy
versus transoral robotic surgery and neck dissection for oropharyngeal squamous
cell carcinoma (ORATOR): an open-label, phase 2, randomised trial. Lancet Oncol.
2019;20(10):1349-59.

Grégoire V, Nicolai P. Choosing surgery or radiotherapy for oropharyngeal
squamous cell carcinoma: is the issue definitely settled? Lancet Oncol. 2019;20
(10):1328-9.

Ferris RL, Flamand Y, Weinstein GS, Li S, Quon H, Mehra R, et al. Updated report of
a phase II randomized trial of transoral surgical resection followed by low-dose or
standard postoperative therapy in resectable p16+ locally advanced oropharynx
cancer: A trial of the ECOG-ACRIN cancer research group (E3311). Journal of
Clinical Oncology. 2021;39:6010-.

Owadally W, Hurt C, Timmins H, Parsons E, Townsend S, Patterson J, et al.
PATHOS: a phase II/III trial of risk-stratified, reduced intensity adjuvant treatment
in patients undergoing transoral surgery for Human papillomavirus (HPV) positive
oropharyngeal cancer. BMC Cancer. 2015;15(1). https://doi.org/10.1186/512885-
015-1598-x.

Stelmes J-J, Gregoire V, Poorten VV, Golusinski W, Szewczyk M, Jones T, et al.
Organ Preservation and Late Functional Outcome in Oropharyngeal Carcinoma:
Rationale of EORTC 1420, the “Best of” Trial. Front Oncol. 2019;9. https://doi.
org/10.3389/fonc.2019.00999.

Mehanna H, Rischin D, Wong SJ, Gregoire V, Ferris R, Waldron J, et al. De-
Escalation After DE-ESCALATE and RTOG 1016: A Head and Neck Cancer
InterGroup Framework for Future De-Escalation Studies. J Clin Oncol. 2020;38
(22):2552-7.

Klonoff DC, Gutierrez A, Fleming A, Kerr D. Real-World Evidence Should Be Used
in Regulatory Decisions About New Pharmaceutical and Medical Device Products
for Diabetes. J Diabetes Sci Technol. 2019;13(6):995-1000.

Rietbergen MM, Brakenhoff RH, Bloemena E, Witte BI, Snijders PJF,

Heideman DAM, et al. Human papillomavirus detection and comorbidity: critical
issues in selection of patients with oropharyngeal cancer for treatment De-
escalation trials. Ann Oncol. 2013;24(11):2740-5.

Rietbergen MM, Witte BI, Velazquez ER, Snijders PJF, Bloemena E, Speel EJ, et al.
Different prognostic models for different patient populations: validation of a new
prognostic model for patients with oropharyngeal cancer in Western Europe. Br J
Cancer. 2015;112(11):1733-6.

Schwartz JL. Real-World Evidence, Public Participation, and the FDA. Hastings
Cent Rep. 2017;47(6):7-8.

Anglemyer A, Horvath HT, Bero L. Healthcare outcomes assessed with
observational study designs compared with those assessed in randomized trials.
Cochrane Database Syst Rev. 2014:MR000034.

Mahmoud O, Sung K, Civantos FJ, Thomas GR, Samuels MA. Transoral robotic
surgery for oropharyngeal squamous cell carcinoma in the era of human
papillomavirus. Head Neck. 2018;40(4):710-21.

Yoshida EJ, Luu M, Mallen-St. Clair J, Mita AC, Scher KS, Lu DJ, et al. Stage I HPV-
positive oropharyngeal cancer: Should all patients receive similar treatments?
Cancer 2020;126(1):58-66.


http://refhub.elsevier.com/S1368-8375(21)00727-2/h0060
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0060
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0060
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0060
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0065
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0065
https://doi.org/10.3390/cells10020389
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0075
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0075
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0075
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0080
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0080
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0080
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0085
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0085
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0085
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0090
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0090
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0090
https://doi.org/10.1001/jamaoto.2016.0882
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0100
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0100
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0100
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0105
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0105
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0105
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0110
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0110
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0110
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0110
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0115
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0115
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0115
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0115
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0120
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0120
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0120
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0120
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0125
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0125
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0125
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0125
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0125
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0130
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0130
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0130
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0130
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0135
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0135
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0135
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0140
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0140
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0140
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0140
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0145
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0145
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0145
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0145
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0160
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0160
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0160
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0165
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0165
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0165
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0170
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0170
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0170
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0175
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0175
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0175
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0180
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0180
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0180
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0180
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0180
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0185
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0185
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0185
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0185
https://doi.org/10.1001/jamaoto.2015.1508
https://doi.org/10.1001/jamaoto.2015.1508
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0195
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0195
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0195
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0200
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0200
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0200
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0200
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0205
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0205
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0205
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0210
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0210
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0210
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0210
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0215
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0215
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0215
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0215
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0220
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0220
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0220
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0220
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0225
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0225
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0225
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0225
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0230
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0230
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0230
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0230
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0235
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0235
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0235
https://doi.org/10.1186/s12885-015-1598-x
https://doi.org/10.1186/s12885-015-1598-x
https://doi.org/10.3389/fonc.2019.00999
https://doi.org/10.3389/fonc.2019.00999
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0255
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0255
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0255
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0255
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0260
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0260
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0260
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0265
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0265
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0265
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0265
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0270
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0270
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0270
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0270
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0275
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0275
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0285
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0285
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0285
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0290
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0290
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0290

P. Golusinski et al.

[59]

[60]

[61]

Kamran SC, Qureshi MM, Jalisi S, Salama A, Grillone G, Truong MT. Primary
surgery versus primary radiation-based treatment for locally advanced
oropharyngeal cancer. Laryngoscope. 2018;128(6):1353-64.

Nguyen AT, Luu M, Mallen-St Clair J, Mita AC, Scher KS, Lu DJ, et al. Comparison
of Survival After Transoral Robotic Surgery vs Nonrobotic Surgery in Patients With
Early-Stage Oropharyngeal Squamous Cell Carcinoma. JAMA Oncol. 2020;6(10):
1555. https://doi.org/10.1001/jamaoncol.2020.3172.

de Almeida JR, Moskowitz AJ, Miles BA, Goldstein DP, Teng MS, Sikora AG, et al.
Cost-effectiveness of transoral robotic surgery versus (chemo)radiotherapy for

[62]

[63]

Oral Oncology 123 (2021) 105620

early T classification oropharyngeal carcinoma: A cost-utility analysis. Head Neck.
2016;38(4):589-600.

Nauta IH, Klausch T, van de Ven PM, Hoebers FJP, Licitra L, Poli T, et al. The
important role of cisplatin in the treatment of HPV-positive oropharyngeal cancer
assessed by real-world data analysis. Oral Oncol. 2021;121:105454. https://doi.
org/10.1016/j.oraloncology.2021.105454.

Adelstein DJ, Ismaila N, Ku JA, Burtness B, Swiecicki PL, Mell L, et al. Role of
Treatment Deintensification in the Management of p16+ Oropharyngeal Cancer:
ASCO Provisional Clinical Opinion. J Clin Oncol. 2019;37(18):1578-89.


http://refhub.elsevier.com/S1368-8375(21)00727-2/h0295
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0295
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0295
https://doi.org/10.1001/jamaoncol.2020.3172
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0305
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0305
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0305
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0305
https://doi.org/10.1016/j.oraloncology.2021.105454
https://doi.org/10.1016/j.oraloncology.2021.105454
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0315
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0315
http://refhub.elsevier.com/S1368-8375(21)00727-2/h0315

	De-escalation studies in HPV-positive oropharyngeal cancer: How should we proceed?
	Introduction
	Treatment de-escalation strategies
	Radiation therapy combined with other systemic agents instead of cisplatin
	Three-weekly high-dose vs. Weekly low-dose cisplatin
	Radiation dose de-escalation
	Transoral surgery followed by risk-adjusted adjuvant therapy

	Real-World evidence
	Conclusions
	Declaration of Competing Interest
	References


