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The traditional primary treatment modality of oropharyngeal carcinomasquamous cell carcinoma (OPSCC) at early stages
is intensity modulated radiation therapy (IMRT). Trans-oral robotic surgery (TORS) has offered as an alternative, less
invasive surgical option. Patients with human papilloma virus (HPV)-positive OPSCC have distinct staging with better
overall survival in comparison with HPV-negative OPSCC patients. The head—neck surgeon has to know the role of TORS
in HPV-positive and -negative OPSCC and the ongoing trials that will influence its future implementation. The feasibility of
this treatment, the outcomes ensured, and the side effects are key factors to consider for each patient.
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| 1. Surgery

The surgical approach to oropharyngeal carcinomasquamous cell carcinoma (OPSCC) is neither easy for the surgeon nor
easy to sustain for the patient. Open techniques bring along a set of complications and side effects that raise the morbidity
of these procedures [, This type of surgery often includes a mandibulotomy, a tracheostomy, a pharyngotomy, and a flap
reconstruction. Besides complications due to the sealing of the sutures (such as dehiscence and fistulae), there is a big
impact on pharyngeal function in swallowing [&. For these reasons, surgery of OPSCC has lost ground to less invasive
treatment and was confined to the treatment of the advanced disease. The advancement of trans-oral techniques, such as
Trans-oral Laser Microsurgery (TLM) and, especially, Trans-oral Robotic Surgery (TORS), determined the rivalidation of
OPSCC surgical treatment . The oncological and functional outcomes are preferable over open techniques 4. However,
TLM had disadvantages such as the poor visualization of the entire surgical field provided by the microscope and the low
hemostatic efficacy of laser CO2 that required alternation with classical hemostasis techniques 2. The TORS technique
overcomes these limitations. Nowadays, surgery of OPSCC gains space in the treatment of the early stages alone or in
combination with systemic therapy and/or RT [E. Since 2009, after the approval of TORS by the federal drug
administration (FDA), OPSCC surgeries entered into the “TORS era”, with a constant and positive trend for surgical
therapy in the management of early stage OPSCC. There has been an increase in cases treated with surgery as a part of
treatment and also in cases treated with surgery as a single treatment modality (. A prospective analysis of the oncologic
and functional outcomes of TLM on 11 patients with tongue-based carcinoma stages | and Il I showed only 1 regional
failure 13 months after surgery in a patient that declined postoperative radiotherapy, while the other 10 had a complete RO
resection at 5 years. In this study, local control at 2 and 5 years were 100% for T1 tumors and 87% for T2 ones. A German
retrospective study of 134 cases with T1-2 carcinomas of oropharynx that underwent TLM and unilateral or bilateral neck
dissection 8 reported a disease-specific survival at 5 years of 78.6%, an overall survival (OS) of 59.9%, and a local
control of 89%. A complete local resection RO was obtained in 115 out of 134 cases (85,8%). Overall survival (OS) was
significantly better for T1 in respect to T2 tumors and for RO resection than R+, while disease-specific survival (DSS) was
significantly better for NO or RO patients than N+ or R+ ones. Local control was reportedly higher for TO, NO, or RO
compared to T1, N+, or R+, respectively; however, the difference was not statistically significant £,

A retrospective analysis of the National Cancer Database of United States [& on long-term oncologic outcomes of TORS
and TLM on T1 and T2 OPSCC (rate of HPV:19.2%) shows that TORS is linked to a lower rate of positive margins
compared to non-robotic surgery and then a lower likelihood of adjuvant therapy. TORS is also associated with a lower
hospital length of stay compared to TLM and non-robotic surgery. In a prospective trial 19 on stage | and Il HPV-negative
OPSCC, TORS associated with unilateral or bilateral neck dissection is a feasible single therapy to de-intensify treatment
for HPV-negative OPSCC. DSS and OS at 29 months was 89.6% and 93.8%. Amongst the several open approaches, the
most conservative appears to be lateral pharyngotomy, sparing the mandibulotomy. However lateral pharyngotomy for



early OPSCC showed a disease-free survival at 5 years of 86% L1, lower than TORS, and a higher rate of complications
(38%), mainly pharyngocutaneous fistula, hemorrhage or hematoma, infections, and pneumonia related to a longer
hospital stay and longer persistence of tracheostomy and nasogastric feeding tube.

1.1. Preoperative Patient Selection

The choice of the right treatment for each patient, in the optic of a tailored management, is fundamental to obtain the best
result. Many patient factors could influence the final decision for surgical selection, such as a patient’'s comorbidities,
which should be analyzed by means of a detailed history. Surgery is preferred for active smokers unwilling to reform
because of the reported limited radiotherapy efficacy and the effect of post-radiotherapy increasing risk for
cerebrovascular diseases and second malignancies LAILSILAILS] Fyrthermore, it should take into account the radiotherapy
feasibility for the patient during a protracted course of RT, such as the distance from the treating center. In these
circumstances, these patients may be better served by the surgical option 28117, Previous head and neck RT (most
commonly lymphoma or skin cancer) leads to a choice surgery above new radiotherapy. Finally, patients with poor social
conditions could not be compliant to radiotherapy schedules in comparison with surgical ones.

By contrast, definitive RT represents the first choice for patients with early-stage tonsil cancer with a medial
retropharyngeal internal carotid artery (ICA) position, which increases the risk of postoperative bleeding 28129, The same
is true for patients under anticoagulation therapy for high-risk medical events 2. Even if uncommon in the early-stage
patient, the presence of trismus is a contraindication for the transoral approaches. In the cases of definitive RT, or if the
HPV-negative patient refuses RT, an open approach could be a valid treatment option (11,

TORS represents the first treatment choice in the presence of an oropharyngeal T1-2 exophytic primary tumor with
minimal invasion and with high probability to achieve negative margins. The detection of cervical limfoadenopathy at
presentation may suggest a neck dissection in order to exclude a nodes metastasis. The literature data reported
pathologic downstaging in the N1 neck in approximately 30% of patients, whereas pathologic upstaging may occur in 30—
40% of NO patients [241122],

The choice of the trans-oral resection of early-stage disease (T1-2NO0) versus primary RT as a single-modality therapy
represents a point of debate 23, Rough measures of functional outcomes such as feeding tube dependence appear
similar between TORS alone (0-7%) 24 and modern IMRT (4%) [23]. However, performing TORS allows a dose reduction
in the radiotherapy, accompanied by a lower rate of acute and late side effects, compared to full-dose-definitive RT. The
ORATOR trial [28] showed that oncological outcomes between RT and TORS plus neck dissection (followed or not by
chemoradiotherapy) are similar in terms of OS and progression free survival, while the toxicity profiles are different.
Anorexia, dry mouth, dysphagia, oral mucositis, nausea, odynophagia, taste alteration, and weight loss are adverse
events shared between the two groups. Vomiting, hearing loss, tinnitus, sore throat, dermatitis or rash, neutropenia, sore
mouth, fatigue, dysgeusia, constipation, and alopecia were more frequent in the radiotherapy group, while cough, other
pain, weakness, and trismus were more common in the TORS group. Nonetheless, swallowing-related quality of life was
improved in the RT group compared with the surgery group, even though it was not clinically meaningful.

Another tumor factor is the involvement of larger tumors of muscular or soft palate, which may encourage a non-operative
approach. An early-stage patient rarely requires a reconstruction with local or free flaps; however, in the optic of better
Quality-of-Life (QoL), RT and avoidance of reconstruction may be the best choice for them. Considering concerns about
muscular invasion, closed surgical margins, and the inferior outcomes obtained with TORS, cases of uncommon primaries
of the soft palate, posterior oropharyngeal, or the hypopharyngeal wall are areas may be better dominated by RT 22, HPV
relation is important since the early stage of OPSCC HPV-positive tumors recur locoregionally (after either surgery or
radiotherapy) very infrequently, and best efforts for single-modality treatment should be take into consideration; however,
some authors have demonstrated no prognostic significance for HPV+ in the overall or in the disease-free survival
analysis for non-tonsillar, non-tongue-based SCC 131,

1.2. Neck Dissection

Neck spreading of malignant cells from OPSCC to lymph nodes is an early and common event. Seventy-six percent of
cases of tonsil cancer, more than 70% of tongue-based cancers, and from 25 to 74% of posterior pharyngeal wall cancers
present with neck involvement BlZ1. The extension of the neoplastic disease to the regional lymph nodes is the most
important independent factor for prognosis and is also related to survival 28, Thus, whether to approach the neck and
how much the dissection should be extended became an open question. In OPSCC, while the literature is not clear 2, it
seems that neck dissection is linked to the overall survival of patients with the early stages of OPSCC [&. Neck dissections
were initially performed in a wide manner, such as the Radical Neck Dissection (RND), which includes the dissection from



level | to level V with the sacrifice of the sternocleidomastoid muscle, internal jugular vein, submandibular gland, and
spinal accessory nerve. The sacrifice of the latter was the main reason for morbidity in the patients undergoing RND, as it
brings shoulder pain and functional impairment with shoulder drop. For this reason, nerve-sparing surgery was born B9,
and led the way to the selective neck dissection (SND). Nowadays, SND of levels II-IV [ is the standard method of
managing neck treatment in OPSCC, leaving the use of RND only for advanced neck disease. Level Il is the most
frequent site of regional disease and, of 88 patients with OPSCC treated with TORS and SND at the University of
Washington B2, only one patient had regional recurrence in level I, and no recurrence at all was found at levels | and V.

Some have questioned the need for neck dissection in clinically negative necks. However, the rate of occult metastases
cannot be neglected (23 to 43%), and imaging is not sensible enough to identify them B2l |psilateral neck dissection
without clinically evident neck disease gives an improved outcome (4. Attending a contralateral neck dissection in a
clinically negative neck does not seem to be correlated to an increase in OS or relapse-free survival 22,

The nodal yield during neck dissection for early stages of OPSCC is not clearly associated with survival, especially in
patients with two or more positive nodes [B8l. However, in patients with very limited neck involvement (from zero to one
positive node), harvesting at least 26 nodes may give an advantage on overall survival. Lymph node ratio (LNR), the ratio
between positive nodes and total nodes examined, appears to be a prognostic factor in HPV-positive OPSCC.
Specifically, an LNR equal or lower than 10% is linked to better OS and DSS at 5 years 7,

| 2. Radiotherapy

RT can be administered as adjuvant after surgery or as definitive treatment alone.

In the early stages, definitive RT is a grade 2A intervention for the NCCN guideline B8], meaning that there is a uniform
consensus on this statement. Only in the HPV-positive OPSCC with a single neck metastasis larger than 3 cm or with 2 or
more ipsilateral neck nodes is it recommended; it is not recommended alone but with concurrent systemic therapy .

The NCCN guideline B8 gives a grade 2B to the concurrent systemic therapy plus RT for the treatment of patients with
early stage OPSCC with initial neck involvement (cN1), meaning that there is consensus on the appropriateness of the
intervention, though it is not uniform. This statement regards both HPV-positive and HPV-negative OPSCC; however, for
the first one, if the single neck metastasis is larger than 3 cm or there is 2 or more ipsilateral neck nodes, the NCCN
guideline gives a grade 2A to the concurrent systemic therapy plus RT 8],

A review of the literature gives this intervention a category 2A, regardless of HPV status, because of the lack of high-
quality prospective clinical evidence (8. Adjuvant radiotherapy alone or in combination with chemotherapy is indicated
when the pathologist finds high risk markers, such as extracapsular spread and a positive margin and no feasible revision
(3811391 A retrospective study of the National Cancer Database of the US, from 1998 to 2011, without stratification for HPV
status, about patients with early-stage palatine tonsil SCC, found that multimodal treatment ensures the greatest survival
at 5 years 49, Surgery followed by adjuvant RT was better in 5-year OS (81.1%) than surgery alone and RT alone (67.4%
and 63.4%, respectively), while no statistical difference in survival was found between RT alone and surgery alone. The
worst survival outcomes were obtained when surgery alone did not manage the neck. Leaving out these inadequate
surgeries from the surgery alone group, the OS was higher than the RT alone group. Another retrospective analysis of the
same database has been published, albeit from 2010 to 2013 and selecting only stage | HPV-positive OPSCC with low to
intermediate risk (excluding positive margins or macroscopic extranodal extension) 4. They found that adjuvant RT, after
surgery of the primary site and adequate neck dissection (nodal yield at least 15), does not carry a benefit in OS at 4
years for both low-risk and intermediate-risk patients.

Adjuvant RT for unilateral disease can be administered only ipsilaterally, even in patients with N2b lymph node stage,
since OS, progression-free survival, and locoregional control are all reportedly higher than 90% 42, |nstead, sparing the
primary site after adequate TORS resection and irradiating only the neck does not give any advantage in toxicity and
clinical outcome 431,

Since HPV-positive patients have a better prognosis, QoL and toxicity of treatments are a main concern 24, Definitive RT
has shown better QoL outcomes than TORS with neck dissection in the randomized phase || ORATOR trial 28], RT carries
along less morbidity than surgery, but it is not free of side effects. Common side effects, affecting QoL, are represented by
long-lasting mucositis and sore mouth 42! xerostomia, which can last more than 12 months 48], dysgeusia, dysosmia 4.
Dysphagia, dental disease, osteoradionecrosis, myelopathy, and trismus 8 are worse complications linked to RT.
Notably, the majority of these side effects are dose-related. It is well known that the cumulative effect of radiation on
pharyngeal constrictor muscles leads to long-term swallowing impairment; this risk is of 50% when the 78% of the



cricopharyngeus muscle receives more than 60 Gy 9. Tracheostomy and gastrostomy are sometimes required after
TORS and after IMRT. The rate of tracheostomy dependency at one year varies among the studies; however, it is lower
for TORS than for IMRT. The same is said for the feeding tube dependency, the persistence of which is linked to older
age, higher N stage, pack-per-year smoking history, or concurrent chemotherapy B4,

All the above reasons, accompanied by the knowledge that HPV-positive disease shows a good response to therapy, led
to the development of deintensification therapies to reduce toxicity while ensuring the same clinical outcome Bl IMRT plus
systemic therapy is the result of this process, improving the clinical sustainability of RT . IMRT allows for the focusing of
the therapy on the planning target volume (primary site plus a safety volume to account for microscopic extension of the
disease and setup variations) and lymph nodal regions |-V sparing the submandibular gland and swallowing structures,
reducing the morbidity burden 1. Studies reported a reduction in xerostomia from 36% to 3% and a reduction in PEG
dependence at 6 months from 30% to 3% 22531, When extranodal extension is present, the use of RT alone in order to
reduce morbidity is dangerous because it may be associated with worse outcomes in the long run 241,

Finally, proton-beam RT allows delivering the radiation dose to the target volume, stopping it behind this one and
minimizing radiation to healthy tissues. This technique is still nascent, not widely available, and there is not yet a
consensus on its cost-effectiveness ratio; however, it appears to reduce the total morbidity of the radiation therapy 211,

| 3. Chemotherapy

In stage | and Il OPSCC, chemotherapy can be administered as adjuvant or neoadjuvant therapy (after or before surgery),
as concurrent to RT, as induction therapy before RT, or alternating with RT €. However, the protocol must be tailored for
the patient, particularly regarding their performance status.

Cisplatin is the cardinal of the systemic therapy and, as adjuvant therapy after surgery, it is the only recommended drug
B, carboplatin or cetuximab can be used instead of cisplatin when concurrent to RT for recurrent or persistent disease.
Texans or 5-FU can also be used in induction or sequential systemic therapy. After induction, a radiotherapy approach can
be used for high-dose therapy along with higher collateral effects. Carboplatin or 5-FU appears a feasible choice along
with cisplatin in the primary systemic therapy plus radiotherapy E!.

Concurrent chemotherapy (administered within 7 days at the start of radiotherapy) improves the survival of patients with
stage | OPSCC HPV-positive with positive lymph nodes compared to radiotherapy alone 221, Otherwise, in stage | without
lymph node extension, there is not an advantage in survival rate.

The most frequent side effects related to the chemotherapeutic drug are nausea and vomiting 42, Dysgeusia, dysosmia,
and xerostomia are common side effects linked not only to RT, but also to systemic chemotherapy 2.

The balance between what the patients need and what the patient can sustain is the key factor in the choice of
chemoradiotherapy.

| 4. Adjuvant Therapy in the Post-TORS Early-Stage OPSCC

TORS resection should achieve surgical margins of tumor-free and reduced functional consequences. It is not uncommon
to observe free surgical margins of 1-2 mm even after a complete transoral resection due to the permanent fixation
process, which could reduce a histological specimen by approximately 30% 8. Furthermore, the precise definition of a
“close” margin remains unclear, even though it represents one of the main indication for post-operative RT &, ranging
from 1 to 5 mm 284, For instance, the University of Pennsylvania trial is analyzing the possibility to consider a free
primary site if the surgical margins are clear by 2 mm or more and if the lymphovascular space invasion (LVSI) or
microscopic perineural invasion (PNI) are not reported B8l LVS| and PNI represent risk-factors for locoregional
recurrence; however, their impact on local versus regional recurrence is not clear, and neither is the RT indication (591,

The single node involved in the N1 neck stage after neck dissection is another controversial point of debate, considering
that many OPSCC patients will obtain cure after an appropriate neck dissection, avoiding the addition of postoperative RT
[6QI61] However, clinical N1 patients were also enrolled in several non-operative trials for locally-advanced stage 111 [E263]
(4] and could benefit from postoperative RT, as reported in the inclusion criteria of the ORATOR and NRG/RTOG 1221
TORS trials 291281 Therefore, the choice of surgical treatment in this setting should be made after a multidisciplinary
patient's assessment, in which postoperative RT will be performed if extracapsular extension or additional nodal disease
is detected. The ExtraNodal Extension (ENE) represents a negative prognostic factor, and these patients could obtain an
improvement in survival rate from additional chemotherapy 2. The degree of ENE, which needs postoperative combined



RT and chemotherapy is not clear, even though the presence of microscopic ENE extending up to 1 mm or less from the
nodal capsule could be well-cured by means of radiotherapy alone €8l Therefore, OPSCC patients treated with ENE-
positive TORS resection should be treated with postoperative RT.

Furthermore, the ideal RT dose for HPV-positive tumors is still an open question, both for definitive and post-TORS
radiotherapy. The ECOG 3311 and PATHOS trials 247 are currently studying the safety and efficacy of de-escalation
from 60 Gy to 50 Gy in the post-TORS patients. Similarly, the NRG HNO0O2 trial €8 is analyzing the dose-reduced
definitive RT with or without chemotherapy in a group of HPV-positive OPSCC patients. If these trials demonstrate the
safety and effectiveness of these protocols, the morbidity of both approaches could significantly decrease.
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