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ABSTRACT

Introduction Late dysphagia that develops or persists
years after head and neck cancer (HNC) is a disabling
survivorship issue. Fibrosis is thought to stiffen connective
tissues and compress peripheral nerve tracts, thereby
contributing to diminished strength, flexibility, and in

some cases denervation of swallowing muscles. Manual
therapy (MT) is used in cancer survivors for pain and other
indications, but it is unknown if increasing blood flow,
flexibility and cervical range of motion (CROM) in the head
and neck may improve late dysphagia.

Methods and analysis Manual Therapy for Fibrosis-
Related Late Effect Dysphagia (MANTLE) is a National
Cancer Institute-funded prospective single-arm pilot

trial evaluating the feasibility, safety and therapeutic
potential of MT in patients with late dysphagia after
radiotherapy (RT) for HNC. Disease-free survivors >2 years
after curative-intent RT for HNC with at least moderate
dysphagia and >2 Common Terminology Criteria for
Adverse Events version 4.0 fibrosis are eligible. The target
sample size is 24 participants who begin the MANTLE
programme. MANTLE is delivered in 10 MT sessions over 6
weeks with an accompanying home exercise programme
(HEP). Patients then transition to a 6-week post-washout
period during which they complete the HEP and then
return for a final post-washout evaluation. Feasibility
(primary endpoint) and safety will be examined. Serial
assessments include CROM, modified barium swallow
studies, quantitative MRI, electromyography (optional)

and patient-reported outcomes as secondary, tertiary and
exploratory endpoints.

Ethics and dissemination The research protocol

and informed consent document was approved by the
Institutional Review Board at the University of Texas MD
Anderson Cancer Center. Findings will be disseminated
through peer-reviewed publication that will be made
publicly available on PubMed Central on acceptance for
publication, in compliance with NIH public access policy.
Trial registration number NCT03612531.

INTRODUCTION

Dysphagia is a priority issue for head and
neck cancer (HNC) survivors. While note-
worthy as a driver of quality of life (QOL),'

Strengths and limitations of this study

» Manual Therapy for Fibrosis-Related Late Effect
Dysphagia is a pilot, single-arm feasibility trial of
manual therapy for late radiation-associated dys-
phagia with strengths including a diverse panel of
secondary endpoints examining functional, physical
and patient-reported outcomes.

» Strengths include examination of a novel therapy for
an often refractory condition with comprehensive
outcome measures.

» Limitations include pilot nature of the trial without a
control group or lead-in and lack of cervical posture
measures.

chronic, persistent or late dysphagia is also
a serious health problem in long-term survi-
vorship. Even in modern practice, chronic
aspiration (airway entry of liquids or food) is
a life-threatening manifestation of dysphagia
afflicting up to 30% of survivors treated with
definitive radiotherapy (RT) or chemoradio-
therapy (CRT).? HNC survivors treated with
CRT are 2.7 times more likely to develop aspi-
ration pneumonia than non-cancer controls,
and aspiration pneumonia confers a 42%
increased risk of mortality among survivors.”
There is a rapidly growing pool of HNC
survivors at risk for late dysphagia. Almost
half of HNCs are now human papillomavirus
(HPV)-driven oropharyngeal cancers, the
incidence of which is expected to increase
through at least 2030." The vast majority of
this fast-growing, large subgroup of HNC
survivors has been treated with curative RT at
doses of 60 Gray (Gy) or more to the pharyn-
geal axis sufficient to induce chronic or late
radiation-associated  dysphagia (RAD).>”
Distinct from tobacco-related HNC, HPV-
associated HNC is diagnosed younger
(median: 54 years)® with excellent 2-year and
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b-year survival probability of 95%" and 79%," respec-
tively. For these reasons, modern HNC survivors with
HPV-attributable oropharyngeal cancer have the poten-
tial to live many active years (even decades) with toxicities
of RT.

While many survivors initially recover functional
swallowing after acute effects of radiation resolve, an
important subset develops debilitating persistent or late
RAD. It is estimated 30%—-40% treated with current treat-
ment regimens that prescribe 66-72 Gy radiotherapy
develop chronic RAD, and a highly burdened subset
progress significantly over subsequent years.” !

Late-RAD"™ is a particularly challenging, typically
progressive form of refractory dysphagia that manifests
years into survivorship (median latency: 8 years, cumu-
lative incidence 8% at 7 years survival) after a period
of reasonable functional recovery.”” As the era of HPV-
associated oropharyngeal cancer survivorship matures,
the number of late-RAD cases grows. Late-RAD is among
the most difficult late-effect conditions to manage in
HNC survivors, associated with a cascade of functional
decline. Late lower cranial neuropathies are highly
prevalent in survivors with late-RAD, 48%-83% in the
investigators’ prior work, and increase the likelihood of
lifelong feeding tube dependence due to refractory aspi-
ration.”'*'® Despite standard therapies such as swallowing
exercises with or without cervical oesophageal dilation,
66% of late-RAD cases in the investigators’ published
case series became chronically feeding tube dependent
in late survivorship at a median age of 64 years (9 years
after cancer cure).'* The QOL and health implications of
becoming feeding tube dependent for life at this active
age are staggering.'* Recent work highlights the gravity
of this among patients with cancer who ranked feeding
tube dependence as one of the top six outcomes of their
cancer that they perceive to be worse than death.'”

Therapy success in survivors with RAD is time-
dependent. Work from our group and others suggest
particularly disappointing responses in survivors who
begin swallowing therapy more than 2 years after
completing curative RT." ' For instance, in the investi-
gators’ published case series of late-RAD, oral diet scores
were observed to significantly deteriorate over a median
follow-up of 10 months in the late post-RT period, despite
standard swallowing exercise therapies with or without
oesophageal dilation. Likewise, in secondary analysis of
a National Cancer Institute-funded multi-site swallowing
therapy trial among 117 survivors with chronic and late
RAD, response to swallowing therapy was time-dependent.
QOL and diet scores improved most among those who
started therapy <1 year after RT, with little improvement
evident among those who started therapy more than 2
years post—RT.20

Clinical experience supports thatsurvivors with late-RAD
almost universally present with palpable, high-grade
cervical fibrosis. Fibrosis is thought to compress peripheral
nerve tracts, thereby contributing to denervation of crit-
ical swallowing muscles.”' Largely considered irreversible

and potentially progressive, these normal tissue changes
disrupt the intricate sensorimotor processes required to
simultaneously close the airway, open the oesophagus
and push a bolus through the pharynx for successful
swallowing. With mature fibrosis, late-RAD coexists with
other problems including impaired cervical range of
motion (CROM) and abnormal cervical posture.22 Broad
manifestations of radiation injury have been referred to
as radiation fibrosis syndrome (RFS) with progressive
myelo-radiculo-plexo-neuro-myopathic changes resulting
in a host of functional challenges including cervicalgia
and head drop syndrome.*® A recent cross-sectional anal-
ysis of musculoskeletal impairment in 29 long-term HNC
survivors reported 89% had abnormal cervical posture
with significant deviation in cervical extension relative to
normative ranges (z-score: 0.63, p<0.001). Postural and
CROM impairments significantly correlated with patient-
reported outcome (PRO) measures of shoulder and jaw
function, but swallowing associations were not reported.*
There are, however, emerging data to support a correla-
tion between cervical biomechanics and swallowing.
Better CROM and skin pliability (as a clinical marker of
cervical fibrosis) associated significantly with swallowing
safety per Penetration-Aspiration Scale scores from video-
fluoroscopic swallowing evaluations in survivors with
chronic RAD, however, in this secondary analysis of clin-
ical trial data, change in cervical ROM or pliability did
not associate with change in swallowing function after
swallowing therapy.**

In long-term HNC survivors with late-RAD, circumfer-
ential cervical muscles can demonstrate reduced capacity
for contraction and appropriate ROM due to RFS,
which can result in a head drop position. Anterior and
lateral cervical muscles are typically shortened and firm
to touch due to progressive fibrotic tissue sclerosis. As a
result of fibrotic cervical flexors, cervical extensors are
overstretched and can become weak and atrophied over
time.” ®

Cervical posture is empirically a critical background
factor facilitating safe swallowing. That is, when swal-
lowing in a head drop position, the path of least resis-
tance for any residual bolus in the pharynx is down
into the airway. This might contribute to gravity-assisted
aspiration (GASP), whereby post-swallow residue enters
the airway more easily when the resting head posture
is dropped. Indeed, GASP is a regular clinical observa-
tion in the investigators’ practice. In contrast, with more
normal upright cervical posture, residual bolus may dwell
posteriorly in the pharynx waiting to be safely cleared
into the oesophagus on a subsequent swallow as shown as
proof of concept in exemplar case in figure 1.

Adjusting the swallow environment by improving
cervical posture, as shown in figure 1, is often over-
looked as a therapeutic target for late-RAD. For these
reasons and clinically recognising the high prevalence of
forward head drop co-occurring with late-RAD, neutral-
ising cervical posture by improving upper and lower
cervical extension is the initial goal in the proposed MT
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-50°
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Figure 1 Cervical extension and aspiration improved in
case example after manual therapy (MT). Exemplar case
before (top) and after (bottom) single session of MT 18
years post-treatment, surgery and radiotherapy for head
and neck cancer. Note red arrows on modified barium
swallow study depicting residual bolus in pharynx directed
anteriorly toward airway with cervical posture in resting
forward head drop (top), and directed posteriorly toward
oesophagus with cervical extension improved (bottom). While
neither swallowing function or nor cervical biomechanics is
normalised or ideal, functional gains were observed. CROM,
cervical range of motion.

programme in this trial. Integration of this goal focused
on priming or optimising the swallow environment prior
to mobilising intrinsic swallowing musculature represents
a novel element of our proposed MT swallow therapy
programme, called MANTLE (Manual Therapy for
Fibrosis-Related Late Effect Dysphagia).

Preliminary unpublished clinical data from the inves-
tigators detect an average 11° improvement in a fibrosis-
related endpoint of cervical extension after a single
session of MT (p<0.001), and notable qualitative remarks
about functional gains after MT in clinical practice (eg,
‘that’s the first time I've felt myself swallow in years’).
These early observations helped motivate the develop-
ment of the MANTLE therapy programme and this trial.
Acknowledging the typically progressive and refractory
nature of late fibrotic effects, it is critical to understand

HNC survivar >2Y
post-RT W|th late-RAD

X_.

Pre-MT
manual therapy

Wk 1

Wk2 Wk3 Wk4 Wk5 Wké6

the durability of improved CROM and whether this trans-
lates to better swallowing function.

Objectives

Therefore, the pilot MANTLE trial proposes to study a

novel, adjunctive MT programme in patients with fibrosis-

related late-RAD with the following objectives:

1. To determine the feasibility and safety of MANTLE as a
programme of treatment for fibrosis-related dysphagia
in HNC survivors.

2. To estimate effect size, dose-response (number of
treatment sessions to normalised CROM) and durabil-
ity of MANTLE for improving CROM in HNC survivors
with fibrosis-related late dysphagia.

3. To examine functional outcomes after MANTLE in
HNC survivors with fibrosisrelated late effects and
their association with change in dysphagia grade, cer-
vical extension and other cofactors.

METHODS

Study design

MANTLE is a single-institution, prospective single-arm
unblinded pilot trial of MT in patients with late dysphagia
after head and neck (HN) RT. Clinical schedules in the
Section of Speech Pathology and Audiology at the Univer-
sity of Texas MD Anderson Cancer Center (MDACC)
(Houston, Texas, USA) are screened to identify eligible
patients referred for postradiation swallow assessment.
The investigators will enroll consecutive patients who
meet eligibility and give written informed consent. Target
enrolment is 24 participants who start the MANTLE
programme, with up to 32 participants enrolled during
screening. The first participant enrolled on 6 August
2018; trial completion is projected to occur in April
2021. MT is delivered according to a standard protocol
for 6 weeks followed by a 6-week washout period. Feasi-
bility and safety will be examined. Serial assessments also
include CROM, imaging and PROs. The trial schema is
depicted in figure 2.

The study will be conducted according to the Declara-
tion of Helsinki, Protection of Human Volunteers (21 CFR
50), Institutional Review Boards (21 CFR 56) and Obliga-
tions of Clinical Investigators (21 CFR 312). The princi-
ples of informed consent in the current edition of the
Declaration of Helsinki will be implemented before any
protocol-specific procedures or interactions are carried
out. Informed consent will be obtained, in accordance
with 21 CFR 50.25. The written consent document will

Post-MT Post-washout

washout

6 weeks
home
practice

l

PROs

Figure 2 Manual Therapy for Fibrosis-Related Late Effect Dysphagia trial schema. CROM, cervical range of motion; HNC,
head and neck cancer; MBS, modified barium swallow; MT, manual therapy; PROs, patient-reported outcomes; RAD, radiation-

associated dysphagia; RT, radiotherapy.
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embody the elements of informed consent, as described
in the Declaration of Helsinki and will also comply with
local regulations of the Institutional Review Board (IRB)
of MDACC.

Protocol amendments impacting eligibility, outcome
and/or analysis are submitted for IRB approval, commu-
nicated through the institutional electronic protocol
system to all relevant investigators, and updated in trial
registration.

Inclusion criteria

1. Age =218 years.

2. Late Dynamic Imaging Grade for Swallowing Toxicity
(DIGEST) grade 22 dysphagia on modified barium
swallow (MBS) =2 years after curative-intent radiother-
apy for HNC.

3. Grade 22 Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 fibrosis.

4. Willing and able to return for 10 sessions that taper in
frequency over 6 weeks of therapy.

Exclusion criteria

1. Active recurrent or second primary HN, central ner-
vous system or thoracic cancer at the time of enrolment.

2. Active osteoradionecrosis or other non-healing wounds
(eg, fistula, ulcer, soft tissue necrosis) in MT regions of
interest at the time of enrollment.

3. History of subtotal or total glossectomy or total laryn-
gectomy.

4. Functionally limiting cardiac, pulmonary, or neuro-
muscular disease.

5. Current tracheostomy.

Treatment

MT is commonly used in cancer survivors after RT and in
the cervical region for pain and other indications.”>*® The
proposed MT programme was developed by dysphagia-
specialised speech pathologists (SLP) dually licensed in
massage therapy (HM) and certified in lymphoedema
therapy (CLT) (HM, CP and KS) and summarised using
the TIDieR template.”

The MANTLE programme added hierarchical goals for
cervical biomechanics to the goals of a published swallowing-
focused MT programme developed jointly by speech pathol-
ogists and an HN anatomist.”> MANTLE conceptualises and
sequences MT and mobilisation targets from superficial to
deep as detailed in table 1. First, targeting cervical extension
to address the common ‘head-drop’ post-RT fibrotic cervical
posture to a more natural, upright swallowing-optimised
state (conjectured by the authors to be favourable for swal-
lowing safety in the setting of pharyngeal residue) as shown in
figure 1. Lateral flexion and cervical rotation are subsequently
targeted to prime the tissues to access deeper swallowing
regions-ofinterest (ROIs) including the tongue, pharynx and
larynx as summarised in table 1. Building on level I evidence
from patients with non-cancer cervical pathology (ie, benign
neck pain), the proposed MANTLE programme combines
myofascial release and massage with range of motion (ROM)

exercise to iteratively mobilise swallowing-related ROIs with
a HEP for stretch and to initiate strengthening where stim-
ulable.* ™ Table 1 displays the regions of interest where soft
tissue mobilisation is hierarchically applied by the clinician
during MT in addition to the functional goals and specific
MT techniques. The list of exercises, duration and frequency
in the HEP are also detailed in table 1.

In the MANTLE trial, an SLP (HM) who is a licensed
massage and certified lymphoedema therapist (LMP and
CLT) provided training to SLPs with CLT designations to
perform the late-RAD MT programme. Patients are seen
for 10 sessions over 6 weeks with titrating intensity (week
1: 3 sessions, weeks 2-3: 2 sessions weekly, weeks 4-6: 1
session weekly). The 10 sessions performed by the SLP
in clinic include soft tissue mobilisation and instruction
on a cervical stretching/strengthening home exercise
programme (HEP); regions and sequence of targets for
soft tissue mobilisation are detailed in table 1. After the
10 sessions (over 6 weeks), the patient then transitions to
a home practice of the HEP using a standardised clinical
handout targeting cervical extension, bilateral cervical
lateral flexion and bilateral cervical rotation without clini-
cian assistance for a 6-week washout period as detailed in
table 1.

Subject registration

All adult men and women scheduled for routine clinical

MBS at MDACC are considered for participation in this

study without regard to race, gender or socioeconomic

status. Central registration is used for tracking study
accrual and eligibility. Registration procedures include
the following:

1. Interested patients are given an explanation of the
study to include potential risks and benefits by the
principal investigator (PI), coinvestigator or other des-
ignated medical personnel.

2. Investigator or other trained, designated personnel ob-
tain signed informed consent before any study-specific
procedures are performed.

3. The subject is seen and evaluated by the PI, coinvesti-
gator or designee prior to enrolment. Screening assess-
ments are performed.

4. The PI, coinvestigator or designee evaluate eligibility
based on inclusion/exclusion criteria stated in this
protocol.

Screening evaluations

Patients are evaluated by the speech pathologist and
referring physician or advanced practice provider
in the interdisciplinary HNC programme. Medical
history, oral motor examination and oropharyngeal
swallow function are recorded. The electronic medical
record is reviewed for relevant history pertaining to
eligibility criteria.

Study evaluations
Table 2 Summary of Treatment Evaluations.

Outcomes are assessed according to the schedule
outlined in table 2. To facilitate retention, all

4

Hutcheson K, et al. BMJ Open 2021;11:€047830. doi:10.1136/bmjopen-2020-047830



Open access

panuiuon

S G—¢ 10} 9S1049Xd J}DWOS] syjeaiq S|0Y |le 10/pue (104) 1s@491ul jo suoibey |eob jeuonoung
yoea p|oH ‘sdau Q| ‘s}es g :uoneing daap ‘mojs g :uoneinq Aue ul pajdde aq Aew pue
buiuayibuans yoja3s Mol yoea ybnoay) seouanbas

Ajjesiyoaealy 1A "uoissas ayy
Bunnp sasioiaxa buluayibuans
pue Buiyoslans (NOHY) uonow
Jo abueu annoe 919|dwod

Kew sjuaned ‘| N pa1oadip
ueldluld Buimojjod (NOHVV)
uonow jo abueu isisse aAnoe
‘(NOYd) uonouw jo abueu
anissed ‘abessew ‘(H4IN)
aseajal |elosejoAw : anssi
Yos Buimojjoj ayy Jo e 1o |
1Se9| Je apnjoul [|Im sanbluyoa)
sosjolaxg (L) Adeuayy lenuep

(s)oamg| 10} Aep/xg) Aouanbaig (d3H) swweiboid as1019Xd SWOH sanbiuyosal 1IN

Hutcheson K, et al. BMJ Open 2021;11:€047830. doi:10.1136/bmjopen-2020-047830



Open access

(9ouB)SISRI=01119WOSI) UOI1OBI}BI
Je|ndeos+asionsuel} [e2INIDD) <
(eoue)SISaI+oLIWOS])
uonoeJial Jeindeos+enibes o) <«
$8S1049X8 Z

uononppe Ajwaiixa
Jaddn NOYY Uum

9SJOASURI] [BOINIBD NOHY <«

[BOIAISO |BIS)R|/1SOYD

Jaddn \OHd+esIaAsuBLL

[BOINIBD NOHY <«
[euoui+(enbigo)
[enibes+asiansues}

[eOINIBD NOHY <«
[eniBes+jejuoly

[BOINI9D NOHY <«
soeue|d
[enibes+asionsues}

Ul [BOIAISD NOHd <«
saue|d |epibes+jejuoy

ul [BOIAISD INOHd <«

bunabue} saydja1s 9

AJIABD |10 JO/pUR XO8U JoLsiue
0} palidde NOYY ‘NOHYY
‘INOHY ‘INOHd ‘bessew ‘YN

1S8yo pue

oeq Jaddn 08U [BlIUSISINDIID
0} paijdde NOHY ‘NOYVYY
‘INOHY ‘INOHd ‘ebessew ‘4N

xufseyd

‘xuhie| ‘xuhreydolo ‘Ayneo [eio
:SHolep oiloads-1usned Jo
Ayuanss Jo Japio ul pssijuoud
:AlIAeD |BJO/3 08U JoLIBIUY

1s8yo pue
oeq Joddn ‘yo8u [ellusIaIINDILYD

uonnn|6ep
Ul PSAJOAUL SB|OSNW
ul Juswanow anoiduw)

uoije10J [BOINISD
pue uoixa|} [esaie| anoidu|

SG—¢ 10} 9SI019Xd O11}dWOoSs]
yoea pjoH "sdai Q| ‘s}as ¢ :uoneing
buiuayibuans

syjeaiq
deap ‘mojs G :uoneing
yojous

sosjolaxg

Slod lie 1o/pue

Aue ul pajdde aq Aew pue

Mol yoea ybnody} sasuanbas
Ajjeoiysielaly J A "uoISSas ay}
Bunnp sasioiaxa buluayjbuans
pue Buiyolans (NOHY) uonow
Jo abueu aAnoe 9)9|dwod

Aew sjuaned ‘| N paroaJip
uerdluljo Buimoliod *(NOHVV)
uonouw jo abueu }siSSe aAnoe
‘(NOYd) uonouw jo abued
oaAissed ‘abessew ‘(H4IN)
aseajal [elosejoAw : anssn
Yos Buimojjoj ayy jo e 1o |
1sea| }e apnjoul [|Im sanbiuyoal
(LIN) Adesayy lenueiy

(s)eamg| 410} Aep/xg) Aouanbai{ (d3H) dwweiboid 9s1019Xd dWOH

sanbiuyosa} 1IN

(10Y4) 1sa491ul Jo suoibay

|eob jeuonouny

panupuod | a|qelL

Hutcheson K, et al. BMJ Open 2021;11:€047830. doi:10.1136/bmjopen-2020-047830



Open access

€O

"JOOUBD YO8N pue pesH 9|EDS SNJE}S 9oUBWIOHEd ‘NH-SSd ‘Apnis uoionpuod anau ‘SN ‘Adelay) fenuew ‘| |N 4eoue)

08N pue pesH Joj Aiojuaau] woldwAg uosiepuy "a’IN ‘NH-ISYAIN ‘Aiojuaaul wordwAg uosiepuy "a’IN ‘ISYAIN ‘Adojuaau] eibeydsAqg uosispuy "' ‘|QVAIN ‘MOj[eMS wneq paiipow
‘SAIN Y98N pue pesH-Aeaing ssailsig pue Aysusiul woldwAg ewspaydwA] ‘NgH-SAIST ‘Sisoiqid ewapaydwAl-3oeN pue pesH 437-NH ‘AydeiboAwoiiosis ‘HNT (Anoixol Buimoljems
J0 apeln) Buibew) ojweuAq 1S3H|Q ‘SIUSAT 8SISAPY Jo) BLBIID ABOojoulwig] uowwo) ‘JyD 1D ‘uoiow o abuel [BoIAI9D ‘NOYD ‘SOIUBYDSIN Buimoliems o sisAjeuy [euoieindwo) ‘NSYD
"LIN JO julod-piw je pe3os|oD§

"LIN Buunp Apjsem-1q pe3os)||00 ISYaNE

‘Swiayl }sasejul [e10ads 921y} Yim NH-ISYAIN wey-gg+

USIA 1IN YyOes e pa109||0d INOH O«

X X X snonunuon Aususyul [eubis || SOIIBUD| 8NSsI] YOS Buibew 19N

sIsoiql} pue ewspaoydwA| swoldwAs
YlMm pajeloosse ol4108ds s|souql}
X X X Aienes woldwAig /ewspsoydwA (way-79) OHd N'®H-SAIST

(¥s0q)
00} ‘@siom) 02 $9100s 9[eosqns 100
X X X :snonunuo) pue [eqo|6 ‘eysodwo) paie|ai-buimojems (weu-02) O4d LZlavam

X X X snonunuon Buiuado [esiounaiul WW Buiuado yinopy (o1ulo) 48N suqeIsy | OIN

X X snhonunuon 0zNSVD  sonewsun| mojems
(1s10m) ¢ ‘(3s0Q) opeJb
X X 0 :leuipiO -1S3oIa Aianes eibeydsAiq Adoosouon|4 San
jnoysem-1sod 1IN-1sod 1N Buung  1IN-94d ajeas sjulodpuzg ulewoq poyloiN jJusWISSassy

Hutcheson K, et al. BMJ Open 2021;11:€047830. doi:10.1136/bmjopen-2020-047830



patient-completed questionnaires may be completed
by paper or electronic means (ie, via REDCap), and
data collection procedures are aligned with clinical
visits.” ** Outcome data will be collected from all partici-
pants; regardless of deviations from the therapy protocol.
Details of data collection procedures follow.

CROM: patients are measured in an upright, seated posi-
tion to reflect their natural cervical swallowing posture as
the start position when CROM is measured. Clinic chairs
are placed in a reproducible, fully upright standard posi-
tion for every measurement. A goniometer measures
CROM (degrees) to assess active cervical spine ROM. Five
core CROM measures include cervical extension, sagittal
plane at rest, lateral flexion (left/right), coronal plane at
rest and lateral rotation (left/right). The primary CROM
measure of interest is cervical extension. Cervical exten-
sion measures are highly reliable (ICC=0.90). Average
extension measures in healthy adults aged 60-69 range
from 57° in men (SD: 10.5) to 65° in women (SD: 13.3).
Cervical extension measures decrease by approximately
5° for each decade of life.” Lingual and jaw ROM are also
measured per published methods.* ¥’

Lymphoedema/fibrosis grading: clinician-grading of lymph-
oedema/fibrosis is conducted according to the published
Head and Neck-Lymphedema Fibrosis,” ** CTCAE* and
MD Anderson adaptation of the Foeldi lymphoedema
rating,*’ per physical examination of the patient. Clin-
ical grading is a brief assessment that can be completed
in <15 min using all three complementary sets of grading
methods.

MBS studies: digital videos from clinical MBS will be
scored by a trained speech pathologist blinded to the
patient, study and follow-up interval using methods
including the DIGEST* and Computational Analysis of
Swallowing Mechanics (CASM) s

MRI: multiparametric, serial MRI are acquired with a
1.5 T-3.0 T GE Discovery 750 MRI scanner (GE Health-
care, Wisconsin, USA) using laterally placed six-element
flex coils centred on the base of tongue region. Feasi-
bility and optimisation of this MRI paradigm have been
described by the investigative team,” with particular
emphasis on immobilisation using dedicated H&N coils
and a flat insert table with an indexed base plate. Multi-
parametric imaging will be performed longitudinally

(pre-MT, post-MT and post-washout). Table 3 summarises
candidate acquisitions for this study. Our primary candi-
date imaging biomarker of MANTLE-related soft-tissue
change is normalised AT1 . “signal intensity, as we
have previously published this parameter’s relevance as a
dose-dependent soft tissue anatomic imaging biomarker
of fibrosis.*® ROI delineation will be done using the inves-
tigators’ published method and will include, among our
published library of 72 normal structures, the following
swallowing-relevant OARs: mylohyoid, geniohyoid and
constrictors.

Optional intramuscular electromyography (EMG) and nerve
conduction study (NCS) assess insertional activity in the
tongue (XII nerve) as a marker of denervation.” EMG
recordings are conducted by a neurologist trained in clin-
ical neurophysiology and denervation potentials graded
per:

0 None.

1 Persistent, single trains of potentials in at least two
areas.

2 Moderate number of potentials in three or more
areas.

3 Many potentials in all areas.

4 Full interference pattern of potentials.

EMG and nerve conduction studies will also be taken
in the trapezius muscle (XI nerve), as the region is easily
accessible for non-invasive EMG with NCS and represents
a muscle within the irradiated field with lower cranial
nerve innervation. Both quantitative and qualitative EMG
will be assessed. NCS will be assessed quantitatively, with
waveforms generated from which we acquire amplitude,
latency and conduction velocity.*® Optional EMG will not
be conducted if platelets <50 x 10°9/L. Optional EMG
and nerve conduction studies were added as a secondary
procedure after trial activation.

M.D. Anderson Dysphagia Inventory (MDADI) is a
written questionnaire to evaluate dysphagia-specific
QOL in patients with HNC.* The 20-item MDADI
questionnaire quantifies an individual’s global, phys-
ical, emotional and functional perceptions of his or
her swallowing ability. In an internal validation in 100
patients with HNC, concurrent validity was found to be
moderate by comparison with the Performance Status
Scale for Head and Neck Cancer Patients (PSS-HN)

Table 3 Candidate quantitative imaging parameters selected for Manual Therapy for Fibrosis-Related Late Effect Dysphagia

trial

Acquisition type Imaging parameter/biomarkers

Tissue injury correlate

T1-precontrast/ T1 intensity, T1/R1, T1-rho

postcontrast

T2/T2* map T2 contrast, T2*

DTI

DCE Perfusion parameters (K ., K,)

Radiation-associated fibrosis

Radiation-associated oedema

Muscle fibre tractography and fractional anisotropy Muscle/nerve fibre/tumour microstructure,

directionality tracts
Tissue perfusion/microvessel permeability

DCE, dynamic contrast enhanced; DTI, diffusion tensor imaging.

Hutcheson K, et al. BMJ Open 2021;11:€047830. doi:10.1136/bmjopen-2020-047830



(Spearman correlation, 0.47-0.61). Correlation with the
physical functional subscale (Spearman correlation, 0.40)
and emotional subscale of 36-Item Short Form Survey
(Spearman correlation, 0.36) demonstrated convergent
and divergent validity, respectively, of the MDADI. Test—
retest reliability (physical, 0.86; emotional, 0.88; func-
tional, 0.88) and internal consistency reliability (overall
Cronbach’s alpha, 0.96) were sound.

M.D. Anderson Symptom Inventory for Head and Neck
Cancer (MDASI-HN) is a PRO questionnaire designed
to measure severity or burden of systemic and HN-spe-
cific symptoms and their interference with or effect on
patients’ daily functioning. This 28-item multi-symptom
inventory includes 13 core items (‘systemic symptoms’:
pain, fatigue, sleep, etc), nine HN-specific items (‘local
symptoms’: dry mouth, mucus, shortness of breath, taste,
etc) and six interference items (activity, work, relations,
etc). The core MDASI items have been validated for use
in populations of patients with cancer regardless of the
specific diagnosis or type of therapy and thus can be used
to compare overall burden of disease between different
types of cancer.”’ The HN-specific items were validated
internally with regard to construct and concurrent validity
in patients with HNC.”' * Internal consistency reliability
is high in the core, HN-specific and interference items
(Cronbach’s alphas of 0.72-0.92). Validated linguistic
translations (Chinese, French, German, Greek, Italian,
Spanish and Turkish) of the MDASI-HN may be adminis-
tered to non-English speaking participants.

Lymphedema Symptom Intensity and Distress Survey-Head
and Neck (LSIDS-HEN)™ is a 64-item instrument designed
to assess lymphoedema symptoms in patients with HNC.
Survey items were selected to address six domains
(HN-specific functioning, systemic symptoms, psychoso-
cial issues, altered sensation symptoms, neck-shoulder
musculoskeletal/skin  symptoms and miscellaneous
symptoms) identified by an expert panel. Preliminary
testing of LSIDS-H&N demonstrated both feasibility and
readability.

PSS-HN is a clinician-rated instrument rated by a
semi-structured interview consisting of three questions:
normalcy of diet, public eating and understandability of
speech.” The PSS-HN has been psychometrically vali-
dated and recommended by the National Comprehen-
sive Cancer Network for measurement of swallowing and
speech performance in patients with HNC.

Adherence logs: standard clinical adherence logs are given
to track adherence to the HEP performed throughout
the entire MANTLE trial. Patients are asked to complete
paper logs with checkboxes to count completion of each
HEP component on a daily basis. Logs are returned
and reviewed at live MT sessions in attempt to validate
responses or clarify ambiguity.

Follow-up intervals

PostMT and postwashout evaluations (specified in
table 2) will be conducted immediately after the 6-week
training period with an allowable window of 2 weeks.

Safety and feasibility

Safety and feasibility of MT: feasibility of MANTLE will be
assessed by estimating programme completion rates,
sources of attrition and adherence (ie, clinical attendance
and adherence to HEP). Process evaluation checklists
will be completed after each session to examine fidelity
to the MANTLE treatment programme, and patients
will be asked to log their home practice using a study-
specific adherence form. Adverse events (AEs) are also
assessed and recorded. Cervical MT is a safe therapy in
many populations. Risk of serious AEs is estimated to be 6
in 10 million.” ** Serious AEs (SAEs) relate to cardiovas-
cular risk and are more common when providing a thrust
manipulation technique that is employed in this protocol.
Mild AEs, while still rare (estimated 1%—-2% of patients),
are more common and can include local discomfort,
headache, lightheadedness, falls and fatigue. SAEs were
not encountered in our preliminary retrospective review
of patients receiving MT.

Data management

The data are maintained in an institutionally approved
electronic data capture system with an integrated code-
book. Data management adheres to institutional guide-
lines and policies for maintaining confidentiality to
protect protected health information (PHI) from public
viewing by safeguarding storage and disposal of docu-
ments containing PHI and computer workstations and
databases that access PHI. Data validation will include
missing data reports range checks for data values, and
logical checks for plausible relationships. The PI, statis-
tician and data manager will have access to the final trial
dataset.

Monitoring

The trial will be monitored by the Office of Protocol
Research at the MDACC subject to independent audit
by MD Anderson’s Internal Audit Department in accor-
dance with the Texas Internal Audit Act and the Univer-
sity of Texas System Board of Regents and the Internal
Audity Activity Charter. AEs will be recorded by the study
team. The IRB will be notified of any related grade three
or greater AEs and provided data to permit a safety review
of the study treatment. The IRB may request additional
meetings or safety reports as deemed necessary.

Patient and public involvement

The investigators did not formally engage a patient or
public stakeholder team in trial development or recruit-
ment strategies. Study data will be disseminated via peer-
reviewed publication made publicly available through
PubMed Central, and shared with participants through
this medium.

Ethics and dissemination

The research protocol and informed consent document
was approved by the Institutional Review Board at the
University of Texas MDACC. Findings will be dissemi-
nated through peerreviewed publication that will be
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made publicly available on PubMed Central on accep-
tance for publication, in compliance with NIH public
access policy.

Statistical considerations

Statistical analysis and sample size justification

The primary objective of MANTLE is to determine feasi-
bility based on the programme completion rate. Inves-
tigators planned to enrol 24 patients and estimated an
attrition rate of 20% to achieve a final sample size of 19
participants. Programme completion rate is estimated
from the participants who start the MANTLE programme
after screening procedures excluding screen failures and
those who withdrawal before therapy starts. Note, the
final protocol was amended to account for unanticipated
prolonged treatment interruption or delay due to the
institutional suspension of live clinical services and clin-
ical research in response to the COVID-19 pandemic. For
that reason, investigators increased maximum accrual to
32 participants and will cease enrolment after 24 partic-
ipants start treatment without any COVID-19-related
interruptions. The primary analysis will include the 24
participants who started MT and who did not experi-
ence the COVID-19-related interruption of study partic-
ipation. Any study withdrawals or interruptions in study
participation for reasons other than COVID-19 interrup-
tions will be part of this feasibility analysis. In addition,
as a sensitivity analysis, all available data, including any
data collected from the participants interrupted by the
COVID-19 research suspension, will be analysed in a
stratified manner. Stratification by COVID-19 treatment
interruptions was added to the protocol after activation
in response to the unanticipated study impact of the
pandemic.

For analysis of the primary objectiveto determine the feasi-
bility and safety of the MANTLE programme, a comple-
tion rate of 75% will be considered the benchmark of
feasibility. Completion rate will be defined by completion
of the 6-week clinical MANTLE programme without with-
drawing and attending a minimum of two sessions plus
the post-treatment assessment. Session attendance will
be monitored separately to assess adherence and fidelity.
We will summarise fidelity and adherence to the standard
MANTLE protocol using quantitative and qualitative
methods. AEs will be tabulated.

For analysis of the secondary objective, we chose cervical
extension as the primary CROM measure of interest and
as the direct treatment target due to our preliminary data
suggesting significant improvements after MT in patients
with fibrosis-related late effects (one session mean A: 11%;
p<0.001) as well as our conjectured relevance of CROM to
swallowing safety. Cervical extension CROM measures are
also highly reproducible (ICC=0.90) and are taken each
standard MT session as part of routine clinical appoint-
ments to direct therapy. For this analysis, we will use simple
descriptive statistics to first summarise baseline, post-MT1
and post-MT2 (after the 6-week washout period of exclu-
sive home therapy) CROM measures for each anatomic

plane. We will compare baseline to postMT1 CROM
measures using a one-sided paired t-test. With 24 patients
and conservatively estimating an attrition rate of 20%
based on our prior experience, the final sample size of
19 patients will provide 80% power to detect an effect size
of d=0.593, which corresponds to a ACROMMCHHC_W“_MT of
10.68° (assuming the SD=18 per our pilot data in HNC).
To determine whether cervical extension normalises
within 10 sessions of clinician-administered MT, postMT
CROM raw scores will be converted to z-scores based on
age-specific and sex-specific norms to estimate the propor-
tion of participants with post-MT cervical extension scores
that fall within 2 SDs of normative values. To examine the
durability of response, we will normalise posttMT2 CROM
measures to determine the percentage of participants
who maintain or improve (z-score Zpost-MT score -2
SDs) post-wash-out. For the expected proportion of 80%
who maintain or improve CROM, the 95% CI will extend
15% from the observed proportion. The number of MT
sessions before normalisation of CROM will be tabulated.
In exploratory analysis, we will plot CROM measures
across time and will consider using linear mixed models
to account for repeated outcome measures with adjust-
ment for clinicodemographic covariates.

For the analysis of our tertiary objective, we will conduct
a stepwise multivariable analysis to explore covariant
swallow morphometrics associated with change in
dysphagia grade and cervical extension after MT using
the published CASM method. Swallow coordinates from
all frames of pre-MT and postMT MBS studies and
covariates (time, bolus type, DIGESTpre, ADIGEST, age,
sex, tumour site, surgery, ACROM, CROMPOS[) will be
specified in Morpho], an integrated morphometric soft-
ware program, for stepwise analysis: (i) canonical variate
analysis (CVA) to identify and rank covariates associ-
ated with swallow morphometric changes in patients
improved/stable dysphagia (ADIGEST), (ii) post hoc
discriminant function analysis will be conducted next to
visualise treatment-specific eigenvectors of swallowing
muscle motion differences by covariates of interest
from CVA (eg, pre-MT and post-MT) and (iii) morpho-
metric regression to estimate post-RT eigenvectors asso-
ciated with change in swallow severity per DIGEST and
pre-MT and post-MT conditions. For CVA of k variables
(12 coordinates motion) in G groups (DIGEST, MT), the
total sample size must be larger than [(2 k-4)+(G-1)1,%
requiring 21 patients.

Exploratory analyses

Secondary endpoints of MDADI, MDASI-HN, lingual and
jaw ROM, lymphoedema/fibrosis staging, lingual and
jaw ROM, PSS-HN and MRI parameters will be assessed
according to their distributions (continuous: paired t-test
or non-parametric Wilcoxon signed-rank test, ordinal:
rank-invariant). Effect sizes, such as Cohen’s d, with 95%
CIs will be calculated for each endpoint and interpreted.
Exploratory analyses and correlative questions will be
considered for hypothesis-generating purposes only.

10
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DISCUSSION
The highly focused long-term objective of the MANTLE
trial is to improve swallowing function in some of the
worst dysphagia presentations in HNC survivorship—that
is, those with severe late-RAD we have shown to be often
treatment refractory. The focus on late-RAD represents a
departure from most therapy trials for RAD thatsuffer from
population heterogeneity as a consequence of enrolling
both early and late-RAD patients jointly, where the patho-
physiology and trajectory of dysphagia almost certainly
differs. By explicitly studying MT effects solely in late (>2
years) post-radiated survivors, this line of research offers
specificity of target in examining the therapeutic poten-
tial of this commonly used, but rarely studied treatment
modality. The endpoints are thoughtfully constructed to
estimate effect sizes of various avenues of clinical benefit
including mobility, functional change, QOL and physical
swallowing change. Any functional benefit for those with
late-RAD could be meaningful as this represents a high
burden, growing survivor population with disappoint-
ingly limited therapy options in current practice.
MANTLE was designed as a pilot study because we are
trialling a novel therapy protocol intended for expansion
to larger, confirmatory trials of efficacy or effectiveness
in our programme of research on radiation-associated
dysphagia. With the results of this pilot investigation,
we expect to demonstrate that the novel MANTLE
programme is feasible and safe to examine in a larger
programme of research. Furthermore, we expect to esti-
mate effect sizes achieved in secondary endpoints that
will be necessary for power calculations in future trials
of efficacy or effectiveness. The diverse outcomes panel
was selected specifically to understand which data collec-
tion procedures (ie, functional measures, questionnaires,
imaging) may be sensitive to possible changes with MT
and merit inclusion in future, larger studies.

Strengths and limitations

The ideal dosing of MT for this indication is unknown.
The dosing schedule is based on prior clinical experience
as well as the MT evidence base. Published cervical MT
programmes vary in intensity from 4+ sessions over 2-7
weeks in populations with neck/shoulder dysfunction®*
to 12 sessions over 4 weeks in non-HNC populations with
fibrosis-related late effects in other body regions.”® The
MANTLE programme is designed with 10 sessions over
6 weeks of clinician-directed MT simultaneous with the
implementation of cervical HEP. Relative to other cervical
MT programmes in the literature, this represents a fairly
intense MT schedule to match the known pathophysi-
ology and duration of injury of the target population with
late-RAD. The MANTLE therapy schedule is intentionally
titrated using a scaffold approach in therapy schedule
to offer more frequent upfront soft tissue manipulation
while transitioning the patient to the independence of
a HEP for maintenance. The investigators acknowledge
that the therapy schedule developed for the MANTLE
protocol may require further refinement as the results

mature; however, 10 sessions over 6 weeks were judged by
the investigators to represent a time interval during which
therapy response should be detectable. Future directions
of this trial might include adjusting the dosing of MT and
HEP to achieve similar results.

The aims and outcome measures are thoughtfully
constructed to provide pilot data regarding the feasibility/
safety (aim 1), dose and durability (aim 2) and functional
translation (aim 3) of MANTLE as an adjunctive thera-
peutic modality for late-RAD. On completion of aim 1,
we expect to show a therapy completion rate of 75% as a
marker of feasibility. For aim 2, we expect to demonstrate
that CROM can improve within 10 sessions of MANTLE
in at least 80% of HNC survivors with late-RAD. Aim 3
will provide effect sizes estimates of swallowing function
changes after MANTLE. In this pilot trial, we expect to
observe attrition <25%, adherence >60%, no therapy-
related grade =3 AEs and sufficient power to estimate
Cohen’s d effect size 20.50 for the primary secondary
endpoint of interest CROM.

Cervical measurements are challenging to obtain in the
late-RAD population when severe cervical postural abnor-
malities are present. In order to achieve a more neutral
or upright head position, cervical extension is required
in the upper cervical, lower cervical and upper thoracic
spine. Due to the severity of head drop in the pilot data,
we were unable to measure upper cervical movement
in isolation to capture degree of head drop or forward
head posture (FHP). Measurements were out of range
and could not be obtained with a traditional or Q-ROM
computer-generated goniometer due to the degree of
lower cervical flexion. Valid and reliable tools to measure
FHP in other populations such as craniovertebral angle
measures merit exploration in future research in HNC
survivors.”” The omission of such postural measures
and upper cervical extension/dorsal glide as an evalua-
tion measurement is a limitation; it was recognised and
accounted for by implementing dedicated stretching and
strengthening exercises to target upper cervical spinal
movements to improve FHP, if present.

Exploring functional endpoints of the therapeutic trial,
we expect to also evaluate the mechanism of functional
change in swallowing (per DIGEST), muscle motion
parameters (per CASM) associated with functional swal-
lowing improvements (per DIGEST) using radiographic
MBS studies. The postMANTLE MBS is conducted
immediately following 6 weeks of MT. Even healthy indi-
viduals may require 8-12 weeks to see functional improve-
ment with stretching and strengthening.”®* As such, the
postMANTLE MBS after just 6 weeks of therapy may be
earlier than maximal benefit is achieved. Nonetheless,
at 6 weeks, any change detected on MBS could be more
directly attributed to the MANTLE therapy prior to the
washout period and may reflect stimulability in the tissue.

The final data collection is 12 weeks after starting
MANTLE. While long-term follow-up of dysphagia
progression after MANTLE is not feasible in the time-
frame of this pilot trial, any positive changes in CROM,
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PROs, soft tissue (per MRI), or radiographic or perceived
swallowing function is likely meaningful because late-RAD
is currently considered a treatment refractory toxicity
syndrome.

Future directions

If proven safe and feasible, future studies will need to
address/investigate efficacy, effectiveness, sustainability
of therapeutic gains, ideal schedules, frequency and
combination of MT techniques, and best matching of
mobility focused MT with direct functional therapies.
For instance, might MANTLE prime the patient with
late-RAD to achieve better functional gains during a bolus
driven paradigm like the McNeil Dysphagia Therapy
Programme?* Future considerations should also include
remote practice as it is rapidly expanding in the era of the
COVID-19 pandemic. With this in mind, it will become
even more important to understand the outcome of the
cervical HEP alone (without soft tissue manipulation as
it is used in MANTLE) among patients with RAD who
may not be able to access in-person clinical services for
soft tissue manipulation. We believe that the proposed
MANTLE trial could provide pilot data that might justify
practice-changing clinical trials for the growing number
of HNC survivors who have no proven options to manage
late-RAD.
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