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Study Summary

A Phase I Randomized Controlled Trial of Intratumoral Lidocaine
Injection Before Transoral Robotic Surgery (TORS) and Neck

Title Dissection for HPV-Associated Oropharyngeal Squamous Cell
Carcinoma

Short Title Intratumoral Lidocaine Injection Before Oropharyngeal Cancer Surgery

Protocol Number

Phase Phase I

Study Duration 2-years

Study Center(s) Single-center
Primary: To determine if intratumoral lidocaine injection prior to TORS
and neck dissection for HPV associated OPSCC is 1) safe and 2) causes
a major pathologic treatment effect.

Objectives Secondary: To determine if intratumoral lidocaine injection prior to
TORS and neck dissection for HPV associated OPSCC improves the
locoregional control rates, progression-free survival, metastasis-free
survival, and overall survival.

Number of Subjects | 30 evaluable subjects

Diagnosis and Main
Inclusion Criteria

- >18 years old with OPSCC undergoing direct laryngoscopy for
consideration of TORS and neck dissection.

Study Regimen

- Patients will be randomized and blinded to intratumoral injection
of 1% lidocaine (intervention arm) or no injection (control arm)
at the time of direct laryngoscopy and biopsy prior to TORS and
neck dissection.

o Intervention arm: While under general anesthesia after
direct laryngoscopy with biopsy, 1% lidocaine will be
injected under direct visualization (not exceeding the
maximum tolerated dose of 4.5 mg/kg body weight) into
the primary tumor with the aim to distribute the lidocaine
evenly into the tumor.

o Control arm: Direct laryngoscopy with biopsy with no
injection.

- Blood samples will be obtained before and after direct
laryngoscopy/study intervention.

- Pathologic tumor response (pTR) will be determined from
surgical specimens.
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Statistical
Methodology

This is a patient-blinded, randomized phase I study assessing safety,
pathologic treatment effects, and oncologic outcomes from intratumoral
lidocaine injection vs no injection at the time of direct laryngoscopy
prior to TORS and neck dissection for HPV associated OPSCC. The
total sample size is estimated to be 30 patients total (split approximately
equally between the two groups). The proportion of patients with a
pathologic tumor response (pTR) >50% (pTR-2) in the primary tumor
following surgical resection will be compared between intervention and
control arms using a one-sided Fisher’s exact test with a significance
level of 0.05. The 2-year locoregional control (LRC) rates, progression-
free survival (PFS), metastasis-free survival (MFS), and overall survival
(OS) will be estimated using the Kaplan—-Meier method and compared
using log-rank test between the two arms.
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Study Schema

Screening Direct laryngoscopy
+ enrollment + biopsy
N
Intervention:
OPSCC lidocaine injection
undergoing into tumor *
direct o J
laryngoscopy Randomize *
for )
consideration \
of TORS + ND Control: no
injection
R —

Research blood test
(pre-biopsy) *

Research blood test
(post-biopsy) *

|

Definitive
treatment

Adjuvant therapy
+ surveillance

TORS + ND

Routine care
(or (C)RT if not per NCCN
surgical guidelines
candidate)

|

Pathologic tumor
response (pTR)
evaluation *

Primary endpoints: 1) safety, 2) proportion of patients with pTR-2

Secondary endpoints: 2-year LRC, MFS, PFS, OS

* Denotes trial-related (i.e. not institutional standard of care)
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1 Introduction

Based on evidence that lidocaine may activate apoptosis in cancer cells and/or limit
metastasis, this randomized phase I study will establish the safety and efficacy of
intratumoral lidocaine injection at the time of direct laryngoscopy prior to TransOral
Robotic Surgery (TORS) and neck dissection for oropharyngeal squamous cell carcinoma
(OPSCC). The primary objective of the study is to determine if intratumoral lidocaine
injection is safe and causes a major pathologic treatment effect in the primary tumor
following surgical resection. The secondary objectives will be to determine if intratumoral
lidocaine injection improves locoregional control (LRC) rates, progression-free survival
(PFS), metastasis-free survival (MFS), and overall survival (OS) compared to no injection
(standard of care).

Background

Oral squamous cell carcinomas, which are located in the oral cavity and pharynx, accounted
for roughly 50,000 new cancer diagnoses in the US in 2020 with an anticipated increase to
76,000 by 2040.! The increase in incidence is predominantly attributed to the rise in human
papillomavirus (HPV)-associated OPSCCs which now represent most OPSCC cases and
typically occur in the tonsils or base of tongue.> Compared to HPV-negative OPSCCs, HPV
associated OPSCCs tend to have relatively higher nodal burden at presentation and generally
affect younger patients with higher performance status and fewer co-morbid conditions.* *
Treatment for OPSCC:s is selected based on the clinical and pathologic features and typically
includes either definitive chemoradiation or surgery (TORS and selective neck dissection)
followed by adjuvant radiation (+/- chemotherapy).”® Candidacy for TORS is typically
assessed with direct laryngoscopy (with biopsy when indicated) to help evaluate the tumor
extent and relevant anatomy. Primary surgery or primary radiation for HPV associated
OPSCC both allow for favorable disease control (>95% LRC rates) and OS (~90% 3-year
0S);*!13 however, a subset of patients recur and are unable to be successfully salvaged.'> '*
Furthermore, the available treatments have associated toxicities including life-threatening
sequelae or side-effects that impact quality of life (QoL) such as dysphagia, xerostomia,
dysgeusia, neck fibrosis, and chronic pain.!>!® Several completed and ongoing de-escalation
trials have sought to limit treatment-related morbidity by de-intensifying therapy for HPV
associated OPSCC.!2 However, there is a clear need for novel therapies with low side-
effect profiles to improve disease outcomes while maintaining QoL.

Study Rationale, Preliminary Data, and Significance

Lidocaine, a commonly used local anesthetic, has potential relevance for OPSCC treatment
through its activation of bitter taste receptors (T2Rs) and inhibition of voltage gated sodium
channels (VGSCs). T2Rs are G-protein-coupled receptors (GPCRs) that bind bitter agonists
and are best known for their gustatory role on the tongue*’. These receptors are also

Version Date: 10 December 2024 6



expressed in other normal tissues throughout the body where they serve a diverse array of
chemosensory and immune functions.?** More recently, T2Rs have been investigated in
several cancers including GI,***¢ pancreatic,’” *® breast,” thyroid,** acute myeloid
leukemia,*! and head and neck squamous cell carcinoma including HPV associated
OPSCCs.** T2Rs in head and neck squamous cell carcinoma cells are activated by bitter
compounds which trigger downstream Ca** responses, mitochondrial depolarization, caspase
activation, and apoptosis.*> T2R expression levels have been shown to correlate with
survival in head and neck squamous cell carcinomas** and several other solid tumors
including lung, prostate, and esophageal cancer.** Of the 25 T2R isoforms in humans,
T2R 14 is being studied most actively.?*- 443 Interestingly, the local anesthetic lidocaine is a
bitter agonist for T2R14.4¢ In head and neck squamous cell carcinoma, lidocaine decreases
cancer viability, depolarizes the mitochondrial membrane potential, elevates mitochondrial
reactive oxygen species, induces apoptosis, and can inhibit the proteasome in a T2R14-
dependent manner.*’ Furthermore, analysis of The Cancer Genome Atlas (TCGA) data
suggests that T2R14 expression is increased in HPV associated OPSCCs compared to HPV-
negative OPSCCs.

In addition to the newly described T2R14-mediated effects and increased receptor
expression in HPV associated OPSCCs,*’ lidocaine has been shown to also have beneficial
effects in certain cancer types through its inhibitory effects on VGSCs.**¢ VGSCs have
been shown to be expressed in human cancers including prostate®’, breast cancer,’®*’ and
head and neck squamous cell carcinoma.>*-¢ It has been suggested that VGSCs are involved
in oncogenic processes and are associated with metastatic behavior.*> For example,
sodium channel protein type 5 subunit alpha, also known as Navl.5, is highly expressed in
head and neck squamous cell carcinomas and associated with TNM stage, lymph node
metastasis, and other clinical features. /n vitro inhibition of Nav1.5 promotes apoptosis and
decreases proliferation, migration, and invasion. Additionally, Navl.5 is thought to
potentially be involved in the progression of head and neck squamous cell carcinomas
through the Wnt/B-catenin signaling pathway.’® To our knowledge, there are no published
studies evaluating oncologic outcomes for the in vivo clinical use of local anesthetics such as
lidocaine in patients with OPSCC, though these drugs have been studied in other solid
tumors including breast cancer.*->% 6162

In vitro inhibition of VGSCs in breast cancer has been shown to reduce cell proliferation,
motility, and invasion while encouraging focal adhesion, potentially reducing the metastatic
capability of primary tumors.®® Clinical studies in patients undergoing breast cancer tumor
resection suggested possible improved outcomes with use of local anesthetic, specifically
lidocaine, at the primary tumor site.>%> These observations led to the design of a recently
published randomized controlled trial in the Journal of Clinical Oncology assessing the
effect of lidocaine infiltration around the primary breast tumor prior to surgical resection in
women with early breast cancer. This multi-institutional trial of nearly 1600 patients
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demonstrated significantly increased 5-year DFS (86.6% vs 82.6%) and OS (90.1% and
86.4%) in the peritumoral lidocaine injection group compared to the no injection group.®

Surgery for solid tumors is known to modify gene expression and metastatic potential, cause
dissemination of tumor cells, stimulate growth of micrometastasis, and inhibit the immune
system.®”””? Simple interventions before or during oncologic surgery that can improve
outcomes and potentially reduce metastasis are appealing, especially when they are not
particularly time-consuming or expensive. Injection of local anesthetic such as lidocaine
(with or without vasoconstrictive agents like epinephrine) is already commonly used during
head and neck surgery to reduce general anesthetic requirements and provide hemostasis.”
Therefore, lidocaine injection into the primary tumor in OPSCC would likely be easy to
implement at the time of direct laryngoscopy while a patient is already under general
anesthesia. Given the potential oncologic benefits and limited side-effects, intratumoral
lidocaine injection may be particularly beneficial in HPV associated OPSCC prior to
definitive TORS and neck dissection.

Dosing Rationale

Subcutaneous injection of 1% lidocaine (40 mM) is frequently used for local anesthesia
during surgical operations and minor procedures.”” Concentrations of lidocaine lower than
1% or 40 mM (including 10 mM) were sufficient to decrease head and neck SCC viability
and cell proliferation and induce apoptosis in vitro; this effect was reduced or lost at lower
concentrations of 5 mM or 1 mM.* The previously referenced breast cancer randomized
controlled trial demonstrated that 1% lidocaine injected around the primary tumor was
associated with ~4% higher DFS and OS compared to no injection.®® Therefore, the current
study will use 1% lidocaine injected under direct visualization (not exceeding the maximum
tolerated dose of 4.5 mg/kg body weight) into the primary tumor with the aim to distribute
the lidocaine evenly into the tumor. The maximum tolerated dose of 1% lidocaine (4.5
mg/kg body weight) is ~31.5 mL total for a 70 kg person.

Most tumors are stage T1 or T2 with greatest dimension 2 or 4 cm, respectively. A spherical
tumor with diameter of 2 cm corresponds to a volume of 4.2 mL. A spherical tumor with
diameter of 4 cm corresponds to a volume of 33.5 mL. However, in our experience injecting
oropharyngeal tumors or abscesses with lidocaine for anesthetic purposes for biopsy or
drainage, respectively, it is typically not feasible to inject more than 10 mL before the
injection begins to extravasate from the tissues, likely due to the anatomic constraints of the
oropharynx. A total volume of 10 mL is significantly lower than the maximum tolerated
dose of 1% lidocaine (31.5 mL for a 70 kg individual). Therefore, tumors will be injected
with 1% extravasate from the injection appears to be evenly distributed into the tumor and
begins to leak out of the tissues, with a total volume not to exceed 10 mL. The exact volume
injected will be recorded for each subject. Notably, the previously referenced breast cancer
clinical trial with 1600 patients reported no adverse events related to lidocaine injection.®
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Biological Correlate for Early Evaluation of Intervention: Pathologic Tumor Response
Advancements in neoadjuvant therapies have led to several systems for evaluating the
pathologic treatment response in tumors following surgical removal. Pathological complete
response (pCR, eradication of all cancer cells) and major pathologic response (MPR,
presence of < 10% viable tumor cells) are commonly used as surrogate clinical markers for
predicting long-term survival.”*’7 Despite being regarded as the “gold standard” for
immunotherapy, pCR and MPR do not fully consider the varying degrees of treatment
response within the tumor that may influence clinical outcomes. Therefore, some researchers
have also implemented a metric known as the pathological tumor response (pTR) defined as
the presence of tumor cell necrosis, keratinous debris, and giant cell/histiocytic reaction,
quantified as a percentage of the overall tumor bed (area pathologic response/area
pathologic response plus viable tumor).”® 7 The calculated pTR rate is scored in increments
of 10% and often grouped into pTR-0 (<10%), pTR-1 (<10-49%), and pTR-2 (>50%) to
categorize the degree of response. Recent clinical trials in HPV associated OPSCC have
successfully used pTR rates as primary endpoints for assessing responses to neoadjuvant
pembrolizumab.”® pTR scoring will serve as an early metric for evaluating the study
intervention.

2 Study Objectives

2.1 Primary Objectives

Determine if intratumoral 1% lidocaine injection at the time of direct laryngoscopy prior
to TORS and neck dissection for HPV associated OPSCC is safe and causes a major
pathologic treatment effect.

2.2 Secondary Objectives

Determine if intratumoral 1% lidocaine injection at the time of direct laryngoscopy prior
to TORS and neck dissection for HPV associated OPSCC improves the locoregional
control rates, progression-free survival, metastasis-free survival, and overall survival
compared to no injection.

3 Study Design

3.1 General Design

This is a phase I patient-blinded, randomized controlled trial evaluating intratumoral
lidocaine injection prior to definitive surgery in HPV associated OPSCC. Patients with
OPSCC undergoing direct laryngoscopy who are being considered for definitive TORS
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and selective neck dissection, will be eligible. Patients will be randomized and blinded to
intratumoral injection of 1% lidocaine (intervention arm) or no injection (control arm) at
the time of direct laryngoscopy. After administration of general anesthesia and biopsy,
lidocaine will be injected under direct visualization (not exceeding the maximum
tolerated dose of 4.5 mg/kg body weight) into the primary tumor. The control arm will
receive no injection. The University of Pennsylvania Investigational Drug Service (IDS)
will provide safe handling and distribution of the investigational drug, 1% lidocaine.

Blood samples will be obtained prior to direct laryngoscopy/study intervention (pre-
biopsy) and again after the intervention (post-biopsy). The pTR rate (defined above and
in published literature’® ) will be determined by the designated study pathologist
(Timothy Chao, MD, PhD) with head and neck expertise using increments of 10% for the
biopsy and surgery specimens. The scores will be grouped as pTR-0 (<10%), pTR-1
(10%-49%), and pTR-2 (=50%).

Patients will otherwise receive institutional standard of care treatment including TORS
primary site resection, selective neck dissection, and additional indicated adjuvant
radiation therapy with or without chemotherapy. All enrolled patients will be assessed for
the safety measured by adverse events. If a patient does not ultimately receive primary
surgery following their direct laryngoscopy/study intervention (based on surgical
candidacy, patient preference, or other reasons), then they will not be counted as an
evaluable subject, as the primary endpoint pTR requires a surgical specimen for
evaluation. If a patient is determined to have a pathology other than HPV associated
OPSCC after their direct laryngoscopy, then they will not be counted as an evaluable
subject.

3.2 Primary Study Endpoints

1) Safety measured by occurrence of adverse events.

2) Pathological tumor response (pTR) in the primary tumor following surgical resection.

3.3 Secondary Study Endpoints

2-year locoregional control rates, progression-free survival, metastasis-free survival, and
overall survival.

4 Subject Selection and Withdrawal

4.1 Inclusion Criteria
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4.1.1 Patients > 18 years old.

4.1.2 Histologically confirmed diagnosis of squamous cell carcinoma of the
oropharynx or neck.

4.1.3 Clinical T1, T2, T3, or T4 stage disease of the oropharynx (per AJCC
8t Ed).

4.1.4 Any clinical N stage disease (per AJCC 8™ Ed).

4.1.5 Patients must be undergoing direct laryngoscopy +/- biopsy at the
University of Pennsylvania as part of their work-up for consideration
of definitive TORS and selective neck dissection.

4.1.6 Patients must sign an informed consent document that indicates they
are aware of the investigational nature of the treatment in this
protocol as well as the potential risks and benefits.

4.1.7 Ability to understand and the willingness to provide written informed
consent.

4.2 Exclusion Criteria
4.2.1 Prior external beam radiation therapy to the head and neck.
4.2.2 Prior chemotherapy for head and neck cancer.

4.2.3 Tumor invades lateral pterygoid muscle, pterygoid plates, lateral
nasopharynx, or skull base or encases carotid artery (i.e. AJCC 7" Ed.
T4b for OPSCC).

4.2.4 Presence of distant metastatic disease.

4.2.5 Uncontrolled inter-current illness including, but not limited to,
symptomatic congestive heart failure, unstable angina pectoris,
connective tissue disease or psychiatric illness/social situations that
would limit compliance with study requirements.

4.2.6 Known history of hypersensitivity to lidocaine or other amide local
anesthetics.

4.2.7 Pregnant or breastfeeding.
4.3 Patient Selection and Inclusion
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OPSCC is now the most common head and neck cancer diagnosed in the United States
with most cases attributed to HPV. HPV associated OPSCC is most frequently seen in
middle-aged, white males (not Hispanic or Latino). We expect to have similar eligibility
and enrollment demographics as other published trials on HPV associated OPSCC. For
reference, RTOG 1016, which compared radiotherapy with cetuximab vs cisplatin, is the
largest published randomized trial of HPV associated OPSCC in the United States with
the following study demographics:

IMRT + Cisplatin  IMRT + Cetuximab Total

(n=406) (n=399) (n=805)

Age (years)

<65 344 (B5%) 345 (86%) 689 (86%)

> 65 62 (15%) 54 (14%) 116 (14%)

Mean (standard deviation) 577 (8-1) 57-4 (7-8) 57-6 (80)

Median (1% - 3 quartile) 58 (52-63) 58 (52-63) 58 (52-63)

Min - max 33-83 33-80 33-83
Gender

Male 373 (92%) 355 (89%) T28 (90%)

Female 33(8%) 44 (11%) 77 (10%)
Race

‘White B0 (94%) 367 (92%) 747 (93%)

Black or African American 17 (4%) 19 (5%) 36 (4%)

Other 2(<1%) 8 (2%) 10 (1%)

Unknown 7(2%) 5(1%) 12(1%)
Ethnicity

Hispanic or Latino 11 (3%) 15 (4%) 26 (3%)

Not Hispanic or Latino 383 (M%) 369 (92%) 752 (93%)

Unknown 12 (3%) 15 (4%) 27 (3%)

4.4  Subject Recruitment and Screening

Subjects will be recruited from the practices of Otorhinolaryngology and Radiation
Oncology at the University of Pennsylvania. The study CRC will verify eligibility using
the criteria outlined in Section 4.1 and 4.2. Patients will be consented either in clinic or in
the hospital.

4.5  Clinical Evaluation and Staging Criteria

e History and physical examination:

o Primary tumor extent will be documented by the head and neck surgeon, with
a particular focus on the degree (if any) of involvement of the soft palate
and/or base of tongue.

e Laboratory studies:

o HPV status will be determined based on pl6-positivity by
immunohistochemistry or HPV-positivity by in-situ hybridization.

o Research blood tests will be drawn 1) prior to direct laryngoscopy/study
intervention and 2) after the direct laryngoscopy/study intervention (but
before definitive treatment).

e Pathologic evaluation
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o In addition to standard pathologic evaluation of biopsy and surgical
specimens, pTR will be calculated and categorized as pTR-0 (<10%), pTR-1
(£10-49%), and pTR-2 (>50%) by the designated study pathologist (Timothy
Chao, MD, PhD).

e Staging imaging studies will be dictated by standard of care.

e Eligibility for this study will be according to AJCC 7™ and 8™ Edition staging. AJCC
7" Edition staging data will be collected and recorded in the electronic medical
record (Epic) for all patients as this staging is currently being used clinically to
determine indications for adjuvant radiotherapy.

4.6  Off-Study Criteria

e Extraordinary Medical Circumstances: If at any time the constraints of this protocol
are detrimental to the subject’s health, the subject will be removed from protocol
therapy. In this event, the reasons for withdrawal will be documented if possible.

e Subject’s refusal to continue treatment or decision for non-surgical treatment: In this
event, the reasons for withdrawal or decision for non-surgical treatment will be
documented if possible.

e Patients may be taken off study at any time at the discretion of the Principal
Investigator.

4.7  Study Duration

With an estimated accrual of 1-2 patients per month, it is anticipated that accrual will
continue for approximately 2-years. The anticipated accrual rate is based on accrual to
our prior TORS trial protocols. We find that most of our patients with HPV associated
OPSCC are highly motivated to enroll on clinical trials, as they are often referred to Penn
Medicine specifically for that reason.

S  Study Procedures

5.1 General study design

Patients will be enrolled to reach 30 evaluable subjects on this phase I patient-blinded,
randomized controlled trial investigating the feasibility and safety of intratumoral 1%
lidocaine injection at the time of direct laryngoscopy prior to definitive surgery in HPV
associated OPSCC patients. Patients with a clinically apparent primary tumor (i.e. clinical
T1-T4), any clinical N stage, and MO disease (per AJCC 8th Edition) undergoing direct
laryngoscopy who are being considered for definitive TORS and selective neck
dissection, will be eligible. Patients will be blinded to the intervention which will be
administered as dictated by the protocol, according to Section 3.1 above. The University
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of Pennsylvania Investigational Drug Service (IDS) will assist with randomization and
provide safe handling and distribution of the investigational drug, 1% lidocaine.

Clinical evaluations will be performed according to routine clinical care, which is left to
the discretion of the treating physician. This will include a baseline evaluation prior to
direct laryngoscopy/study intervention.

All patients will be asked to take a short survey about pain (2 questions) at their follow
up appointment after their direct laryngoscopy and biopsy.

Locoregional recurrence will be defined as biopsy-proven recurrent squamous cell
carcinoma at the original, primary tumor site, or in the neck.

5.2  Surgery

Surgery will be performed per standard of care consisting of TORS primary site
resection, selective neck dissection, and external carotid artery vessel ligation. The
decision to stage the neck dissection and TORS will be determined at the discretion of the
head and neck surgeon. Intraoperative continuous monitoring of circulation and
respiration will be performed.

5.3  Radiation Therapy

Patients who have indications post-operative radiation therapy per NCCN guidelines® will
be referred to a radiation oncologist who specializes in the treatment of head and neck
cancer within the University of Pennsylvania Health System, with the decision on
whether to treat with radiation therapy determined at the discretion of the consulting
radiation oncologist.

If the patient meets eligibility criteria for the published AVOID trial which is institutional
standard of care for HPV associated OPSCC,!” then the primary site will be spared,
without compromising coverage to the neck volumes. The eligibility for this approach is
patients with pT1-T2, negative margins (defined as >2 mm), no perineural invasion
(PNI), and no lymph-vascular space invasion (LVSI).

Simulation for treatment is required. CT-based treatment planning is required. Treatment
with either IMRT or PBT is allowed. All fields will be treated every session.
Interruptions in therapy should be discussed with the principal investigator but will be
instituted at the discretion of the treating radiation oncologist. Dose calculation should be
performed using inhomogeneity corrections to account for differences in tissue density
across the head and neck region. Patients may miss up to three treatments a week due to
illness, travel, etc.
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5.4

Chemotherapy

Patients who have indications for the use of concurrent chemotherapy in the
postoperative setting (ENE or positive margins)®!  will be referred to a medical
oncologist who specializes in the treatment of head and neck cancer within the University
of Pennsylvania Health System, with the decision on whether to treat with chemotherapy
determined at the discretion of the consulting medical oncologist.

5.5 Blood Draws
Research blood draws will be obtained at the following time points:

1) Prior to direct laryngoscopy/study intervention on the day of surgery. This will
typically be performed in the preoperative area or operating room when obtaining
an IV for surgery.

2) After direct laryngoscopy/study intervention (but before definitive surgery or
radiation). This will typically be performed on the day of the post-laryngoscopy
clinic visit to discuss the results of the direct laryngoscopy.

Other blood draws will be obtained according to institutional standard of care.
5.6  Sample Storage
Tumor tissue from biopsy and surgery or other collected samples (e.g., blood, serum)
may be used or stored for any other future relevant analysis. Specific technical studies in
the future could include pathology, immunohistochemical, genetic, genomic, proteomic,
or transcriptomic analyses. The tissue may include paraffin blocks or fresh tissue that is
frozen.
5.7  Study Visit Schedule
An outline of the study visit schedule is provided below. There will be no planned
additional study visits compared to routine, standard of care (SOC). Clinical research
procedures are underlined in the table for clarification purposes.
Visit Visit Procedures
Number
Visit 1 Come to the clinic for a routine (SOC) clinic visit(s).
Decide if you want to participate in the study, ask questions, sign the consent form
if you do want to participate.
Visit 2 Have a pre-operative research blood draw with blood sample storage on the day of
your direct laryngoscopy with biopsy.
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Study Intervention:

Participants will be randomly assigned to two groups.

e Group 1 (Intervention Arm) — Biopsy and injection of lidocaine into tumor
while you are under general anesthesia for your direct laryngoscopy.

e Group 2 (Control Arm) — Biopsy without injection of lidocaine while you are
under general anesthesia for your direct laryngoscopy.

Visit 3 Routine (SOC) clinic visit to discuss the results of your direct laryngoscopy with

biopsy and have a research study blood draw with blood sample storage. You will
also be asked to take a short survey.

Visit 4 Routine (SOC) treatment with primary surgery or primary radiation with storage of

tumor tissue for research. This will allow researchers to study leftover tissue
removed during your routine care.

Visit 5 Routine (SOC) follow up for cancer surveillance per National Comprehensive

Cancer Network guidelines.

6

Statistical Plan

This study is considered exploratory because, to our knowledge, no prior published data
exists on the effects of lidocaine injection on pathologic tumor response, survival, and
recurrence in HPV associated OPSCC. The planned sample size for this phase I trial is 30
evaluable subjects split equally between the intervention and control arms. Subjects will
need to have a definitive diagnosis of HPV associated OPSCC and undergo surgery (TORS
and neck dissection) to be considered evaluable.

The co-primary objectives of this study are to determine safety and if the proportion of
patients with pTR-2 in the primary tumor is different in the intervention group compared to
the control arm. All enrolled participants, regardless of HPV status or final pathology, will
be included in the primary safety analysis. Thus, any adverse events or dose-limiting
toxicities observed in participants will contribute to the overall safety assessment of
intratumoral lidocaine.

For the pathologic response primary endpoint, Ho is that there is no difference in the
proportions of patients with pTR-2 between the intervention or no intervention (control)
groups; Ha is that the intervention arm is associated with a higher proportion of pTR-2. The
proportion of pTR-2 will be compared between the intervention and control arms using a
one-sided Fisher’s exact test with a significance level of 0.05. A 95% confidence interval
will be used. We estimate that a sample size of 30 patients is needed to allow us to detect
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with 80% power at the one-sided alpha level of 0.05 a major pathologic treatment rate of
30% in the intervention arm compared to 0% in the control arm.

In addition to hypothesis testing for the pathologic response primary outcome, we will use
within-between interaction models to account for the effects of the treatment and the
interaction between treatment and patient and disease factors including age, sex, disease
stage, and adverse pathologic features (e.g. tumor grade, perineural invasion,
lymphovascular invasion). We will estimate means and standard deviations for each group
and the correlation within subjects to better understand the relationship between repeated
measures. We will use mixed-effects models to handle within-subject correlations and
between-subject comparisons.

The secondary endpoints include 2-year locoregional control (LRC) rates, progression-free
survival (PFS), metastasis-free survival (MFS), and overall survival (OS). PFS will be
defined as time from random assignment to disease progression or death from any cause.
MFS will be defined as time from random assignment to first evidence of distant metastatic
disease or death from any cause. OS will be defined as the time from random assignment
and death due to any cause. 95% confidence intervals will be used. LRC rates, PFS, MFS,
and OS will be estimated using the Kaplan—-Meier method, and log-rank test will be used to
compare the two groups using a significance level of 0.05.

Due to distinct biological differences between HPV associated and HPV-negative OPSCC
and evidence suggesting that lidocaine’s anticancer effects may be more relevant to HPV
associated tumors, any HPV-negative tumors will be evaluated separately from HPV
associated tumors for primary and secondary efficacy endpoints.

An interim analysis is not planned due to the well-established safety data associated with
injectable lidocaine.

7  Safety and Adverse Events

7.1  Definitions

Adverse Event

Adverse events (AE) and Serious Adverse Events (SAE) will use the descriptions and
grading scales found in the revised NCI Common Terminology Criteria for Adverse
Events (CTCAE). This study will utilize the CTCAE v5.0 for adverse event reporting.
All appropriate treatment areas will have access to a copy of the CTCAE v5.0 and
adverse events will only be collected up until 30 calendar days after completion of the
injection. Any AE’s which remain unresolved at 30 days post-injection will be assessed
for resolution at subsequent standard of care follow-up visits. Intercurrent illnesses or
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injuries should be regarded as adverse events. Abnormal results of diagnostic procedures
are considered to be adverse events if the abnormality:

results in study withdrawal

is associated with a Serious Adverse Event (SAE)

is associated with clinical signs or symptoms

leads to additional treatment or to further diagnostic tests

is considered by the investigator to be of clinical significance

AEs Not to Include:

Medical or surgical procedures (e.g. endoscopy, appendectomy); the condition
that leads to the procedures is an AE

Situations where an untoward medical occurrence did not occur (elective and/or
convenience admission to hospital)

Anticipated day-to-day fluctuation of pre-existing disease(s) or condition(s)
present or detectable at the start of the study that do not worsen in grade or
severity.

The disease/disorder being studied, or expected progression, signs, or symptoms
of the disease/disorder being studied, unless more severe than expected for the
subject’s condition.

Grade 1 adverse events that are expected and related for radiotherapy and
chemotherapy, if indicated (listed in the radiation and chemotherapy
protocol/consent).

Abnormal lab values

Adverse events in patients receiving chemotherapy or radiation therapy for
metastasis and/or additional cancers will not be collected.

7.2 Expedited Adverse Event Reporting

Common Toxicity Criteria
Toxicity will be evaluated with the NCI Common Toxicity Criteria (CTCAE) v. 5.0.

Serious Adverse Events

A SAE is defined as any of the following:

- Fatal or life-threatening (real risk of dying) event

- Requires or prolongs hospitalization

- Causes persistent or significant disability/incapacity
- Results in a birth defect or congenital anomaly

- Causes cancer
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All hospitalizations or prolongation of existing hospitalization for medical events
regardless of phase of study, expected or unexpected attributions are SAE’s.

Serious, unexpected drug-related adverse events will be reported to the University of
Pennsylvania IRB, and the University of Pennsylvania Cancer Center Data and Safety
Monitoring Committee (DSMC) using the expedited reporting guidelines as is required
by each board.

The toxicities that develop during the standard chemotherapy portion of this trial will not
require reporting in an expedited manner.

7.3 Lidocaine Safety and Adverse Reactions

The clinical adverse event profile, pharmacokinetics, pharmacodynamics, and toxicology
for injectable lidocaine is well-establish and readily available from the manufacturer(s)
(https://dailymed.nlm.nih.gov/dailymed/fda/fdaDrugXsl.cfm?setid=76176d50-a987-c919-
€053-2991aa0aecal0f&type=display). Lidocaine is one of the most commonly used local
anesthetics with well-established safety data for its use as an anesthetic but does not have
proven safety data for use as a cancer therapy. The most common side effects of lidocaine
injection are swelling, bruising, or soreness at the injection site, and temporary rapid
heartbeat. Lidocaine overdose can cause central nervous system (CNS) effects such as
confusion, seizure, or unconsciousness, respiratory depression and/or respiratory arrest,
and cardiovascular effects such as cardiac arrythmias. Reactions to lidocaine may result
from intra-arterial injection of lidocaine with retrograde flow to the cerebral circulation.
Less common side effects include damage to nerves resulting in temporary or possibly
permanent numbness or tingling and severe and possibly life-threatening allergic
reactions.

Monitoring and Management of Adverse Events

Participants will be closely monitored for any adverse events, particularly those
potentially related to lidocaine administration. As defined above, the total injected
volume of lidocaine will not exceed the established maximum tolerated dose, minimizing
the risk to participants. The following precautions and monitoring procedures will also be
implemented:

Intraoperative and Postoperative Monitoring:

e In accordance with our standard of care peri-operative management, all participants
will undergo continuous electrocardiographic (ECG) monitoring during surgery and
immediately postoperatively to detect any arrhythmias or other cardiovascular events.

e Vital signs, including heart rate, blood pressure, and oxygen saturation, will be
recorded at regular intervals throughout the procedure and in the recovery period.
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e Participants will be monitored in the recovery area for at least 1-hour post-injection,
with extended monitoring if signs of toxicity are noted.

Management of Specific Adverse Events:

e Arrhythmias: Anti-arrhythmic medications and defibrillators are readily available in
the operating room and recovery areas. Any significant arrhythmias will be managed
according to our standard clinical protocols, including potential transfer to an
intensive care unit if needed.

e Lidocaine Central Nervous System Toxicity: CNS toxicity will be managed with
supportive measures, including supplemental oxygen, and antiepileptics, per our
standard clinical protocols. If required, intravenous lipid emulsion (ILE) therapy, the
established treatment for severe local anesthetic systemic toxicity, will be
administered. Airway protection, including intubation, will be provided if necessary.

e Hypersensitivity and Allergic Reactions: Epinephrine, antihistamines, and
corticosteroids will be available in the perioperative period to treat any severe allergic
reactions.

This monitoring and management plan will ensure that any adverse reactions are
identified and treated promptly, thereby minimizing risks to participants.

7.4  Dose-Limiting Toxicities and Stopping Rules

Dose-limiting toxicities (DLTs) will be defined as any of the following adverse events
occurring after intratumoral lidocaine injection:

e Grade 3 or higher cardiac arrhythmia, seizure, or other central nervous system
toxicity attributed to lidocaine, as graded according to the NCI Common
Terminology Criteria for Adverse Events (CTCAE) Version 5.0.

e Any other Grade 3 or higher adverse event directly attributed to lidocaine that, in
the judgment of the Medical Monitor and Study Sponsor, poses a significant risk to
participant safety.

Stopping Rules for Safety

A stopping rule for safety will halt accrual to the study if risks to subjects unexpectedly
outweigh the benefits due to unexpected severe adverse events (SAEs). This
determination will be made by the DSMC, Medical Monitor, and Study Sponsor. The
specific stopping rules are as follows:

e Cohort-Based Pausing: If 2 or more participants within a cohort of 5 experience
DLTs, the study will be paused. An independent safety review will be conducted by
the DSMC and Medical Monitor. The study will only resume if the DSMC concludes
it is safe to proceed.
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8.1

8.2

e Overall Study Pausing: If more than 10% of participants across the study
experience a DLT or Grade 3 or higher adverse event related to lidocaine, the
study will be paused. The DSMC, Medical Monitor, and Study Sponsor will re-
evaluate the safety profile of intratumoral lidocaine injection to determine if
modifications to the protocol or dosing are required or if the study should be
permanently discontinued.

Reporting and Adjustments

Any unexpected SAEs will be reported to the IRB promptly, and study procedures will be
adjusted as necessary to mitigate further risk.

Data Handling and Record Keeping
Records

All patients must have a signed Informed Consent Form. Confirmation of study eligibility
will be completed by a participating investigator via the electronic medical record (EPIC)
prior to entering the study.

Confidential research charts will be kept in locked cabinets at each participating
institution. Subjects will be assigned a study number at the time of study enrollment.
This study number and not the subject’s name will be used on all case report forms.

HIPAA Compliance:

Prior to direct laryngoscopy and randomization to the intervention vs control, each
subject will sign a study informed consent, which also includes consent acknowledging
the uses and disclosures of protected health information (PHI) in this study as required by
The Health Insurance Portability and Accountability Act (HIPAA). PHI will not be
shared with any outside institution except as required by law. Any reporting of the
results of this study will be done only with de-identified patient data. Confidentiality will
be protected as outlined below.

e Each subject will sign a study informed consent prior to direct laryngoscopy and
randomization to the intervention vs control

Data Collection and Management

All patients must have a signed Informed Consent Form and an On-study (confirmation
of eligibility) form filled out and signed by a participating investigator prior to entering
the study.

A case report form will be used to standardize data keeping and allow entry to a
computerized data base.
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e FEach subject will be assigned a study number. All research-related material will
be labeled with the subject study number and the subject’s initials.

e A list of the subject names with the associated subject numbers will be maintained
in a locked cabinet and computer by the principal investigator and study
coordinator.

e All research subject records will be kept in a study chart or patient binder.

e An electronic, password protected database will be maintained. PHI and patient
IDs will be used. Research members outside of those who need to have PHI, will
only have the Patient ID (Coded information) to follow UPHS limited data policy.

9 Data and Safety Monitoring Plan

9.1

9.2

Overview

The University of Pennsylvania Cancer Center (UPCC) has a formal plan for Data Safety
and Monitoring of Clinical Trials. The clinical trial, “A Phase I Randomized Controlled
Trial of Intratumoral Lidocaine Injection Before Transoral Robotic Surgery (TORS) and
Neck Dissection for HPV associated Oropharyngeal Squamous Cell Carcinoma” is a trial
that is subject to oversight of the UPCC through the Data and Safety Monitoring
Committee (DSMC). DSMC role is to ensure that the rights and well-being of all subjects
are protected and that subjects are treated in full compliance with the study treatment and
parameters specified in the protocol. The DSMC is responsible for overseeing the process
of monitoring of studies and the conduct of audits. The investigators on this study are
responsible for the continuous, close monitoring of subjects enrolled on this trial.

Study Audits

A DSMC audit of this trial will be performed twice a year for as long as the trial remains
open for accrual. The principal investigator will be notified in advance of the selection of
their protocol for review. Three randomly selected patients or 10% of the total accrual,
whichever is higher will be audited. A written report is provided to the principal
investigator following this audit. Any rating less than satisfactory would warrant a repeat
full review at the time of the next scheduled audit or sooner, depending upon the extent
of the deficiencies found. Substantial protocol deviations will be reported to the Director
of the Cancer Center and the Associate Director for Clinical Research for consideration
of appropriate administrative action, such as suspending accrual to the protocol.
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9.3 Study Monitoring

A Medical Monitor, who is not directly involved in this trial and is not collaborating with
the Sponsor-investigator in any other trials, has been selected for this trial. The Medical
Monitor for this trial is Noam Cohen, MD, PhD. The Medical Monitor will review
adverse events, safety data, and activity data observed in the ongoing clinical trial. The
Medical Monitor may recommend reporting of adverse events and relevant safety data
not previously reported and may recommend suspension or termination of the trial.
Meetings with the Medical Monitor will occur biannually or more frequently if
necessary. The meetings will take place in person or via telephone. The summary reports
of all discussions of adverse events will be submitted to the DSMC on a biannual basis or
more frequently if appropriate.

The Principal Investigator or his/her designee of the trial will present to the Medical
Monitor all serious adverse events observed in patients, any activity data obtained, and
whether those data invoked any stopping criteria in the clinical protocol. Adverse event
reporting will follow the NCI guidelines. Results of the data from toxicology or other
animal studies that are relevant will be discussed. Other information related to the safety
and efficacy of the clinical study will be discussed. This includes information of similar
investigational materials used in different studies.

10 Ethical Considerations

This study is to be conducted according to US and international standards of Good Clinical
Practice (FDA Title 21 part 312 and International Conference on Harmonization guidelines),
applicable government regulations and Institutional research policies and procedures.

This protocol and any amendments will be submitted to a properly constituted independent
Ethics Committee (EC) or Institutional Review Board (IRB), in agreement with local legal
prescriptions, for formal approval of the study conduct. The decision of the EC/IRB
concerning the conduct of the study will be made in writing to the investigator and a copy of
this decision will be provided to the sponsor before commencement of this study. The
investigator should provide a list of EC/IRB members and their affiliate to the sponsor.

10.1 Risks

As part of the research study, subjects will be asked to have blood samples collected in
addition to any blood samples that will be drawn as part of the routine clinical care. The
risk of having additional blood samples collected is minimal, and includes pain, redness,
swelling, and/or bruising where the needle enters the body. Rare instances of fainting,
excess bleeding, blood clotting, or infection have happened.
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10.2 Benefits

The potential benefits of participating in this study are improved survival and decreased
rate of cancer recurrence if subjects are assigned to the group that receives the lidocaine
injection. However, these benefits have NOT yet been established in the type of cancer
being studied. If subjects are assigned to the group that receives the lidocaine injection,
they may also have the benefit of temporarily (i.e. ~2 hours) decreased pain from the
biopsy site, as lidocaine is a local anesthetic. The benefits of participating in research using
tissue include improving our knowledge of the causes of head and neck disease and other
diseases, how to prevent them, how to treat them, and how to cure them. Patients may not
get any benefit from being in this research study.

10.3 Risk / Benefit Assessment

The risks of participating in the study are outweighed by the potential benefits of
participating in the study.

10.4 Informed Consent Process / HIPAA Authorization

All subjects for this study will be provided a consent form describing this study and
providing sufficient information for subjects to make an informed decision about their
participation in this study. The potential risks and benefits of participation on the study will
be discussed with each subject, with risk-benefit assessment. All subjects will be informed
that participation is voluntary, and that treatment on study is investigational. This consent
form will be submitted with the protocol for review and approval by the IRB for the study.
The formal consent of a subject, using the IRB-approved consent form, must be obtained
before that subject is submitted to any study procedure. This consent form must be signed
by the subject or legally acceptable surrogate, and the investigator-designated research
professional obtaining the consent.

11 Study Finances

11.1 Funding Source

This study will be financed through the Department of Otorhinolaryngology — Head &
Neck Surgery at the University of Pennsylvania using academic development funds.

11.2 Conflict of Interest

Any investigator who has a conflict of interest with this study (patent ownership,
royalties, or financial gain greater than the minimum allowable by their institution, etc.)
must have the conflict reviewed by a properly constituted Conflict of Interest Committee
with a Committee-sanctioned conflict management plan that has been reviewed and
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approved by the study sponsor prior to participation in this study. All University of
Pennsylvania investigators will follow the University conflict of interest policy.

12 Publication Plan

Neither the complete nor any part of the results of the study carried out under this protocol,
nor any of the information provided by the sponsor for the purposes of performing the study,
will be published or passed on to any third party without the consent of the study sponsor
(PI). Any investigator involved with this study is obligated to provide the sponsor (PI) with
complete test results and all data derived from the study.
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