
Vol.:(0123456789)1 3

https://doi.org/10.1007/s40136-022-00421-6

HEAD AND NECK: HUMAN PAPILLOMA VIRUS ASSOCIATED HEAD AND NECK 
SQUAMOUS CELL CARCINOMA (WK MYDLARZ AND C FAKHRY, SECTION EDITORS)

Advances in Surgical Therapy for HPV‑Associated Squamous Cell 
Carcinoma

Collin F. Mulcahy1 · Neil D. Gross1 

Accepted: 18 July 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Purpose of Review To review recent surgical advances in the treatment of human papillomavirus (HPV)-related oropharyn-
geal squamous cell carcinoma (OPSCC), specifically focusing on treatment strategies, patient outcomes, and surgical 
technologies.
Recent Findings Transoral robotic surgery (TORS) has become the surgical technique of choice when treating HPV-OPSCC. 
Patient-reported outcomes and functional outcomes are increasingly becoming drivers of treatment selection given the 
excellent prognosis of low-risk HPV-OPSCC. Decreased doses of adjuvant radiation therapy for select patients have been 
shown to be oncologically safe while offering the potential for improved functional outcomes. Neoadjuvant chemotherapy 
and immunotherapy have been shown to be safe in this patient population and may offer an advantage to up-front surgery. 
Finally, new data has identified circulating tumor HPV DNA (ctHPVDNA) as a promising biomarker of response to treat-
ment in HPV-OPSCC.
Summary The treatment of HPV-OPSCC continues to evolve with surgery playing an increasingly important role. De-escalation 
of adjuvant treatment for select patients provides excellent oncologic control with the potential for decreased long-term toxicity 
and remains an area of ongoing investigation. Neoadjuvant therapy (chemotherapy and/or immunotherapy) and or biomarker-
driven adjuvant therapy may play a significant role in future treatment paradigms using surgery.
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Introduction

The incidence of human papilloma virus (HPV)-related 
squamous cell carcinoma (SCC) of the head and neck contin-
ues to rise in the USA and globally [1]. While HPV-related 
SCC can affect multiple subsites within the head and neck, 
the oropharynx is most affected. In addition, oropharyngeal 

squamous cell carcinoma (OPSCC) is now the most common 
malignancy caused by HPV in the USA [2, 3]. Patients diag-
nosed with HPV-OPSCC are typically younger, have fewer 
medical comorbidities, and enjoy more favorable oncologic 
outcomes when compared to their HPV-negative counter-
parts [4]. Collectively, these data prompted a change in the 
American Joint Committee on Cancer (AJCC) classification 
of patients with HPV-OPSCC [5].

The treatment landscape for patients with OPSCC has 
shifted over the last two decades in parallel with the epi-
demiologic shift from HPV-negative to positive. Surgery 
re-emerged as an important treatment modality, due pri-
marily to the advent of transoral robotic surgery (TORS) 
[6, 7]. TORS affords improved access and visualization of 
the oropharynx, which equates to less surgical morbidity 
[6, 8]. This technology continues to evolve. The increased 
use of surgery for low-risk HPV-OPSCC has led to ques-
tions about traditional adjuvant radiation therapy (RT) para-
digms including delivery technique and dosage de-escalation 
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[9–11]. Given the improved prognosis of HPV-OPSCC, and 
the increased understanding of long-term side effects from 
treatment, functional and patient reported outcomes (PROs) 
have become an area of growing interest [12••, 13].

This review aims to discuss recent literature on surgi-
cal advances in the treatment of HPV-OPSCC, including 
the rationale for primary surgery, advanced robotic technol-
ogy, adjuvant treatment de-escalation, neoadjuvant systemic 
therapy, the importance of functional outcomes, and the 
future directions of treatment including biomarker-driven 
treatment.

Increased Application of TORS

Traditionally, resection of oropharyngeal tumors required 
extended surgical approaches including mandibulotomy or 
transcervical lateral pharyngotomy [14, 15]. While these 
approaches afforded excellent exposure, they also carried 
substantial morbidity, including fistula formation, malun-
ion, and hardware exposure [16]. In an effort to mitigate 
morbidity, surgeons advocated for less invasive transoral 
approaches which were often limited by a lack of exposure 
[17]. Both TORS and transoral laser microsurgery (TLM) 
emerged as techniques to gain better access to the upper aer-
odigestive tract [18]. TORS has emerged as the most widely 
used approach to resection of oropharyngeal tumors [19] 
and patients treated with TORS have better overall survival 
compared to patients treated with non-robotic surgery [20]. 
Since the Food and Drug Administration (FDA) approval 
in 2009, TORS has become increasingly popular. A recent 
National Cancer Database (NCDB) study demonstrated a 
31% increase in the use of TORS from 2009 to 2016, with 
1045 patients undergoing the procedure in the USA alone in 
2016 [21]. Likewise, from 2010 to 2015, the use of TORS 
for early-stage OPSCC increased from 18 to 36% [22]. 
Additional data demonstrates that the increased utilization 
of TORS is not unique to the USA [23, 24], though broader 
adoption has been tempered by regional treatment differ-
ences, cost, and training prohibitions [25].

Rationale for Primary Surgery

The prognosis of early-stage HPV-OPSCC is excellent [26] 
and comparable between primary surgical and non-surgical 
approaches [27]. A fundamental goal of a primary surgi-
cal approach is to avoid the known long-term sequela from 
traditional chemoradiation (CRT) [28, 29, 30•, 31]. While 
some patients treated with primary surgery for HPV-OPSCC 
can avoid RT altogether, many will require adjuvant therapy. 
Lower RT doses and the selective application of chemo-
therapy in the adjuvant setting are intended to help reduce 
long-term side effects and improve patient functional out-
comes [32]. Careful patient selection remains paramount to 

the application of surgery for HPV-OPSCC and there are 
many factors involved in determining the appropriate treat-
ment choice for an individual [33].

Advances in Robotic Technology

The first robotic head and neck surgical procedure in a 
human was performed in 2005, with the excision of a val-
lecular cyst at Walter Reed Medical Center [34]. The next 
year, investigators at the University of Pennsylvania first 
described the feasibility of TORS for malignant base of 
tongue tumors [35]. A prospective trial then led to FDA 
approval in 2009 [36, 37]. The robotic technology used in 
these early procedures was the da Vinci Surgical System 
(Intuitive Surgical, Inc., Sunnyvale, California). This device 
was initially designed for thoracic and abdominal procedures 
and was FDA approved in 2000 for general laparoscopic sur-
gery before it was utilized in the head and neck. Since then, 
this technology has continued to evolve. Most recently, the 
da Vinci SP (single port) was approved for transoral surgery 
in 2019 and provides a unique advantage: all the components 
(three robotic arms and camera) are fed through a single 
2.5-cm port, with distal articulation, including the camera, 
creating more favorable operating conditions and visualiza-
tion [38].

In 2017, the FDA also approved the Flex System (Medro-
botics, Raynham, Massachusetts) specifically for use in the 
head and neck. The main difference between the Flex robot 
and da Vinci system is that the surgical “arms” are flexible 
laparoscopic-like arms placed through ports adjacent to a 
flexible camera system. Studies have shown favorable results 
when using the Flex System [39], though the future of this 
device remains uncertain.

Adjuvant Treatment De‑escalation

Given the baseline high expectation of cure for HPV-
OPSCC, treatment de-escalation has been a heavy area of 
clinical research in recent years [9, 11, 40]. Recent phase II 
and phase III randomized trials have explored the role of de-
escalated adjuvant RT in patients treated with curative-intent 
surgery [30•, 41••, 42••].

In 2019, investigators from the Mayo Clinic demon-
strated excellent survival outcomes in a phase II trial using 
de-escalated adjuvant RT (DART), 30–36 Gy with chemo-
therapy in patients with HPV-OPSCC. To be included, 
patients had to have < 10 pack-year smoking history 
and have been treated with curative-intent surgery with 
negative margins. The study risk stratified patients based 
on primary tumor features and nodal status: Cohort A 
(n = 36), the intermediate-risk group, defined as patients 
with one or more risk factors including lymphovascular 
invasion, perineural invasion, involvement of 2 or more 
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regional lymph nodes, and a lymph node > 3 cm in size 
or ≥ T3 primary tumor, and Cohort B (n = 43), the high-
risk group, defined as patients with any extranodal exten-
sion (ENE). Cohort A patients received 30 Gy with con-
current docetaxel, Cohort B patients received the same 
treatment plus additional RT boost to the nodal levels 
with ENE to 36 Gy. The 2-year local regional control rate 
was 96%, comparable with historical controls treated with 
higher dose adjuvant RT [43]. Overall, the study showed 
extremely low rates of high-grade toxicity and favorable 
functional outcomes [30•].

More recently, investigators from the Mayo clinic 
reported their phase III results using DART compared to 
standard of care (SOC) adjuvant (C)RT [42••]. The study 
stratified patients by smoking status and excluded patients 
who were pT4 or needed > 2 resections to clear a margin. A 
total of 194 patients were enrolled: 79 into Cohort A (inter-
mediate-risk) and 115 into Cohort B (high-risk). Patients 
were randomized 2:1 to DART versus SOC. The primary 
endpoint was grade ≥ 3 adverse events ≥ 3 months after RT. 
With a median follow-up of 25 months, the authors report 
excellent oncologic outcomes for intermediate risk patients: 
2-year recurrence-free survival 100% (DART) vs. 93.3% 
(SOC). Overall, oncologic outcomes were also favorable for 
high-risk patients with ENE: 2-year recurrence-free survival 
92.2% (DART) vs. 100% (SOC). Importantly, the authors 
identified the patients at greatest risk of failure. Patients with 
ENE and pN2 disease demonstrated worse progression-free 
survival at 2 years: 42.9% (DART) vs. 100% (SOC).

The results of ECOG 3311, a multi-site phase II rand-
omized trial of de-escalated adjuvant therapy, were also 
recently published [41••]. This study included 495 patients 
who underwent transoral curative-intent surgery for HPV-
OPSCC and stratified patients into low-, intermediate-, and 
high-risk groups for adjuvant therapy de-escalation. The pri-
mary outcome was 2-year progression-free survival. In Arm 
A (n = 38), low-risk patients with negative margins, N0-N1 
and no ENE were observed. Intermediate-risk patients with 
either close margins (< 3 mm), 2–4 positive nodes, ≤ 1 mm 
ENE, PNI or LVI were randomized to either Arm B (n = 100) 
and treated with 50 Gy adjuvant RT or Arm C (n = 108) 
60 Gy RT. In Arm D (n = 113), high-risk patients with posi-
tive margins, > 1 mm ENE or 5 + positive nodes and were 
treated with 66 Gy cisplatin-based CRT. The authors found 
no difference in 2-year progression-free survival between 
intermediate-risk patients who received 50 Gy vs. 60 Gy 
of adjuvant RT (95% and 96%, respectively). Additionally, 
there was a trend towards better swallow outcomes using 
MD Anderson Dysphagia Index (MDADI) in Arm B, though 
the study was not powered sufficiently to detect a meaningful 
difference. These data show that reduced-dose adjuvant RT 
(50 Gy) is oncologically safe in patients with intermediate-
risk HPV-OPSCC.

Successful de-escalation of treatment for low-risk HPV-
OPSCC includes the judicious use of chemotherapy in the 
adjuvant setting. The management of “microscopic” ENE 
(generally defined as ≤ 2 mm) after surgery for HPV-OPSCC 
remains an area of ongoing debate. In contrast to HPV-
negative OPSCC and oral cavity SCC where ENE has been 
shown to be prognostic, ENE is specifically excluded from 
the AJCC classification system for HPV-OPSCC. That is 
because the data supporting the addition of chemotherapy 
to postoperative RT for patients with either ENE or positive 
surgical margins was derived in the pre-HPV era, primar-
ily from oral cavity SCC patients and did not distinguish 
between micro and macroscopic ENE [44–46]. Despite the 
lack of evidence, the use of adjuvant chemoradiation after 
surgery remains common, and is frequently extrapolated 
to lower risk HPV-OPSCC [47]. In patients with stage I 
HPV-OPSCC (AJCC 8) with intermediate-risk (2–4 posi-
tive nodes, microscopic ENE, or lymphovascular invasion), 
overall survival (OS) is similar regardless of whether or not 
patients receive adjuvant chemotherapy [48].

Cumulatively, current data suggest that de-escalation of 
adjuvant treatment is oncologically sound for well-selected 
patients treated surgically for HPV-OPSCC. Careful patient 
selection and pathologic risk stratification are imperative 
to the successful application of TORS for HPV-OPSCC. 
There is more work to be done to further our understanding 
of which patients can be safely treated with de-escalation 
strategies.

Neoadjuvant Chemotherapy

The utility of chemotherapy prior to planned surgical resec-
tion in HPV-OPSCC is a potentially useful, but largely 
untested option [49]. While “induction” chemotherapy has 
never been shown to improve survival in HPV-negative 
SCC, clinical application varies widely among institutions 
[50]. Indeed, the very definition of “induction” chemother-
apy is not standardized and is often used interchangeably 
with “neoadjuvant” chemotherapy [51]. Some advocate for 
the term “neoadjuvant” chemotherapy when used prior to 
planned definitive surgery, and “induction” chemotherapy 
when used prior to planned RT.

Proponents of neoadjuvant chemotherapy in patients 
with HPV-OPSCC note that up to 50% of treatment fail-
ures are distant-only [52•]. Importantly, neoadjuvant 
chemotherapy has been shown to reduce the need for 
adjuvant RT [29]. In a phase II trial of 55 patients, 72% 
of patients had a pathologic complete response (pCR) 
at the primary site, while 44% of patients had a pCR at 
both the primary site and the neck [52•]. In that study, 
patients were treated with docetaxel plus cisplatin-based 
chemotherapy followed by TORS with adjuvant radio-
therapy reserved for patients with 4 + positive nodes, 
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positive margins, or “macroscopic” (> 2 mm) ENE on 
final pathology. Oncologic and functional outcomes 
compared favorably to CRT; 5-year disease-free survival 
was 96.1% and no patients required a feeding tube [52•]. 
Based on these data, there is an ongoing phase II clini-
cal trial (NCT04277858). Neoadjuvant chemotherapy has 
also been applied to more advanced OPSCC treated surgi-
cally with favorable oncologic and functional outcomes 
[53, 54].

Immunotherapy

In recent years, immunotherapy has been added to the rep-
ertoire of treatment for patients with HNSCC and is now 
the standard of care for patients with recurrent, unresect-
able and/or metastatic disease [55, 56]. Phase III clinical 
trials have established the benefit of PD-1 receptor inhibi-
tors as superior to cytotoxic chemotherapy for patients in 
the advanced unresectable and metastatic setting [57–59]. 
In addition to PD-1 receptor inhibitors, FDA approved 
since 2016, other immune checkpoint inhibitors includ-
ing cytotoxic T lymphocyte antigen 4 (CTLA-4) receptor 
inhibitors have also been shown to play a role in immune 
response to HNSCC [60].

Given the successes observed in advanced HNSCC, 
recent work has focused on the application of immuno-
therapy in earlier stage disease, including HPV-OPSCC 
[61•]. In CheckMate 358, neoadjuvant nivolumab was 
well tolerated in previously untreated, resectable OPSCC 
(30% grade ≥ 3 treatment-related adverse events). Nearly a 
quarter of patients with HPV-OPSCC experienced a partial 
pathologic response [61•].

A high density of CD8-positive tumor-infiltrating lym-
phocytes portends improved prognosis in patients with 
OPSCC [62]. Based on this principle, combination PD-L1 
and CTLA-4 inhibition was applied in the neoadjuvant 
setting for OPSCC in a recent study [63•]. A total of 28 
patients were included and the majority (86%) had HPV-
OPSCC. Combination neoadjuvant immunotherapy was 
found to be well-tolerated and induced a major patho-
logic response at both the primary site and the neck in 
7%, and in the lymph nodes only in 21% [63•]. Addition-
ally, neoadjuvant immunoradiotherapy has been tested 
in HPV-OPSCC. A recent phase Ib clinical trial evalu-
ated treatment response in patients with locally advanced 
OPSCC treated with neoadjuvant SBRT with or without 
nivolumab prior to definitive surgery, followed by adju-
vant nivolumab. Investigators found major pathologic 
responses in 86% and pCR in 67% of patients, respectively 
[64]. Taken together, these studies indicate that neoadju-
vant immunotherapy is safe and feasible in patients with 
HPV-OPSCC.

Future Directions

Functional Outcomes

HPV-OPSCC has been shown to affect younger and healthier 
patients. With a cure rate exceeding 90% in many scenarios 
regardless of primary treatment modality, focus is shifting 
towards functional outcomes and PROs [4, 27, 65]. Prior 
research has demonstrated decreased gastrostomy tube 
rates in HPV-OPSCC patients treated with TORS [66]. In 
2019, a multicenter randomized phase II trial (ORATOR) 
was the first to compare primary RT versus transoral sur-
gery for OPSCC [12••]. Given previous data that demon-
strated similar oncologic outcomes between primary RT 
and surgery, the authors chose quality of life measures as 
their primary outcome (MDADI scores at 12 months). A 
total of 68 patients were randomly assigned to either RT 
or transoral surgery plus neck dissection. With a median 
follow-up > 2 years, the RT cohort started with better base-
line MDADI scores and demonstrated statistically superior 
MDADI scores over time, although the differences did not 
meet the pre-determined 10-point threshold to qualify as 
a clinically meaningful change and have decreased with 
long-term follow-up [12••, 67]. Notably in that study, TORS 
patients routinely underwent prophylactic tracheostomy after 
a bleeding death was observed. The majority of patients in 
the trial were treated with multimodality therapy. Nonethe-
less, the authors conclude that primary RT offers superior 
swallowing-related QOL.

As a follow-up to the ORATOR trial, results from the 
ORATOR 2 trial were recently presented [68••]. This fol-
low-up prospective randomized trial was designed to test the 
contemporary non-surgical and surgical de-intensification 
strategies in low-risk HPV-OPSCC. The results were pre-
sented early after two treatment-related deaths in the surgical 
arm led to premature closure of the trial. The primary end-
point of the study was overall survival, compared separately 
for each arm against historical controls. While ORATOR2 
planned to accrue 140 patients, the study was stopped early 
after enrolling just 61 patients. There was 1 death due to 
bleeding 4 days after surgery despite prophylactic tracheos-
tomy and ipsilateral external carotid artery ligation, and 1 
death due to cervical vertebral osteomyelitis approximately 
one month after completion of adjuvant RT. The unfortu-
nate early closure of this trial underscores the importance 
of careful patient selection and rigorous surgical quality for 
HPV-OPSCC.

In contrast to ORATOR, a prospective cohort study 
including 257 TORS-eligible patients with low to interme-
diate risk HPV-OPSCC offered a more nuanced perspective 
[69]. In this study, objective functional swallowing outcomes 
(as measured by dynamic imaging grade of swallowing tox-
icity [DIGEST] scores) were compared between surgical 
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and non-surgical patients in addition to subjective outcomes 
(MDADI). At 3–6 months post-treatment, the prevalence 
of moderate-severe dysphagia (DIGEST ≥ 2) among the 
TORS cohort was nearly half that of patients treated with 
primary RT. Patients treated with TORS alone demonstrated 
the best subjective and objective swallowing outcomes. In 
a separate prospective cohort study of 215 TORS-eligible 
patients treated with either intensity-modulated proton ther-
apy (IMPT) or TORS for HPV-OPSCC, the authors similarly 
found that patients treated with TORS had better swallowing 
outcomes as measured by MDADI and DIGEST [70•]. The 
results held true for patients regardless of the number of 
treatment modalities. Taken together, these data demonstrate 
that careful patient selection and surgical quality can yield 
favorable swallowing outcomes for HPV-OPSCC patients 
treated with TORS.

Swallow outcomes are an incomplete measure of symp-
tom burden for HPV-OPSCC patients, and thus far little 
attention has been given to long-term toxicity after treat-
ment. In a study of longitudinal PROs (using MD Ander-
son Symptom Inventory – Head and Neck [MDASI-HN]) 
among patients treated surgically versus non-surgically, all 
patients were found to have improvements over time regard-
less of primary treatment modality. After 6 months, there 
was a marked improvement in MDASI-HN scores across 
the entire population. This study did shed light on different 
toxicity profiles between patients treated surgically (worse 
numbness, voice, choking and sleep symptoms) versus 
non-surgically (worse dry mouth, taste disturbances) in the 
acute post-treatment period [71]. Patients treated with multi-
modality therapy had worse PROs. As such, adjuvant treat-
ment de-escalation for postoperative patients plays a vital 
role in functional outcomes.

Biomarkers

A robust biomarker for HPV-OPSCC would have great clini-
cal utility, and recent advances point towards a future using 
“liquid biopsy” techniques to assess treatment response and 
improve early detection. Circulating tumor DNA has been 
shown to assist in early detection of cancer recurrence in 
other sites [72, 73]. Recently, a prospective clinical trial 
monitoring for circulating tumor HPV DNA (ctHPVDNA) 
was conducted for patients with HPV-OPSCC. The authors 
found that for patients with undetectable ctHPVDNA, the 
negative predictive value for developing recurrence was 
100%. Furthermore, in patients with 2 consecutive positive 
ctHPVDNA tests, the positive predictive value was 94%. 
These patients on average developed recurrence 4 months 
after the DNA was found circulating in the bloodstream [74]. 
Furthermore, next-generation DNA sequencing techniques 
have been applied to circulating tumor DNA detection in 
this setting and have been shown to outperform traditional 

digital polymerase chain reaction (PCR) techniques [75]. As 
this field evolves, earlier detection of recurrence is likely to 
result in improved survival outcomes [76, 77].

Conclusions

Surgery has made a resurgence as a viable primary treat-
ment option for HPV-OPSCC and is increasingly utilized in 
part due to the continued evolution of TORS. In addition, 
adjuvant treatment de-escalation for select HPV-OPSCC 
patients has been shown to offer favorable oncologic and 
functional outcomes. With expected high cure rates regard-
less of primary treatment modality, PROs and functional 
outcomes play an increasingly important role in selecting 
the optimal treatment for individual patients. Neoadjuvant 
strategies have emerged with hopes of further de-escalation. 
Finally, HPV biomarkers will likely play a key role in the 
future direction of the field as the data expands.
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