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SUMMARY
	Study title
	Tongue Reconstruction with Innervated Vastus Lateralis and Antero-Lateral Thigh Free Flap

	Protocol version
	0.3

	Objectives
	Primary objective

Assessment of the impact of innervated free flap reconstruction of large tongue defects after subtotal/total glossectomy on speech and swallowing function.
Secondary objectives

· To develop and validate an algorithm to reliably measure the outcome of innervated free flap reconstruction of the tongue

· To assess the impact of the intervention on Quality of Life (QoL)

· To assess the impact of the intervention on tongue range of motion

· To assess the impact of innervated free flap reconstruction of the tongue on long-term airway patency and protection from aspiration.

	Study design
	Open label, single arm, exploratory study

	Planned sample size
	10

	Selection criteria
	Main inclusion criteria

Tongue cancer requiring resection of >1/2 of the tongue

Main exclusion criteria

· Preservation of the entire hypoglossal nerve on either side of the resection

· Contraindication for general anaesthesia

· Congenital or acquired neuro-degenerative disorder 

· Inability to understand the study requirements or rehabilitation.

	Study procedure
	Surgical reconstruct of the tongue defect with innervated chimeric vastus lateralis free flap.

Functional evaluations by means of videofluoroscopic swallowing study, Speech and Intelligibility assessment, oromotor exam, sensory assessment, and electromyography at 6-8 weeks, 6 months and 12 months after surgery

	Statistical considerations
	The study is purely descriptive

	Duration of the Study
	Start date: 
1 July 2019 
End date: 
30 June 2023
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1. BACKGROUND Information 
To date, the aim of reconstructive measures of glossectomy defects after cancer surgery is to provide a passive tissue bulk that may be moved by remaining functional tongue muscles. This concept works well in partial or hemi-glossectomies, when one side of the tongue retains its musculature and motor innervation, as well as sensation. However, in subtotal/total glossectomies, the remaining muscle function is minimal, as the majority of the intrinsic and extrinsic tongue muscles are excised, and the hypoglossal nerve is often resected bilaterally. Quality of life is heavily compromised after subtotal/total glossectomies due to the severe impact on swallowing function and speech. Many of patients rely on feeding tubes for adequate nutrition and alternative or augmented communication options to supplement natural speech for socialisation and to maintain vocational relationships roles. 
Rationale for performing the study

The rationale of this study is to improve swallowing and speech of patients needing subtotal/total glossectomy by reconstructing the defect with an innervated chimeric free flap from the vastus lateralis muscle and antero -lateral thigh (VALT). We have successfully used the VALT flap in facial reanimation surgery (Chong et al. 2017a, 2017c). In the setting of subtotal/total glossectomy, it provides:
· Soft tissue bulk 

· Contractile muscle elements that enable movement to facilitate movement of food bolus towards the pharynx and allowing occlusion of the pharyngeal vestibulum during swallowing

· Sensory innervation of the free reconstructed tissue allowing tactile feedback during swallowing and speech, to enhance rehabilitation
The trial will be conducted in accordance with the protocol and good clinical practice.

2.  Project OBJECTIVES and purpose 
2.1. Hypothesis

We hypothesise that innervated chimeric vastus lateralis muscle and anterolateral thigh (VALT) free flap reconstruction of subtotal/total glossectomy defects provide measurable muscle contraction and sensation 12 months after surgery. Furthermore, we hypothesise that the mobility and sensation of the tongue can be employed for speech and swallowing rehabilitation.
2.2. Primary objectives

The purpose of this study is to assess and describe the impact of innervated free flap reconstruction of large tongue defects after oncologic subtotal/total glossectomy on speech and swallowing function.

2.3. Secondary objectives

· To develop and validate an algorithm to reliably measure the outcome of innervated free flap reconstruction of the tongue.

· To assess the impact of the intervention on Quality of Life (QoL)

· To assess the impact of the intervention on tongue range of motion

· To assess the impact of innervated free flap reconstruction of the tongue on long-term airway patency and protection from aspiration.

2.4. Endpoints
Primary endpoints

1. Detectable contraction of the neo-tongue 12 months after surgery, assessed by:

· Videofluoroscopy

· Electromyography
2. 2-point discrimination on neo-tongue 12 months after surgery

Secondary endpoints

1. Swallowing function 

· 6 months after surgery compared to baseline

· 12 months after surgery compared to baseline

2. Intelligibility

· 6 months after surgery compared to baseline

· 12 months after surgery compared to baseline

3. Quality of life 

· 6 months after surgery compared to baseline

· 12 months after surgery compared to baseline

4. Tracheostomy dependence

5. Feeding tube dependence
3.  Project Design

3.1. Type/Design 
This is an open label, single arm exploratory study.
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3.2. Groups 
There will be a single group of 10 patients undergoing the intervention.
3.3. number of sites 
Number of centers: 2  

Chris O’Brien Lifehouse, Camperdown NSW 2050
The Wollongong Hospital, Wollongong NSW 2500
All operations at the three planned centres will be carried out by surgeons of the study team (Jonathan Clark, James Wykes). The interventions are identical in both centres. Speech and swallowing rehabilitation will be coordinated and directed by speech pathologist and co-investigator Emma Charters at Chris O’Brien Lifehouse.

3.4. duration 

Start date: 
1 July 2019 
End date: 
30 June 2023
Expected period of participant recruitment: 36 months
3.5. Inclusion Criteria

Patients of both sexes, >16 yo, fulfilling all of the following inclusion criteria are eligible for the study:

· Willingness to provide informed consent and willingness to participate and comply with the study requirements.

· Indication for resection of >1/2 of the tongue as per multidisciplinary tumour board decision.

· Patients receiving salvage therapy are eligible, including patients with a history of radiotherapy to the head and neck
3.6. Exclusion Criteria

The presence of any one of the following exclusion criteria will lead to exclusion of the participant:

· Resection of ≤1/2 of the tongue

· Preservation of the entire hypoglossal nerve on either side of the resection

· Any medical condition contraindicating general anaesthesia

· Congenital or acquired neuro-degenerative disorder 

· Psychological illness or other conditions which may interfere with their ability to understand the study requirements or rehabilitation.
3.7. Investigation plan

Study visits
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Study interventions 

Subtotal/total glossectomy and neck dissection

These procedures are curatively intended and performed in standard technique as demanded by the extent of the tumour and lymph node metastasis. A percutaneous gastric feeding tube will be introduced, if not performed earlier. This treatment corresponds to the current standard of care.

Raising of chimeric innervated vastus lateralis and antero-lateral thigh (VALT) free flap

ALT free flaps are commonly used in head and neck reconstructive surgery and is the current standard of care fro the reconstruction of large tongue defects. The operative technique for this study is based on a standard fascio-cutaneous ALT free flap, which is pedicled on the descending branch of the lateral femoral circumflex artery and its concomitant veins. Anatomically, the vascular pedicle is accompanied by motor nerves to the vastus lateralis muscle. For the study purposes, one of these nerve branches and the section of muscle it innervates are harvested with the flap. We have experience in raising this flap for facial reanimation surgery and have published the technique  (Chong et al. 2017c, 2017a, 2017b). The direction of muscle contraction is assessed while the muscle is still in situ through electric stimulation of the nerve branch.  While still in situ and in a resting state, the muscle paddle is scaled with radio-opaque clips to enable to a) judge the isotonic length of the muscle paddle once it is resected and b) assess the contraction of the muscle during videofluoroscopy in follow-up. Additionally, the lateral branch of the lateral cutaneous femoral nerve, which runs into the fascio-cutaneous flap, will be dissected to allow sensation of the skin paddle. All of these steps during flap raising are standard of care followed during routine practice, with reinnervation being one of a range of procedures being done for this operation.
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Flap inset

The muscle paddle is sutured to the hyoid and to the lingual surface of the mandible on both sides. The motor nerve branch is anastomosed to the stump of the resected hypoglossal nerve. The fascio-cutaneous flap is sutured to the oral mucosa and vallecula to form the neo tongue. The sensible nerve branch is anastomosed to the stump of the resected lingual nerve. The vascular pedicle is anastomosed to suitable vessels in the neck depending on individual anatomy and extent of the neck dissection. 
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Postoperative surveillance 

Flap surveillance will be performed according to standard protocol of Chris O’Brien Lifehouse. This includes monitoring of the flap perfusion with ultrasound, which is performed hourly in the intensive care unit for the first 48 hours, and then 4-hourly. Patients are nourished by nasogastric or percutaneous gastric feeding tube for the first week, and thereafter patients are allowed to swallow following speech pathology swallowing function assessment. Discharge from hospital will be individually planned according to rehabilitation progress and individual social resources.

Planned visits/assessments

Baseline Preoperative Assessment

A pre-operative baseline functional exam will be recorded for comparison including:

i. Speech assessment (see below)

ii. Swallowing assessment (see below)
iii. Oromotor exam 
iv. Quality of Life (EORTC QLQ30 AND H&N35)


First Postoperative Assessment

6 - 8 weeks after surgery, depending on recovery and adjuvant therapy a functional exam will be recorded for comparison:
i. Speech recording (see below)

ii. Swallowing assessment (see below)

iii. Oromotor exam

iv. Quality of Life (EORTC QLQ30 AND H&N35)

v. EMG (see below)

vi. Sensory assessment (see below)

Second Postoperative Assessment

6 months after surgery, a functional exam will be recorded for comparison.

i. Speech recording (see below)

ii. Swallowing assessment (see below)

iii. Oromotor exam

iv. Quality of Life (EORTC QLQ30 AND H&N35)

v. EMG (see below)

vi. Sensory assessment (see below)

Third Postoperative Assessment

12 months after surgery, a functional exam will be recorded for comparison.

i. Speech recording (see below)

ii. Swallowing assessment (see below)

iii. Oromotor exam

iv. Quality of Life (EORTC QLQ30 AND H&N35)

v. EMG (see below)

vi. Sensory assessment (see below)
Assessments in Detail 
Videofluoroscopic Swallowing Study (VFSS)

All participants will be viewed in both the lateral and anterior-posterior plane. The testing boli will consist of;

· 2 x 1ml thin fluid (ultravist contrast) via 

· 2 x 5ml thin fluid (ultravist contrast) via cup

· 2 x 10ml thin fluid (ultravist contrast) via cup

· 2 x natural sips of thin fluid (ultravist contrast) via cup

· 2 x 10ml pudding mixed with barium powder via spoon

· 1 x biscuit coated with barium powder paste
Fluoroscopy data will be digitally recorded and saved to a disk. Audio input will not be utilised however opaque markers will be used to designate each consistency for ease of interpretation and analysis. The fluoroscopy view will include the lips (anterior), the cervical vertebrae (posterior), the soft palate (superior) and the separation of the oesophagus and airway (inferior).
Should the patient aspirate during the VFSS on thin liquids, the treating Speech Pathologist, in collaboration with the Radiologist and Radiographer, will implement a compensatory strategy to reduce and/or eliminate aspiration, if this is not successful, texture modification will be considered at the discretion of the treating Speech Pathologist. This is standard practice for VFSS studies. 

Swallow function will be assessed by the following validated outcome measures;

· Oropharyngeal Swallow Efficiency (OPSE) (Rademaker et al. 1994)
· Penetration Aspiration Scale (PAS) (Rosenbek et al. 1996)
· Performance Status Head and Neck Scale (PSSHN)(List et al. 1990) 
· MD Anderson Dysphagia Inventory (MDADI) 
The OPSE and PAS scores will be assessed by two independent Speech Pathologists blinded to the patient factors. Intra-judge reliability will be assessed using the kappa coefficient by Landis and Koch (Weinstein et al. 2007). 
Speech and Intelligibility Assessment

All participants will have their speech recorded using the following tasks;

· Sentences from the Frenchay Articulation Assessment (McKinstry and Perry 2003) 

· Rainbow Passage 

· Conversational Speech (1 minute)

Intelligibility and percentage of consonants correct (PCC)(Logemann et al. 1997; Pauloski et al. 1998; Kaipa et al. 2012) will be calculated by a trained (Speech-Language Pathologist) and untrained, naïve listener by identifying and describing the number and characteristics of distorted phonemes. Subjective intelligibility will also be recorded by both listeners blinded to the patient characteristics. Both percentage of consonants correct and intelligibility will be calculated for sentences, reading passage and conversational speech sample. The Speech Handicap Index (SHI) will be administered (5 minutes). 

Oromotor exam

Tongue range of movement composite score: Each participant’s tongue motion will be video recorded and assessed using the tongue range of motion composite score (Lazarus et al. 2014) by two independent, blinded assessments. This score represents the tongue’s range for protrusion, lateralisation and elevation. 
Sensory assessment

The sensory function tests are conducted according to the protocol established by Boliek et al. (Boliek et al. 2007) 

Two-point discrimination: Two areas of the flap, posterior and anterior, will be tested using the blunt ends of two paper clips at 3, 6, 9, and 12mm distance. Before testing, calibration of the subjects by presenting both one and two points and indicating how many points are presented. During the test, subjects are presented the different probes with closed eyes and indicate with their fingers how many points of contact they perceive. The smallest between two pins that is distinguished will be recorded.

Thermal sensation: Dental mirrors will be heated in warm water at 55 °C, and in cold water at 3°C. Water temperature will be controlled by a thermometer immersed in the water containers. The instruments will be presented for 1 second to the neo-tongue and participants are to respond hot/cold. The mirror will be presented 5 times to the anterior and posterior part of the tongue.

Electromyography (EMG)

EMG will record spontaneous muscle activity and voluntary muscle contraction of the transplanted muscle. A disposable, bipolar, concentric needle electrode 28G x 1.2” (30x0.35 mm) will be inserted in the muscle paddle. The needle will be inserted, approximately at the mid-point of the two anterior thirds of the tongue, at 90( (degrees) of perpendicular inclination, at each side of this organ. The voluntary contraction (interference pattern) will be evaluated at maximal voluntary contraction and against a wooden tongue depressor sustained by the examiner’s fingers for a 2-5 seconds period, until a recognizable constant discharge pattern would be identified.
The degree of denervation of the transplanted muscle will be scaled in a semi-quantitative manner from 0 to ++++ by classifying the amount of abnormal activity, namely fibrillation potentials (FP) and positive sharp waves (PSW), seen during the observation at rest. Screen settings: sweep speed of 2 ms/division and a sensitivity of 100 (V/division.

The reinnervation is semi-quantitatively graded according to the degree of voluntary maximal contraction from on a scale from 0 to 3, where

· 0: No motor activity
· 1: 1-49% of motor units (MUs) recruited
· 2: 50-99 % of MUs recruited
· 3: All (100%) of MUs recruited.

Screen settings: 500 (V to 2 mV/division sweep speed. Filter: band-pass filter of 3 Hz to 3 KHz. 

3.8. Recruitment and Screening
Patients referred to the surgeons of the study team or any patients discussed at the multidisciplinary head and neck tumor board at Chris O’Brien Lifehouse, are screened for eligibility. Indication for subtotal/total glossectomy is based on oncological guidelines. 
3.9. Informed Consent Process

Written informed consent will be sought when the patient is consented for the surgical intervention. The patient will be explained that participation is voluntary and that they would be treated with a non-neurotised ALT-flap as per current standard of care if they decided not to participate. No delegation of guardianship is accepted.
3.10. Enrolment Procedure

As per standard before any surgical intervention, the reconstructive surgical team will have a discussion with the patient, where he is thoroughly informed on all risks and consequences of the surgery. If the patient consents to surgery, he will be asked his participation in the trial. Provided the patient meets all inclusion criteria/exclusion criteria, written consent will be obtained and the patient enrolled in the study.
4.  SAFETY
4.1. Risks
The study specific procedures do not entail any additional risks other then risks associated with the current standard of care. 
Surgical risks

The risks of the operation are not study specific, as the indication for the surgical treatment and reconstruction is taken independently of the study. The study-specific aspects of the surgical procedure (the harvest and inset of the innervated muscular tissue) do not entail additional risks or increase morbidity. The general surgical risks include:

· Bleeding and hematoma

· Wound infection, wound healing problems at both the donor and the recipient site.

· Flap failure (total or partial)

· Development of an oro-cutaneous fistula

· Nerve damage (Cranial nerves, phrenic nerve, sympathetic trunk)

· Chyle leak

· Need for revision surgery

· Prolonged administration of anaesthesia
· Anaesthetic complications

Swallowing and speech impairment are not considered a complication, as they are expected consequences of the surgery. A prophylactic tracheotomy is performed in all cases for airway protection.

Risks of study assessments

Videofluoroscopic Swallowing Study (VFSS):  Bolus aspiration during the assessment is common, and aspiration pneumonia is possible. However, as in the non-study setting, patients will be monitored and coached by the attending speech pathologist and radiologist to minimize the risk of repeated aspiration. Allergy to the contrast agent can occur.
Electromyography (EMG):  The needle electrode may in rare occasions cause a hematoma or prolonged pain. Although unlikely, airway obstruction due to tongue swelling is possible and may warrant surveillance, reinsertion of the breathing tube, or surgical intervention.

4.2. Adverse event reporting
The Australian Clinical Trial Handbook (The Handbook) defines an adverse event (drugs) as:

any untoward medical occurrence in a patient or clinical investigation subject administered a pharmaceutical product and which does not necessarily have a causal relationship with this treatment. An adverse event can therefore be any unfavourable and unintended sign, symptom, or disease temporally associated with the use of a medicinal (investigational/experimental) product, whether or not related to this product. 

Serious adverse event (SAE) or Serious Adverse Drug Reaction is defined as:

Any untoward medical occurrence that at any dose:

· results in death;

· is life-threatening, (NOTE: The term 'life-threatening' in the definition of 'serious' refers to an event in which the patient was at risk of death at the time of the event; it does not refer to an event/reaction which hypothetically might have caused death if it were more severe) 
· requires in-patient hospitalisation or prolongation of existing hospitalisation;

· results in persistent or significant disability/incapacity;

· is a congenital anomaly/birth defect; or

· is a medically important event or reaction.

An adverse event or serious adverse reaction can also be any event or experience which compromises the ethical acceptability of the protocol. This can be a non-medical event for clinical trials that are not medical or testing drugs or devices, such as those clinical trials conducted in different fields such as psychology. 
4.3. Serious adverse event reporting 

All serious adverse events should be reported immediately to the sponsor-investigator and the HREC. The reports should be followed by a detailed written report. Follow-up reports should identify the participant/s by unique code assigned to participants (rather than by name). 

4.4. monitoring
All patients will undergo continuous clinical monitoring and follow-up however there is no additional risk from the procedure over a routine free flap reconstruction following resection of the tumour, and a data safety monitoring board is not warranted for this study. 
4.5. Early Termination/withdrawal of Participants
If preliminary results of the first 6 patients do not show any favourable outcome, the study team may decide to terminate the study. The decision to terminate the study is to be taken by J Clark, and early termination is to be reported to the HREC together with a final study report. 
5.  OUTCOMES AND FUTURE PLANS  
VFSS is a gold standard, instrumental swallow assessment (Logemann et al. 1997)
OPSE (Rademaker et al. 1994)is a composite measure representing the safety and efficiency of a swallow, specifically clearance of a bolus from the mouth and pharynx. It has been validated using scintigraphy (Logemann et al 2006). 

PAS (Rosenbek et al. 1996) is a validated, 8-point scale where 1 indicates the absence of laryngeal penetration or aspiration and 8 indicates aspiration with nil protective response. 

PSSHN (List et al. 1990) describes three scores; normalcy of diet, eating in public and intelligibility, using a graded scale from 0 indicating the worst possible score and 100 indicating normal behaviour. It is validated and used widely in head and neck literature.
Percentage Consonants Correct (PCC) has been utilised frequently in head and neck cancer literature to characterise the articulation errors of post-surgical oral cancer patients. The assessor marks the transcripts for each consonant as correct/incorrect with notes taken on distortion patterns and compensatory behaviours utilised to approximate the target phoneme.

Percent intelligibility is also utilised widely in head and neck literature, and while a functional measure of speech is not sufficiently sensitive in isolation to characterise speech errors.

Tongue Range of Motion (Lazarus et al. 2014) represents the tongue’s range for protrusion, lateralisation and elevation. 
Two-Point discrimination is defined as the shortest distance between two pins at which the patient distinguishes as separate contact points.

Thermal sensation represents the ability of the patient to distinguish whether objects held onto the neo-tongue are warm (55°C) or cold (3°C).

The EMG assessment will evaluate the degree of denervation of the transplanted musce on a scale from 0 to ++++, as well as the voluntary contraction of the muscle on a scale from 0 to 3 .
EORTC QLQ-H&N35 (Bjordal et al. 1999) assesses the quality of life of people with head and neck cancer, examining the following domains; pain, swallowing, sense, speech, social eating, social contact, sexuality). 
The results of our study will be shared with participants, and are planned for presentation at international head and neck journals and publication in peer-reviewed journals. Follow-up research, if any, will be planned through the Head and Neck Research Group at Lifehouse and after ethical committee clearance. 
6.  STATISTIcs
The results will be descriptive only. 
7.  Ethics

Ethics approval is to be obtained from the RPAH Ethics Committee prior to commencement of the study, including patient information and the consent form.
The responsible investigator/s will ensure that the study is completed in accordance with the guidelines set out in the National Statement on Ethical Conduct in Human Research (2007) (the National Statement) and the CPMP/ICH Note for Guidance on Good Clinical Practice and any other relevant legislation/guidelines. 
8.  Data handling and record keeping 
All personal and medical data for the study will be recorded on the case report forms (see appendix). When CRF are complete, the data is transferred to a password protected excel file. 
All study relevant documentation will be stored in Prof. Jonathan Clark’s office, which is accessible by key only. The data is stored for 15 years. 

Upon request, access to the data will be provided to representatives of the regulatory body (Ethics Committee).

9.  Other study documents

Case report forms

Patient information and informed consent

EORTC QLQ30 and H&N35 questionnaires

10.  RESOURCES

The study is funded by the research fund of the Sydney Head and Neck Cancer Institute at Chris O’Brien Lifehouse, Camperdown NAW, Australia. 
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